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AN INTELLIGENT TRAFFIC CONTROL SYSTEM FOR BAKU 
 

Nijaat Zaman 

Azerbaijan State Oil and Industry University, Information Technology and Management Faculty, Instrumentation 

Engineering Department, zamannicat9@gmail.com 

 

ABSTRACT 

 

This article introduces a new traffic control system framework, Mobile Intelligent Traffic 

Management System (MITCS), designed for Baku for the next generation. According to statistics, 

every year people lose 154 hours in traffic on average. 1.3 million people die in accidents. The 

system combines micro-mechanical and electrical technologies embedded system, wireless 

transmission, image processing, and solar module. The objectives of this study are:  

1. Research and design new and multifunctional traffic controller in the box; 

2. Design a cost-effective basis contribution to the communication network; 

3. Use image processing methods of developing a detector of non-interfering means for control of   

traffic dynamics; 

4. Using artificial intelligence adapt traffic dynamics and update traffic control strategies; 

5. Propose a special concept for mobile intelligent traffic control Center. 

 Finally, an experimental system consisting of Virtual Traffic Police (VTP), Status Monitor Agent 

(SMA) and Traffic Control Integration Module (TCIM). There will be a system highly efficient, 

self-organized and self-coordinated support motion control mechanism.  

Keywords: Transportation, artificial intelligence, information technologies. 

 

Introduction 

Traffic control system information and communication technologies prevent traffic control 

systems from benefiting from the benefits of information and communication technologies, such 

as compact devices, thin, mobile, wireless, etc. For example, traffic the controller may have the 

following restrictions: 

1. The controller is usually in the form of a box near traffic signals. If the box is big, it can get in 

the way  view of drivers and pavement. Hence the size. Control boxes should be reduced. 

 2. A controller usually manages a specific control a device such as a traffic signal, variable 

message sign, car detector or closedcircuit television. These are devices are usually not 

interoperable. Thus, complex functions cannot be provided. 

3. A controller usually manages a specific control a device such as a traffic signal, variable 

message sign, car detector or closedcircuit television. These are devices are usually not 

interoperable. Thus, complex functions cannot be provided. Recently, in-house systems have been 

used for some studies develop advanced traffic control system devices [1]-[6]. Embedded systems 

are light, thin, compact and portable. These are features help overcome limitations described 

above. These are the functions of embedded systems it looks like a personal computer. 

This study assumes internal characteristics systems. 

1) a multifunctional new study and design traffic controller in a box;  

2) affordable design the main contribution to the communication network; 

3) use image processing techniques to develop a non-intrusive tool detector to monitor traffic 

dynamics;  
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4) use artificial intelligence to adapt traffic dynamics and update traffic control strategies; 

Propose a mobile-specific concept Center for Intelligent Transport Management. Finally, 

experimental A system including Virtual Traffic Police (VTP) was established, 

Status Monitor Agent (SMA) and Traffic Control Integration Module (TCIM). The system will 

support high efficiency, self-organized and self-coordinated movement control mechanism. 

 

The structure of MITCS. 

This section describes how internal systems are interconnected Traffic control devices at MITCS. 

Figure 1 shows that system managers can assess and closely coordinate traffic conditions 

connected intersections for better control. Coordination depends on the wireless access point and 

the corresponding radio frequency (RF).  

The RF value should be as low as possible, while the RF range should be as wide as possible. 

 

 
 
Figure 1: Non-intrusive vehicle detectors. 

A non-intrusive vehicle detector such as an optical one. The detector used in this system collects 

the traffic immediately parameters such as traffic light cycle length, division and offset of 

intersections in the same group for sign controllers to determine optimal control. 

Figure 2 shows that MITCS can combine several groups for coordinated control over a larger 

scale network.  

The reference number should be placed after the last word of the figure name without any spaces, 

and the dot should be placed after the reference.  

The communication traffic is denser than group control. However, if the right RF is chosen, 

wireless technology can support both group and area control [3]. 

Once the architecture is established and the contribution is scaled sufficiently large, MITCS 

should provide robust information infrastructure. Traffic parameters can be usefully processed 

information such as journey time, service level and route instructions [4]. MITCS can also 
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provide information and communication platform for traffic and non-traffic integration 

information (Figure 3). 
 

 
 

Figure 2: MITCS 

 

Figure 3: How users can view the data through platform. 
 

The propsed traffic control system  

The developed system was used to develop the prototype a new traffic control system, MITCS, as operated 

in Figure 4. The prototype has 3 units: closed-circuit television (CCTV), system and embedded system 

(single board computer). Units can be applied to control the intersection. Concept application is created in 

Figure 5. 
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Figure 4: Prototype of the proposed traffic signal control system. 
 

 

 
 

Figure 5. MITCS application concept. 

 

A prerequisite in this project is to enter each vehicle with an RFID tag. RFID 

the reader reviews the vehicle tag and recognizes the vehicle for activity management. 

If the first tag discharges to the RFID reader, the frame grabber is individually authenticated. 

When the second label is empty, the frame determines that it is an emergency vehicle meanwhile, 

red flag applications show environmental safety and an alphanumeric display line "emergency 

detected". If the third tag is recognized, it indicates that the vehicle is stolen buzzer sounds. After 

that, an SMS message "Stolen car detected" is sent to the police station [7]. 

If the car tries to jump the signal, the IR sensor sends the signal to the processor, 

which in turn displays on the display board "Penalty" and finally a predetermined inscription 

amount is deducted from his bank balance [6]. 
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Closed-circuit televisions monitor traffic from outside intersection. MITCS evaluates and delivers 

traffic appropriate control strategy for instantaneous traffic conditions. MITCS consists of 

embedded systems, it has big advantages: 

1. Delicate and Compatible 

MITCS is compact and convenient. None of the supervisors MITCS devices require a large cabin 

for storage. Controllers can access traffic 139 light control and managers can add new control 

devices as it should be [8]. 

2. Economically Based Communication Network Contribution  

Unlike cable, MITCS with wireless communication provides a low-cost fundamental contribution 

to the module communication network. 

3. Non-intrusive detection 

Organized optical detectors for MITCS Easy to see wireless detection with inductive loop car 

detectors. 

4. Intelligent Control 

MITCS can be used with adaptive artificial intelligence update traffic dynamics and traffic control 

strategies. 

5. Portable Control Center. 

MITCS can be used to support the above advantages non-recursive event handling for a nearby 

field a hot place like stadium. 

 

The function of MITCS 

A. Virtual Traffic Police (VTP) 

VTP is a fault tolerance that can connect adjacent traffic signal controllers to establish small-scale 

control group and perform traffic control while connecting communication between the 

controllers and the control center is lost [9]. 

B. Status Monitor Agent (SMA) 

SMA consists of status monitoring and exception management procedures that control software 

and hardware MITCS to avoid unstable execution. These procedures keep the system running for 

optimal traffic control [10]. SMA reports faults to the control center via VTP as shown in Figure 

6. Warnings can be issued for: 

1. Software system execution. 

2. Operation of hardware devices. 
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Figure 6. SMA and VTP 

 

C. Traffic Control Integration Module (TCIM). 

TCIM traffic signal, variable message sign, closed circuit television, car detector and smart 

algorithms for managing traffic approaching an intersection. TCIM allows MITCS to easily install 

any control device, similar to adding a printer to a desktop PC system. TCIM can also evaluate 

traffic dynamics itself arrange adjacent intersections into the same control group for group control 

[12]. 

It is based on the idea of predictive control in cloud theory traffic weight matrix oriented control 

system. 

According to the short-term forecast data of the network real-time control of cloud-based artificial 

intelligence cloud-based distribution prediction of traffic flow can be performed using the shortest 

route obtained to guide and plan the journey combining route and traffic flow distribution method 

for users designing an intelligence forecasting and dispatch scheme cloud management system. 

Based on actual industrial equipment operating data, a virtual industrial system matching the real 

industry the system is built through learning and optimization. With software and hardware 

interface support, in two systems operation in the process of information interaction, coordination 

development, based on collection acquiring and gradually improving knowledge in the learning 

process virtual system together with actual operating data, for assess the state of the industrial 

facility and the evolution calculation. The experiment design scenario helps to predict the future 

trend management of a complex real industrial system, on a real industrial system after 

implementation controls a virtual industrial system of real-time data.  Feedback to make a follow-

up assessment, these two are similar continuous interaction system over time. ITN virtualization 

technology can virtualize physical transform the transport network into a virtual transport network 

consists of multiple virtual transport subnets the basic idea of using virtualization software to 

control and manage traffic network and computational simplification and traffic cloud operation 

through automatic placement function. Intelligent mobile traffic control closed circuit television 

connection system (MITCS), replaceable message sign, car detector and traffic light 

autonomously control the traffic approaching the intersection.  The system also includes a smart 

algorithm dynamically predict traffic parameters and develop strategies  for the next stage of 

control. Strategies can produce optimal signal timing for each signal cross-sectional, control 

group, control area and in general system too. 

 

Conclusions 

This document proposes mobile intelligent traffic control closed circuit television connecting 

system (MITCS), replaceable message sign, car detector and traffic light autonomously control 

traffic approaching the intersection. The system also incorporates a smart algorithm dynamically 

predict traffic parameters and develop strategies for the next control phase. Strategies can produce 

optimal signal timing for each individual signal cross-sectional, control group, control area, and 

overall system too. In addition, using wireless communication technology, the proposed system 

does not need expensive infrastructure communication contribution. cooperation between the core 

components, VTP and SMA, support fault tolerance hardware or software failure. In addition, 

devices MITCS consumes less energy than conventional energy. System managers may consider 

solar power to provide MITCS partial or autarkic power. Finally, MITCS is expected becomes 

one of the most suitable traffic control systems for Baku [11]. 
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СARDIAC ARRHYTHMIAS ANALYSIS BASED ON THE PHASE 

PORTRAIT OF ECG SIGNAL 
 

Shafag Samadova 
Chief Engineer, Azerbaijan State Oil and Industry University, shafaq.samedova@mail.ru 

 

ABSTRACT 

 

The article illustrates the development of virtual system in LabVIEW software environment for 

processing and analysis of electrocardiographic signals. In the system, the issues of processing 

ECG signal with classical methods and in phase space have been considered, the comparison of 

these methods have been carried out, characteristic changes of the shapes of ECG phase portraits 

corresponding to the change of diagnostic signs haveb been analyzed, and additional diagnostic 

signs determined on the the base of phase portrait in order to increase the reliability of ECG 

diagnosis have been interpreted. As a result of the analysis of the sequence of RR intervals using 

the developed program, a histogram, a scatterogram, a fast Fourier transform, an autoregressive 

spectrum, a short-term Fourier transform and the corresponding informative parameters 

characterizing heart rate variability were obtained: the average length and standard deviation of 

RR intervals, the mean value and standard deviation heart rate, spectral parameters, etc. The 

results obtained during the processing and analysis of ECG files taken from the MIT BIH 

databases using the HRV analysis program and the determination of informative parameters 

implemented in the LabVIEW environment confirm the adequacy of the developed program. 

Keywords: ECG signal, phase space, phase portrait, RR intervals, LabVIEW software, heart rate, 

QRS complexes. 

 

Introduction 

Currently, cardiovascular diseases take the first place among all diseases from the point of view of 

danger to human life. The most common symptoms of cardiovascular diseases are heart rhythm 

disturbances - arrhythmias. The characteristic features of arrhythmias are determined based on the 

results of heart rate variability (HRV) analysis. Electrocardiography remains the most commonly 

used, inexpensive, objective diagnostic method in the examination of cardiovascular system. ECG 

signal carries information about heart’s functional capabilities, such as heart rhythm, conductivity 

system, blood supply, and characteristics of myocardial exchange processes, as well as it stores 

information about its deviations from anatomical structure. Thanks to the modern development of 

for his treatment in the future. Recently, there has computer technologies and processing methods, 

the diagnosis of cardiological pathologies based on the analysis of ECG signal has reached 

qualitatively new stage. However, the sensitivity and specificity of innovative approach can be 

attributed to the possibilities of computer diagnostics according to the phase portrait of ECG 

signal [1-3]. One of the main ways of development of modern electrocardiography is the 

expansion of the application of automated analysis of electrocardiographic (ECG) signals. 

Automated analysis of ECG enables cardiologists to more accurately determine the parameters of 

electrocardiographic signals, objectively and quickly evaluate the condition of the heart, and 

increase the probability of making the right decision about the patient and recommendations been 

a significant increase in the number of algorithms assigned for the automated analysis of ECG, as 

well as, expansion of their scope. This is related to two main factors. First, unfortunately, the 
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number of cardiovascular diseases is increasing, most of which are caused by arrhythmias. The 

second is the significant increase in the capabilities, power and speed of computer technologies, 

which allows to implement even mathematically complex signal processing algorithms without 

fundamental difficulties, including in real-time space. 

 

Problem statement and objective of the research 

The issue of the accuracy of determining the boundaries of QRS complexes in ECG signals is of 

fundamental importance in the diagnosis of arrhythmias and in the recognition of signals with 

clinical manifestations in general. Existing methods for the detection of QRS complexes can be 

divided into two large groups: the first group includes high-precision methods designed for basic 

clinical examinations using several separations; and the second group includes the methods used 

in mobile electrocardiographic devices that allow real-time analysis and are intended for heart 

disease patients. 

