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Abstract.   
A challenge with respect to structures based on structural health monitoring (SHM) is to 
extract the right features from the signals having been measured. A way on how to get 
this done is on the basis of a model-based damage feature extraction procedure. In that 
case a numerical model of the structure considered is taken as a basis to determine sen-
sor signals such as being generated through guided ultrasonic waves. Signals are meas-
ured experimentally in parallel and are compared to the simulated results. In case of a 
mismatch the model is then adapted through a learning process to what is monitored in 
reality. The model can be of different levels of complexity starting from a baseline 
measurement being compared to an actual measurement and ending in a rather complex 
mathematical (i.e. numerical) model to be considered as the reference that may adap-
tively be adjusted through non-linear least mean square fits. In the paper to be presented 
the model-based feature extraction process mentioned above is intended to be validated 
experimentally on different components of increasing structural complexity starting 
from a flat plate only over the same type of plate with three holes and a patched metallic 
repair both considering an undamaged and an artificially damaged condition. The com-
ponents are monitored with a wireless guided wave based SHM system. Locations of 
the transducers to be placed on the components were decided in accordance to numeri-
cal simulations performed in parallel. 

1. Introduction 

Ultrasonic testing (UT) has a well-established performance for detection of defects and will 
be increasingly used in the future in view of the predicted increase of composite structures 
to be used. However, testing of large structures with UT is slow because the testing region 
is limited to the area immediately surrounding the transducer.  
 
An alternative and more elegant approach is the use of guided ultrasonic waves because 
they can be excited at one location on the structure and propagate over a long distance (e.g., 
[1-3]) provided the geometry (thickness) is kept constant. By analyzing the characteristic of 
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the guided waves such as the returning echoes, change of dispersion relationships, etc., the 
presence of flaws may be detected. However, because of the non-linear propagation behav-
ior and the multimode nature of guided ultrasonic waves, the interpretation of the meas-
urement signals is more complicated and makes the localization of the flaw position in the 
structure less precise. The schematic drawing in Fig. 1 shows the physical principle when 
guided ultrasonic waves are used for damage detection and all the aspects, which can have 
an influence on the measured results. This is the reason why signal processing is a crucial 
aspect in any guided ultrasonic wave application. The objective is to extract information 
from the signals measured to decide if a flaw has propagated in the structure and if so, 
characterize it in terms of its location.  

 
The process of damage feature extraction or signal processing is not a new concept; it was 
required from the outset of the development of structural-health monitoring (SHM) in order 
to identify the interesting features within a measured response of a structure. Concepts al-
ready in use include some well-known signal analysis methods, e.g., Fourier or wavelet 
transforms, and other methods related to the scientific field of data prediction and parame-
ter estimation. Different methods provide different types of results. For example, results 
from analysis methods based on transforms provide information about the spectral repre-
sentation of the signal, whereas results from prediction methods contain more physical in-
formation about the underlying processes. In Fig. 2 the different methods for damage fea-
ture extraction currently used are listed beginning with the lowest level (Level 1) of extrac-
tion possibility up to the highest level (Level 6) where even complex non-linear measured 
signals can be analyzed for damage features. Typical feature extraction processes for dif-
ferent levels of extraction possibility can be found in [4-9]. 

 
 

 
 

Fig. 1. Principle physcial processes for damage detection with guided ultrasonic waves and the 
influential effetcs on the measurement results. 

In this paper a new approach for extracting the damage relevant features out of a measured 
signal is presented, which provides significant advantages over the damage feature extrac-
tion methods actually in use. The method developed in the framework of this work resem-
bles the matching pursuit approach, however, with the difference that the dictionary of the 
waveforms has been replaced by an adaptive model of the expected guided ultrasonic wave 
signal. One advantage of this method is its possibility to extract the damage relevant fea-
tures out of dispersive multi-mode signals even when these signals are overlapped by non-
damage related features such as e.g. incident wave pulses. The ability to adapt to changing 
environmental conditions which may affect the measured signal is a further advantage of 
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the present damage feature extraction process. This makes the present method very well 
suited for the analysis of guided ultrasonic signals and particularly for real world applica-
tions. Because of the ability of the model-based damage feature extraction process to han-
dle also non-linear and noisy measurement data it is classified within Level 5 and/or Level 
6 in Fig. 2. 

