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Abstract— In this study, Bicoherence method was applied to 

analyze the state of 6 ceramic plates made from the same 

material is cracked or not. Of all six plates, while 1 consisted of 

an undamaged plate, the other 5 comprised of cracked plates. 

Cracks in damages plates have non-identical deformations. The 

centre points of the plates were applied to shock at equal severity 

by means of the pendulum. The sound, which emerged as a result 

of the impact, was recorded and transferred to the data 

processing environment. A single bicoherence peak was observed 

at the centre of the durable plate and more than one peak was 

seen in the cracked plates by the analysis conducted, in addition, 

their magnitudes were so much smaller than those of durable 

plates. While large rising magnitudes were formed at the centre 

on the bi-coherence plane of the durable ceramic plate, more 

than one bicoherence peaks, with low magnitudes, were formed 

on the cracked ceramic plates. Differentiation and feature 

extraction can clearly be identified in the feature diagonal slice 

analysis of the cracked plates with the bicoherence analysis 

carried out. While maximum bicoherence coordinates were 

formed in the coordinate centre of the durable ceramic plate, 

deviation from the centre presented itself in the cracked ceramic 

plates.  

 
 

Index Terms— Acoustic vibration method, Bicoherence, 

Ceramic Plate, Crack Analysis.   

 

I. INTRODUCTION 

eramic materials were acquired from the inorganic 

components and their raw materials consist of clay and its 
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breakage are their most important drawback due to this 

feature. Their electrical and thermal insulation is high, 

chemically stable and has high melting temperatures. 

However, the provision of raw materials is easy and 

economical, they also have low production costs and their 

usage and processing are quite easy [3-7]. 

The biggest risks in ceramic production are deformations and 

cracks as a result of improper stacking and storage of ceramic 

materials. These deformations and cracks cannot be 

distinguished when covered by enamel and they only turn into 

marketing problems with feedbacks by users. Many marker-

based different methods are being used in the determination of 

micro-cracks and deformations occurring in ceramics [1,8,16]. 

Mark-based works, used by developing an acoustic 

measurement method, have been quite effective in 

determining deformations [1-4]. In this study, data, taken from 

the measurement system developed by Akinci [1], were 

analyzed by using the bicoherence method.     

II. EXPERIMENTAL MEASUREMENT AND DATA 

COLLECTION SYSTEM  

    Testing set, developed by Akinci [1], was used in this study 

and the data were obtained from this testing set. The pendulum 

was used in order to produce an impact on experimental 

measurement and data collection systems [1,12].  The 

experimental application was designed within the framework 

of the analysis of sound resulting from a pulse effect. The 

pendulum in the pendulum was collected and recorded by the 

sound data acquisition system spreading to the environment as 

a result of the impact on the ceramic plate [1-4, 17,18].  

 

Plate

DAQ

Microphone

Data Analysis System

Impact pendulum

 
Fig.1. Data acquisition and measurement systems [1-4]  

 

The POE 2000 type Impact Pendulum was used in the 

experimental data collection system. Impacts in the same 
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derivatives [1]. Nowadays, ceramic materials are frequently 

used in industrial and structural product applications [1,2]. 

They take shape by applying heating and cooling processes 

during the production stage. They display demeanour hard, 

brittle, chemically corrosion-resistant, and insulating in terms 

of electrical and thermal features [3,4]. They are also resistant 

to high temperatures, lighter than other materials and their raw 

materials are plentifully and economically found in nature 

[1,2,5]. In addition to all these advantages, ceramic materials 

gain brittleness due to baking processes. Cracking and 
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severity were applied to the ceramic plates of the same type 

and model through pendulum and the sound data, which 

emerged as a result of the impact, had been recorded. The 

output audio signal of the amplifier is transmitted to the 

computer at a sampling rate of 0.00001 seconds via Advantech 

1716 L Multifunction PCI card and data processing is 

performed by using Matlab © (Fig. 1) [1-4,18]. 
 

III.  BI-COHERENCE 

The phase relationships between frequency components are 

not taken into consideration in signal processing techniques 

which utilize from second-order statistics and/or power 

spectrum. Therefore, these techniques are blind against the 

phase information. Also, the second-order statistics and power 

spectrum are not enough to define the non-Gaussian process 

completely in terms of statistics. In recent years, studies on 

high-order statistics and power spectrum have been conducted 

in order random processes to be defined more delicately and 

phase information to be processed [19]. 

The second-order statistics, like autocorrelation and power 

spectrum, are quite effective in the analysis of gauss, static 

and linear processes. The higher-ordered statistics are used in 

the examination of gauss, static and non-linear processes and 

in the attainment of significant results. In other words, a 

random process, like Gaussian distribution X(n), can be 

completely defined by autocorrelation function (ACF). ACF is 

not enough for non-Gaussian processes. Therefore, more 

information can be obtained from these processes with HOS. 