The description of ECG in phase-space coordinates is one of the modern methods for the analysis 

of electrocardiographic data. The effectiveness of this method is primarily due to the fact that both 

the sequence of the diffusion path and diffusion speed of depolarization and repolarization waves 

throughout the myocardium are changed during various myocardial injuries [4]. Therefore, 

differentiated ECG carries additional valuable information about the state of patient’s 

cardiovascular system. Therefore, the development and software implementation of ECG signal 

processing and analysis algorithms for the diagnosis of arrhythmias based on modern computer 

technologies and innovative methods is one of the urgent issues. Based on this, the aim of the 

research is to develop a virtual system to determine the informative parameters of ECG signal in 

phase space and real time space for the diagnosis of arrhythmias. In the research, these systems 

were implemented using the capabilities of NI LabVIEW software environment. 

 

Research methods and materials 

Recently, in the study of the dynamics of complex structures such as medical-biological systems, 

in the clarification and analysis of the mechanisms of the activity of living organisms, attention is 

paid to the issues of adequate processing of these processes in the phase space, along with the 

analysis methods in the time and frequency domains. 

Various approaches to studying the behavior of biological systems in phase space can give rise to 

additional diagnostic signs that are not repeated by other methods of analysis and complement 

them. From a given scalar s(t) ECG signal in the time domain, the phase is in coordinates s(t),(s(t)) 

̇ (where s(t),and (s(t)) ̇ are the instantaneous value and derivative of ECG signal, respectively) the 

transition to the vector representation allows to effectively restore the useful signal distorted by 

excitations, to divide s(t) into separate R-R intervals and perform the selection of non-typical 

cycles. One of the advantages of the phase portraits of ECG signal is that during the description of 

ECG in phase coordinates, its traditional diagnostic signs are more prominent than in the 

time domain [2]. During the change of diagnostic signs, the characteristic changes of the shapes of 

ECG phase portraits are described in Figure 1 [3]. If the shape of QRS complex remains 

unchanged and P, T teeth are positive, the phase portrait of ECG signal has a characteristic 

graphic image consisting of three rings belonging to P, T teeth and QRS complex (Fig. 1, a). 

During the pathology of tooth Q (if it is wide and deep), the graphic image turns completely (Fig. 

1, b). The flatness (Fig. 1, c), negativity (Fig. 1, d), being extremely high (Fig. 1, e) or asymmetry 

(Fig. 1, f) of tooth T cause adequate changes in the sizes and orientations of the corresponding 
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rings in the phase portrait. S-T segment downward shift during depression (Fig. 1, g) or upward 

shift during elevation (Fig. 1, h) cause changes in the corresponding fragment in the phase 

portrait. In order to increase the reliability of ECG diagnostics, it is recommended to use the 

following [3] additional   diagnostic features of phase portrait of ECG signal: 

-orientation angle αQRS of the averaged phase trajectory; 

-scatter parameter σQRS of phase trajectory points; 

-symmetry parameter βT of repolarization fragment of the averaged phase trajectory with respect 

to  axis.  

Orientation angle αQRS is determined by the direction of the straight line connecting two 

characteristic points: the point of intersection q0 of the outer line of the trajectory corresponding 

to QRS complex with itself and the point qm of the averaged phase trajectory located at the 

maximum distance from this point. It was determined by model researches that the statistical 

dependence between αQRS angle and the amplitudes of Q and S teeth can be described by the 

following regression (0,986): 

                                                                                     (1) 

 

σQRS scattering parameter of phase trajectory points is determined as deviations of phase 

trajectories of the observed signal s(t) according to the reference cycle (Fig. 2). The variability of 

the amplitudes of QRS complexes corresponding to different cycles leads to a change in σQRS 

scattering parameter, and with the increase in the parameter characterizing the variability of their 

amplitudes, σQRS parameter also increases. 

 

           
 

Figure 1. Characteristic changes of the shapes of phase portraits of ECG during the change of 

diagnostic signs [3]: a- phase portrait while maintaining the shape of the QRS complex and 

positive teeth P, T; b- with Q wave pathology; c- T wave flatness;  d- negativity of the T wave; e - 

excessively high T; f - T wave asymmetry T;  g- Downward displacement of the S-T segment in 

depression; h- Shift segment S-T up. 
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Symmetry parameter βT is determined as the ratio of maximum velocities in the ascending and 

descending arms of phase trajectory fragment corresponding to tooth T: when tooth T is 

positive , and when tooth T is negative . Statistical dependence between symmetry 

parameter βT and parameter ηT defined as the ratio of the parameters characterizing the symmetry 

of phase trajectory fragment corresponding to tooth T, can be described by the following upper 

function with a high coefficient of determination (0,993): 

 
In order to obtain phase portraits of real ECG signals, electrocardiographic data of healthy and 

various heart disease patients were taken from open internet resources - international databases [5, 

6]. 

Comparative analysis of the main technological methods of constructing algorithms for the 

detection of QRS complexes in ECG signals was considered in numerous researches at different 

times, for example, in [7-10]. Examples of these methods include filter technologies, 

differentiation technologies, wavelet transformations, algorithms from the field of artificial neural 

networks, genetic algorithms, and also heuristic methods based on non-linear transformations of 

ECG elements. Currently known algorithms of ECG signal processing and analysis for real-time 

detection of QRS complexes in the literature can be summarized as follows: analog-to-digital 

conversion of ECG, low-frequency filter (LFF), high-frequency filter (HFF), derivative operator, 

non-linear converter , sliding window integrator, peak detector, search algorithm. 

Results 

Fig. 2 illustrates the block diagram of the program for processing informative parameters of ECG 

signal in the phase space in LabvieW environment. To check that the program is correctly built, 

the known signal (sine or cosine) is given to the input of the system with Simulate Signal virtual 

device (VD) and its derivative graph is checked (since the derivative of sine gives cosine). The 

signal which is studied and saved as a file is read by Read Biosignal VD, after being filtered with 

Filter VD, its derivative is found with Derivative (dX/dt) VD. The phase portrait of input ECG 

signal is constructed as the dependence of ds/dt on s(t) in two-dimensional XY coordinate system. 

Fig. 3 presents ECG images and corresponding phase portraits of e0103.hea and 119.hea data files 

taken from Physio net international database. As it is seen from the figure, the phase portrait of 

patient with normal sinus rhythm (e0103.hea file, fig.3, a) is clearly different from the phase 

portrait of arrhythmia patient (file 119.hea, fig.3, b). 
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Figure 2. Block diagram of the ECG signal processing program in phase space in the LabVIEW  

environment. 

 

The Front panel of the virtual system developed using the capabilities of LabVIEW environment 

to study Heart rate variability (URV) based on processing and analysis of ECG signals is depicted 

in Fig. 4. Statistical analysis of HRD was performed using the HRV Statistics VI included in the 

HRV Analysis palette of LabVIEW. To do this, first of all, a sequence of RR intervals- cardio-

interval gram was obtained from the processed ECG signal, and then a statistical analysis of HRV 

was performed. To obtain a sequence of RR intervals in real time, a subroutine was developed - a 

virtual device that determines the localization of ECG signal peaks based on wavelet analysis. 

This is implemented using LabVIEW's WA Online Multiscale Peak Detection VI virtual 

appliance. The sequence of RR intervals was processed using HRV Statistics VI to obtain a 

histogram, scatter gram, fast Fourier transform, autoregressive spectrum, short-term Fourier 

transform and the corresponding informative parameters characterizing HRD: the average length 

and standard deviation of RR intervals, the mean value and standard deviation were determined 

heart rate, spectral parameters, etc. 

The results obtained during the processing and analysis of ECG files taken from databases [5, 6], 

(the diagnostic features of which are known in advance) with both systems (the ECG signal 

analysis system in phase space and the HRD analysis system) implemented in the LabVIEW 

environment, confirm their adequacy. 
 

                                
 

Figure 3. ECG images and corresponding phase portraits of data files e0103.hea and119.hea 

taken from Physio net international database. 
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Figure 4. Front panel of the LabVIEW heart rate variability analysis program. 

 

Conclusions 

In the proposed system, the issues of processing ECG signal with classical methods and also in 

phase space have been considered, the comparison of these techniques have been implemented, 

characteristic variations of the shapes of ECG phase portraits corresponding to the change of 

diagnostic signs have been analyzed, and additional diagnostic signs determined on the base of 

phase portrait in order to increase the reliability of ECG diagnosis have been interpreted. 
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ABSTRACT 

 

Business practices in areas like geographical information systems and environmental scanning are 

becoming more and more crucial, especially in light of the fierce competition in the technology 

sector. Organizations are less likely to hunt for information that they can act on right away than 

they are to experiment without trustworthy information, which results in organizational 

inattention. On the other hand, many companies are wasting money on initiatives that were either 

evaluated with insufficient data or that they were unable to absorb. In order to help enterprises 

design the best strategy for efficient environmental scanning and analysis, this study offers a new 

method based on environmental turbulence and aerial vehicles. Many businesses find it useful to 

measure the design of virtual models based on physical entities when creating their own virtual 

workshop models for scheduling and optimizing workshop production, but a single virtual 

workshop model cannot capture the interaction of physical and information objects necessary for 

intelligent manufacturing. To represent the fusion of virtual and real, however, and to therefore 

maximize the production of the workshop, the workshop for digital twins is an effective strategy. 

The digital twin system cooperative production unit is used as an example in this study to validate 

the suggested approach for building the digital twin workshop, which focuses on the definition 

and function of digital twin engines in a DT workshop. 
Keywords: Environmental scanning, digitalization, digital twin, information technologies. 

 

Introduction 

Numerous businesses frequently use virtual workshop models in situations like workshop 

scheduling and simulation optimization. Applications that are frequently used are simulations of 

machining, assembly, logistics, and plant layout. Virtual simulation allows for the preview of each 

stage of the workshop's life cycle, the early detection of design flaws, and the minimization of 

design changes made during the building phase. However, the qualities of the interaction and 

merging between the real and virtual worlds necessary for intelligent manufacturing cannot be 

captured by the single virtual workshop model. 

Geographic information systems (GIS) are basically an applied science, and while the GIS vendor 

society gives us the hardware and software with newer, better, and faster technological tools, it is 

the subject matter experts who use these tools that determine the state of the art. Field and district 

offices, engineering departments, logging divisions, and offices of tiny GIS entrepreneurs—all of 

whom use this technology in their line of work—remain the brains of the GIS. Even if many GIS 

have been successfully applied, it is clear that multidimensional and dynamic spatial phenomena 

cannot be accurately presented on two-dimensional maps with highly complicated contours and 

color schemes. Due to the massive data volumes, extremely rich semantics, and extremely diverse 

modeling and dispensation requirements, most GIS in use today were not built to serve 

multimedia data, and as a result, they have very little potential.[1] 
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This chapter examines a few GIS features, industry developments in general, and the technology 

involved in Digital Twins. Additionally, it outlines the benefits of using GIS through multimedia, 

which enables the development of its capabilities to convey geographic and other information. 

The primary GIS components are then displayed. The chapter also lists some of the most 

important fields in which multimedia GIS may be helpful.  

A virtual depiction of the real world, including actual physical things, procedures, connections, 

and behaviours, is known as a "digital twin." GIS integrates a variety of digital models in a way 

that is unique and builds digital twins of the built and natural surroundings, as at picture 1. 

Through the integration of many types of data and systems, geospatial technology produces a 

single view that is accessible across the entire project life cycle. GIS improves data integration 

and capture, enables more accurate real-time visualization, offers sophisticated analysis and 

automates future forecasting, and permits information exchange and cooperation. 

 

Picture 1: Example of Digital Twin of village as GIS 

 

 

 

 

 

 

 

 

 

 

The concept of digital twin technology is one that is just starting to gain traction in business and, 

more recently, academics. Industry 4.0 has grown more quickly thanks to conceptual advances, 

especially in the manufacturing sector. The easiest way to summarize the Digital Twin, which is 

described in great length, is the seamless integration of data between a physical and virtual system 

in either direction. For artificial intelligence, the internet of things (IoT), and digital twins, the 

problems, applications, and enabling technologies are discussed. 

 

Digital Twin  

What Is A Digital Twin? 

This section outlines the history of the digital twin. The study analyzes some of the 

misconceptions surrounding erroneously identified digital twins and provides clear definitions. 

Since the early 2000s, formal concepts surrounding digital twins have been present. In spite of 

this, due to the constantly evolving criteria, it might have been able to describe digital twins 

earlier. 

Grieves introduced the initial nomenclature in a presentation in 2003, and it was later described in 

a white paper, laying the groundwork for the advancement of digital twins. 

A significant step in defining digital twins was taken in 2012 when the National Aeronautical 

Space Administration (NASA) published a study titled "The Digital Twin Paradigm for Future 

NASA and U.S. Air Force Vehicles." [2] 

“A digital twin is a collection of virtual data that accurately depicts a possible or real physical 

creation at all scales, from the atomic to the geometrical.” [3] 
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 “A digital twin is a model of a physical component or assembly created digitally utilizing service 

information and integrated simulations. The digital representation contains data that is gathered 

from various sources during the course of a product's life cycle. In order to improve decision-

making, this data is continuously updated and visualized in a number of ways to forecast present 

and future situations in both design and operating environments.” [4] 

“A digital twin is a virtual representation of a physical system that is updated over the course of 

the original system's life cycle with information on its performance, upkeep, and health status.” 

[5] 

 

Digital Model 

There cannot be an automated data flow between the physical model and the digital model for a 

digital model to be defined effectively. A computerized depiction of an actual or imagined 

physical thing is known as a digital model. 

Digital models can include, but are not limited to, product designs and development plans for 

buildings. The crucial distinguishing characteristic is that there is no automated data transfer 

between the physical system and digital model. As a result, modifications made to the real thing 

after the digital model has been produced have no bearing on it.  

Digital Shadow 

A digital shadow is an image of an item that only moves in one direction between the physical 

and digital worlds. Instead than vice versa, a change in the physical object's state causes a change 

in the digital object. 

