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A B S T R A C T

Ultrasonic testing is an established method of non-destructive evaluation. The increasing complexity of material
systems requires an extension of conventional methods. In related fields such as radar and medical ultrasound,
signal optimisation and coded stimulation are successfully used and offer great potential for optimising state-
of-the-art measurements and extending applications. In our work, we highlight the difference between using
a coded sequence to stimulate an ultrasonic testing system and the actual performance of the digital code to
motivate the exploration of inverse stimulation. In order to study inverse stimulation, a custom-built ultrasonic
system was designed. As a first step, the transfer function was obtained by testing pulse and chirp stimulation.
In the next step, inverse stimulation was performed based on the linear transfer function to engineer the
ultrasonic echoes to have shapes similar to the target code. Finally, the auto-correlation function of the
ultrasonic echoes resulting from the inverse stimulation is compared with the function of the original code
sequence and the agreement of the recorded ultrasonic echo with the spectrally limited code sequence. With
this work we propose an integrated, low-voltage, fully linear ultrasonic testing system where the recording
of a linear transfer function allows echo engineering even for a binary coded excitation sequence. We have
demonstrated that inverse stimulation enables the generation of binary ultrasonic echoes with performance
equal to the digital code.
1. Introduction

Ultrasonic testing is an established method with a range of applica-
tions from medical diagnostics to industrial quality control [1,2]. In the
field of non-destructive evaluation (NDE), many ultrasonic techniques
are based on time-of-flight measurements in contact mode. An ultra-
sonic transducer is coupled to a test object, a stimulation sequence is
excited, and one or more backwall echoes are measured. Depending
on the application, the time-of-flight provides information on material
properties, material thickness, defects or stress states in the material.
As inspection systems and specimens become more complex, ultrasonic
techniques must be adapted.

One of the main limiting factors in ultrasonic testing is the limited
capabilities of ultrasonic testing systems in terms of signal engineering.
With more flexible testing systems, the excitation sequence can be
changed to much more complex sequences, so-called coded excitation
sequences, in order to maximise the echo information, the signal-to-
noise ratio and thus to minimise the ambiguity [3–7]. However, while
sequences can be selected based on their auto-correlation functions, it
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has been found that this approach has limitations and requires a high
level of understanding of the interplay between ultrasound, test system
and test object [8].

In many cases, even expert knowledge is not sufficient and efficient
to perform signal engineering and optimisation. In many cases, se-
quences are selected based on maximising the auto-correlation function
of the excitation signal. However, this does not take into account the
deformation of the resulting echoes due to ultrasonic mechanics and
thus the discrepancy between the optimisation of the signals and the
echoes.

We have previously shown that direct stimulation using a digital
code performs well when compared to standard sinusoidal stimula-
tion [8]. However, there is potential in exploring techniques to further
improve echo engineering to the point where the auto-correlation func-
tion (ACF) of the echoes themselves is close to the ACF of the sequences.
This can be achieved by so-called inverse stimulation, where the in-
fluence of the system is deconvolved from the stimulation sequence
prior to excitation, so that the expected echoes actually represent
the encoded sequence. The problem with direct stimulation is that
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Fig. 1. Exemplary comparison of the auto-correlation function of the coded sequence and the resulting ultrasonic echo. (a) coded sequence M5, (b) recorded ultrasonic echo and
(c) correlation functions of the stimulation sequence and the resulting echo.
stimulating an ultrasonic test system with a coded sequence that has
a good correlation function in itself does not necessarily result in an
ultrasonic echo with the same qualities. To highlight the quality of
direct coded stimulation, we generate a M-sequence (or pseudo-random
binary sequence) of order 5 with a resulting length of 2 μs [9,10].
The ultrasonic echoes differ from the original code as shown in Fig. 1
and therefore the correlation function is also very different. Direct
stimulation using the digital code gives a good side-lobe distance for
the ACF, but it is very different from the ACF of the code, which results
in a higher side-lobe distance and fewer oscillations.

Inverse stimulation relies on the engineering of ultrasonic echoes
through knowledge of the system transfer function (TF). There are two
limiting factors to the use of inverse stimulation in today’s state-of-
the-art ultrasonic testing systems. Firstly, many systems use tri-state or
switching output stages which introduce non-linear behaviour to the
system transfer function. The second and more limiting aspect is the
lack of quantisation. Inverse stimulation requires a large bandwidth
with many different amplitude levels, which is impossible with tri-state
technology.