 
 

 
 

Fig. 2: Damage feature extraction analyzing methods and their possibilities to extract features out of 
complex signals. 

2. Model-based damage feature extraction  

The process for the extraction of the damage relevant features in this paper being described 
in more detail in [10] consists of two main parts, an approximated mathematical model of 
the expected measured test signal and a non-linear least mean square (NLMS) algorithm for 
the estimation of the damage relevant parameters. The approximated model is based on the 
two-dimensional wave equation whereby the dispersion and the chirping of the wave pulses 
have been taken additionally into account. In this section first the development of the ap-
proximated mathematical equation for the model of the expected measured signal is ex-
plained, followed by the explanation of the model-based damage feature extraction process. 
The proof of concept for the proposed process and the main results are described in the sub-
sequent sections. 

2.1 Approximated mathematical wave pulse equation 

The derivation of the approximated mathematical equation starts with the equation for a 
time-harmonic two-dimensional plane wave with the angular frequency ω and propagating 
along the x-axis [10], 

 
𝑦𝑦(𝑥𝑥, 𝑡𝑡) = 𝑦𝑦0𝑒𝑒𝑥𝑥𝑒𝑒𝑗𝑗(𝑘𝑘𝑘𝑘−𝜔𝜔𝜔𝜔). (1) 

 

(1) 
Here k is the wave number and t the time of the propagating plane wave. Due to the disper-
sive behavior of the guided waves the wavenumber k is a function of ω, which can be ap-
proximated by a parabolic function about the angular frequency 𝜔𝜔0, 
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𝑘𝑘 = 𝑘𝑘0 + 𝑎𝑎(𝜔𝜔 −𝜔𝜔0) +
1
2
𝑏𝑏(𝜔𝜔 − 𝜔𝜔0)2 (2) 

 
where 𝑎𝑎 = 𝑐𝑐𝑔𝑔−1 is the invers of the group velocity 𝑐𝑐𝑔𝑔 = 𝑑𝑑𝜔𝜔

𝑑𝑑𝑘𝑘
 at 𝜔𝜔0 and 𝑏𝑏 = 𝑑𝑑2𝑘𝑘/𝑑𝑑𝜔𝜔2 ex-

presses the dispersion of the medium, i.e. the fact that the group velocity depends on 𝜔𝜔. 
When we consider a wave pulse whose duration involves a fairly large number of oscilla-
tions of the field, the frequency spectrum is no longer infinitely narrow and the various fre-
quency components travel at different speeds. However, the intensity is significant only if 
𝑡𝑡/𝑥𝑥 is not too different from 𝑎𝑎 = 𝑣𝑣𝑔𝑔−1, because the frequency spectrum of the pulse is nar-
row. 

 
When a wave pulse propagates from its origin (𝑡𝑡 = 𝑥𝑥 = 0) to a point (𝑡𝑡, 𝑥𝑥) the shift of the 
wave pulse can be by expressed by, 

𝑆𝑆(𝑥𝑥, 𝑡𝑡) = 𝑘𝑘(𝜔𝜔)𝑥𝑥 − 𝜔𝜔𝑡𝑡 
 

(3) 
 

If one replaces 𝑘𝑘(𝜔𝜔) by its expression from Equation 2 and takes 𝜔𝜔 from Equation (3), one 
obtains after rearranging,  

𝑆𝑆(𝑥𝑥, 𝑡𝑡) = 𝑘𝑘0𝑧𝑧 − 𝜔𝜔0𝑡𝑡 −
1
2

(𝑡𝑡 − 𝑎𝑎𝑥𝑥)2/𝑏𝑏𝑥𝑥 

 
 

(4) 
 
 