 

Digital Twin 

Theofm "Digital Twin" refers to the reference when data is transferred seamlessly back and forth 

between an existing physical entity and a digital object. Any modification to the physical thing 

causes an automatic modification of the digital entity, and vice versa. 

These three definitions make it easier to spot the typical misunderstandings that appear in the 

literature. There are a number of misconceptions, albeit they are not confined to just these 

particular examples. One of the fallacies is that digital twins must be a precise 3D replica of a 

physical object. However, some people believe that a digital twin is simply a 3D replica. 

Digital twin applications 

The applications of digital twins are the subject of the following section of this review. The 

potential uses for digital twin technology will be examined first, followed by a discussion of the 

industries, problems, and domains. At the moment, the phrase and idea of a "Digital Twin" are 

spreading throughout academia, and developments in the Internet of Things (IoT) and artificial 

intelligence (AI) are making this expansion possible. With certain healthcare-related applications 

of Digital Twin technology found, smart cities and manufacturing are currently the main areas of 

study. 

 

Smart Cities 

Due to the fast advancements in connectivity made possible by the Internet of Things, Digital 

Twins are increasingly being used and have the potential to be extremely useful in smart cities. 

The more connected communities become as a result of the development of smart cities, the more 

frequently digital twins are used. In addition, the more information we collect from IoT sensors 
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integrated into a city's essential services will open the door for research targeted at developing 

sophisticated AI algorithms. 

For many different types of future-proofing, the capacity of services and infrastructures within a 

smart city to have sensors and be monitored by IoT devices is extremely valuable. 

It can be used to support continuous creation of additional smart cities as well as planning and 

development of the current smart cities. Planning has advantages, but there are also advantages in 

the field of energy conservation. This information offers a valuable window into how our utilities 

are utilized and delivered. Utilizing digital twin technology is a potential advancement for smart 

cities. By allowing Digital Twins to learn from the environment by analyzing changes in the data 

acquired, it can enable growth by enabling the creation of a living testbed within a virtual twin 

that can accomplish two goals. 

Data analytics and monitoring can be done using the obtained information. The potential for 

Digital Twins is expanding as smart city development increases connectivity and the amount of 

usable data. 

 

Manufacturing 

The industrial industry has been suggested as the next potential use for digital twins. In order to 

save time and money, which is a primary driving factor and motivation for any manufacturing, 

manufacturers are continuously looking for a means to track and monitor goods. This is why 

Digital Twins appear to be having the most impact in this context. Similar to how connection is 

one of the main factors driving the use of digital twins in manufacturing with the emergence of 

smart cities. The current expansion is consistent with the idea of Industry 4.0, often known as the 

fourth industrial revolution, which uses device connection to make the idea of a digital twin a 

reality for production operations.[6] 

The Digital Twin has the capacity to provide real-time input from the manufacturing line as well 

as machine performance status. It enables the producer to anticipate problems earlier. Utilizing 

digital twins improves device connectivity and input, which boosts dependability and 

performance. As a result of the machine's ability to store massive volumes of data required for 

performance and prediction analysis, AI algorithms combined with Digital Twins offer the 

potential for improved accuracy. In a manufacturing environment, the Digital Twin has the 

potential to be a very useful tool since it creates a testing environment and a system that reacts to 

real-time data. 

The automobile sector is where digital twins are also used, maybe most famously by Tesla. The 

capacity to create a digital twin of an engine or auto component can be useful for data analytics 

and simulation. AI increases testing accuracy by using data analytics on real-time vehicle data to 

forecast component performance in the present and the future. 

Another business that offers a variety of Digital Twin applications is the building sector. A Digital 

Twin may be used during the planning phase of a building or structure. The technology can be 

used to create smart city structures and buildings as well as a continuous real-time monitoring and 

forecast tool. When anticipating and maintaining buildings and structures, the utilization of the 

Digital Twin and data analytics may lead to increased accuracy because any modifications made 

electronically are subsequently applied physically. Construction teams can simulate more 

precisely because to the Digital Twin's ability to apply algorithms in real-time before the physical 

building even exists. 
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Real-time simulation as opposed to low detailed static blueprint models is one common objective 

that has emerged so far in the realm of digital twins. The employment of these models has a 

purpose, but the predictability and learnability are constrained because they do not use real-time 

parameters. The Digital Twin can use machine and deep learning techniques while also learning 

and monitoring simultaneously. 

Methods for digital twin and GIS 

Although it can seem overwhelming to start creating a digital twin, it can be divided into three 

steps:  

1. Design  

2. Operation 

3. Augmentation 

 

Design 

The creation of a digital twin consists of two key components: In order to connect the physical 

asset within its digital twin and enable the real-time flow of data from IoT devices as well as 

integration with operational and transactional information from other corporate systems, you must 

first choose the enabling technology you need. It is important to be clear about the kind of device 

you need, the modeling software required to produce a 3D model of the asset, and who will have 

access to the data stored in the Digital Twin or be able to take control of the physical asset using 

it. 

In order to reduce the dangers involved with identifying the devices on your network, secure IoT 

device management is essential. It offers the tools necessary to deploy, configure, monitor, and 

manage each device after authentication. You can achieve this rapidly and securely at scale with 

an identity-driven IoT platform. This brings up the second design component. You must 

comprehend the kind of information needed throughout the asset's life cycle, where that 

information is housed, and how to access and use it. Information must be organized in a reusable 

manner so that it may be quickly and efficiently transmitted between systems. An identity-driven 

IoT platform may automate the safe connections between these individuals, systems, and objects 

by managing the identities of each component involved in the digital twin and offering messaging 

services. 

 

Operation 

You must choose the role that your digital doppelganger will play. Is it just for asset monitoring? 

Do you desire control and modification of the asset by the twin? Do you wish to make the asset's 

data accessible to advanced analytics so they can help with preventative maintenance? Or do you 

wish to do simulations using the twin's data and models to aid in operational performance and 

product development? 

If you utilize more complex devices that enable information processing to travel to the edge, the 

answers to these questions will define the types of devices you attach to the asset. It will also help 

you decide how to prepare your data for integration and management. 

These features are more extensive the more complex the digital twin application. For instance, the 

majority of twins will seek to use analytics to enhance operational effectiveness and decision-

making. To use sophisticated analytics, you must be able to manage how data is consumed, 

stored, prepared, and presented. You must ensure the quality of the data flowing from your IoT 

devices if you want to produce high-quality results. Each IoT device is examined for legal 
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authorization to accept and transport data. Using an identity-by-design strategy, these qualities are 

built into your digital twin from the beginning. 

 

Augmentation 

• The majority of digital twin implementations start off quietly, such as by monitoring the 

performance of one component inside an asset, but they develop with time. There are two 

aspects to this. The initial step is to arrange a number of smaller digital twins to offer a 

comprehensive view of a full equipment, asset, or business process. Second, businesses 

enhance an existing digital twin by including more intricate elements like simulations. 

• You don't want to remove and replace in order to meet these shifting requirements; 

instead, you want to stack the functionality within the digital twin. You must be able to 

securely scale up functionality while maintaining performance in order to handle the 

increased data that has to be gathered and managed. 

 

Digital twin System  

This section primarily validates the implementation interface of the digital twin workshop system 

proposed above, which is based on the DT cooperation production unit, and the digital twin 

intelligent manufacturing unit is realized by constructing a digital twin engine. 

This paper builds and implements the digital twin engine of the intelligent manufacturing unit 

based on the proposed digital twin engine concept and architecture in order to realize the digital 

twin of the intelligent manufacturing unit. 

 

Picure 2.  Depicts the main construction of GIS based DT software. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Picture 2: Example of Digital Twin Systems based on GIS (from top to bottom: Cartography 

layer, Building Recognition layer, Water and Shore layer, Mountain Erosion layer) 
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This article realizes the visual operation of the virtual layer in the digital twin workshop based on 

Unity and QuadSpinner Gaea, providing the virtual layer roaming and information acquisition 

functions, to improve the visualization effect and interactivity. 
 

 

 

 

 

 

 

 

 

 

 

 

Picture 3. Possible layers of Digital Twin Systems based on GIS.  

 

Conclusion 

The interaction and integration of physical and virtual models is more strongly stressed by digital 

twin technology, a topic of emphasis for many academics both domestically and internationally. 

The actual application of digital twins is still far from being fully developed, despite the notion 

receiving a lot of attention. In order to implement the digital twin workshop's architecture and 

function as its driving and service centre, this article suggests the idea of a digital twin engine. 

With such induction method the digital twin workshop's foundational implementation was 

completed, but additional study is required to improve the ability to offer intelligent services for 

digital twins. 
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ABSTRACT  

 

Regional cooperation in rail transport can help participating countries diversify their trade 

patterns. Improved rail transport can also help attract foreign direct investment, increase 

participation in global production networks and the scale of related trade in manufactured goods, 

and diversify exports. Improved rail infrastructure will increase global competitiveness and spur 

economic development. In addition, improved rail infrastructure will help regional cooperation 

and integration through improved connectivity between people, goods and services. The operation 

is carried out by a railway company, providing transport between train stations or freight customer 

facilities. Power is provided by locomotives which either draw electric power from a railway 

electrification system or produce their own power, usually by diesel engines or, historically, steam 

engines. Most tracks are accompanied by a signalling system. Railways are a safe land transport 

system when compared to other forms of transport. Railway transport is capable of high levels of 

passenger and cargo utilisation and energy efficiency but is often less flexible and more capital-

intensive than road transport, when lower traffic levels are considered. Railways are a climate-

smart and efficient way to move people and freight.  

Keywords: railway, transport, improvement, transportation, transit, passenger, development, 

delivery, traffic, technology, vehicles. 

 

Introduction 

The continuity of the country's long-term economic growth is directly related to the mobility of 

production factors, in particular, the “labor” factor, the accessibility of transport services for the 

population, the dynamic expansion of consumer demand for passenger transportation. The 

relevance of the study of the features of passenger and customer service on the railway is due to 

the fact that all countries of the world are covered by the railway network, which ensures the 

availability of the vast majority of transport. The total length of Railways in our country is 2120 

km. 

Railway transport, which plays a special role in ensuring traffic mobility in our country, has 

unique resources that meet the challenges of sustainable and environmentally friendly 

development, high potential for interaction with other modes of transport, greater accessibility 

through the integration of the urban, suburban and intercity transport railway system. It is relevant 

to develop an economically justified management system for the organization of passenger 

transportation, to develop a range of services with other types of passenger transport, to improve 

service and to increase the range of products offered to passengers. Competitiveness of transport 

services in the railway sector largely reflects the quality of transport services, which in turn is 

formed by the implementation of the following key indicators of the industry: train speed, cargo 

delivery time, cargo safety, the degree of satisfaction with the transport of goods of various 

volumes, the timeliness of technological operations, the regularity and rhythm of keeping the 
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cargo moving according to the established plan of delivery of manufactured products, the 

complexity of transport services, the level of transport and logical services provided, etc. The 

values of the presented performance indicators of the railway transportation system (RTS), which 

fully form the quality of transport services, largely depend on the level of performance indicators 

of operational work presented. 

Rail transport has emerged as one of the most dependable modes of transport in terms of safety. 

Trains are fast and the least affected by usual weather turbulences like rain or fog, compared to 

other transport mechanisms. Rail transport is better organised than any other medium of transport. 

It has fixed routes and schedules. Its services are more certain, uniform and regular compared to 

other modes of transport. Rail transport originated from human hauled contraptions in ancient 

Greece. Now it has evolved into a modern, complex and sophisticated system used both in urban 

and cross-country (and continent) networks over long distances. 

 

Railway as a passenger transportation service 

Every day, thousands of people make long- distance, local and suburban trips that require regular 

and high-quality service. The range of services provided by the company to passengers, on the 

one hand, creates favorable conditions and prerequisites for work, business, recreation, education, 

treatment, etc., which ultimately affects the productivity of employees working in various sectors 

of the Republic. The economy raises their cultural level and the quality of life of the population. 

On the other hand, railway transport increases its profitability by increasing the range of services 

provided to the population, attracting additional customers, providing services to them. 

The level of demand for transport services in a competitive environment is determined, first of all, 

by the quality of Service. To achieve the desired effect, it is necessary to solve a number of tasks to 

improve the level of transport services provided to passengers. The transport service is the result 

of the activities of the transport service provider to meet the needs of the passenger, consignor and 

recipient for transportation in accordance with the established norms and requirements. To the 

population, the goods themselves are not sold by means of transport, but the service is sold. 

American marketing specialist F. According to Kotlyar, a service is any event that one side can 

offer to another. The quality of transport services is precisely the speed, timing and reliability of 

timely delivery, the degree of safety, the safety of goods and passengers, the tariff cost, the 

presence of a large number of related services, etc.- is. A service is an action that benefits or helps 

another. Service and transportation service is the result of the activities of the transport service 

provider: enterprises, organizations, institutions or entrepreneurs to meet the needs of the 

population during the period of their desire or during the trip (transportation). The consumption of 

services gradually begins to prevail over the consumption of material goods. 

World statistics show that over the past 25 years, the share of services in the gross national 

product of developed countries has increased from 54 to 65%, and in developing countries 40 to 

50%. In these countries, the civil service often becomes an independent sector of the economy, 

bringing 20-30% of the total profit to the state treasury. In the future, passenger transportation 

services in railway transport should become a fundamental basis for increasing transport 

profitability and attracting additional customers. 

At present, transport is the main link in increasing revenues in railway transport, and services 

before and after the trip should “support”, “strengthen” harmlessness, create more favorable 

conditions for the movement of passengers, bring additional income to the carrier. 
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Rail transport is also known as train transport. It is a means of transport, on vehicles which run on 

tracks. It is one of the most important, commonly used and very cost effective modes of commuting 

and goods carriage over long, as well as, short distances. Since this system runs on metal rails and 

wheels, it has an inherent benefit of lesser frictional resistance which helps attach more load in terms 

of wagons or carriages. This system is known as a train. Usually, trains are powered by an engine 

locomotive running on electricity or on diesel. Complex signaling systems are utilised if there are 

multiple route networks. Rail transport is also one of the fastest modes of land transport. 