Our work highlights the difference between using a coded sequence
to stimulate an ultrasonic testing system and the actual performance
of the digital code. Inverse stimulation, based on a system-specific
transfer function, allows the generation of binary ultrasonic echoes
that are equivalent in performance to the digital code. To generate the
desired ultrasonic echoes, a test system capable of inverse stimulation
is designed and its transfer function is determined over a wide fre-
quency range. By spectrally dividing the band-limited transfer function
from the digital code sequence, we calculate the inverse stimulation
waveform to produce binary coded ultrasonic echoes. With this paper
we propose an integrated, low-voltage, fully linear ultrasonic testing
system where the recording of a linear transfer function allows echo
engineering even for a binary coded excitation sequence.

2. Materials and methods

2.1. Ultrasonic testing system design

The ultrasonic testing system consists of custom designed elec-
tronics, an ultrasonic transducer and a test object (see Fig. 2). The
2

main difference to other ultrasonic systems is the completely linear
behaviour achieved by building the output stage using operational am-
plifiers to drive the transducer in differential mode. Other technologies,
such as tri-state, use electrical components as switches, adding non-
linear behaviour that degrades the linear describability of the entire
inspection system. For our implementation, the operator can connect
to the test system via Ethernet using a desktop application. As the basis
for the digital part of the electronics, a Xilinx ZYNQ7000 SoC is used
as part of a development board that already contains a two-channel
analogue-to-digital converter (ADC) and a digital-to-analogue converter
(DAC). For the digital part, we build a firmware containing an arbitrary
signal generator based on a 2048 element look-up table (LUT) and a
data acquisition part for recording the ultrasonic echoes.

Fully functional ultrasonic electronics also require an output stage
to stimulate the transducer and receiver electronics to amplify the
ultrasonic echoes. The transducer is connected in a fully differential
manner to the output stage and to the receiver amplifier. For this
setup a PCB (Printed Circuit Board) is designed as an add-on board
to the digital system. For more information on the electrical setup,
see Sections 2.1.1 and 2.1.2. More information about the piezoelectric
transducer and the configuration for the experiment can be found in
Section 2.2.

The system power supply is 5 V unipolar, including a ±5 V DC/DC
converter to power most of the operational amplifiers.

2.1.1. Output stage
The main requirement for the output stage is that it should be

linear. In terms of quantisation and sampling of the digital signals,
the DAC provides 14 bit resolution and the system operates at a
frequency of 125 MHz. Many ultrasonic testing systems are equipped
with MOSFET output stages. Such output stages allow the use of very
high burst voltages, but the biggest problem for us is that they cannot
be calculated with a linear model and only provide a quantisation of
two, for bipolar operation.

As a linear output stage capable of driving a piezoelectric trans-
ducer, a transformer or an operational amplifier can be used. We
will continue to use an operational amplifier output stage because
a transformer based output stage also usually requires a high power
input.
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Fig. 2. Ultrasonic testing system, including build electronics, the piezoelectric transducer, and test object.
Fig. 3. Output stage circuit diagram. The BIAS pins of the driver amplifier (THS6212)
are used to switch between drive mode and high impedance mode.

The schematic of the output stage is shown in Fig. 3.
The two channels of the DAC output the stimulation waveform
non-inverted on CH0 and inverted on CH1. The first stage of amplifiers
(OPA820, Texas Instruments) is used with a gain of 2 to raise the
voltage from ±1 V after the DAC to ±2 V, the maximum input voltage
for the following component. The core component of the output stage
is originally designed as a broadband differential power line com-
munication line driver amplifier (THS6212, Texas Instruments). This
device is suitable for the present application because it supports high
power output for a varying electrical load and supports frequencies up
to 30 MHz with low variation in overall gain. An additional feature
required for this setup is the ability to disable the amplifier. The two
BIAS pins can be used to switch between full driver mode and high
impedance mode. It is intended that in this system an ultrasonic test can
be performed using only one ultrasonic transducer. This is achieved by
connecting the output stage and receiver electronics to the transducer
in parallel and switching the output stage to high impedance mode
when receiving. In addition, the power consumption of the system is
reduced by switching off the output stage when not in use. In total,
this output stage can output arbitrary signals up to ±10 V for a load as
small as 25 Ω.

