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Abstract 

This paper introduces a novel Fault Detection and Diagnosis method based on the 

wavelet transform to detect defects on the tower of a wind turbine. 24 Macro-Fiber 

Composite transducers have been placed to send and collect ultrasound signals. The 

data have been converted into voltage and analysed by the wavelet transforms. Wavelet 

transform detects particular characteristics according to the shape or amplitude, and lead 

to diagnose imperfections in towers. Regarding to the wind turbines maintenance 

management, a large number of publications can be found focused on blades, 

mechanical, electrical/electronic devices, etc. However this trend is not extended to the 

wind turbine towers, and the development of their maintenance systems is not 

widespread yet. The results from this paper lead to acquire an early indication of 

structural or mechanical problems and it anticipates to catastrophic failures. It also 

allows a better preventive and predictive maintenance in wind turbines. 

Key words: Wavelet transform, macro-fiber composite transducer, maintenance 

management, wind turbine. 
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1. Introduction  

The renewable energy industry is in constant improvement to suit the current scenarios 

and the companies compete to take advantage of any evolving opportunity presented. 

Wind turbines (WT) are one of the fastest growing sources of renewable energy 

production (Garcia et al., 2012). The number of WTs and their complexity has been 

increasing in recent years, reducing the reliability of the WTs and raising the 

maintenance costs (Spinato et al., 2009). Techniques such as condition monitoring 

(CM) are employed in the detection of faults and lead to increase the productivity 

performance of the WT.  

Most of the research papers consider the CM on WTs usually referred to blades (Ciang 

et al., 2008; Yang et al., 2013), electrical or electronic components (Hansena et al., 

2007), etc., but rarely attached to the towers of WTs. The tower degradation can be 

induced by internal (material, shape, age, etc.) and external (temperature, humidity, 

pressure, etc.) conditions (Jiang et al., 2010; Al-Hadhrami, 2014). As a consequence, 

cracks, gaps, loosen joints and welding damages can appear (NIMO, 2012). 

This case study uses MFC transducers for the CM system and employs the wavelet 

transform for the signal processing. It has been shown that the use of certain transducers 

(electromagnetic transducers) is effective on the detection of cracks when the results are 

discussed with the wavelet transform (Lee et al., 2011).  

The collection and analysis of data will be the first step for this structural health 

monitoring. Some techniques for CM includes the use of ultrasound signals to detect 

structural damage in joints (Thien et al., 2008). These signals (voltage) are studied to 

detect failures. The monitoring of complex or inaccessible structures is assured with the 

strategic placement of the sensors.  

The paper is structured as follows: A brief summary focused on CM for WTs is 

discussed in Section 2. Section 3 provides an overview of the MFC and Section 4 

introduces the wavelet transform. Section 5 describes the case study (motivation, design 

and installation), as well as the analysis of the signals collected. To complete this 

section, some examples and the remarkable results in comparison to other techniques 

are explained. Finally, the last section presents the main conclusions.  
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2. CM applied to WT 

Most of the WTs are three-blade units (Figure 1) (Novaes et al., 2010; Pinar et al., 

2013). Once the wind drives the blades, the energy is transmitted via the main shaft 

through the gearbox to the generator. At the top of the tower, assembled on a base or 

foundation, the housing or nacelle is mounted and the alignment with the direction of 

the wind is controlled by a yaw system. There is a pitch system in each blade. This 

mechanism controls the wind power and sometimes is employed as an aerodynamic 

brake. Finally, there is a meteorological unit that provides information about the wind 

(speed and direction) to the control system. The tower supports the nacelle of any WT. 

It is made from cylindrical parts that are assembled over a concrete foundation 

(Lotsberg, 2013).  

CM systems operate from different types of sensors and signal processing equipment in 

WTs. They monitor components ranging from blades, gearboxes, generators to bearings 

or towers. Monitoring can be processed online or in certain time intervals. The 

procurement of accurate data is critical to determine the occurrence of a problem and 

the solution to apply. Different techniques are available for CM: 

 Vibration analysis (Ozbek et al., 2013; Soua et al., 2013).  

 Acoustic emission (Molina, 2014; Ferrando et al., 2014).  

 Ultrasonic testing techniques (Ruiz de la Hermosa et al., 2014; Park et al., 

2014). 

 Oil analysis (Nie et al., 2013; Yang et al., 2013). 