 

World experience in the organization of passenger transportation on the basis of  railway 

transport 

The forms and methods of organizing combined passenger transportation may have specific 

features in individual countries. They will be identified, first of all, by the following cases: 

a) what type of transport can take over the function of consolidating the passenger transport 

market; 

b) presence of a transport integrator company; 

c) opportunities for the passenger company to launch its services in the relevant modes of 

transport; 

d) technological and institutional conditions for building a network in the passenger 

transportation market. 

The organization of combined  transportation by railway companies is an opportunity to increase 

the demand for transportation services and form new profit centers, and for other participants in 

the transportation process-to accelerate the turnover of transport assets, reduce costs and increase 

economic efficiency. 

The regulation and liberalization of the railway and air transport markets in the United States and 

Europe spanned a decade (1987-1997), and the reduction of barriers to access to transport 

infrastructure and liberalization of access to transport infrastructure had effects such as increased 

competition as a result of new market participants, diversification of assets, the creation of 

alliances. For example, the most significant socio-economic impact noted for the air transport 

market was the development of the route network and the increase in the connectivity of 

settlements, a decrease in costs/prices and an increase in the availability of air. Reforms for 

railway transport resulted in the emergence of new private carrier companies, while the railway 

infrastructure - networks, bridges, tunnels, stations and terminals- remained under state control. 

For example, Net, a 100% state-owned non-profit organization in the UK, runs the entire railway 

infrastructure, the intensity of which is 80% higher than the EU average. The main function of net 

DKK is to provide a safe and reliable railway infrastructure, which is achieved through strategic 

investments in the creation of the network, long-term planning in terms of the implementation of 

common standards for production processes and specialized services, the assessment of network 

capacity bottlenecks. According to the recommendations given on the basis of the comprehensive 

study” improving the profitability of Railways", the largest passenger and freight train operators 

and net DKK, the carrier group (RDG) Railway, have established the governing body responsible 

for coordinating and directing intersectoral initiatives. The group includes all passenger and 

freight trains. The railway companies, including net DKK and HS2 (high-speed network), provide 

a horizontal interface between both passenger and freight carriers, government and research 

institutions. 
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The China Railways Association serves as a link between Central, regional and local government 

structures in railway transport. It is directly connected with the Ministry of Railways and is 

headed by two state commissions - the commission for planning and economic development. The 

association was entrusted with the functions of managing regional railway bureaus, local railway 

systems and relevant administrations of various provinces, municipalities and autonomous 

regions. The association is responsible for the exchange of experience in the construction and 

management of local railways, construction standards for local railways, coordination of joint 

construction, organization of Joint Transportation. 

The current stage of the organization of passenger traffic is characterized by the development of 

hybrid mobility based on the high connectivity of the route network of international, regional, 

suburban and intra-city lines. The passenger transport industry must adapt to the new mobility 

landscape. 

Rising incomes and populations in developing and emerging economies, where cities are growing 

exponentially, are set to lead to strong demand for more efficient, faster and cleaner transportation 

transport, but the need for speed and flexibility tend to favour car ownership and air travel. 

Rising incomes also drive demand growth in freight, where higher incomes, have sharply 

increased demand for rapid delivery of higher value and lighter goods. The rail sector has 

important advantages to exploit in competing for business, but this will require additional 

strategic investments in rail infrastructure, further efforts to improve commercial competitiveness, 

and technological innovation. Global demand for transport is growing fast. Given present trends, 

passenger and freight activity will more than double by 2050. Such growth is a token of social and 

economic progress, but it carries with it greater energy demand and increased CO2 emissions and 

atmospheric pollutants. A greater reliance on rail has the potential to cut that growth. In a world 

becoming ever more urbanised, rail travel is well matched to urban needs. High-speed rail can 

serve as an alternative to short-distance air travel, and conventional and freight rail can 

complement other transport modes to provide efficient mobility. 

 

Rail transit Vehicle Bogie Technology 

The bogie technology is the fundamental component of rail transit vehicles, related to the running 

and load bearing. It provides the support to the body of vehicles, to ensure the smooth, steady and 

safe running of vehicles. The bogie consists of foundation brake, springs, drive and swing bolster, 

and existing different forms as uniaxial, biaxial and multi-axial forms. Most bogies of rail transit 

vehicles are in biaxial form. Currently, the bogies of rail transit vehicles have changed from 

biaxial form to the uniaxial link bogies, with shorter and wider body of vehicle structure. For this 

kind of vehicles, its running radial direction can be adjusted, and its bogie has used the modular 

design technology, with better development and application. 

Apart from the basic properties, bogies for locomotives, railcars, passenger coaches and freight 

wagons, as well as underground and suburban vehicles are, however, designed differently. Only in 

this way can all the requirements for speed and comfort, load carrying capacity and axle load, 

safety against derailment and smooth running be achieved. There are an almost incalculable 

number of different designs of bogies. On closer consideration it also appears that many road-rail 

vehicles and even maglev vehicles run on special bogies. 

Railway bogies generally run on two or more wheelsets. There are rare cases of single axle and 

so-called loose wheel bogies, which of course require a special mechanical activation for running 

in curves. Four and more axle bogies are generally formed from groups of two or three axle 
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frames because of the length produced by normal wheel diameters. They are in turn carried in a 

common likewise rotatable bridge frame. Such designs can be found, in particular, under track 

maintenance machines and heavy load transport wagons or crane vehicles. The additional bridge 

frame avoids problems when running in curves, just as the maximum permissible axle load 

enables the assembly space to be more uniformly loaded. With extremely small wheel bogies, as 

are fitted under low floor wagons, for car transporting wagons a four or five axle bogie design is 

possible, without the total wheelbase becoming too large. If the bogie has more than two axles 

then the flanges of the wheel discs between the end axles are reduced or are dispensed completely 

as they are not important for the track guidance.  

 

Directions for improving the quality of passenger services. 

In order to improve the quality of services provided to passengers, a large number of innovations 

should be applied, i.e. 

1. The company's mission must be accepted: ”we improve the quality of life by making your 

journey as safe, affordable and comfortable as possible." 

2. Professional Code of ethics of Passenger Transport Conductor to be prepared; 

3. A number of additional services should appear on trains: 

a) Luggage compartments; 

b) Traveling by car; 

c) Booking hotels; 

d) Promotions (special rates); 

e) Creation of a service" shower on the train"; 

f) Multimodal transport; 

g) WiFi service; 

4. Railway stations, suburban ticket offices, as well as intercity ticket offices should be 

modernized; 

5. Issuance of travel documents; 

6. The level of staff training should be improved through training and experience; 

7. It should offer comfortable travel conditions on long-distance trains for passengers with 

disabilities. There should be wagons with special coupes, which should provide everything 

to make it easier for people with health problems to travel; 

8. When buying a ticket, luxury cars must have a service of pre-ordering their food before 

departing from the train formation station; 

9. New generation electric trains should be put into operation for commuting commuter 

passengers; 

The company must make every effort to ensure that the number of people wishing to travel by 

train is steadily growing. Taking into account all the above, we can safely say that the 

development of passenger transportation, as well as the services provided in railway transport, is 

at a high level. 

 

Safety System Supervision 

As it has employed widely in rail vehicle transportation widely over the world, the safety issue is 

the most concerned one. In the newest international standard specifications, the lifetime of 

software and hardware of programmable, electric and electronic system has been determined, 

which provided the reference for the evaluation of rail transportation safety. Therefore, in our 
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country, the professional criteria and standards must be proposed in refer to the safety criteria in 

European countries and combined with the reality of domestic rail transit vehicles. 

 

Charging Technology in Application  of Rail Transit Vehicles 

Currently Canada has started the research and application of wireless charging in rail transit 

vehicles with existing infrastructure, to ensure the energy required in operation. For example, put 

the wireless charging cushion under the road, in charging the bus, electric bus and rail transit 

vehicles. The research hotspot is how to charge the cars in running. As railway transportation has  

its fixed running route and operation mode, and the wireless charging cushion will provide the 

satisfactory charging, through the connection of charging port with the cushion via the magnetic 

induction. 

 

World Bank 

Railways are a climate-smart and efficient way to move people and freight. Railways promote 

economic growth while cutting greenhouse gas emissions. They are a clean and compact way to 

move millions of passengers and millions of tons of goods across countries and continents. 

Yet railways constitute a shrinking share of transport in many developing countries, where 

railway service is often uncompetitive and poorly integrated with other forms of transport. Slow 

speed, high prices, and lack of reliability mean that potential users choose other transport options. 

To make rail more efficient, and useful to both urban dwellers commuting to work and factory 

managers moving freight, the World Bank supports developing country governments in tackling 

three key challenges:       

• Reforms in the way railroads are organized and financed, including better governance and 

more competition, which will provide better service at lower prices. 

• Integrating railways into a country’s transportation network. This often requires both new 

investments in terminals and a new way of thinking about how railroads mesh with roads, 

ports and businesses in general. 

• Research into rail’s impact on poverty.  With a better understanding of rail’s potential to 

address poverty, transport ministries and urban planners can make more informed 

decisions on policies and investments. 

 

Conclusions 

1. Current approach to increasing the demand for passenger transportation by rail by 

developing the railway route network, improving the equipment of railway stations, 

improving the quality of services, expanding the range of services offered - all this 

stimulates their consumption by a large number of customers. 

2. The requirements of the “green economy”, which are especially important today, when the 

need for a strategic organizational decision in the context of resource constraints, 

should be critically comprehended in the light of  new economic trends arising from 

digital technologies. 

3. When traveling on trains in our time, you can see sensitive and polite conductors, as well 

as constant quality control by the train chief and other officials. A necessary condition for 

the development of passenger transport is the organization of network interaction of 

market participants on the basis of digital technologies to ensure uninterrupted mobility of 

the population through the unifying role of railway transport. 
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ABSTRACT 

 

Achieving institutional quality is one of the main goals of today's enterprise. This requires the 

development of policies, regulations and practices that cover each institutional element with a 

single quality view, their translation into written documents, and the implementation of 

institutional assessments and audits in accordance with the written documents. The study aims to 

identify quality and quality management approaches, the development of the ISO 9001 Quality 

Management Standard and the necessary documentation and document management practices 

within this framework. Control and evaluation of the system is also carried out through 

documents, which are the source of corporate information. The results of our research are 

considered significant in terms of revealing the importance of document management practices in 

quality management models that are fundamental to modern enterprises. The ISO 9001 Standard 

is not difficult and contains general requirements. It can be applied in any sector, be it large or 

small scale. It represents a powerful management system when properly understood and properly 

applied. The ISO 9001 Standard is completely dedicated to organizations to establish a Quality 

Management System. What needs to be done is not to create a "standard" Quality Management 

System, but to create a Quality Management System that meets the requirements of the standard. 

Keywords: ISO 9001:2000, quality management system, enterprise, international standards, 

quality, etc.   

 

Introduction                                                     

The main characteristic feature of the modern economy of Azerbaijan is that enterprises and 

industries specializing in the production of consumer goods and the provision of various services 

are a priority. The socio-economic situation of modern Azerbaijan determines the relevance of 

ensuring a stable pace of economic development of the state. The process of rapid integration of 

Azerbaijan into the world economy has begun. Large local financial and industrial groups enter 

foreign markets both by purchasing local enterprises and by creating their own. 

The effectiveness of quality management systems (SSS) established in accordance with the 

requirements of the international standard ISO 9001 version 2000 depends on the understanding 

and implementation of the eight principles of quality management formulated in the ISO. 

9000:2000 standard. The most important of them is the fifth principle - a systematic approach to 

management. With a systematic approach, there is a need for an integrated KIS that meets the 

requirements of all stakeholders. Therefore, work on the integration of SIS in various 

organizations, including industrial enterprises of Azerbaijan, has problems on this path are 

identified, ways to prevent or minimize them are proposed. The introduction of a quality system is 

a long and laborious process that requires significantmaterial and labor costs. However, along 

with the introduction of the quality system itself, it is necessary to ensure its proper functioning, 



 
 
 
 

 

 

  

 
34 

PIRETC 
JOURNAL OF SOCIAL RESEARCH & BEHAVIORAL SCIENCES  
 

VOLUME 24  ISSUE 03  2023 
 

ISSN: 2613-5817; E-ISSN: 2613-5825 
 

which is mainly focused on internal quality audit and a system of corrective and preventive 

measures, recently begun to develop actively. 

Based on the analysis of the application of ISO series international quality standards in specific 

enterprises, the main. 

 

Stages of establishing a quality management system 

Stage 1. Management decision the manager must decide on starting the project, notify the 

company's employees, and also create the prerequisites for the speedy implementation of all other 

stages. It is also necessary to formulate the goals of establishing a quality management system, to 

highlight at the top the processes that need to be controlled and the criteria for assessing their 

quality. Then the objectives of the system should be established in the document called “Quality 

Policy”, which also describes the principles for achieving them. This document is the basis in the 

system of regulatory documents of the quality management system of the enterprise [3]. 

Stage 2. Personnel training employees of the enterprise must study the theory of quality 

management, ISO 9000 series standards, master the theory of the process approach, as well as the 

basic requirements for the implementation of the KIS. Training in using the system can be carried 

out both with the help of consultants and independently if the company has an employee with 

experience in building the system. 