The inverting and non-inverting outputs are connected directly to
the two sides of the piezoelectric transducer. The piezoelectric plate
is isolated from the ground potential, only the shield of the cable is
connected to the ground potential. An additional series resistor could
be added to reduce the swing potential and to provide short-circuit
protection, but this reduces the efficiency of the output stage and the
other options are not necessary for this setup [11]. Also, electrical
matching to the ultrasonic transducer is not as good, as we only want a
constant voltage over the whole frequency range and the output stage
is already capable of stimulating the transducer.
3

2.1.2. Receiver electronics
Like the output stage, the receiver electronics (RE) are differentially

connected to the ultrasonic transducer. When a single transducer is
used for evaluation, the RE is also subjected to the excitation voltage.
In normal operation the RE is configured to amplify the much smaller
ultrasonic echoes and the stimulation voltage would overdrive the
amplifiers. A schematic of the receiver electronics circuit is shown in
Fig. 4. For the first stage of amplifiers (MAX4223, Analog Devices), in
addition to amplification, the device is chosen to provide an enable
option. The SHDN signal is used to enable and disable the amplification
of the input signals. As we are working with low voltage stimulation,
this is sufficient to protect the RE input, if the RE were exposed to high
voltage, an additional protection circuit is required [12].

As mentioned, the transducer operates in differential mode, so this
stage is set up twice in parallel. The next stage is a differential to
single-ended converter (AD8130, Analog Devices). After this conversion
the path to the ADC is completed using a variable gain amplifier
(AD8337, Analog Devices) and an additional amplifier ((OPA820, Texas
Instruments)) to drive the ADC. A series resistor (SR) is added to reduce
the potential swing between the ADC and the OPA820.

2.2. Configuration for experiments

For the following tests, the amplitude for the LUT is reduced to
0.5 V, resulting in a total stimulation voltage of ±5 V. With this con-
figuration, the additional DC/DC converter for the output stage could
be removed and the system is only 5 V. The device under test is a
250 mm × 250 mm × 120 mm block machined from 1.0045/S355JR
steel and heat treated at 850 ◦C in an inert gas atmosphere.

The ultrasonic transducer is made of a 3:1 piezoelectric composite
of PZ29 (ferroperiopiesoceramics) and araldite (araldite, Aradur HY
956) with a damping layer of AL2O3 (10 μm–100 μm particles) and
araldite mixed in a 4:1 ratio. The thickness of the plate is 0.29 mm
and the individual piezo rods are 0.045 mm × 0.045 mm with a pitch
of 0.08 mm. The nominal center frequency of the piezoelectric plate
is 5 MHz. A 1 mil polyimide foil is attached for electrical isolation. To
achieve a constant coupling to the test object, a ring magnet is used to
mount the transducer, using engine oil as the coupling fluid.

The measurements were made in pulse-echo mode using a piezo-
electric transducer. In pulse echo mode, the single transducer emits
an acoustic wave that propagates through the test object. The wave
is reflected at the back wall of the object and travels reverse to the
transducer [8,13]. The transducer is switched to receiver mode and
the ultrasonic echo is amplified and digitised. This is followed by data
processing and spectral analysis of the ultrasonic echoes in relation to
the stimulation sequences.
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Fig. 4. Schematic of the receiver circuit.
Fig. 5. Comparison of wideband chirp and pulse stimulation and response of the ultrasonic testing system. (a) Time signals for chirp stimulation and the corresponding echo.
(b) Time signals for pulse stimulation and the corresponding echo. (c) Spectral magnitude representation of the stimulation sequences, ultrasonic echoes and system noise. The
bandwidth for calculating the transfer function is limited where the echo magnitude falls to the noise magnitude.
3. Results and discussion

In order to study inverse stimulation using coded excitation, a
custom-built ultrasonic system was designed. As a first step, the transfer
function was acquired to test pulse and chirp stimulation as a basis for
inverse stimulation. In the next step, inverse stimulation was performed
based on the linear transfer function to design the ultrasonic echoes
to have shapes similar to the target code. Finally, direct and inverse
stimulation are compared in terms of their auto-correlation function
and the agreement of the recorded ultrasonic echo with the spectrally
limited code sequence.

3.1. Acquisition of the linear transfer function

There are many ways of obtaining a transfer function for a sys-
tem [14]. In communications engineering, an impulse response is typi-
cally used to calculate the system transfer function. The impulse is used
because it contains every frequency and therefore the resulting echo
contains system information for the whole frequency range.

