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Abstract: The effectiveness of the magnetic Barkhausen noise method (MBN), used for non-destructive 

testing of ferromagnetic materials, depends to a large extent on a number of factors determining  

the measurement conditions. The use of conditions allowing the highest possible level of discrimination 

between the various states of the materials state is of highest importance. Therefore, this paper presents 

an analysis of the impact of measurement conditions on Barkhausen noise signals observed for various 

states of the material conditions. Taking into consideration the stochastic nature of MBN and the complex 

characterization of its changes, the analysis was based on the time-frequency representation of the MBN 

signal. The paper presents selected distributions achieved using two transformation methods. In 

addition, the extraction methods of features allowing the quantification of complex information were 

given. Finally, the discrimination ability for a number of parameters and features of MBN signals were 

determined and the obtained results were discussed. 
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Introduction 
The importance of non-destructive inspection of the condition and properties of materials in modern 

industry is constantly growing. Many methods support both the processes of optimizing the properties  

of manufactured products and the subsequent assessment of their quality. One of the methods dynamically 

developed as part of the study of magnetic materials is the Barkhausen MBN (Magnetic Barkhausen Noise) 

method. This method is used to assess the state of stress or deformation in a material[1÷4]. It is also used  

to study the microstructure properties of a magnetic material [1,5÷7]. Its effectiveness depends not only on 

the tested material and its properties, but also on a number of measurement parameters, such as frequency, 

amplitude and shape of the field excitation current of the sample [2,3,5,7÷14]. Therefore, the key to the 

process of achieving high effectiveness of the assessment is the use of conditions that ensure the highest 

possible discrimination between the different states of the magnetic materials tested. 

Most often, for the purposes of quantitative description of observed Barkhausen noise clusters,  

an analysis of its properties in the time domain and in the frequency domain is performed. The work [10] 

presents the results of studies on the impact of measurement conditions on MBN signals expressed in time 

or frequency domain. However, due to the stochastic nature of the measured MBN signals, analysis 

procedures have been developed using the combined representation of time and frequency, which allows 

obtaining holistic information about changes in the material [15÷18]. This article uses two transformations 

to obtain time-frequency representations of MBN signals defining characteristics in time-frequency (TF) 

and time-scale (TS) space [19]. First, tests were carried out for a set of magnetic samples subjected to 

mechanical processes and representing different states of material properties, and, as a consequence, 

different magnetic properties. In the next stage, selected distributions were presented and an analysis of the 

impact of measurement conditions on the obtained discrimination was carried out using a number of 

proposed features of transformed signals. Finally, the obtained results are discussed.  
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Methodology of the experiment carried out 
The measurement experiment was carried out using four samples made of St3S structural steel. Before 

starting the measurements, three samples were loaded with static force of different characteristics, which 

resulted in obtaining various changes in the material structure. Sample s3 was subjected to a force in  

the material elasticity range. In contrast, samples s4 and s5 were subjected to forces exceeding the yield 

strength of the material, while in the case of sample s4 the value of the force in the loading process 

increased gradually, and in the case of s5 rapidly. Sample s0 was unloaded and is a reference sample. 

Changes in the material's mechanical structure cause changes in its magnetic properties. That is why the 

samples prepared in this way enabled testing of state discrimination in different measuring conditions.  

The schematic diagram of the measuring system is shown in figure 1. The prepared samples were 

checked with a Barkhausen magnetic noise measuring transducer. This transducer consists of two 

components: a magnetizing system and a system collecting the response field. These elements have been 

described in detail in publication [20]. The work of the entire system was managed using a computer (PC) 

equipped with a data acquisition card (DAQ) NI 6251 National Instruments containing analog and digital 

inputs and outputs. The voltage supply to the excitation coil was generated using the DAQ C/A module. 