Stage 3. Formation of an implementation program. The implementation of the quality 

management system (SIS) should be considered as a complex and long-term project (from one and 

a half to two years). Therefore, it is necessary to compile a program that includes: 

• description of the stages of execution; 

• list of responsible persons for each stage of the project. 

• budgeting for the implementation of a quality management system. 

• Procedure for assessing the implementation of the SIS. 

After drawing up the program, one can proceed to the direct formulation of the quality 

management system 

Stage 4. Description and optimization of business processes. The basis of the quality management 

system is the process approach. First of all, it is necessary to describe business processes, which 

management considers the most important for a quality management system. For example, for a 

manufacturing enterprise, this would be the production and sale of the product, as well as the 

process of Service and procurement. The described business processes should be optimized, that is, 

all inconsistencies and duplicate processes with the requirements of the standard should be 

eliminated, and new processes should be prepared in accordance with the rules of the standard. 

Stage 5. Preparation of regulatory documents. At this stage, regulatory documents, rules and 

procedures are formed that ensure the functioning of the quality management system. The basis 

for them is usually a set of documents available at the enterprise, which are modified and 

supplemented in accordance with the requirements of the standard. 

First, a document called” quality instruction “is prepared on the basis of” Quality Policy". It 

contains the main provisions governing assurance procedures, procedure for conducting QMS 

document flow, description of the procedure for handling complaints, etc. The next level of 

documentation is called "documented procedures on the system". Six procedures must be carried 

out in accordance with the ISO 9001 Standard [1]: 

• document management; 

• Data (Records) Management; 
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• Quality Management System Audit Management; 

• management of products that do not meet standards (defect identification process and their 

neutralization procedure); 

• management of non-compliance measures; 

• management of measures to prevent the occurrence of nonconformities. 

The documentation of the next level describes the rules for effective planning, implementation 

and management of processes. Such documents include methods of work, job descriptions of 

employees, schemes of movement of processes. 

Stage 6. Testing of the quality management system and internal audit. After all regulatory 

documents are prepared, pilot operation of the system begins. Within the framework of the new 

system, processes can be launched in stages, for example, First control over the procurement 

process, then production, etc. applicable. At the beginning of the operation, they are performed 

often (perhaps once a week), then less often (once a month or even a quarter). For the purposes of 

internal audit, it is necessary to note quantitative qualitative indicators, for example, the degree of 

refusal, the degree of customer satisfaction, the degree of return, etc. To determine the value of 

such indicators, similar indicators of industry leaders are usually used. Internal audits should 

identify discrepancies between the current work and the requirements of the standard. 

Stage 7. Certification of the quality management system. To certify the KIS, it is necessary to 

submit an application to the certification body (see the box“who and how can certify the KIS”). 

First, a number of documents must be submitted to the certification body: 

• application for certification; 

• all documents (“Quality Policy”, “quality manual”, table of organizational structure of the 

company, documented procedures and other developed documents of the quality 

management system); 

• list of the main consumers and suppliers of the enterprise. 

Specialists of the certification body conduct an examination of the submitted documents within a 

month. The review may include a visit of the certification body to the facility for testing the 

quality system in operation. Based on the results of the audit, a protocol is drawn up in which all 

discrepancies between the quality management system and the requirements of ISO 9001 are 

recorded. 

Principles of Quality Management System [2]: 

1. Orientation to the consumer. This is an understanding of the needs of the target audience, 

compliance with their requirements, the ability to exceed their expectations; 

2. Leadership of leaders. Creation of general goals and activities of the organization. The 

ability to create and maintain an internal environment in which employees will be 

motivated to achieve the goals of the organization; 

3. Staff participation. To reveal the skills of employees and use them for the benefit of the 

organization. Involvement in work forms loyalty, which contributes to innovation, a 

creative approach to work, a sense of responsibility among employees; 

4. Process approach. The resources and activities of the company must be managed as a 

process. This helps to reduce costs and shorten the turnover time, the final results are 

improved and become more predictable; 

5. Systematic approach to management. It allows you to concentrate your efforts on key 

processes, combine and chain processes that will best achieve the results you want; 

6. Continuous improvement of the company's performance; 



 
 
 
 

 

 

  

 
36 

PIRETC 
JOURNAL OF SOCIAL RESEARCH & BEHAVIORAL SCIENCES  
 

VOLUME 24  ISSUE 03  2023 
 

ISSN: 2613-5817; E-ISSN: 2613-5825 
 

7. Improving approaches to decision making. When decision-making is based on the 

analysis of data and data; 

8. Improve relationships with suppliers; 

Studying the experience of application and functioning of quality management systems in 

enterprises in Azerbaijan 

An analysis of the production activities of a machine-building enterprise carried out within the 

framework of a quality management system allows you to identify various problem situations. The 

study of the problem situation in the field of quality at machine-building enterprises should be 

carried out in the context of the creation, implementation and improvement of the SIS. The 

problems of creating quality management systems should be solved both at the level of individual 

enterprises and at the state level, which forms the basis of national economic programs. To solve 

the problems of increasing the quality and competitiveness of domestic machine-building 

products, it is necessary to direct the efforts of federal and local governments, scientific and 

technical associations and organizations to change the previously existing mechanisms for 

managing the scientific and technological development of an organization within the framework of 

quality management systems operating in the Regions [1]. 

Currently, this problem is being solved by the Standardization Institute and the Azerbaijan 

Accreditation Committee. At the level of individual enterprises, many quality management 

systems have been created and are being created "in shapeand likeness", which implies the active 

use of "analog systems" used in other enterprises. Inthese cases, it is necessary to talk about the 

low efficiency of such systems, which is characterized by a gradual change in the structure and 

properties of its individual elements. For enterprises producing science-intensive products, this 

approach is not effective. This is due to organizational, technical, technological, social and other 

features. For example, for a small manufacturing enterprise, this is the degree of documentation 

and detailing of documents, this is a lack of clarity in the distribution of functions and the interaction 

of departments and services [4, p.69]. 

The activities of the KIS at enterprises cannot be effective without a single Quality Management 

Information System. It should also be noted that at enterprises producing consumer products, the 

tasks of assessing customer satisfaction are difficult. Despite the significant success of machine-

building enterprises in the implementation of foreign certification systems, it should be noted that 

the process of introducing quality systems, voluntary certification of production is slow. The 

difficult economic situation, the lack of interest of enterprises themselves have their effect. 

Today, it is extremely necessary to create a system of economic measures that motivate 

enterprises to produce high-quality and competitive products. It is necessary to provide 

manufacturers with the opportunity to spend part of the profit obtained by increasing production 

volumes on financing work on improving the technical level and quality of products, certification 

of products and quality management systems, development of after-sales services [6]. 

The experience of the development and implementation of KIS at Enterprises has shown that 

often this work does not lead to the achievement of the expected indicators, and even more so to 

efficiency in production activities. Although, it should be noted that the quality management 

system at the enterprise is a mechanism that guarantees an increase in the organizational and 

technical level of Production Management, an improvement in the quality of the created products, 

an increase in their competitiveness. Therefore, there is a need for a constant study of the 

functioning of the quality management system, which forms an objective basis for the 
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development of measures aimed at improving the work of both the system itself and the enterprise 

as a whole. 

 

Difficulties in implementing a quality management system. 

The implementation of the KIS is a complex project for any company, the successful 

implementation of which requires accurate knowledge and compliance with all laws and 

documents. There are certain difficulties in a project of this magnitude [5]: 

• non-acceptance of the strategic decision on the establishment of the system by individual 

employees and managers; 

• strong organizational structure, functional management; 

• internal barriers between departments, lack of understanding of the overall goals of the 

organization, a gap of trust between personnel of different levels; 

• violation of the balance of responsibility and authority; 

• low level of production culture; 

• lack of clearly formed vision, mission, common ideology, philosophy, development 

principles for the whole company; 

• processes are not described, basic processes are not defined, quantitative and qualitative 

criteria are not defined and measured; 

• quality is understood not as the quality of processes, resources, management decisions, but 

only as the quality of products; 

• lack of customer satisfaction measurement and marketing system. A true tool for 

improving performance, ISO 9001 will help the company overcome these difficulties, 

which brings the company to a fundamentally new level of development. 

 

Conclusion 

At the modern stage of development of Azerbaijan's integration into the world market economy, 

common problems began to arise before enterprises of various forms of ownership and fields of 

activity. And these problems are associated, first of all, with improving the quality and 

competitiveness of domestic products, which is impossible without the introduction and 

functioning of international quality systems at enterprises. 

The competitiveness of products is a complex characteristic that can be changed and therefore 

controlled. Product quality is an integral part of competitiveness, and the latter component can be 

influenced through Quality Management. Understanding the main problems solved with the help 

of quality management, as well as the requirements of the modern market, prompts manufacturers 

and suppliers of products, goods and services to implement Quality Systems. During the analysis 

of the dynamics of foreign trade turnover and industrial production in Azerbaijan over the past 

few years, a significant increase in imports and a steady increase in production with the 

introduction of ISO series international quality standards have been announced the main 

enterprises that provide this growth. 

Research and development work in the field of building an integrated KIS aimed at Total Quality 

is currently at the initial stage of its development. We are currently not aware of any incidents 

involving a fully integrated and certified management system. Management integration is still 

ongoing, with the addition of autonomous systems to each other and consistent certification of 

their compliance with current international and national standards. 
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ABSTRACT 

 

High productivity recent advances in technology of athletes complex of diseases more exactly 

achieve modeling for system of biology as a holistic science occur to come out reason has been 

Close will come personalized of medicine appear that it will come out predicts. Healthcare in their 

systems level personalized medicine Conducting Omics enterprises  with regions is limited and 

personalized medicine high and down profitable countries between healthcare in their systems 

increasing the abyss expand can  A series factors traditional from medicine personalized medicine 

transition slow: profitable high of productivity information creation; hybrid education and 

multidisciplinary teams; of information storage and processing; of information integration and 

interpretation ; individual and global economic relevance. This review personalized medicine 

global transition speed up for big of information analysis and forward strategies on important of 

developments update provided is doing. 

Keywords: Big data, Omics, Personalized medicine, High-throughput technologies, Cloud 

computing, High -dimensionality 

 

Introduction 

Great to omics (genomics, transcriptomics, proteomics, epigenomics, metagenomics, 

metabolomics, nutriomics etc.) entry revolutionized biology and biological mechanisms more 

good done deduction for system of biology to the creation reason it happened System biology 

interdisciplinary from fields coming data unit in the form (more traditional reductionism instead 

of holism) integration by doing complex biological reciprocal the connection modeling aims. 

Factors the mixture to the end point leading alone entities who review from holding different as, 

systems biology relies on experimental and computational approaches to provide mechanistic 

insights to an endpoint. 

Traditional observation epidemiology and either biology alone not, completely clarify 

multifaceted heterogeneous disorders and this, this kind of diseases for all prevention and 

treatment searches live limits [2, 3]. Broad on the picture acceptance is done that biological  

systems done to fall for many dimensio ns the same at the time consider should be taken [4].  

Systematic approaches to action brings advanced biology and medicine [5, 6 ]. Normal and 

abnormal phenotypes for deterministic of networks usage proactive to storage opportunity 

given by is thought of Individual health, that is predictive, preventive, personalized and 

participant medicine (P4 and either more many so to speak, personalized medicine) [ 1] . 

Many of them in rehabilitation of personalization appear that it will come out predicts 

near in the future medicine, however scientific of the public and of the media what he 

thought up to quickly appear coming out probability there is no [7]. Growing two level 

healthcare to the system parallel as global level, similar two layered transition more also 

delay who knows omic of information creation and analysis with our ability connected 
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phenomenon observation is being T echnological to progress although in rehabilitation 

medical omic of information management making ( storage and calculation resources ) are 

expensive as remains . It means that that is personalized medicine more rich with countries 

be restricted can [ 8 ]. This omics data to create and comment make in our ability 

increasing with space opposite is being.  

 

 
 

High  in technologies in athletes and soldiers medical in rehabilitation advances with our our 

ability between the abyss remove to lift urgent need there is Omics data integration done , 

analysis is done and comment is done [ 10-12 ] . This review personalized medicine direction 

socio-economic and scientific in progress increasing spaces coverage is doing. 

 

Study the problem. 

The world 84% of the population recovery needs, however to healthcare separated global 

expenses of mistakes only 12 % organize does [13 ]. Geographical regions on of people 

distribution with global healthcare expenses between big there is a difference (Fig 1). From 

1995 to 2006 up to of healthcare internal from sources state by financing global 100% 

increase in scale case, down and medium profitable countries most of them the same at the 

time of financing decrease with faced [14]. Development in doing which is life in countries 

(for example, Covid 19). for soldiers for danger creator, however easily prevention buy who 

knows and either treatment to be who knows one how many disease yet too is spreading. 

Personalized medicine this differences will increase even more and one many down and 

medium profitable countries personalized medical out of hand to give can [15-17 ]. The 

international rehabilitation committee should devote significant efforts to strengthen the health 

systems of military personnel, especially athletes. 
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System medicine, system of biology application human diseases [18], advanced omics tools 

and analyst tools, advanced digital technologies (high calculation performance and storage 

resources) and high qualified multidisciplinary teams  clinicians , epidemiologists , biologists 

, computer scientists, statisticians and mathematicians) security and to privacy to investments 

addition support they should be. Technology rapidly development does and new 

developments data more efficient use is doing Some of them technological to the plateau 

various for reasons (reliability, profitability) that he knows they predict, however this 

predictions date with trends not confirmed. New technological development in science 

always the head to give can [20]. With that so in omics studies of expenses of most of 

information from creation more many of information from the analysis that it will come out 

about there is a consensus [9]. 