While the first-degree torque was given in Equation (1), the 

second-degree torque and autocorrelation were given in 

Equation (2) [19,20]. 
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The higher-ordered statistics can be found by calculating with 

higher degree torques like (m3, m4…). The non-linear 

combinations of these higher degree torques can be defined as 

(c1, c2, c3…) cumulant. The third-level torques were given in 

Equation 2. The collective equation for the zero-mean process 

was given in Equations 4,5 and 6 [20]. 
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Torques provide more accurate results in the analysis of 

deterministic signals, whereas cumulative provides more 

accurate results in the analysis of random signals. If the power 

spectrum of random signals is defined by DFT in Equation 

(7);   
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Bispectrum reveals signals resulting from the non-linear 

process in addition to suppressing Gaussian probability 

distribution of events. The cumulative spectrum of 3rd degree 

is called bispectrum and is shown in Equation (8). The signal 

is real-valued stationary random process is shown as follows 

[21,22]. 
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Unlike the power spectrum, in addition to presenting 

information on non-linear or gauss distributed non-indicated 

data, bispectrum also provides the phase information of the 

sign as an important feature. Peaks in bispectrum show 

frequency components and phase overlap in the signal. While 

peaks with two same frequencies show the frequency 

components in the signal, peaks with different frequencies 

indicate that there is a phase conflict in these frequencies. For 

the special case in which w1 and w2 are equal, the diagonal 

slices (DS) of one-variable bispectrum is given in Equation 

(10) [21,24]. 
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                       (10) 

The system, which was located between input and output 

signals of the coherence, has linearity deviation measurement, 

it is a size based on the calculation of a cross-spectrum and 

two auto-spectra and is shown as in Equation (11).  

Bicoherence is the energy ratio of a single sign-on any two 

frequencies. In other words, it is the quadratic normalized 

version of the bispectrum. It can be expressed by Equation 

(12) [21,24]. 
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IV. APPLICATION OF METHODS  
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b) 

Fig.2. Durable plate a) bicoherence b) diagonal slice graphics  

 

The only one salient peak was observed in durable ceramic 

material and maximum bicoherence peak is in the magnitude 

size of bic(0,0) = 2.4263. According to this, other fairly small 

peaks are scattered on the surface (Figure2a). This case is also 

clearly observed in diagonal slice (Fig.2b). 

     As can be seen in Figure 3, the unrelatedness is increased 

around -0.3 and +0.3 in the analysis conducted for the 

damaged ceramic plate. In other words, distinctive features 

can be seen to increase. This case appears to be different from 

the durable ceramic material. 
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b) 

Fig.3. Damaged plate 1 a) bicoherence b) diagonal slice graphics   

 

The centrally-spreading bicoherence peak and two 

bicoherence peaks bigger in size can be observed in this 

damaged ceramic material. Maximum bicoherence size is in 

the coordinates of bic(-0.33594,-0.33594) = 

0.43121(Fig.3a,b).  
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b) 

Fig.4. Damaged plate 1 a) bicoherence b) diagonal slice graphics   

 

Bicoherence peak, which spreads in the state of two different 

peaks, and 6 larger bicoherence peaks around can be observed 

at the centre for other damaged ceramic material and 

maximum bicoherence value is in the size of bic(0,-0.24219) = 

0.14369 (Figure4a). There are a maximum and two adjacent 

peaks at the centre in diagonal slice and there are also peaks in 

high frequencies and in smaller magnitudes (Fig.4b). 
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b) 

Fig.5. Damaged plate 1 a) bicoherence b) diagonal slice graphics   

 

This example emphasizes bicoherence peaks observed at high 

frequencies and still, two peaks in the diagonal slice draw 

attention at high frequencies (Fig.5a, b). Maximum 

bicoherence is bic(-0.45313,-0.45313) = 0.2827.  
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b) 

Fig.6. Damaged plate 1 a) bicoherence b) diagonal slice graphics   

 

This damaged ceramic material contains numerous 

bicoherence peaks (Fig.6a). The same case can also be 

observed in diagonal slice including 4 large peaks and other 

smaller peaks (Figure 6b). Maximum bicoherence is bic(0,-

0.40625) = 0.10309.   
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b) 

Fig.7. Damaged plate 1 a) bicoherence b) diagonal slice graphics   
 

The final damaged plate example consists of 4 bicoherence 

peaks (Figure 7a). Two large diagonal peaks can be seen in the 

diagonal slice (Fig.7b). Maximum bicoherence was calculated 

as bic(0.039063,-0.078125) = 0.41517.  
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TABLE I 

MAXIMUM BICOHERENCE COORDINATES AND 

MAGNITUDES OF PLATES 

 

V. CONCLUSION 

 

     In this experimental study, the durability and crackness of 

ceramic plates were determined by using the bi-coherence 

analysis method. 6 same types of ceramic plates were used in 

the study. Of the plates used in the study, one of the plates was 

selected from durable plates for controlling purposes and the 

other 5 damaged plates were selected from the cracked plates. 

This study is the product of a project study which determines 

damages in ceramic plates by using an acoustic method. In the 

analysis, the impact was applied at the centre points of 

ceramic plates by using a pendulum and the sound occurred as 

a result of the impact, was analyzed by the data collection 

system. When analyzing the sound data obtained from the 

experimental data collection system, one bicoherence peak, 

with rising large magnitude, was observed at the centre on the 

bicoherence plane of the durable plate. More than one 

bicoherence peaks were formed in cracked ceramic plates and 

their magnitudes were quite smaller compared to those of 

durable plates (Table 1). While maximum bicoherence 

coordinates were formed at the coordinate centre in the 

durable material, deviation from the centre can be observed in 

damaged material (Table 1). These features can also be 

observed in two-dimensional diagonal slices in a simple way. 

The study can be considered quite determinative for 

distinguishing the state of durability and crackness of the 

ceramic plates. 
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Ceramic 

Material 

Max. Bic.Coordinates Max. Bic. 

Magnitudes 

Durable (0,0) 2,4263 

Damaged 1 (-0.33594, -0.33594) 0,43121 

Damaged 2 (0,-0.24219) 0,14369 

Damaged 3 (-0.45313, -0.45313) 0,2827 

Damaged 4 (0,-0,40625) 0,10309 

Damaged 5 (0,039063, -0,078125) 0,41517 
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