The amplitude reaching the space-time point (𝑥𝑥, 𝑡𝑡) is, 

𝑦𝑦(𝑥𝑥, 𝑡𝑡) = 𝑦𝑦0𝑒𝑒𝑥𝑥𝑒𝑒[𝑗𝑗𝑆𝑆(𝑥𝑥, 𝑡𝑡)] 
 

(5) 
 

One now assumes that the wave pulses are propagating in the shape of a Gaussian pulse and 
furthermore the pulses are propagating circular away from the exciting source (𝑥𝑥 = 𝑟𝑟). Af-
ter adding this additional information and rearranging Equation (5) one gets the final ap-
proximated mathematical equation for the wave pulse for the approximated mathematical 
model of the expected measured signal used,   

 

𝑦𝑦(𝑟𝑟, 𝑡𝑡) = � 𝜏𝜏04

𝜏𝜏04+(𝜅𝜅𝜅𝜅)2
�
1
4 𝑒𝑒𝑥𝑥𝑒𝑒 �− �𝜔𝜔−𝑘𝑘0𝜅𝜅2𝜏𝜏02�

2�𝜏𝜏02+(𝜅𝜅𝜅𝜅)2
� 𝑒𝑒𝑗𝑗�𝜔𝜔0𝜔𝜔+

𝜓𝜓𝑡𝑡2

2 −𝑘𝑘(𝜔𝜔)𝜅𝜅�. (6) 

  
                                 
 
 

Here, 𝜏𝜏0 is the initial width of the Gaussian pulse, 𝜅𝜅 is the dispersion coefficient and 𝜓𝜓 is 
the chirping coefficient.   
 

Amplitude 
wave pulse 

Envelope 
wave pulse 

Carrying 
wave 
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2.2 Damage feature extraction algorithm 

     In the following the principle functionality of the damage feature extraction process de-
veloped in the framework of this paper is described below sequentially and is furthermore 
listed in Table (2).  

i. The measured response signal at the sensor position 𝑦𝑦(𝑟𝑟, 𝑡𝑡) is the input for the damage 
feature extraction process. In a first step, the envelope 𝐹𝐹 of 𝑦𝑦(𝑟𝑟, 𝑡𝑡) is calculated by ap-
plying the Hilbert transform. At the same time, an approximated signal 𝑦𝑦𝑒𝑒𝑒𝑒𝜔𝜔 of the ex-
pected measured signal is calculated by using the approximated mathematical equation 
for each expected wave pulse inside the measured signal.  Subsequently the envelope 
𝐹𝐹𝑒𝑒𝑒𝑒𝜔𝜔 of the signal 𝑦𝑦𝑒𝑒𝑒𝑒𝜔𝜔 is calculated. 

ii. In the next step, the parameter vector 𝑎𝑎𝑘𝑘 of the approximated model of the expected 
measured signal is adjusted by a non-linear least mean square (NLMS) algorithm in the 
way that the envelope from the calculated signal 𝐹𝐹𝑒𝑒𝑒𝑒𝜔𝜔  fits best the envelope of the 
measured signal 𝐹𝐹. The Levenberg-Marquard algorithm is used for the NLMS parame-
ter estimation.  The adjustable parameters of the approximated model are listed in Ta-
ble (1). 

 
Parameter, 𝑎𝑎𝑘𝑘 Description 

𝐴𝐴𝑛𝑛 Wave pulse amplitude 

𝑟𝑟𝑛𝑛 Propagation distance 

𝜅𝜅𝑛𝑛 Dispersion parameter 

𝜓𝜓𝑛𝑛 Chirping parameter 

Table 1: Adjustable parameters of the approximated mathematical model. 

iii. If the estimated squared error 𝑆𝑆(𝑎𝑎𝑘𝑘) between the envelope of the calculated signal 𝐹𝐹𝑒𝑒𝑒𝑒𝜔𝜔  
and the envelope of the measured signal 𝐹𝐹 reaches a certain threshold the damage fea-
ture extraction algorithm stops and it is assumed that no damage features are present 
within the measured signal 𝑦𝑦(𝑟𝑟, 𝑡𝑡). In this case the estimated parameter vector 𝑎𝑎𝑘𝑘 cor-
responds to the wave pulses contained in the signal without damage (e.g., incident 
wave pulses and/or reflected wave pulses from the edges of the structure). 