Subsequently, the signal after amplification in the power amplifier was fed to the input of the transducer 

magnetizing system. In contrast, the response voltages that were collected using a measuring coil were first 

fed to the input of an analog signal processing system (ASP). This system allows bandwidth filtration 

(1÷100 kHz) and amplification of the observed Barkhausen noise signal [20]. After passing through the 

appropriate blocks of the treatment process, this signal was saved on the computer disk. Next, digital 

procedures for processing and quantification of measurement signals were used.  

 

 
Fig. 1. Diagram of the measurement system; PC – control and measurement computer, DAQ – data acquisition card, 

ASP – analogue signal processing unit 

The tests were carried out for various settings of the frequency and current shape of the magnetizing 

section. The frequencies used were: 0.5, 1, 2, 5, 10, 15, 20, 25 and 30 Hz. During the measurements, 

sinusoidal and triangular current was used. 

 

Results and discussion 
After carrying out a series of measurements for the range of measurement parameters described in  

the previous section, an analysis of MBN signals was performed. It was divided into several parts. The first 

compares the qualitative representation of the MBN time-frequency signals resulting from the use of two 

types of transformations operating in the TS and TF space. In the second part, a quantitative analysis was 

carried out to obtain the features enabling the quantification of information carried by distributions.  

This allowed for a measurable assessment of the impact of various measurement conditions on obtaining 

the greatest discrimination of the states of the tested material.  

First, the wavelet transform and Short-time Fourier Transform (STFT) were used to calculate the time-

frequency distributions. As a result of the wavelet transformation, spatial distributions called scalograms 

were obtained. However, in the case of using the STFT transformation, spectral density distributions were 

obtained, called spectrograms [19]. Examples of distribution results obtained for the s3 sample using 

sinusoidal excitation are shown in figures 2 and 3.  
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Fig. 2. Scalograms obtained for sample s3 based on MBN signals acquired for different excitation frequency values 

 

The scales presented in figure 2 illustrate changes in the areas of greatest activity for the selected 

sample when the excitation frequency changes. Calculations of TS distributions were carried out using 

Morlet wavelet (Gabor), which is characterized by the same variance in time and frequency domain [19]. It 

can be seen that as the frequency increases, the area of greatest activity changes. For low excitation 

frequencies, the distribution is mostly uniformly distributed in time. It is only the increase in the excitation 

frequency that causes a noticeable concentration of activity in the distribution. At the same time, as the 

current frequency increases, the resolution of TS distributions in time and frequency domain significantly 

decreases. This is particularly evident in the low band on the frequency axis f, in the case of distributions 

obtained for the two highest excitation frequencies: 10 and 20 Hz. In contrast, figure 3 shows spectrograms. 

In this case, as the frequency increases, a clear increase and concentration of the highest MBN activity can 

be observed. This is due to the acceleration of the process of reorganization of the domain structure and, as 

a consequence, to the superposition of individual magnetic pulses.  
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Fig. 3. Spectrograms obtained for sample s3 based on MBN signals acquired for different excitation frequency values 

The next two figures (Figs. 4 and 5) present the time-frequency distributions obtained for the selected 

configuration of measurement parameters and various states of the tested material using both transformation 

methods. After comparing the corresponding distributions, a similarity can be seen in the occurrence of MBN 

noise activity. For sample s0, the waveforms occupy most of the bottom of the response frequency band and 

are stretched in time. However, in the case of s3 and s4 samples, the bandwidth increase and the shortening  

of the MBN noise activity time interval are clearly visible. The smallest activity can be seen for the s5 sample. 

Nevertheless, the distributions obtained by using the STFT transformation have a much greater visibility  

of the occurring changes. The presented spectrograms allow to unambiguously indicate such relationships as 

spectrum expansion in time, increase of the observed frequency band, increase and decrease of activity as well 

as shifts of the MBN noise activity center in time and frequency. 

