
Journal of Physics: Conference Series

PAPER • OPEN ACCESS

Laboratory complex for studying the quality of materials using spectral
analysis of signals
To cite this article: R M Khamitov et al 2021 J. Phys.: Conf. Ser. 1728 012009

 

View the article online for updates and enhancements.

This content was downloaded from IP address 87.117.168.126 on 01/03/2021 at 10:33

https://doi.org/10.1088/1742-6596/1728/1/012009
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjstSzUsDChp_hj96xLg_aS1ymkc6tSwhTBV4rA-6cXh5wJkzyN7MNBREYZj7-XualdsstCtTz6BdXiFKa1gJuGiGAXTP8uyJqQOX-iCicSKuJdGc0XyWzyh68fIpAXSrqWr2ItVF9eWijfN_WJxDJsuzGrSIc7o8yethv4xfxRohPODv8CSwrgC6dVyz11VLV7FzqAqr8e0APAxjcBSh_uTB_ob0BJGLFA2fQ2cIAzKKly7kh3tFNFHZya14iTTl9gwF3eZZ3MA42_tZ7W53lSPy&sig=Cg0ArKJSzJIx9HjqAV3B&adurl=https://www.gtec.at/shop%3Futm_source%3DJournalNeuralEng%26utm_medium%3Dbanner


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

CEQCL 2020
Journal of Physics: Conference Series 1728 (2021) 012009

IOP Publishing
doi:10.1088/1742-6596/1728/1/012009

1

Laboratory complex for studying the quality of materials 
using spectral analysis of signals 

R M Khamitov1, a, M A Kolchurina1, b, I Y Kolchurina1, c, K V Ponomareva1, d, 
Y G Silvestrov1, e 

 

1 Siberian State Industrial University (SibSIU), 42, Kirov St., 654007, Novokuznetsk, 
Russia 
 
E-mail:  a hamitov@gmail.com, b kolchurina.masha@yandex.ru,  
c director.iem@yandex.ru, d kiraponomareva525@mail.ru, e yursil@mail.ru  
 
Abstract: The article describes the process of development and testing of a laboratory complex 
for spectral analysis of measured data, which is based on a signal processing method based on 
measuring the frequency and amplitude of the signal (spectral method) with further evaluation 
using fast Fourier transform. The described laboratory complex consists of a spectrum analyzer 
connected to a personal computer with special software installed on it, a loudspeaker and a 
laser sensor. The paper substantiates the relevance of the development, due to the fairly wide 
use of spectral analysis methods in science, technology and production, the advantages of using 
a laboratory complex in comparison with analogues were shown. There is a description of the 
experiments to measure the speed of objects, control their location, vibration measurement. 
The procedure of verification and calibration is performed with the use of this complex, as well 
as the use of the system of automatic regulation and stabilization of production processes and 
the training of laboratory works for students of different directions of training in technical and 
economic specialties. 

1. Introduction 
One of the important stages of the production process is the quality control of raw materials, semi-
products and completed products, consisting of measurements – a process where the value of a feature 
is set – and further comparison of the measurement results with the specified parameters [1]. 
Depending on the specifics of the controlled parameter, it is possible to use different control methods, 
in particular, the spectral method, NDT method, its essence consists in determination of the spectral 
content (i.e. power frequency distribution) of a time series from a finite set of measurements using 
nonparametric or parametric methods [2]. Nowadays this method is widely used in science and 
production; in particular, it is used in the assessment of product quality in food industry in the 
detection of chemical, biological and physical hazards [3], pharmaceuticals [4], the oil refining 
industry [5] and a number of other areas. The reason for the high popularity of the spectral method is 
due to high visibility of the measurement results (the form the measurement results can be presented is 
the graph). It is easily to detect frequencies, the value of which is different from the standard values, 
and quickly identify and correct the fault during the process. 
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2.  Research Method 
Spectral analysis is a method of signal processing - material carriers of information, – based on the 
evaluation of the frequency and amplitude of the signal. There are various methods for estimating the 
vibration spectrum, one of which is the method based on using fast Fourier transform, which is based, 
in its turn, on representation of the original signal function from time as the sum of an infinite series of 
trigonometric functions with certain amplitudes and phases [6]. 

The Fourier series can be represented as: 

, 
where f (x) is the function of the analyzed signal; k is the number of the trigonometric function; T 

is the segment where the function is defined; Xn is the complex amplitude of the signal n.  
Graphically, the Fourier series is represented as a Fourier spectrum, where it is possible to trace the 

dependence of the signal amplitude on the frequency on it [7]. 
The method of signal processing by their representation in the form of Fourier spectrum underlies 

the work of modern spectrum analyzers-devices designed to observe and measure the relative energy 
distribution of electric (electromagnetic) oscillations in the frequency band [8]. The spectrum analyzer 
allows determining the frequency and amplitude of the analyzed signal. In general, the mechanism of 
its operation can be described as follows: the input of the analyzer receives a digital signal. The 
analyzer selects successive intervals from the signal, where the spectrum will be calculated, and 
converts the received signal using the Fourier transform [9]. 