iv. If the NLMS algorithm stops after a defined number of runs and there will be a remain-
ing squared error 𝑆𝑆(𝑎𝑎𝑘𝑘) between 𝐹𝐹 and 𝐹𝐹𝑒𝑒𝑒𝑒𝜔𝜔, then it is assumed that further wave pulses 
are within the measured signal 𝑦𝑦(𝑟𝑟, 𝑡𝑡). For this case the approximated model will be 
expanded by two additional wave pulses, the supposed 𝑆𝑆0 and 𝐴𝐴0 reflected wave pulse 
from a defect to the structure. Now, step (ii) will be carried out again and after the 
NLMS stops, the final estimated parameter vector 𝑎𝑎𝑘𝑘 contains the values for the re-
flected wave pulses from the defect. 

3. Application of the approach 

The damage feature extraction process described above was tested by using a synthetic sig-
nal inspired by measurements taken from guided ultrasonic waves travelling in a 1.6 mm 
thick plane sheet of aluminium. This allows certain parameters of the synthetic test signals 
to be changed, which enables the range of application for the present algorithm to be esti-
mated. The signals used for the test were simulated based on the basic wave Equation (6) 
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described in the previous section. The simulated test signal was once assumed without 
damage features and further with damage features. Both cases were tested in the validation 
phase but here only the case with damage features will be explained. In Fig. (4) the upper 
graph shows an example of a simulated test signal 𝑦𝑦(𝑟𝑟, 𝑡𝑡) in a plane plate and its envelope 
used for the concept proof. The lower graph in Fig. (4) shows the different wave pulses 
inside the simulated signal. The parameters used for the simulation are listed in Table (3). 

 
Input signal:  
𝐹𝐹; Envelope of measured input signal 
Initial parameters:  
𝑎𝑎0 = [𝑎𝑎1𝑛𝑛,𝑎𝑎2𝑛𝑛, … ,𝑎𝑎𝑚𝑚𝑛𝑛]; Parameter vector 
𝜇𝜇0; Initial step size 
𝛽𝛽0 = 0.25,𝛽𝛽1 = 0.75; Criteria for step size 
𝜖𝜖1; Threshold minimum squared error  
𝜖𝜖2; Threshold minimum change of  
𝑘𝑘𝑚𝑚𝑚𝑚𝑘𝑘; Maximal number of iterations 
  
Step 1:  
𝐹𝐹𝑒𝑒𝑒𝑒𝜔𝜔(𝑎𝑎𝑘𝑘) = 𝐻𝐻𝐻𝐻𝐻𝐻𝑏𝑏𝑒𝑒𝑟𝑟𝑡𝑡(𝑦𝑦𝑒𝑒𝑒𝑒𝜔𝜔(𝑎𝑎𝑘𝑘)) Calculate envelope of model signal 𝑦𝑦𝑒𝑒𝑒𝑒𝜔𝜔 
𝑆𝑆(𝑎𝑎𝑘𝑘) = ‖𝐹𝐹 − 𝐹𝐹𝑒𝑒𝑒𝑒𝜔𝜔(𝑎𝑎𝑘𝑘)‖2 Calculate sum of squared error 𝑆𝑆(𝑎𝑎𝑘𝑘) 
𝛿𝛿𝑆𝑆(𝑎𝑎𝑘𝑘)
𝛿𝛿𝑎𝑎𝑘𝑘

=
𝛿𝛿‖𝐹𝐹 − 𝐹𝐹𝑒𝑒𝑒𝑒𝜔𝜔(𝑎𝑎𝑘𝑘)‖2

𝛿𝛿𝑎𝑎𝑘𝑘
= 𝐽𝐽(𝑎𝑎𝑘𝑘) 