However, it is difficult to generate a pulse in an ultrasonic testing
system because the output stage is always limited in its transfer capabil-
ity. Instead, a high frequency pulse can be used to calculate the transfer
4

function for the frequency range below the pulse frequency. A second
problem with using a single small pulse is the low energy input to
the system. Alternatively, for a band-limited acquisition of the system
transfer function, a chirp signal covering the bandwidth of interest can
be used. This stimulation contains much more energy and the response
is expected to provide a better signal to noise ratio (SNR).

For this study, a high frequency pulse and a broadband chirp stim-
ulation were chosen. While pulse stimulation is the simplest method,
we chose chirp stimulation as the second method because of the higher
energy input.

Fig. 5 shows the stimulation sequences and the resulting echoes
in the time and frequency domain. For the frequency plot, the noise
recorded with the echoes is additionally plotted to highlight the SNR
distance and valid ranges for the calculation of a system transfer
function.

The shape of the curves for the spectral representation of the echoes
is comparable for both stimulation options. The low energy input of
the high frequency pulse combined with the low voltage testing system
results in a poor SNR. The echo recorded from the chirp stimulation
has an overall higher amplitude and therefore offers a higher frequency
range before reaching the noise amplitude.

The transfer function is calculated by dividing the resulting echo
by the stimulation sequence in the frequency domain. The resulting
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Fig. 6. System transfer function calculated from pulse and chirp stimulation and the limited TF generated from chirp stimulation using the noise limits.
Fig. 7. Calculation and recording of the ultrasonic echo for M-sequence 5 stimulation.
curves are shown in Fig. 6. The curve produced by the chirp stimulation
shows less interference from noise influence. For pulse stimulation, the
resulting curve shows more noise, especially at low frequencies up to
3 MHz and high frequencies between 13 and 15 MHz. Above 16.5 MHz
the noise dominates the signal. For chirp stimulation, a valid system
representation is possible between 0.427 MHz and 18.981 MHz.

In frequency regions where the noise dominates the signal, the
transfer function leads to miscalculation. To negate the influence of
these areas on the calculation, the values of the TF curve below the
noise ratio are set to 10−10 dB, creating a limited TF. The limited TF
is created from the chirp TF using the limits presented earlier in this
section due to the greater bandwidth above the noise.

To test the TF for correct representation of the ultrasonic testing
system, we carry out a calculation of the ultrasonic echo for the M-
sequence stimulation that we have tested in Fig. 1. Fig. 7 shows the
recording of the ultrasonic echo with the test system and the result of
the calculation performed with the limited TF.

The results are almost identical, so the linear TF is a good rep-
resentation of the system behaviour. The resulting echo is deformed
compared to the original sequence as shown earlier in Fig. 1.

The linear TF allows the calculation of ultrasonic echoes for com-
plete arbitrary waveforms (Barker codes, chirp signals, . . . ). As dis-
cussed earlier, selecting a stimulation waveform that provides a good
correlation function does not necessarily result in an ultrasonic echo of
equal performance.

Up to this point, this work focused on the calculation of ultrasonic
echoes resulting from an input sequence. To enhance the stability and
ambiguity of ultrasonic measurement techniques, the following section
will address a strategy to select the stimulation sequence which yields
optimal echo performance by implementing the inverse stimulation. To
achieve this, the calculation flow is inverted, starting with the selection
of the desired ultrasonic echo, for instance the M-sequence 5, from
which the required, optimal stimulation sequence is derived.
5

3.2. Inverse stimulation of a binary sequence

The approach for inverse stimulation is based on the experiment
discussed in Section 3.1, which shows that for the linear test system,
ultrasonic echo calculation is possible by spectral multiplication of the
TF to the stimulation sequence. For inverse stimulation we reverse this
process and divide the TF from the stimulation sequence and use the
resulting time signal for stimulation. Due to the large gain difference
over the bandwidth of the TF, the resulting echo is expected to be
quite small. To reduce this effect in a second approach, we reduce the
maximum frequency of the valid TF to limit the gain difference to the
low frequency gain, resulting in a maximum frequency of 13.672 MHz.