The future of the disease the beginning and either special to treatments-interventions the 

answer for personalized tests of omics networks as economic value big in size unknown as 

remains. Many little research personalized of assessment economic aspect in itself 

concentrated a n d  tests was conducted. These tests clinical in use which is and either 

development did development stage of those, genetic from the tests consists of Food and 

Medicine Administration tags , display built clinical benefit which is tests and conditions the 

examiner tests high with death and either high with health related with costs done comes. To 

investments and politics decisions management make for personalized of tests economic 

evaluation need. They are personalized medicine transition speed up for important initially is 

a condition. Ago addition, economic of information included which is one how many 

personalized of tests relatively economical which is revealed was done, however their only 

one little part to expenses savings did , this is more good your health definitely more down 
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with costs related that it is not shows [21]. Summary, personalized medicine transition with 

with athletes connected expenses uncertain as remains , however personalized medicine high 

and down profitable countries between healthcare in their systems economic inequality 

expand further can. 

This is stability social and political the supports danger under puts and all in the world 

microgrants oriented more wide attention the need emphasizes [ 22 ]. 

1,000 USD microgrants relatively small although the World Bank certain which he did whom 

poverty at the limit from 1.25 USD / day down which is persons yearly income quite a lot 

exceeds. These grants recipient are they sports? efforts expand for to knowledge based on 

innovations to associate and together production in doing long one road pass they can 

Funding agencies through given type 1 micro grants personalized medicine new discovery 

models with to associate for small to laboratories and local to scientists support be can [23]. 

Science observatories and either soldiers financing mechanisms through financed type 2 

microgrants similar burden which is fields new innovations (i.e therapeutic, diagnostic) to 

share for global healthcare of diplomacy development make it easy can [23]. Down and 

medium profitable countries knowledge and of innovation in promotion local to scientists 

common support need. 

Science Peace Corpus for global science interdisciplinary programs down and medium 

profitable countries research and developments for else one prospective catalyst is an agent. 

Current Peace Corps program, scientific studies for Resistant knowledge flow whom service 

make for of the world various regions voluntary work (minimum 6 weeks and with 2 up to) 

intended holds. Small and either great scientists life sciences, medicine, surgery and 

psychiatry topics coverage to do they can This program two is directional because it is both 

to the rich , both too to the poor the concept of "health". Clarify and personalized medical 

various environments integration make for service is doing Down and medium profitable 

countries developed life style behind the rest of people of the majority where he lives place 

that it is consider intellectually individuals for with prizes open opportunity to create need. 

If pandemic during the period military in the field people each other benefit to give for 

collective on the picture movement if they have to , institutional diversity done to fall there is 

a need. Personalized of medicine various applications of the world diversity cope with to 

come for many level personalized healthcare to their systems one many on the scale 

permission to give and of this instead of resource management compromise go will know 

alone high level healthcare from the system run away for intended be caught can. This is both 

too cooperation for security factor whom both science and too ethics for inside each other 

regulation to their systems need creates [29,30]. Transparency and accountability to all 

scientists, practitioners , athletes , ethics, sociologists and to politicians application should be 

done. Personalized to medicine Resistant transition the head if he gives, not at all who 

accountability from the struggle behind should not stay . 

Omics data in the last decade integration make and comment make in the field increasing 

regression observation has been done [9]. Biotechnology companies by supported Man 

Genome From the project arising new technologies and knowledge of the 21st century to the 

early omics revolution reason it happened [31]. High transmission ability which is of 

technologies use doing, we now short duration during to the DNA of individuals (genomic), 

over time of genes transcription to RNA (transcriptomics), DNA methylation and specific 

protein to their profiles output opportunity whole number that gives measurement take away 
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we know . Tissues and cells (epigenomics and proteomics), metabolites (metabolomics), 

others type omics to the information included happens [32]. Even traditional as training the 

past experts by evaluated and evaluated histopathological and radiological pictures now 

calculation to quantities ( i.e imaging exposed to informatics remains [10, 33]. Investments to 

their income based on business models, available with technologies in comparison increasing 

profitable with prices omic of information creation speed up for continue who did 

technological to developments boost gave. As a result, omics platforms and individual omics 

profiles enough up to appropriate at a price will be is expected and of information creation, 

most at least medium and high profitable countries the majority laboratories for use is done 

[34]. 

First omics data for big there were expectations of the disease the beginning and 

development main mechanisms, as well as of the disease prediction, prevention purchase and 

treatment for new strategies about discussions was conducted [1]. Idea, omics profiles disease 

to networks based on to the topic special care convert was (Fig 2). 

Omecs to their profiles increasing need although complex relationships limited as remains. 

Individual of medicine hybrid to education needs , data problems solution ways already 

available although and Google, Apple, Amazon and Like Facebook companies by enough up 

to homogeneous big of data ( ie user data ) [37] solution making for acceptance if done in , 

omics data heterogeneous nature new present a problem is doing of data integration and 

comment out to hold for main biological of concepts and analysis of algorithms enough up to 

done to fall demand who did problems [38] , working for the scientist 1) main problem 2)data 

analysis methods 3) explorations to carry and result to remove for various calculation platforms 

advantages and its shortcomings done the fall it is important. Biology in the field experience 

cause and effect to contextualize and reciprocal connection signals identification and comment 

management make for ground creates. 

Omics data and biological reciprocal effects to remove for various of approaches usage 

modeling experience demand is doing finally, the computer programming skills explorations 

management make and relevant as omic information analysis make for need. Scientific 

calculations for most good experiences through reliable and Resistant computer to the codes 

need have [41] . Scientists approx 90 % program of provision in preparation by itself they 

learn Their each in one of assignments automation of code review holding , units checking , 

to version control and of the problem tracking whom main experiences not to be can [42, 43]. 

Computer scientists, mathematicians, statisticians, biologists, and clinicians between many 

different scientific to the source according to yet too subjects between obstacles is available. 

Personalized medicine transition for most modern science, essentially it is integrative and 

will come researchers traditional as divided of subjects in the interface to grow and to teach 

for in universities innovative to strategies urgent there is a need. 

Sportsman and of the military level increasing of knowledge modern of societies in 

development to be the main factor though, one owns the individual he can knowledge and 

experience of wealth up limit there is [45]. It is multidisciplinary individual with training as 

well as university research financing of agencies initiatives and governments system biology 

and personalized with medicine related interface in their subjects various scientific from the 

source which is researchers to combine encouragement is done.  Health Studies Institute 

biomedical of research in financing different from a discipline (eg genetics) to a 

multidisciplinary one expert to the panels to pass correct direction thrown away is a step . 
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Education and multifaceted research activities connecting   Steno Center in Denmark in the 

future interdisciplinary research institutions creation and in Azerbaijan personalized medicine 

institutions become will know smart initiative forward drove. 

 

Omics of information management making and processing 

Scientific specialists by bioinformatics, biomathematics and to biostatistics big investments 

should be placed. Personalized medicine transition speed up for classic research laboratories 

enough up to does not have opportunities. 

Omics of information management making and storage calculation resources, in the laboratory 

placed servers program of provision configuration and usage for informatics support 

investment demand is doing This kind of of servers construction and storage it is expensive. 

of Omics data processing for various work of streams dynamic requirements the answer does 

not give and this, or extreme more than , or sub- optimal to the servers brought takes out 

Omic of information creation and processing between gap remove raise for prospective of 

technologies one cloud calculations [46,47]. This is through the Internet virtual resource 

whom numerous from the full potential of computers use who did adaptive memory and 

calculation service [48]. Currently attention Ohm of information high productive processing 

and analysis for cloud-based instrument of sets and workflow platforms preparation directed. 

Omics data clinical benefit review impervious before research platform’s reliability should be 

viewed. Image 3 individuals of medicine to the application help to do will know cloud based 

frame description is doing Personalized to medicine transition during omics of information 

integration and interpretation for yet too more many programming to your efforts there is a 

need. Regular as to update who knows complex flexible programs encouragement who did 

potential down flow applications information while being created always does not appear. 

 

Omics of information integrative methods 

Finally, omics of information integration through biological of systems description various 

subcomponents between cause and effect relationships to remove and description make for 

relevant math and statistics methodologies demand does[40]. Omics of information 

integration biostatistics and in biomathematics both difficult , both too is an opportunity that 

this also omics refiles decreasing expenses with increasing is reality. Thousands of 

measurement analysis calculation complexity one since, of correlations real and meaningful 

biological reciprocal connection whom removal unimportant not Errors biological to systems 

non-linear reciprocal effects and numerous of factors together effects include signals by 

accident to separate makes it difficult. 

Biological to fully clarify networks for both calculations, both too experimental to methodologies 

need there is with that so, experimental from analyses different as, calculation models biological 

in terms of management which is to variables based on and Omic of information characteristic 

traps has. 

Omic of information analysis for else one strategy, maximum information who keeps one 

data to the collection numerous information types of integration intended holds.  This omics 

data complexity alone high sized information of the set to the analysis up to reduces Omic of 

information integration for else A problem is meaningful comment to be done who 

knows correlation in hand is to do.  
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Omics data quality high productivity platforms between change can. 

Complex of diseases in modeling network approaches of the disease progress the map provided to 

do can and your health proactive in storage big role play can.  Complex reciprocal connection 

signals all reproducibility and checking personalized of medicine in search of it is important. this 

omic of research adaptation help make and research of the results correct repetition provided 

make for how (data about information) scientific whom to metadata increasing the need 

emphasizes. Metadata check list and publishing metadata samples existed. Metadata both too 

integrative sciences for open innovations whom service to do can and discovery and translation 

models high and more importantly down-level diversification make for valuable be can and 

medium profitable countries. In general, stability proof whom numerous information sets on 

inspections demand is being and theoretical in terms of justified new of methods available those 

who exceeds  Appropriate biological networks appointment make for both description , both too 

mechanical models with caution to work demand is doing Omics data to the future integration 

who did and comment who did program guarantee currently private in the sector competition 

leading by companies (Anaxomics, LifeMap).  

 

The result 

Omics data tall of data sports and war in the industry big mixture in itself concentrates here  new 

associations certain make for current our ability big data in the context of more big information at 

the expense of done comes  Omic of information their analysis development to make and high 

productivity technologies most good on the picture use make for bioinformatics , biomathematics 

and biostatistics fields big investments should be placed. New generation many talented from 

scientists and multidisciplinary research from groups exactly complex disease models to build and 
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effective personalized prevention , diagnosis and treatment strategies permission to give demand 

is being Omics information integration make and reciprocal activity to show our ability 

personalized medicine in transition important restrictive is a factor . of these limitations remove 

removal clinical of omics tools under conditions country on the scale application strengthen can 

Next scale economies, own in turn, two level personalized of drugs increasing his shadow def 

making it inconvenient to countries personalized medicine output in hand to do can medicine. 
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ABSTRACT  

 

Rail circuits are the basic elements of modern railway automation and telemechanics systems, 

performing the functions of track sensors and telemechanical channels. It is shown that the 

calculation of their operating boundary conditions becomes more complicated with the application 

of junctionless audio frequency rail circuits. The analysis of track circuits consists of studying the 

changes in their operation in various modes when the circuit parameters are changed. During the 

analysis, the optimal values of the parameters of the circuit elements and the frequency of the 

power source are determined for the given operating conditions. An analysis of the factors 

affecting the operating currents and voltages of such rail circuit schemes has been carried out. 

When analyzing and calculating a track circuit, it is assumed that the track line and equipment 

elements are linear, that is, their parameters do not depend on the flowing currents. To simplify 

the calculations, the track circuit is represented by the corresponding mathematical model 

(equivalent circuit) for each mode. Depending on the type of equivalent circuit used, four-pole 

and multi-pole models are distinguished. At the same time, the analysis and reporting of jointed 

rail circuits are carried out. Based on their results, the directions that allow for more accurate 

modeling of the operating modes of the circuits of the non-joint audio frequency rail circuits have 

been determined. 

Keywords: Rail circuits, train traffic safety, audio frequency (no junction) track circuits, junction 

rail circuits, signaling system, track sensors, mathematical model, remote conditioning 

monitoring. 

 

Introduction 

To increase the efficiency of cargo transportation in railway transport, it is necessary to constantly 

improve complex technical equipment and buildings. The modernization of railway automation 

and telemechanics systems are no exception, as one of its main tasks is to ensure the safety and 

reliability of train movement on roads and stations. The rapid development of the 

microelectronics and microcontroller element base helps, in particular, to retrofit the general 

automation and telemechanics systems of railways and the systems of rail circuits in 

railways. Virtually all main and low-speed railways, as well as metropolitan railways, are 

equipped with rail circuits that transmit information to the traffic (trains) and monitor the 

condition of the road [1-6].  
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Figure 1. The general switching scheme of the rail circuit. 

 

The difficulty in the operation of rail circuits is that they have to work in several modes (normal, 

shunt, and control) and under conditions of the significant influence of various external factors-

ambient temperature, humidity, pollution of ballast, and a large amount of interference [7].  

Currently, various types of rail circuits are used on railways and metros. The vast majority of rail 

circuits in use are junction rail circuits. At the same time, newly built rail circuits are junctionless 

rail circuits that are not bounded by insulating junctions, which found their application with the 

development of audio frequency rail circuits.  

Tone frequency rail circuits have economic, technical, and operational advantages. The use of the 

signal current in the frequency ranges of 420-780 Hs and 4.5-5.5 Hs (with 8 and 12 Hs frequency 

modulation) allows for an increase in the ability of the rail circuit to be protected from the effects 

of drag current obstacles. The practically required power is reduced when using a modern element 

base.  

Tone-frequency rail circuits have advantages as well as disadvantages. The use of high-frequency 

signal currents causes these rail circuits to be designed with a reduced length. The length of 

articulated rail circuits can vary from 1200 to 2600 meters, and the length of articulated rail 

circuits can vary from 300 to 1000 meters. 