Calculation of the Jacobian 

Step 2:  

��𝐽𝐽(𝑎𝑎
𝑘𝑘)

𝜇𝜇𝜇𝜇 � 𝑠𝑠𝑘𝑘 + �𝑆𝑆(𝑎𝑎𝑘𝑘)
0

�� ⇒𝑚𝑚𝐻𝐻𝑚𝑚 Minimize the linear least mean square problem 

Step 3:  
𝑎𝑎𝑘𝑘+1 = 𝑎𝑎𝑘𝑘 + 𝑠𝑠𝑘𝑘  
𝑆𝑆(𝑎𝑎𝑘𝑘+1) = 𝑆𝑆(𝑎𝑎𝑘𝑘 + 𝑠𝑠𝑘𝑘)  
𝑆𝑆(𝑎𝑎𝑘𝑘) + 𝐽𝐽(𝑎𝑎𝑘𝑘)𝑠𝑠𝑘𝑘  
Step 4:  

𝜌𝜌𝜇𝜇 =
‖𝑆𝑆(𝑎𝑎𝑘𝑘)‖2 − ‖𝑆𝑆(𝑎𝑎𝑘𝑘 − 𝑠𝑠𝑘𝑘)‖2

‖𝑆𝑆(𝑎𝑎𝑘𝑘)‖2 − ‖𝑆𝑆(𝑎𝑎𝑘𝑘) + 𝐽𝐽(𝑎𝑎𝑘𝑘)𝑠𝑠𝑘𝑘‖2
 

Calculate criteria for new step size 

if 𝜌𝜌𝜇𝜇 ≤ 𝛽𝛽0 𝑠𝑠𝑘𝑘 is not accepted; 𝜇𝜇 is doubled; new correction 
factor 𝑠𝑠𝑘𝑘 is calculated 

if 𝛽𝛽0 < 𝜌𝜌𝜇𝜇 𝑠𝑠𝑘𝑘 is accepted; 𝜇𝜇 is retained 
if 𝜌𝜌𝜇𝜇 ≥ 𝛽𝛽1 𝑠𝑠𝑘𝑘 is accepted; 𝜇𝜇 is halved 
Step 5:  
�𝑆𝑆𝑚𝑚𝑘𝑘� ≤ 𝜖𝜖1 or  
‖𝑎𝑎𝑘𝑘 − 𝑎𝑎𝑘𝑘−1‖ ≤ 𝜖𝜖2(‖𝑎𝑎𝑘𝑘−1‖ + 𝜖𝜖2) or  
𝑘𝑘 ≥ 𝑘𝑘𝑚𝑚𝑚𝑚𝑘𝑘  
Result:  
𝑎𝑎𝑘𝑘 = [𝑎𝑎1𝑛𝑛,𝑎𝑎2𝑛𝑛, … ,𝑎𝑎𝑚𝑚𝑛𝑛] Estimated parameter vector 

 
Table 2: Sequence of the damage feature extraction algorithm 
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𝐴𝐴𝐴𝐴0𝑖𝑖𝑛𝑛𝑖𝑖 𝑟𝑟𝐴𝐴0𝑖𝑖𝑛𝑛𝑖𝑖 𝜅𝜅𝐴𝐴0 𝜓𝜓𝐴𝐴0 𝐴𝐴𝑆𝑆0𝑖𝑖𝑛𝑛𝑖𝑖 𝑟𝑟𝑆𝑆0𝑖𝑖𝑛𝑛𝑖𝑖 𝜅𝜅𝑆𝑆0 𝜓𝜓𝑆𝑆0 𝐴𝐴𝐴𝐴0𝑑𝑑𝑚𝑚𝑚𝑚 𝑟𝑟𝐴𝐴0𝑑𝑑𝑚𝑚𝑚𝑚 
[V] [m] [-] [-] [V] [m] [-] [-] [V] [m] 
1 0.13 1e-4 1e-8 0.5 0.05 0 0 0.1 0.18 

𝐴𝐴𝑆𝑆0𝑑𝑑𝑚𝑚𝑚𝑚 𝑟𝑟𝑆𝑆0𝑑𝑑𝑚𝑚𝑚𝑚 
[V] [m] 

0.03 0.08 
           Table 3: Wave pulse parameters for the simulated test signal 

 

 
 

Fig. 3. Example of a simulated signal used for the proof of the damage feature extraction process (pic-
ture above) and whole simulated signal with its envelope (picture below); single wave pulses inside the 

simulated signal. 