 Thermography (Avdelidis et al., 2013; Zeng et al., 2014).  

 Other methods. 

Data acquisition is the first step of the CM process and includes the measurement of the 

required conditions (e.g. sound, vibration, voltage, temperature, speed), turning them 

into electronic signals. The choice and placement of the right type and number of 

sensors will be a key factor. Signal processing introduces the handling (e.g. Fast Fourier 

Transform (FFT), wavelet transforms, hidden Markov models, statistical methods and 

trend analysis) and storage of data. Fault Detection and Diagnosis (FDD) involves both 

CM and the signal processing. This paper employs MFC to collect the signals in Volts 

before being processed. 
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3. Macro-Fiber Composites 

Composite materials are a solution for almost all the limitations related to piezoceramic 

structures (Ivanov, 2011), e.g. the vulnerability to accidental breakage in handling and 

bonding procedures, their inability to adapt to curved surfaces or the large add-on mass 

of the lead-based piezoceramic (Sreenivasa et al., 2014). There are different types of 

composites commercially available, e.g. metal matrix composites (Qu et al., 2011), 

ceramic matrix composites (Sommers et al., 2010), active fiber composites (Birchmeier 

et al., 2009) or MFCs, and other new materials that are still under study (Biscani et al., 

2011). 

MFC is a polymeric matrix made of piezoceramic fibers (see Figure 2) embedded 

between phases of an adhesive film with electrodes that transfer Voltage to ribbon-

shaped rods and vice versa (Cook et al., 2012). The flexible nature of its matrix allows 

the material to adapt to complex surfaces. MFC is a composite technology originally 

developed at the NASA Langley Research Center (United States). They offer excellent 

qualities in performance and repeatability over traditional materials. The MFC does not 

introduce significant mass or stiffness when they are incorporated in structures.   

MFCs present a piezoelectric behaviour when there is a transformation of electronic 

impulses into ultrasonic waves. MFC transducers are capable of recording acoustic 

emissions and detecting damages (Eaton et al., 2009). The information can be collected 

through a single or several MFC transducers (Collet et al., 2011). 

The emergence and establishment of MFCs has become essential in different areas of 

research and development due to its low cost, the adaptation to the environment as well 

as the flexibility. Recent studies analyse MFCs properties using periodic 

homogenization. The main purpose is to find certain details or variations of their poling 

direction (Deraemaeker et al., 2010). 

Some uses of the MFC transducers include the structural health monitoring for railroad 

tracks (Park et al., 2008), and studies of feasibility on inflated torus (Ruggiero et al., 

2004) or energy harvesting (Betts et al., 2012; Friswell et al., 2013). A special emphasis 

has been placed on the use of MFC for smart structures applied to trusses, steel frames 

or cable-stayed bridges (Song et al., 2006). Active controls to remove structural 

vibration have been developed using configurations based on actuators for diverse 
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research fields including aircrafts (Bilgen et al., 2009) or pressure vessels (Castanier et 

al., 2006).  

The most prominent MFC utilization is linked to health monitoring systems and the 

evaluation of damages, but information about monitoring onshore and offshore WTs 

can also be found (Hameed et al., 2009). Some vibration tests under optimal running 

conditions revealed that the monitoring and control can be done with a limited number 

of actuators that reduces costs (Sohn et al., 2011).   

4. Wavelet transform 

The wavelet transform is a methodology applied from the time to the frequency domain 

analysis, e.g. with the use of a series of decomposition coefficients (Eristi, 2013). Its use 

is recommended against the FFT as the FFT loses part of the information (Deokar et al., 

2014), and makes difficult to determine the appearance of specific frequencies. The 

wavelet transform decomposes the original signal into several components at different 

frequency bands. It leads to work with high and low frequencies, identifying spectral 

features, unusual temporary files, non-standing behaviours and removing random noise 

(Dong et al., 2010).  

Wavelet transforms are usually categorized as continuous wavelet transforms (CWT) 

and discrete wavelet transforms (DWT). CWT can be written from the translation and 

the scale change of the function ψs,τ (t), called mother wavelet, which is given by 

equation (1): 

   
   

  
s ,τ

1 t T
ψ ( t ) ψ

ss
                                                                                                 (1) 

where s is the scale factor, and τ is the translational factor.  