Accordingly, the abundance of railway automation and telemechanics equipment in such rail 

circuits leads to an increase in major repair costs in areas equipped with auto-blocking devices. 

The increase in the total volume of electronic devices required for the operation of electronic 

auto-locking complicates the calculations of operating modes during the application and operation 

of audio frequency rail circuits. Calculation of the range of required operating current and voltage 

under the boundary conditions of tone-frequency rail circuits is an integral part of safety and 

reliability functionality. The initial equations for the mathematical analysis of performance 

criteria for linear circuits of junction rail circuits are based on the theory of linear passive 

quadrupole networks. The elements of the hardware (transformers, resistors, connecting cables, 

etc.) that make up the feed and relay ends of rail circuits are presented in the form of four-pole 

networks characterized by parameters A, B, C, and D (Figure 1). 

According to the equivalent circuit of the rail circuit (see Fig. 1), the input and output currents and 

voltages are related by the following expressions: [8] 

 

                                                                                                     (1) 
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Where A, B, C, and D are the feed ends, the rail line and the relay end are the coefficients of the 

rail circuit quadrupole obtained by multiplying the quadrupoles. The input-Zin and output-Zout 

resistances of quadrupoles can be calculated using the known parameters A, B, C, and D. The 

parameters of the general matrix of the equivalent four-pole network are found and the 

coefficients of the four-pole rail line are determined, taking into account the worst conditions for 

signal transmission (minimum insulation resistance and maximum rail resistance): 

                             = (2) 

When calculating the performance of junctionless tone frequency rail circuits, it is necessary to 

take into account the leakage of the signal current into the adjacent and parallel rail circuits. This 

situation significantly complicates the working scheme of the audio frequency rail circuit in 

different modes and makes it necessary to take into account the parameters of adjacent and 

neighboring rail circuit equipment in the calculations (Figure 3).  

Quadripoles of adjacent and adjacent rail circuits can be represented in the form of recalculated 

input resistances connected in parallel to the considered audio frequency rail circuit equipment. In 

this case, the considered input resistance is a cascade connection of the quadrupole of the next rail 

line with the input resistance of the feed and relay terminals of the adjacent rail circuits (Figure 4). 

Zin, Neighbor. The equivalent resistance RD is calculated from left to right in the scheme 

according to the multiplication factor of the quadrupole (see Figure 4). 

 

                                                 =  ,              (3) 

Where the: 

                                   =   

The signal frequency of the considered rail circuit RT2(n-1) of the relay terminal is determined by 

the following formula: RL2(n-1) connected in series and resistance Zr.2(n-1) at the signal 

frequency of the considered rail circuit RT2(n-1) of the relay terminal.  

 

                                                             
 

Zdal.2n is the wave resistance of the rail line at the signal frequency of the considered rail circuit; 

Zout.2(n-1) is the output resistance of the track receiver of the rail circuit connected to the relay 

terminal RL2(n-1) at the signal frequency of the considered rail circuit, similar to Zout.22 (see 

Fig. 2). The input resistance of the next cascade (see Figure 4. from right to left) is determined by 

the equivalent resistance Zin.neighborTC 

 

                                             =   

Where the: 

                       =  
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The signal frequency of the rail circuit is determined by the coefficient of the quadrupole, RT2(n-

2) arranged without series connection and considering the resistance Zin.y.2(n-2) of the supply 

terminal ST2 (n-2). 

                                                   =   

 

RL2(n-2) is a resistance connected to the feed end similar to Zout.FPM.22 (see Fig. 2).   

Zout.FPM.2(n-2) is the output resistance of the road filter at the feed end of the signal frequency 

of the considered rail circuit. 
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Figure 2: Equivalent circuit of the investigated audio frequency rail circuit. 

TG – trackgenerator, PT, PT11, PT21 – four-pole feed end device, RL1, RL11, RL12, RL1n, 

RL2, RL21, RL22, RL2n – four-pole rail circuit on the rail line, RT1, RT12, RT2, RT22 – four-

pole relay end device, Zoutput 1, Zoutput 12, Zoutput 2, Zoutput 22 – the equivalent input 

resistance of the track receivers of the adjacent track circuit at the frequency of the considered 

audio frequency rail circuit, Rtr1, Rtr2 – the resistance of the track receivers of the audio 

frequency rail circuit. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The layout of the tone frequency rail circuit in normal operation. 

TG–road generator, QS–power termination device, RL–rail line, RT–relay termination device, 

Zin.bit.TC - adjacent rail circuit input resistance, Zin.neigh.TC - adjacent rail circuit input 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Equivalent circuit of input resistances of adjacent and adjacent rail circuits 
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In addition, a step-by-step calculation is made up to the input resistance Zin.neigh.TC using 

similar expressions. Moreover, the number of cascades of quadrupoles connected to the rail line 

and the input resistances of the feed and relay ends of the adjacent tone frequency rail circuits are 

determined primarily from the conditions of the length and ballast resistance of these tone 

frequency rail circuits. 

Thus, if only the input resistance of the rail connection is taken into account (without the input 

resistances of the feed and relay terminals), then the parallel of the equipment connected to the 

neighboring rail circuit with a ballast resistance of 0.5 Ohm*km and at a distance of 1–1.3 km 

from the  

feed end of the rail circuit with the considered audio frequency resistance should be taken into 

account (Fig. 5a). If the ballast resistance is 50 ohm*km, this distance will increase several times 

(Fig. 5b). However, since the number of equipment connected to the feed and relay ends increases 

due to the number of adjacent audio frequency rail circuits, this will lead to shunting of the input 

resistance of the equipment that is part of the rail line. 

 

Figure 5. Dependence of the short-circuit and no-load modes of the rail line on the frequency and 

length of the 3rd generation of the audio frequency rail circuit on the difference in resistances: a-

Rbal = 0.5 ohm*km, b-Rbal = 0.5 ohm*km 

 

Conclusion 

The performed analyses show that in further and more accurate modeling of the operation modes 

of the audio frequency rail circuit, it is necessary to take into account the resistances of 

neighboring and adjacent rail circuits as agreed in equations (3) and (4) in Figure 4. In this case, 

the number of n number of adjacent rail circuits is considered from the parameters of their 

elements (length of connected cables, the resistance of connected wires, characteristics of 
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transformers, etc.), especially the nonlinear input resistance of adjacent rail circuits corresponding 

to the audio frequencies of the considered audio frequency rail circuits ZSubtract. It depends on 

the input resistance of the FPM and track receivers (for example, Zout.22, see Fig. 2).  

Thus, for a more accurate simulation of the operating modes of tone-frequency rail circuits, it is 

necessary to investigate the nonlinear resistance of the input elements of the feed and relay 

terminals of neighboring and adjacent rail circuits in the leakage of the signal current at the 

frequency of the simulated tone-frequency rail circuits. 
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ABSTRACT 

 

Effectiveness of the application of telecommunications systems is directly influenced by the 

effectiveness of the functioning of each component and device of its design. 

The article directly examines the issue of improving the carrier frequency estimation methodology 

for data transmission in telecommunication management and distance learning systems. The 

essence of the solution lies in proposals for improving the efficiency of frequency estimation at 

the input signal synchronization stage, which is presented on the example of a satellite 

telecommunication control system and distance learning. Namely, the analysis of modern satellite 

telecommunications systems was carried out and the features that affect the effectiveness of 

carrier frequency estimation and input signal synchronization were determined. The main 

inconsistencies are the low energy of the input signal receiving channel, significant signal 

frequency uncertainty, and the presence of "neighboring channels" receiving the input signal. It 

was determined that satellite communication systems during data transmission work in the mode 

with multi-station access in the variant of operation with frequency division of channels, which 

can receive data packets in the mode of multiple access or when providing a data reception 

channel on demand. At the same time, the operation of telecommunications systems can proceed 

both in continuous and in batch modes of receiving the input signal. It is considered that coherent 

processing of the input signal is carried out in demodulators of satellite telecommunications and 

interference-resistant coding is used. 

To solve the task of estimating the carrier frequency of the input signal in coherent demodulators 

of modern satellite telecommunications, considering the above-defined inconsistencies and 

features, the article proposes a methodical approach. The essence of this approach is to determine 

the potential boundary of variances of the obtained estimates of the carrier frequency and to 

develop algorithms for estimating the carrier frequency of the input signal separately for 

continuous and batch modes of input data transmission based on the fast Fourier transform. 

Keywords: Frequency, signal, uncertainty, carrier, estimation. 

 

 

 



 
 
  
 

 

VOLUME 24  ISSUE 03  2023 
 

ISSN: 2613-5817; E-ISSN: 2613-5825 
 

57 
                                                                                            PIRETC 
JOURNAL OF SOCIAL RESEARCH & BEHAVIORAL SCIENCES  
 

Introduction 

Problems of signal transmission in modern satellite systems are determined by certain features of 

both the construction of the system itself and the problems of signal reception and transmission 

[1,2,3].  

The best results can be obtained by a joint assessment of unknown signal parameters. However, in 

practice, such an assessment is possible only by considering the values of the channel energy and 

the magnitude of frequency uncertainty. 

This, in turn, can lead to the use of a process in which the assessment of the shift of the carrier 

frequency of the signal received relative to the nominal value is carried out before other 

synchronization procedures are included, namely: phase synchronization and clock 

synchronization [3,5,6,7]. 

The complexity of the task of estimating the carrier frequency in the satellite channel is 

exacerbated by the possible presence of additional artificial and natural disturbances and radio 

space noise.  

 Especially when these factors are close to the main signal type of modulation and singing 

measured data rate. Also crucial in the implementation of the algorithm for estimating the carrier 

frequency is the mode of transmission of useful data [3,6,7]. 

A number of works are devoted to the definition of the main features of modern satellite systems 

in the direction of increasing the efficiency of useful data transmission and directly to the issues 

of estimating the carrier frequency of the input signal. 

In [2], the main content of increasing the efficiency of modern satellite communication systems is 

justified by increasing the signal power through the data transmission channel. 

In [4], the author proposes to use low-orbit satellite systems, which somewhat devalues the 

shortcomings of geostationary systems. However, the issue of conducting a general analysis of the 

process of carrier frequency estimation in geostationary satellite systems is not presented in the 

paper. 

In [8], the results of the study of multi-symbol differentiated detection of signals of different 

coding with phase shift in the presence of random frequency changes and additive white Gaussian 

noise are presented. It is determined that the distortion of the transmitted signals due to the 

attenuation of the amplitude and the introduction of a variable phase time to the information 

symbols can be caused by a change in frequency. To eliminate this distortion, a scheme of double 

differential phase shift coding PSK (DDPSK) and the following multi-character differentiated 

phase shift detection in the presence of frequency shift is proposed. But the article does not 

estimate the frequency uncertainty and does not consider the possible modes of transmission of 

useful data. 

The authors of [9] propose a joint assessment of the synchronization and shift of the carrier 

frequency and the detection of data using a filter of signals ranked by importance in the channels 

of additive white Gaussian noise. In this paper, we propose a weighted Bayesian Kramer Rao-

boundary (WBCRB) for joint determination of time and carrier frequency shift, which takes into 

account the previous distribution of estimation parameters and is the exact lower limit for all 

considered signal-to-noise ratio (SNR). The issue of taking into account artificial and natural 

obstacles is not taken into account in this paper. 

The work [10] combines the algorithm for estimating the frequency shift (FS) with the method of 

estimating phase noise. The estimation of phase noise is derived from the calculated coefficients 

of discrete-cosine transformation. A number of implementations of the proposed algorithm are 
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analyzed. However, the modes of transmission of useful data and the impact of various obstacles 

on them are not considered. 

 

Methodology for evaluating the carrier frequency of the signal. 

Thus, a preliminary analysis of the process of functioning of modern satellite telecommunications 

and the development of a methodological approach to estimating the carrier frequency in them, 

taking into account the result of the above analysis is an urgent scientific problem to which this 

article is devoted. 

Analysis of the energy values of the satellite communication channel requires the implementation 

of coherent signal processing against the background of the use of noise-tolerant coding. The 

noise-tolerant coding system is one of the main parts of the satellite modem.  

Most systems use methods of high-precision coding with decoding by the Viterbo algorithm, as 

well as cascading codes and other methods [6,11-14] 

Also widespread are turbo codes and codes with low density of parity checks [11]. 

Based on the low energy of the input signal of the satellite channel, satellite telecommunications 

systems mainly use phase modulation [1,2]. 

The most used three types of phase modulation: FM-2, FM-4 and FM-8. Most ground stations of 

satellite communication systems operate in the bands 6 or 14 GHz for transmission and 4 or 11 

GHz for reception [3,15,16]. The simplest satellite communication channel includes two satellite 

earth stations and a space communication station located on board the satellite. Note that there is 

at least one signal frequency conversion in this channel. This conversion is carried out in the on-

board device for transmitting the signal of the communication satellite [1,2,15]. 

The presence of this transformation due to the internal instability of the reference generator-

frequency converter of the on-board repeater of the communication satellite leads to accidental 

and non-stationary displacement of the carrier oscillation of the signal relative to the nominal 

value [15]. This causes the frequency uncertainty of the signal. 

The general frequency range in which the satellite repeater operates is divided into several 

subbands (width 27 ... 36, 72 ... 120 MHz). In the specified ranges, the signal is amplified by a 

separate trunk path. The "trunk" signal system, in turn, can transmit the signals of several satellite 

earth stations. Thus, the satellite repeater provides communication between a large number of 

subscribers. This organization of access to practically independent earth stations in the general 

communication system, as well as the rapid establishment of connections between arbitrary 

stations and multi-station access are widely used in satellite telecommunications [5,15,16]. 