In order to demonstrate a more realistic test case additional noise was added to the test sig-
nal. The values for the initial parameters used for the damage feature extraction process are 
listed in Table (4) below. 

 
𝐴𝐴𝐴𝐴0𝑖𝑖𝑛𝑛𝑖𝑖 𝑟𝑟𝐴𝐴0𝑖𝑖𝑛𝑛𝑖𝑖 𝜅𝜅𝐴𝐴0 𝜓𝜓𝐴𝐴0 𝐴𝐴𝑆𝑆0𝑖𝑖𝑛𝑛𝑖𝑖 𝑟𝑟𝑆𝑆0𝑖𝑖𝑛𝑛𝑖𝑖 𝜅𝜅𝑆𝑆0 𝜓𝜓𝑆𝑆0 𝐴𝐴𝐴𝐴0𝑑𝑑𝑚𝑚𝑚𝑚 𝑟𝑟𝐴𝐴0𝑑𝑑𝑚𝑚𝑚𝑚 

[V] [m] [-] [-] [V] [m] [-] [-] [V] [m] 
0.2 0.1 0.001 0.001 0.1 0.01 0 0 0.01 0.13 

𝐴𝐴𝑆𝑆0𝑑𝑑𝑚𝑚𝑚𝑚 𝑟𝑟𝑆𝑆0𝑑𝑑𝑚𝑚𝑚𝑚 
[V] [m] 
0.001 0.06 

Table 4. Initial wave pulse parameters 

4. First Results  

The result of the damage feature extraction process is the estimated parameter vector 𝑎𝑎𝑘𝑘. It 
contains the values about the respective wave pulse amplitude 𝐴𝐴𝑛𝑛 and the propagation dis-
tance 𝑟𝑟𝑛𝑛 for each single wave pulse contained in the simulated test signal. For a better illus-
tration the envelope of the estimated signal, and here only the damage relevant wave pulses, 
is calculated based on the estimated wave pulse parameters and displayed in Fig. (5). There, 
the envelopes of the simulated test signal (damage relevant wave packets) are compared to 
the estimated envelope described above.    
 
In order to test the stability of the proposed process the A0 incident wave pulse was step-
wise overlapped by the reflected A0 wave packet from the damage. The overlapping was 
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done in a ratio range between 0% (no overlapping) to 100% (full overlapping). Further-
more, the amplitude ratio between the two wave pulses was varied between 0.01 (low am-
plitude of the A0 reflected wave packet from the damage) and 0.1. In Fig. (6) the results for 
the test with different overlapping ratios and varying wave pulse amplitudes are shown.  
 

 
Fig. 4. Example of the resulting envelope signal after applying the damage feature process 

 
It can be seen in Fig. (6) that with a relatively small amplitude ratio between the incident 
and the reflected wave packet the error 𝛿𝛿𝑟𝑟 between the estimated and simulated propaga-
tion distance of the reflected wave packet from the damage is relatively high (>200 mm).  
 

Fig. 6. Results after applying the damage feature extraction process to a simulated signal 
with different overlapping ratios between wave pulses and changing wave pulse amplitude  
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This is because of the additional noise inside the simulated signal, which makes an estima-
tion of the damage relevant features with low amplitude not possible. With increasing am-
plitude of the reflected A0 wave packet from the damage the error 𝛿𝛿𝑟𝑟 decreases and for an 
amplitude ratio between incident and reflected signal the average error is approximately 5 
mm which is a reasonable value for the estimation of the damage position. 