Fig. 8(c) shows the spectral representation of the M-sequence and
the two resulting curves for the calculation of the inverse stimulation
sequence. Fig. 8(a) and (b) show the two resulting time sequences
used to stimulate the ultrasonic system in the next step. It should be
noted that we have circularly shifted the resulting sequences by 1024
elements (half the length of the LUT) in order to place them in the
centre of the LUT.

The resulting records of the ultrasonic echoes and the original code
sequence are shown in Fig. 9. For both configurations shown in Fig. 8,
the resulting signals shown in Fig. 9 agree very well with the expected
code sequence. For the full bandwidth of the TF tested in 9(a) the
resulting amplitude is, as expected, lower than for the more limited
test shown in 9(b) and the influence of noise is therefore greater. A
look at Fig. 9(c) shows almost identical correlation functions for the
code and the recorded ultrasonic echoes. The side-lobe distance of the
code is 86.8% and that of the ultrasonic echoes is 84.3% and 82.7%
respectively.

Although the correlation function is almost identical, the ultrasonic
echoes do not match the code sequence perfectly. There is a negative
drift at the beginning of the echo and the amplitude limit for the start
pulse is not reached.

The analog transmission of perfect rectangular changes, like the
jumps in the M-sequence, would require infinite bandwidth, which is
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Fig. 8. The inverse stimulation sequence for the M-sequence 5. A calculated stimulation sequence is re-scaled to 0.5 V which gives the maximum amplitude for the output stage.
(a) shows the result using the full bandwidth described in Section 3.1 and (b) the result using a smaller bandwidth to reduce the maximum gain difference. (c) shows the spectral
magnitude representation of the M-sequence and the two stimulation sequences for inverse stimulation.
Fig. 9. (a) Ultrasonic echo using the bandwidth of Section 3.1 and M-sequence 5 . (b) M-sequence and ultrasonic echo using the smaller bandwidth, resulting in higher amplitude
with less noise influence. (c) ACF of the digital sequence and the two ultrasonic echoes shown in (a) and (b).
not possible with real electrical components. In this work, the maxi-
mum frequency used for the calculation of the transfer function and the
inverse stimulation sequence is determined based on the noise distance.
This limits the sharpness of potential edges in the resulting ultrasonic
echoes [15,16]. To support this hypothesis, the lower spectral limit is
applied to the coded sequence and compared with the corresponding
ultrasonic echo. Fig. 10 shows the ultrasonic echo for the smaller
bandwidth case and the coded sequence using the same spectral limit.
6

Taking into account the noise, the two waveforms match well. The
maximum normalised cross-correlation is 98.37%.

In comparison to the direct stimulation, the presented ultrasonic
echoes for the inverse stimulation demonstrate an equivalent perfor-
mance in terms of the correlation function to that of the original code.
A portion of the discrepancy in the time signal can be attributed to the
spectral limitation. Additionally, the deviation is influenced by noise in
two different ways. Firstly, the system is operating at lower amplitudes
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Fig. 10. Ultrasonic echo for the smaller bandwidth and the digital M-sequence with the same spectral limit.
and therefore closer to the noise level, so the direct influence of the
noise is visible. Secondly, the inversion of a strictly proper TF implies
a differentiation, which results in an amplification of the noise [17].

In conclusion, we have shown that inverse stimulation allows the
full potential of a coded sequence to be exploited directly within the
recorded ultrasonic echo.

3.3. Discussion

With this work, we have addressed many points for future im-
provement in ultrasonic testing based on inverse stimulation, which
maximises the quality of the cross-correlation function of the echoes
rather than that of the stimulation sequence. We have shown that our
ultrasonic testing system can be fully described by a linear model based
on a single measurement. The quality of this representation is such
that it can compute the inverse stimulation of a binary sequence and
generate a binary ultrasonic echo that exploits the full potential of the
coded sequence.

The signal properties in terms of ambiguity or stability of digitally
coded ultrasonic echoes are superior compared to currently used stim-
ulation options. This provides a solution to current ambiguity-based
problems, such as the stability of a screwdriving process described
by [18]. A second application could be defect location by calculating
the transfer function for the backwall echo. The exact position of
defects can be located more accurately and reliably. In addition, this
offers the possibility of performing a single-shot channel calibration
for a single channel in an ultrasonic testing system. With inverse
stimulation, the ultrasonic echo equals the desired coded sequence,
reducing reconstruction to a minimum.