Different functions generated from the same function ψ(t) can have different s and τ, but 

the same shape. Scale factors are always s>0. The wavelets are dilated when s>1 and 

contracted when s<1 in order to cover different ranges of frequencies. Large values of s 

correspond to lower frequencies ranges. Small values of s correspond to lower 

frequencies ranges. 
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The wavelet transform Wf(s,τ) of a function f(t) is the decomposition of f(t) in a set of 

functions forming a base with the conjugate of the mother wavelet (ψ*
s,τ(t)), defined in 

equation (2) (Wang et al., 2009; Schmitt et al., 2010): 

 )
*

f s ,τW (s,τ f ( t )ψ ( t )dt
                                                                                    (2) 

DWT introduces a scale discretization given by equation (3) to reduce the redundant 

information resulting from the continuous changes of the scale and translational 

parameters: 

 
  

 


i
*

f ii

1 t 2 j
W ( i, j f ( t )ψ dt

22
)

                                                               (3) 

where s=2i and τ=2ik are dyadic scales. 

Signals are divided into low frequency approximations (A) and high frequency details 

(D), where the sum of A and D is always equal to the original signal. The division is 

done using low pass and high pass filters (Figure 3) (Canal, 2010).  

To reduce the computational and mathematical costs of data duplication, a sub-sampling 

is implemented, containing the half of the collected information from A and D without 

losing information.  

Multilevel filters are used when signals are complex. They repeat the filtering process 

with the output signals from the previous level. This leads to the so called wavelet 

decomposition trees (Figure 4) (Aktas et al., 2010). Additional information is obtained 

filtering at each level. However more decompositions do not always mean accurate 

results. The study of the energy spectrum is suggested by some authors to support the 

wavelet transform results and/or filtering processes (Wu et al., 2009). The energy 

spectrum is based on Parseval’s energy theorem is given by equation (4) (Dehghani et 

al., 2013). 

   
N 1 N 1

2 2

t 0 f 0

1
x t x f

N

 

 

                                                                                                (4) 
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where x(t) is a signal in the time domain, x(f) is a discrete signal of the Fourier 

transform and N is the sampling period. If x(t) is defined from A and D, then: 

j j

j J

x( t ) A D
£

= + å                                                                                                           (5) 

Equation (5) can be rewritten as follows: 

   
1

2

0 0

1 1
22

0

11  

  

 
  

 
   

N

j

j J f

N N

j

t f

D ( f )
N

x t A f
N

                                                            (6) 

The most recurrent families of wavelet transforms are Haar (Hariharan et al., 2010); 

Daubechies (Dyn et al., 2014); and Symlet transforms (Arora et al., 2011). The 

selection of a particular family can be set by the application where the wavelet is 

introduced. Daubechies wavelets lead more accurate results in comparison to other 

families (Patil et al., 2011; Balakrishnan et al., 2012); being the main reason for its 

selection. Nevertheless, different families were tested for the case study and results did 

not differ significantly. 

The application of wavelets transforms in WT is focused on the implementation of 

adaptive controllers for wind energy conversion systems. Wavelet transform provides a 

good and quick approximation where the drivers studied under different noise levels 

achieved outstanding performances (Sedighizadeh et al., 2008). The monitoring and 

diagnosis of faults in generators from the wavelet transform has also provided 

satisfactory results (Al-Ahmar et al., 2008). In these cases a combination of DWTs were 

proposed to be employed as an alternative to the conventional methods. 

The wavelet transform has been applied in the analysis of centrifugal pumps 

(Muralidharan et al., 2013), gears (Wu et al., 2009; Sanz et al., 2012), gearboxes 

(Saravanan et al., 2010), rotors (Chattopadhyay et al., 2012; Taher et al., 2014), 

bearings (Chebil et al., 2010; Sugumaran et al., 2009); or engines (Samsi et al., 2009; 

Cusidó et al., 2010; Schmitt et al., 2010). It is indicated for the study of transient 

processes due to its ability to extract information in the frequency domain from the time 

domain (Subramanian et al., 2010; Liu et al., 2014). Wavelet transform has also been 

developed on pipes for monitoring (Ni et al., 2010; Peng et al., 2013) and detection 
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detects leaks (Ahadi et al., 2010), cracks (Ye et al., 2010) or corrosion in non-accessible 

points (Acciani et al., 2010).  