The calculated spectrum is displayed as a graph of amplitude versus frequency. Spectrum analyzers 
allow measuring the signal frequency, its amplitude, power, modulation, distortion and noise, their 
using shows a complete picture of the signal nature and its characteristics, the knowledge of which is 
important for solving the problems facing modern science and technology [10, 11]. 

Currently, spectrum analyzers, in addition to converting a digital signal to an analog signal for 
subsequent processing, are able to convert an input digital signal read from various sensors into an 
analog signal for its subsequent transmission to analog electronic devices. 

3.  Description of the installation 
In the work, a laboratory complex was developed that allows spectral analysis of measurement data of 
various materials. The complex includes a computer with specialized software installed, a spectrum 
analyzer ZET 017-U4, a column and a RF 603 laser displacement sensor. It is also possible to 
additionally connect various sensors, for example, displacement sensors or force sensors, to one of the 
four analog-digital inputs of the analyzer Spectrum ZET 017-U4. The basic installation diagram is 
shown in Figure 1. 

The spectrum analyzer used consists of two modules, such as an Analog output (DAC) and an 
Analog input (ADC). An ADC converts an analog signal into a digital one and is an analog output, and 
a DAC converts an analog signal into a digital one and is an analog output. The uncertainty of 
measurements made using the analyzer is best described by the Gaussian distribution, which indicates 
the possibility of using the analyzer for measurements with high accuracy. All analyzer settings are 
made on the computer, which is part of the laboratory complex, before starting work in a specialized 
software product, in which data is subsequently processed and the signal analyzed with its parameters 
determined. 

Let us consider the algorithm of the laboratory complex for generation and spectral analysis of 
measurement information: 

1) a control command is sent to the generator from the computer via software by the USB interface 
to generate a specific waveform with a spectrum analyzer; 

2) the spectrum analyzer of the analog output transmits a signal to the column, which converts it 
into the form of vibrations, sounds or noise; 
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3) the laser motion sensor reads vibrations from the column and transmits them to one of the four 
analog inputs of the spectrum analyzer; 

4) the received signal is converted by the ADC and fed to a computer in software that issues a 
report in the form of a measured signal. 

 

Figure 1. Scheme of the laboratory complex 

 
Table 1. Experimental results 

The 
frequency 
of the 
first 
harmonic, 
[Hz] 

The 
voltage of 
the first 
harmonic, 
[V] 

Second 
harmonic 
frequency, 
[Hz] 

Second 
harmonic 
voltage, 
[V] 

Frequency 
1 of the 
RF sensor 
603, [Hz] 

Amplitude 
of 1 
sensor  
RF 603, 
[mm] 

Frequency 
of 2 
sensors 
RF 603, 
[Hz] 

Amplitude 
of 2 
sensors 
RF 603, 
[mm] 

1 7 - - 2 0.100 - - 

10 7 - - 9.8 0.200 - - 

50 7 - - 51 0.250 - - 

100 7 - - - 0.001 - - 

200 7 - - - 0.001 - - 

1 2 10  1.9 0.024 10 0.032 

1 2 50 5 2.1 0.025 49.5 0.030 

10 2 10 5 10.1 0.024 9.9 0.031 

10 2 50 5 10 0.025 50 0.029 

10 2 100 5 - 0.001 - 0.001 

10 2 100 5 - 0.001 - 0.001 
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To check the operability of the complex, a series of tests were conducted to generate a signal of a 
given frequency and amplitude in order to receive a filtered signal with the same parameters at the 
output. Part of the tests was carried out using one motion sensor; in other experiments, a second 
similar sensor was included in the laboratory complex. The set frequencies and voltage of the signals 
and the output parameters of the signals are shown in Table 1. The noise level in all experiments was 
equal to 0.001 mm. 

In the first series of experiments a signal with a constant voltage of 7 V and frequencies equal to 1 
Hz, 10 Hz, 50 Hz, 100 Hz, and 200 Hz, respectively, was supplied to the spectrum analyzer. At the 
output in the first three experiments, a signal was obtained having a frequency similar to the frequency 
of the supplied signal (2 Hz, 9.8 Hz, 51 Hz), however, at frequencies exceeding 50 Hz, the noise 
component of the signal did not allow us to determine the useful signal read by the sensor. 