There are several ways in which this method can be used to increase
the amount and quality of information obtained from a test object. The
direct use of this method is to include the specimen in the transfer
function determination and use an evaluation method that uses two
ultrasonic echoes or subsequent measurements. The deviation between
the first and second ultrasonic echoes is caused only by the specimen
and this information is maximised because the influence of the test
system, including the electronics and transducer, is compensated for
in both echoes. In a slightly different way, compensation can be made
using a reference specimen, either by keeping the reference specimen in
the TF or by mathematically removing its influence and then switching
to the actual specimen.

If the constraints are suitable for the process, a code selection
must be made. The choice of code will depend on the test case and
the capabilities of the testing system. The possible length of a coded
sequence is limited by the excitation frequency and the time slot
between the start of transmission and the reception of the ultrasonic
echo. After recording the system transfer function, the spectral band
limit is applied depending on the noise distance and the tolerated gain
gap. The minimum factor bandwidth required to transmit a binary
coded sequence can be approximated by checking the quotient of the
widest and smallest pulse. The use of the linear ultrasonic testing
7

system makes it possible to accurately calculate the resulting ultrasonic
echo for inverse stimulation, thus allowing the stimulation sequences
to be specifically tailored to the test case.

In addition, we have shown that a 5 V-only inspection system can
be built in a small space, reducing material costs and improving energy
efficiency. When considering actual applications in multi-channel ultra-
sonic testing for array systems, this could mean an immense reduction
in transmitter electronics and power supply.

Although there are several potential applications where inverse
stimulation has the potential to improve methods, limitations must
be considered. Due to the spectral gain difference, the resulting ul-
trasonic echoes have a low amplitude, making them susceptible to
noise. In addition, the approach requires a fully linear test system
and a high bandwidth, depending on the desired echo shape. For
perfect representation of a binary ultrasonic echo, a higher bandwidth
is required.

One strategy to avoid this problem is to reverse the process and
perform the spectral division of the transfer function on the ultrasonic
echo resulting from direct stimulation using the code sequence.

4. Conclusion and outlook

The most important findings of this paper are:

• determining the transfer function of a linear ultrasonic testing
system from a single measurement

• highly accurate ultrasonic echo prediction, even for complex
direct stimulated coded excitation sequences

• inverse stimulation of a binary ultrasonic echo results in echoes
with characteristics similar to binary code sequences

• a 5 V-only testing system is built, saving space and reducing
material costs, while improving energy efficiency and achieving
sufficient performance using inverse stimulation

In conclusion, this approach can be utilised for regular ultrasonic
testing to maximise the information about the specimen by minimis-
ing the influence of the ultrasonic testing system. For future multi-
transducer ultrasonic testing in combination with binary coded ultra-
sonic echoes, another strategy is to introduce coded signals designed for
decorrelation [19] into the process. This could permit the simultaneous
use of multiple transducers with the ability to deconstruct a summed
echo to the specific channels. The utilisation of inverse stimulation
in conjunction with a series of orthogonal coded sequences could
facilitate a further enhancement in execution speed, while concomi-
tantly improving the sharpness and image quality [20] for matrix-based
ultrasonic techniques, such as phased array or total focus [21].

Misardis looked at increasing the frame rate for medical ultrasonic
imaging using quasi-orthogonal linear FM signals [22]. The use of
code division multiple access for ultrasonic matrix arrays was recently
exploited by Park [23,24] to reduce crosstalk for modulated coded
sequences in NDT. Fan presented a convolution of Barker and Golay
codes for low voltage ultrasonic testing [25] with pending hardware for
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performance testing in the real test scenario and a method for nonlinear
carrier modulation [26] to improve axial resolution and contrast ratio
for ultrasonic imaging. For the presented modulated signals, either
the signal containing the carrier is evaluated without using the full
potential of the coded sequence, or additional computational effort
is required to extract the coded sequence from the ultrasonic echo.
Including the inverse stimulation to these applications enables the full
potential of the code sequences, while keeping the computational effort
at a minimum.

Building on our findings, further studies are needed to explore
the advantages of inverse stimulation and coded excitation and then
apply them to specific applications. A key aspect to be explored is the
minimisation of ambiguity to improve the stability of a screwdriving
process. In addition, the potential of coded excitation sequences for
multi transducer systems needs to be demonstrated to explore how this
technique can improve the execution speed and sharpness of imaging
ultrasonic techniques.
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