5. Case study 

5.1. Background 

The tower of a wind turbine is an essential element to be considered in the design, 

construction and maintenance of a wind farm, being approximate the 30% of the total 

cost for an onshore wind turbine (Quilligan et al., 2012). Regarding the design and 

construction, there are case studies that suggest different materials according to different 

heights, e.g. towers made of steel tubular sections for heights up to 80 meters and made 

of steel, concrete or hybrid steel-concrete for towers up to 120 meters (Rebelo et al., 

2014;  Harte et al., 2007). Considerations such as the mass, the vibration or the fatigue 

of the wind turbine are also taken into account in these phases (Van der Woude et al., 

2014; Chen et al., 2013). 

 

There are not enough research studies for maintenance tasks. Kusiak et al. (Kusiak et 

al., 2013), carry out a study of faults that take place in the towers and categorize them 

according to the severity. They introduce towers and foundations, apart from other 

elements, in the category where the faults can lead to a shutdown of the wind turbine. 

Chou et al. (Chou et al., 2011) suggest corrective actions based on post-disaster actions 

and propose a review of faults from potential risks. 

 

Some studies suggest CM for the overall turbine (Hameed et al., 2009), or focused on 

basic features, e.g. the temperature (Yang et al., 2013), where the main restriction of 

these CM is the high cost. Few researches introduce the CM for towers from vibration 

(Liu, 2013), or microwave techniques (Pieraccini et al., 2008), but the authors have not 

found any research that consider the monitoring of the total diameter of the tower, and 

therefore the use of ultrasound for this purpose, despite the fact that the effectiveness of 

the technique has been shown (Liu et al., 2010). 

 

This paper presents a novel approach in order to analyse online the health structure of 

the tower of a wind turbine in 360º, being applied to a real case study. The wavelet 

transform has been employed for the signal processing, and the results have been tested 
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with other methods. The principal advantage is that the wavelet can consider the 

temperature conditions (Ruiz de la Hermosa et al., 2014), and other factors, e.g. 

corrosion or cracks (Gómez et al., 2014).  

5.2. System design 

Experiments were collected in a tower of 27 meters of length and 3.5 meters of 

diameter. The tower has ten welds uniformly distributed and a gateway to access the 

nacelle (Figure 5). 24 MFC transducers are placed around the diameter of the tower at 6 

meters above the ground (Figure 6).  

Data collection is done by the technique of Guided Wave Testing (GWT). Gan and 

others (Gan et al., 2012) introduces this technique for the detection of metal leak from 

corrosion and fatigue cracking in tubular steel towers supporting WT generators. The 

GWT system consists of a pulser-receiver unit, a laptop, a multiband directional 

antenna, and an array of MFC transducers (Figure 7). GWT employs mechanical stress 

to enable the ultrasound signal to goes along a distance with little loss of energy. The 

ultrasound signal is sent by the transducers and returns to the sensor. The transducers 

are individually connected to a micro coaxial male connector (MCX) and finally 

plugged to a pulse-receiver. Each transducer is excited with a 10 cycle Hanning 

window. The signals have a frequency of 30 kHz and a speed of 3076 m/s.  

The pulser-receiver is a system with multiple channels which allows up to 24 

transducers to be connected. The system is built to be operational at low-frequency that 

is suitable for the tower monitoring. Additionally, the system can be controlled 

manually and automatically through a computer. The pulser-receiver and the laptop are 

both placed in an aluminium box.  

The remote access for the tower monitoring is set up by using a multiband directional 

antenna, a 3G dongle and dedicated software. The directional antenna is connected to 

the dongle through an inductive velcro strap. At the same time, the 3G dongle is 

connected to the laptop, and therefore the internet connection is feasible. The software 

also enables the remote access to the laptop, and the remote control to the system.   
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The pulser-receiver and the laptop are placed on the ground level of the tower. The 

transducers are attached to the connectors, and finally to the pulser-receiver unit (see 

Figure 8). 

The directional antenna is mounted around 5 meters from the tower, and the cable is 

extended through a hole below the ground flange (Figure 9). Finally, the remote access 

to the system is achieved through software and data are collected and saved (Figure 10). 

Through the software, the system can be accessed remotely at any time, and data can be 

collected and downloaded. Figure 11 illustrates the flowchart of the system. 

5.3. Signal analysis 

The analysis of the signals collected by the GWT system will enable the detection of joints, 

defects, cracks, etc. The study is based on the pulse-echo technique. The pulse-echo technique 

operates from a single transducer that is responsible to emit and receive an ultrasonic wave. 