Despite the convergence of observations for both groups of results, in the case of STFT, it is possible  

to systematically compare noise properties in corresponding time periods and frequency ranges of 

distributions for different states of the tested material, as well as the values of measurement parameters 

used [17]. This approach is crucial in the process of non-destructive assessment of material condition and 

properties. Therefore, further analysis was performed only for TF distributions. 
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Fig. 4. Scalograms of magnetic Barkhausen noise obtained for various samples at frequency of 10 Hz 

 
Fig. 5. Spectrograms of magnetic Barkhausen noise obtained for various samples at frequency of 10 Hz 

In the next step, after presenting the qualitative analysis and comparing the obtained scalograms  

and spectrograms, a quantitative analysis of the ranges of TF distribution variability was performed 

depending on the measurement parameters used. For the needs of this part of the analysis, a set of features 

was calculated, enabling, among others assessment of symmetry, center shift, flatness, homogeneity and 

energy concentration of TF decomposition. The set includes features such as the maximum BNTF_S_Max value, 

BNTF_S_CoV variation coefficient, BNTF_S_SE spectrum entropy, BNTF_S_CM concentration measure, BNTF_S_Skew 

skewness or BNTF_S_SF spectrum flatness. A detailed description of the methods used to analyze MBN 

signals is provided in [17]. Selected results of the analysis are presented in figures 6 and 7.  
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Fig. 6. Changes of parameters calculated based on the obtained spectrograms: a) as a function of the excitation 

frequency, b) as a function of the measurement samples 

Figure 6a shows the courses of selected features of TF distributions as a function of the magnetizing 

current frequency, obtained for individual samples (different line color) and both shapes of the 

magnetizing waveforms (type of line). One can notice the convergence of trends obtained for various 

samples, while the size of the increases observed for higher excitation frequency values depends on the 

shape of its course. The largest difference in value levels between waveforms obtained for individual 

samples can be observed for the BNTF_S_CoV variation coefficient and the BNTF_S_SF spectrum flatness. This 

allows greater discrimination of states (changes in properties) of the tested material. In the case of 

BNTF_S_CoV, the waveform values first increase in the frequency range up to 10 Hz, then decrease to about 25 

Hz and begin to increase again for the most part. However, in the case of BNTF_S_SF waveforms, the local 

minimum waveforms for a frequency of about 10 Hz are noticeable. On the other hand, the smallest 

variability was obtained in the case of the BNTF_S_CM concentration measure. For this feature, similar 

waveforms were obtained for all tested samples. Only in the low frequency range of the magnetizing 

current (up to 10 Hz), small differences between the waveforms recorded for individual samples can be 

seen. In Figure 6b, the obtained parameter distributions are presented as a function of the steel samples 

tested, which allows observation of changes in levels of individual features depending on the sample 

tested. It can again be seen that the BNTF_S_CoV and BNTF_S_SF parameters are characterized by high variability. 

In addition, the BNTF_S_CM parameter guarantees clear discrimination in the low frequency range. Despite 

the visible differences, unambiguous assessment of the quality of information of individual features is not 

easy. Therefore, to determine the variability of individual features depending on the frequency and type of 

excitation course, the cumulative values of their standard deviation were calculated. The results of this 

operation for selected features are shown in figure 7. Three groups can be distinguished from the set of 

analyzed features. The first group are parameters that have a higher cumulative standard deviation for 

higher frequencies, e.g. BNTF_S_Max. Another group of parameters are those that are characterized by 

increased discrimination in the low frequency range, e.g. BNTF_S_CM. The last group consists of parameters 

that have a fairly balanced discrimination in a wide frequency range, e.g. BNTF_S_SF. 
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Fig. 7. Calculated values of cumulative standard deviation for selected parameters 

Summary 
Measurement conditions testing is a key element in the measurement system analysis process. 

Choosing the right measured values increases the efficiency of using the system. As a result, it is also 

possible to develop appropriate algorithms to shorten the analysis and data mining process. Despite the 

visible ranges of higher discrimination of individual parameters, it is not possible to determine clearly 

dominant one selected parameter that will guarantee high detection efficiency for different states of the 

tested material. The results obtained justify the need to build multi-parameter rules based on data obtained 

in a wide spectrum of variability of measurement conditions. Consequently, this may allow for higher 

efficiency of the measuring system. 
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