When exceeding the value of the frequency values of the signal mark at 50 Hz, the noise did not 
allow accurate measurements. According to the results of the experiments, we can conclude that the 
laboratory complex is advisable to use for tests performed at low frequencies. In these conditions, the 
installation allows you to take the necessary measurements and analyze the result using various 
software modes. 

The laboratory complex also allows producing flat, band, pink and defined noise at the DAC 
output. As we can see, the laboratory testing with using the laboratory complex is quite similar to real 
impacts, to which the specimen is exposed in the course of its operation. 

4.  Results and Considerations 
The scope of this complex is wide enough, since the complex is based on the spectral method, which is 
widely used in various fields of modern science and technology. Thus, the assembly of various 
modifications of the laboratory complex allows it to be used to detect cracks in concrete and damage 
in building structures [12], while continuously monitoring the tightness of various containers and 
pipelines. 

It is also possible to use a laboratory complex to control the location of various objects and the 
speed of their movement; moreover, it is possible to measure values of both angular and linear 
velocities and values of displacements in the space of the studied object. 

The developed laboratory complex can also be used in mechanical engineering during vibration 
analysis during dynamic testing of machines and various mechanisms. During this operation, a force 
sensor is connected to the spectrum analyzer through a charge amplifier and with its help vibrations 
emanating from moving parts of machines and mechanisms are measured.  

It is possible to use the complex, creating systems for protecting production facilities based on 
voice recognition [13]. It is also advisable to include the laboratory complex under consideration in the 
equipment when conducting various scientific studies of the properties of substances and materials, as 
well as noted above, in assessing the quality of food products [8]. 

Another direction in which it is advisable to use this complex is the testing and calibration of 
vibration sensors by comparing the device to be verified with a reference device. To carry out this 
operation, verifiable sensors are connected to the spectrum analyzer, which is installed on the 
loudspeaker. The installation diagram for sensor verification is shown in figure 2. On the computer, 
vibration parameters are set, which are reproduced by the loudspeaker, and the system is brought into 
operation and the device is automatically calibrated. The ADC receives signals from the reference and 
verified devices, transfers data to the computer, to the software, in which there is a comparison of the 
readings of devices, determination of the amplitude characteristic, the removal of the amplitude-
frequency characteristics of the sensor being calibrated.  

Based on the results of measurements and comparisons of instrument readings, a protocol is 
compiled containing information on the suitability of the sensor being verified. Since the verification 
procedure is carried out in automatic mode, its results are not affected by errors caused by the work of 
the employee performing the verification, due to high accuracy of measurements and the obtained 
results are achieved. 
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Figure 2. Installation diagram for sensor verification 

The presented laboratory complex can be used not only during control measurements, but also 
when creating automatic regulation and stabilization of production processes. At the same time, the 
laboratory complex takes a part of a proportional-integral-differentiating (PID) feedback regulator. 
PID control is carried out by applying a control signal to the control object, the value of which 
depends on the difference between the measured parameter and the set value, on the integral of the 
difference and on the rate of change of parameters. As a result, the PID controller transmits a signal 
providing such a state of the device at which the measured parameter is equal to the specified one, 
stable and maintained during the course of the process at a given level with fairly high accuracy. 
Because of the production process stability, labor productivity increases, product quality, process 
efficiency and effectiveness indicators increase, which is important in modern market economies and 
constant competition. The control signal for the PID controller is determined by three components: 
proportional, integral and differential, and depends on how large the mismatch (proportional 
component) is, how long the mismatch (integral component) lasts, and finally, how quickly the 
mismatch (differential component) changes. The regulator can hold the set level or work on the set 
profile. Additionally, the software product of the complex can graphically display form the set level, 
the current value of the parameter, and the output signal. 

The laboratory complex described in the work is quite simple to assemble. Working with it requires 
minimal preparation, therefore it can be used as a training laboratory unit for conducting practical 
classes for students in such training areas as “Standardization and Metrology” and “Quality 
Management”, as well as during the training and advanced training of engineers specializing in 
construction, mechanical engineering, and the development of security systems.  

Conclusion 
In the course of the work, a laboratory setup was developed and implemented for the spectral analysis 
of measurable data of various materials with a fairly wide range of applications. In particular, it is 
possible to use the installation for conducting non-destructive testing in production, for detecting 
cracks in concrete, damage in building structures, with continuous monitoring of the tightness of 
various containers and pipelines, monitoring the location of various objects and the speed of their 
movement. It helps in vibration analysis during dynamic tests machines and various mechanisms, 
during various scientific studies of the properties of substances and materials, in assessing the quality 
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of food products, for the existence of verification of non-destructive testing means, as well as in the 
training of employees whose activities are directly related to the measurement and analysis of their 
results. A high degree of automation ensures high measurement accuracy; therefore, it is advisable to 
include the developed laboratory complex in the laboratory base of industrial enterprises. 
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