This wave propagates through the material by a short electrical pulse. During that time period, 

the emitter is prepared to also receive information. Considering the portion of the reflected 

sound, the discontinuities can be evaluated. In the case of the structure of the WT, part of the 

signal will return to the transducer while the other part will go forward until reach the top flange. 

The pulse-echo data of each transducer is summed before studying the features of the tower. 

The case study considers that the tower is made up from different joints that should be taken 

into account in order to not be confused with any other types of defects or cracks.  

The FDD method is developed using the DWT technique. DWT allows direct 

application to computational processes, being an advantage since all the signal 

processing will be done with software focused on discrete analysis. The family selected 

is the Daubechies wavelet transforms as indicated in Section 4. This selection is based 

on its versatility for processing signals presenting certain characteristics such as changes 

in shape and amplitude, obtaining more accurate results than other wavelet families.  

The ultrasound signal collected by the GWT system is introduced as the input in an 

algorithm developed in MATLAB for this case study. Signals are decomposed in five 

levels (a4, d4, d3, d2 and d1). These levels are a linear combination of all the frequency 

components for the original signal and their sum results in the original signal. The 

approximated decomposition (a4) is the low frequency component, while d1 is the high 

frequency component. The algorithm enables the selection of different wavelet families 

and decomposition levels. It also estimates the energy using the Parseval’s theorem to 
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check if the selected decompositions are representative. A suitable frequency range 

must be selected as the high frequency noises generated from the high voltage 

transformer does not provide useful information. This is possible with the selection of 

the decomposition a4. Figure 12 shows a comparison between the decomposition d1 and 

selected decomposition (a4), demonstrating that the information provided by d1 is 

irrelevant since there are no changes in shape and amplitude to base the study. 

Furthermore, the approximated decomposition represents up to 60% of the energy from 

the original signal, therefore the selected signal can be accurate to carry out the analysis 

(Table 1). 

The propagation time of any wave is calculated using the equation (7). The total length 

2e is the sum of the distance between the transducer and the surface defect considering 

that the information goes back to transducer before being saved (Figure 13). 


2e

t
v

                                                                                                                            (7) 

Once the propagation time (t) is obtained, it is possible to identify the location of a joint, 

crack or defect. This identification can be expressed in time or samples. Additionally it 

is possible to convert samples into time by considering that 106 samples were recorded 

per second. It must be noted that there exists a small displacement of 186 samples, as 

the main pulse excitation is not exactly located at t=0 s. This corresponds to the ski-

slope effect that occurs when the sensor experiences a mechanical, thermal or electrical 

transient during the measurement process. This value must be added to the results in 

order to identify each particular imperfection or joint. 

5.4. Experiments 

An example is presented in order to show the effectiveness of the algorithm when 

finding surface variations in the structure. A signal from one of the arrays located above 

the gateway is selected as example. Figure 14 is a zoomed selection of the 

decomposition a4, where the shape of the signal changes significantly. It has been 

chosen to determine the position of the third weld (the weld closest to the array). 

The distance from the third weld to the array is 0.776 m., and therefore (8) is: 
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×
= = =weld 3

2e 2 0.776
t 504.5μs

v 3076
                                                                                    (8) 

Adding the displacement of the start-up: 

tweld3=504.5 samples+186 samples≈690 samples.                                                          (9) 

The calculated value coincides with the amplitude variation marked in Figure 14. 

Table 2 is completed repeating the calculations in decreasing order. The second column 

indicates the distance between the array and the different welds, the ends of the tower or 

the gateway (Figure 5). The third column is obtained from equation (7) and finally, the 

samples are calculated as in example (8). This table can be more detailed and complex 

taking into account that the ultrasound, in its return to the array, detects again the same 

joints or imperfections that had already found before reaching the top flange. Echoes of 

the signal must also be considered in the study. As a consequence, there may be 

overlaps between signals intersecting at a particular point. The FDD considers these 

situations and overlaps can be seen with increases of the amplitude. 