5. Next Evaluation Steps 

In view of increasing the complexity of the structures considered the plate described above 
will be analyzed with an artificial crack as it is shown in Fig. 7 and a patched repair as 
shown in Fig. 8 below. The numerical results have been obtained for the patched repair 
originally from [12] and have been further elaborated along the work described in [13].  

 

Fig. 7. Plate with a crack at 250 mm from the corner; crack width is 0.5 mm and depth is 1.5 mm 

 

 
 

Fig. 8. Model of patch-repaired specimen according to [12] (dashed lines represent the cut-out region 
below the patch) and the signal recorded by the sensor 

With those simulations available an experimental validation will be performed of which the 
equipment has been realized in [10]. The experimental setup to be applied is shown in Fig. 
9. It consists of the specimen (1), the guided wave transducers (2), the wireless sensor node 
(3) and the central server including the graphical user interface (4). Compared to existing 
wireless systems for similar applications, this system used here is relatively small in size, 
light in weight, allows for a high amplitude of excitation voltage, has embedded anti-noise 
filtering and is optimized in terms of time synchronization between the central server and 
the wireless sensor units. Furthermore, the graphical user interface enables convenient use 
of the wireless system. The electric circuit of the wireless sensor node is shown in Fig. 10. 
The excitation signal for the piezoelectric transducer is a sine sweep with 18 cycles, modu-
lated with a Hamming window with an amplitude of 60V peak-to-peak. The excitation fre-
quency can be selected on the central server in a range from 30 to 300 kHz with a step size 
of 1 kHz. In order to measure the voltage from the piezoelectric transducers, the voltage 
drop over an internal resistor Rpe (Fig. 10) is measured. This leads to a relatively high input 
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m  
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impedance for the wireless signal processing unit (in comparison with the internal resistor), 
a problem which is solved by using a non-inverting amplifier at the input 
 

 

Fig. 9. Experimental setup: aluminum alloy plate (1), piezoelectric transducers bonded onto plate (2), 
wireless measurement devices (3) and central processing unit with wireless receiver (4) 

 

 

Fig. 10. Electric circuit diagram of a wireless sensor node  

 
For a smooth signal, an anti-aliasing filter is integrated into the circuit just before the ana-
log-to-digital converter (ADC). The ADC has a 16-bit resolution with a sampling frequency 
of 1 MHz. This leads to a signal-to-noise ratio (SNR) of about 87 dB. By taking the 
Nyquist sampling theorem into account (sampling frequency > 2 x signal frequency) a 
sampling frequency of about 1 MHz is (more or less) enough for a signal frequency up to 
300 kHz.  

6. Summary and conclusion 

Monitoring of structures based on structural health monitoring (SHM) provides a variety of 
significant challenges. One of them is to extract the right features from the signals having 
been measured. A way on how to get this done is on the basis of a model-based damage 
feature extraction procedure as proposed in [10]. In that case a model of the structure con-
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sidered is taken as a basis to generate sensor signals where the model is then adapted 
through a learning process to what is monitored in reality in case a mismatch between 
simulated and recorded signal is too big. The model can be of different levels of complexity 
starting from a baseline measurement being compared to an actual measurement and ending 
in a rather complex mathematical (i.e. numerical) model to be considered as a reference that 
may adaptively be adjusted through non-linear least mean square fits. 
 
Within this paper the process of validating the model-based feature extraction process ex-
perimentally has been introduced considering a flat plate and a patched metallic repair for 
an undamaged and an artificially damaged condition. The numerical results will be taken 
from work described in [13] and will be validated with the SHM hardware described above, 
specifically in terms of extracting the appropriate features from the signals being measured. 
The results will show, how far this is possible and what additional features may be meas-
ured which the numerical model may not be able to describe in its current state. This may 
possibly trigger a modification in the numerical model leading to an iteration process be-
tween simulation and measurement demonstrating the need for adaptation of an SHM sys-
tem, not just between the measurements the system takes but also between simulation and 
hardware in general. 
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