Figure 15 shows the signal in the [2400, 4500] interval. Marks 2 and 6 correspond to the 

first and fifth weld respectively, while marks 7 and 8 are the bottom of the door to 

access to the WT and the bottom of the tower (ground). Marks 3, 5 and 9 are the result 

from the overlapping of different signals: the third weld with the top of the door (3), the 

second weld with the fourth weld (5) and the fourth weld with the top of the door again 

(9). It is noted that overlaps usually have bigger amplitudes since several signals are 

superposed. Finally, points 1 and 4 are detected when the signal returns to the array 

after having completed its displacement through the tower. Point 1 is for the third weld 

and 4 for the second weld. 

5.5. Comparison of the wavelet transform with other techniques and results  

The results are checked using different methodologies to achieve the efficiency of the 

fault identification from the ultrasound. 

A tower feature identification using the Hilbert transform is performed (Figure 16). The 

amplitude of the features is measured from the rectified summed of the pulse-echo data 
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and plotted several times to collect a pattern following the same trend. It is supposed 

that any deviation from the trend indicates a change in the structure. The main drawback 

of this method is that signals must been filtered to suppress the high frequency noise 

from the raw signal.  

An image processing method based on a delay and sum technique is also developed. 

The noise at high frequencies needs to be removed again so that a band pass filter is 

used (Figure 17). Data is analysed with a cross-correlation between the received and the 

drive signals (Figure 18). The width of the peaks is determined by the frequency, but the 

high periodicity of the waves limits the results. This is improved using coded 

waveforms, although this represents a problem at highly dispersive frequency range. 

Among the alternative coded waveforms to be considered, the complimentary Golay 

coded waveform is suggested due to its reduction of the signal processing complexity 

(Qureshi et al., 2011). On the other hand this requires doubling the waveforms 

collected.  

Additionally to these limitations, some issues related to the distortion of the acoustic 

signals or scaling errors are presented which means the reduction of the imaging 

fidelity. 

The wavelet transform approach avoids this type of complexity associated to noise, 

distortion or resolution of the signal to be analyzed. The results of the tower feature 

identification and the cross-correlation from the image processing are compared with 

the results of the wavelet transform to evaluate the effectiveness of the proposed 

method. Table 3 lists the values of the distances, times and samples for both techniques. 

The surface modifications close to the array are compared in order to avoid any overlap. 

The tower feature identification shows that the distances where modifications are found 

vary significantly, differing up to 1 meter regarding the real distance. In the second 

study differs up to 40 centimeters. These differences may be due to the processes of 

filtering and post-processing, resulting in a loss of useful information. 

6. Conclusions 

Nowadays maintenance management is a widespread practice in wind turbines. 

However not much attention has been paid to their structure in comparison to other 
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mechanical and electrical devices located on the nacelle or the blades. The proper 

monitoring of the tower can help to anticipate catastrophic failures related to corrosion, 

leaks or cracks.  

Some remarkable findings are listed below. 

 This paper presents a novel approach in order to analyse online the health 

structure of the tower of a wind turbine in 360º. It has been done in a real case 

study. 

 The objective of this paper has been to describe the development of a FDD 

method based on the wavelet transform that finds these the abovementioned 

catastrophic failures.  

 The wavelet transform can consider the temperature conditions, and other 

factors, e.g. corrosion or cracks. 

 The design of the Guided Wave Testing technique to collect the ultrasound 

signal from the 24 Macro-Fiber Composites transducers has been described 

along with the signal processing. 

 Macro-Fiber Composites transducers are chosen for its adaptation to any type of 

surfaces, offering excellent qualities in performance. They do not introduce 

significant mass or stiffness when they are incorporated in structures.  

 The selection of a low-frequency decomposition for the analysis of the voltage 

signals has been a key factor as the raw signal had noise at high frequencies and 

it was necessary to remove it.  

 Joints, welds and other modifications on the surface of the structure have been 

detected even in overlap situations, proving the precision of the wavelet 

transform. 

 The main results have been tested with other techniques, showing the wavelet 

transform benefits. The filter process is immediate and it is not necessary to 

introduce a prior step to the fault detection. Likewise, it avoids the limitations on 

resolution, fidelity or distortions. 

 The tower feature identification and image processing lose information due to 

the filtering and post-processing. As a result, the location of the surface defects 

may vary from 30 centimeters to 1 meter depending on the technique. 

 No similar studies have been found in the literature. 
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Due to this, the FDD based on the wavelet transform is suggested against the tower fault 

identification and image processing. The determination of any imperfection is ensured 

from changes of shape or amplitude, providing the exact position where it appears, 

regardless of the complexity of the structure and/or the number of defects. 
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