There are several different ways in which many users can send information via satellite. 

Currently, two types of multi-station access are widely used in satellite telecommunications 

[12,13]: 

– multi-station access with frequency division multiplexing. 

– multi-station access with temporary division of channels. 

In the first case, network subscribers are separated by the carrier frequency, in the second 

subscribers have a common frequency resource, but separated in time of use of the common 

frequency path. 

On the basis of these methods of channel division, as a rule, satellite telecommunications are built 

with the provision of a channel on demand. At the beginning of the communication session, in a 

certain way, the signals are switched at the respective satellite communication stations, the 

subscriber is allocated a frequency channel or a temporary position. In such communication 
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networks it is possible to refuse to establish communication due to the busyness of all channels of 

the system. 

Quite simple in construction and under the condition of low cost of the equipment, as well as 

extensive experience in research and operation of frequency division systems, obtained during the 

development and operation of early communication systems, led to the fact that that the vast 

majority of satellite telecommunications are currently used multi-station access with frequency 

division multiplexing. Satellite telecommunications with channels on demand, operating with 

frequency division multiplexing, operate at relatively low information rates. 

The relative simplicity and low cost of equipment, as well as extensive experience in the 

development and operation of frequency division systems, gained during the development and 

operation of early communication systems, have led to the fact that the vast majority of satellite 

telecommunications are currently used multi-station access with frequency division multiplexing. 

Satellite telecommunications with channel on demand, operating with frequency division 

multiplexing, operate at relatively low information rates. 

As a result, in such systems it is possible to use relatively cheap satellite terminals with a small 

aperture class VSAT (very small aperture terminal) [12]. 

Narrowband channels are used in multi-station access with temporary division of channels 

systems. Therefore, the initial shift in the frequency of the carrier oscillation of the signal can be 

comparable to the bandwidth of the channel [15,16]. 

The structure of satellite telecommunications with frequency division multiplexing indicates 

another fundamental feature of the receiving channel - the presence of additional interfering 

effects, namely the so-called "neighboring channels" - signals with the same type of modulation 

and the same transmission rate as the main information channel. Since the uncertainty of the 

carrier oscillation frequency of the signal can be comparable to the data rate in the communication 

channel, a significant part of the spectrum of the "neighboring channel" can fall within the search 

range of the demodulator on the carrier frequency [11,16]. 

For satellite telecommunications with multi-station access with temporary division of channels, a 

control channel is required, the function of which includes the allocation of a free frequency 

resource to the subscriber. This channel is not symmetrical. The common channel from the central 

station to the peripheral stations of the network operates in continuous mode For the control 

information of each peripheral station of the network in this common channel is allocated its own 

temporary position. Signals from peripheral stations to the central station of the network are 

transmitted in packet mode at random times, occupying one fixed frequency channel. As a result, 

signals from many users cannot be separated in the receiver during simultaneous transmission 

[4,5]. 

Such channels use random access methods. When multiple network users try to transmit packets 

at the same time, the packets overlap over time (overlapping.) The overlap conflict must be 

resolved by using some channel protocols to retransmit the packets. In satellite 

telecommunications, the most widespread protocol is ALOHA [4,16]. 

This control channel is usually called a common alarm channel [4,15]. 

In order to analyze the carrier frequency estimation process, we determine the allowable variance 

of the carrier frequency estimation and analyze the known methods for estimating the carrier 

frequency of the phase-modulated signal (FM signal).  
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It should also be noted that in [1,2,15,16] the main attention is paid to the problem of information 

packet detection, and the algorithm for estimating the carrier frequency of the phase modulated 

signal is described insufficiently. 

The coherence of signal processing in the demodulator causes extremely strict requirements for 

the accuracy of estimating the phase of the carrier oscillation in the corresponding loop of the 

demodulator with phase-automatic frequency tuning [3,5]. 

Because of this, the band bandwidth ВС  should not normally exceed thousandths of the clock 

frequency of the received signal - about 10–3 1 / T [17,18]. 

The values ВС
 are usually selected for reasons of compromise between the level of energy loss 

of the demodulator in a given range of signal-to-noise ratio per bit of information and the timing 

of the synchronization of the phase synchronization loop. 

The smaller ВС  the lower the level of energy loss of the demodulator, the longer the entry into 

synchronization. The value of the loop band is selected so that the additional energy loss of the 

demodulator does not exceed 0.1 dB. 

Based on these considerations, the size of the loop is usually chosen in values Т
*ВС 1103

3− . 

And for reliable entry of the auto tuning system into synchronization, the value of the variance of 

the estimation of the carrier frequency of the FM signal 
2

С  should not exceed ВС
. 

That is, the value 
2

С  should not be greater than 10–5 1 / T 2 [5,7]. 

In the future, we assume that for the variance of the FM signal carrier frequency estimation at low 

signal-to-noise ratios per bit of information (from 0 to 12 dB) the following requirement must be 

met [5]: 

                                                                     
10*5

622 −

TC .                (1) 

Given that the assessment of the carrier frequency in continuous mode and batch mode is carried 

out in fundamentally different ways, it is advisable to consider the evaluation methods in 

continuous and batch modes separately. 

It is known that satellite information transmission systems work, including in modes with random 

access of signal packets [16]. 

That is, for them it is important to synchronize coherent phase demodulators operating in batch 

mode. 

The synchronization methods for this case, described in some works, are intended for 

demodulators of communication systems that work with temporary channel allocation. The main 

disadvantage of these works is that we consider relatively small in relation to the bandwidth of the 

transmitted signal displacement of the carrier oscillation, while in real modern communication 

systems, these displacements can be correlated with the clock frequency of the received signal 

[5,17]. 

To synchronize coherent phase demodulators operating in packet mode, we assume that to 

synchronize the packet demodulator on the carrier frequency at the beginning of the preamble is 

transmitted a segment of the harmonic signal. 

The complex envelope of the received signal can be given as [5,7]: 
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where   – the carrier frequency offset relative to the nominal value. 

( )tw  – complex additive Gaussian noise. 

 

Note that coherent reception gives an advantage of noise immunity up to 1 dB for one-way phase-

difference modulation when used in modern satellite communication systems of multiple 

modulation, when the number of signal positions reaches 512 signal variants, the gain can be 5 – 7 

dB. 

Thus, it is promising to consider for this case coherent methods of reception. 

The problem of determining the carrier frequency of the received signal is solved by analyzing the 

frequency of the maximum in the spectrum of a fragment of a sinusoidal signal against the 

background of additive Gaussian noise resulting from (2). 

Currently, there are many methods for estimating the frequency of sinusoids. The work [17] is 

quite indicative. 

It is known that the smallest estimation variance is determined by the Cramer – Rao boundary [5]. 

It seems that from all the variety of frequency estimation methods, one should choose those that 

provide an estimation variance that coincides with the minimum marginal estimation variance 

(MHD estimation) or close to it. 

The analysis of effective estimates provided by different methods of estimating the frequency of a 

sinusoidal signal against the background of additive white noise provides a variance of the 

estimate that asymptomatically coincides with the Cramer – Rao boundary with increasing signal-

to-noise ratio. 

The estimate of the maximum similarity (MP - estimate) of the frequency of the sinusoidal signal 

is determined by the expression [3,5,17]: 
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t S
 – the period following the calculation of the complex bending signal received; 

NT S
 – observation interval. 

In fact ( )I , it is the Fourier transform module of the signal that is captured in the observation 

interval. 

The value ( )I  is called the periodogram of the received signal. 

Thus, finding the MP - estimation of the frequency of the sinusoidal signal is reduced to finding 

the maximum of the function ( )I  in the range of frequency uncertainty of the received signal. 

Given that the satellite communication signal is characterized by significant frequency 

uncertainty, finding the maximum from expression (3) requires significant computational 

problems. 
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Because of this, it seems appropriate to analyze the problems of implementing "fast" methods of 

finding the maximum. 

Currently, the most widely used two approaches to finding the maximum of the periodogram of 

the signal. 

The first approach is based on the use of auto-correlation analysis methods, the second - on the 

use of discrete Fourier transform algorithms. 

The advantage of the first approach is a relatively simple calculation procedure. However, at low 

signal-to-noise ratios, methods based on a discrete Fourier transform are more efficient. 

The procedure for finding the maximum of a periodogram based on a discrete Fourier transform 

includes [7,17]: 

Calculation of fast Fourier transform (FFT) N f  and finding the maximum: 
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Finding the maximum  ( )I closest to km f , determining   such that 
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The above procedure is actually a two-step. 

The first stage procedure is usually accepted as a rough evaluation procedure. Its accuracy is 

limited by FFT [5,7]. 

To implement the second stage, you can use a number of methods, which are defined as methods 

of interpolation of calculations of the Fourier transform of the received signal. These methods are 

characterized by sufficient computational simplicity. However, the variance of the frequency 

estimation provided by interpolation methods at low signal-to-noise ratios loses the Kramer – Rao 

boundary. 

Therefore, to implement the estimation algorithm with the highest efficiency as a procedure of the 

second stage, it is advisable to use the methods of finding the maximum, which are also 

implemented on the basis of Fourier transform [7]. 

A common disadvantage of the known evaluation procedures based on the use of FFT is that their 

implementation requires the initial accumulation of data for the subsequent implementation of the 

calculation algorithm. 

This provides an additional delay in the implementation of the evaluation procedure. 

In batch mode, the additional delay is a significant disadvantage, as the limited length of the 

preamble of the packet imposes strict restrictions on the long duration of the processing 

procedure. Of interest are estimation methods based on recurrent computational procedures that 

combine the processing and accumulation of the received signal. 

However, the variance of estimates that provide these methods, as shown in [7,16,17], 

significantly loses the Cramer – Rao boundary. 

Currently, there are a number of methods for estimating the frequency of a sinusoidal signal, 

which is based on recurrent procedures. Such as Pisarenko method, MUSIK method, auto 

regression method [5,17]. 
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Given the satellite channel (high frequency uncertainty, low energy, the presence of interfering 

actions in the form of Gaussian noise and interference such as "neighboring channel") and the 

need for coherent signal processing to date is a pressing problem of digital phase demodulator 

synchronization. 

In the implementation of synchronization procedures in the satellite channel, the determining 

factor is the synchronization of the carrier frequency. The task of developing an algorithm for 

estimating the carrier frequency of the FM signal in coherent demodulators of modern satellite 

communication systems is of great importance. 

The task of the study is essentially to develop an evaluation algorithm that takes into account the 

properties of the satellite communication channel, and to conduct a study of the effectiveness of 

the proposed solutions. 

 

Directions for improvement of carrier frequency assessment methodology 

Thus, as the main methodological approach to improve the process of estimating the carrier 

frequency of satellite telecommunications is proposed: 

1. Develop an algorithm for analyzing the carrier frequency of an FM signal for coherent 

demodulators of satellite communication systems, which would provide optimal or close to 

optimal estimation. 

This requires: 

- to determine the potential boundaries of variances of the obtained estimates; 

- to develop an algorithm for analyzing the carrier frequencies of the FM signal, taking into 

account the specifics of the satellite communication channel; 

- to develop implementation evaluation procedures based on FFT, while for the packet 

demodulator to offer such a procedure for analyzing the carrier frequency of the received signal, 

which would provide, on the one hand, simplicity of hardware implementation, and on the other 

hand - optimal asymptotic estimation. 

2. Investigate the effectiveness of analyzing obtained using the proposed procedures for analyzing 

the carrier frequency of the FM signal, by computer simulation. 

This requires: 

- to develop simulation models of signals and interference, taking into account the specifics of the 

satellite communication channel, including the presence of "neighboring channels"; 

- to construct dependences of the received variances of estimations on a signal / noise ratio on a 

bit of the information and to compare the received variances with potential borders; 

- in the process of modeling to determine the minimum required length of the observation 

interval, which would provide the required evaluation efficiency (fulfillment of condition (1)). 

3. Show the feasibility of the proposed algorithms and their effectiveness in existing satellite 

telecommunications systems. 

This requires: 

- to show the hardware implementation of the developed procedures for estimating the carrier 

frequency of the FM signal on the basis of modern digital signal processors and thus show the 

feasibility of the developed procedures in real time; 

- to conduct bench tests of the proposed evaluation algorithms; 

- to conduct field tests of equipment using the proposed algorithms for analyzing the carrier 

frequency of the FM signal in the existing satellite communication system. 
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Conclusions 

The paper deals with the issue of improving the carrier frequency estimation methodology for 

data transmission in satellite telecommunication control systems and distance learning. The 

essence of which consists in taking into account the peculiarities of telecommunication 

functioning during the transmission of data packets and substantiating the development of an 

algorithm and based on it, a methodology for estimating the carrier frequency of a phase-

modulated input signal by a coherent demodulator of satellite telecommunications of control and 

remote learning. 

1. Low energy of the channel, significant frequency uncertainty of the signal, and the presence of 

"neighboring channels" are defined as features of functioning for the considered modern satellite 

telecommunications systems. 

2. Multiple access and operation, both in continuous and batch modes, are required for satellite 

telecommunication systems of control and remote learning with multi-station access, using the 

"frequency division of channels - provision of a channel on demand" mode. 

3. To increase the effectiveness of satellite telecommunication control systems and remote 

learning, coherent processing of the input signal in the demodulator and the use of powerful 

interference-resistant coding are used at the current stage, which involves the estimation of the 

carrier frequency with high requirements for its accuracy. 

4. The process of increasing the efficiency of carrier frequency estimation of a phase-modulated 

input signal by a satellite telecommunications coherent demodulator requires the development of 

an appropriate carrier frequency estimation algorithm that would provide optimal or near-optimal 

estimates separately for continuous and packet data transmission modes. 
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ABSTRACT  

 

Microplastics are small particles of any kind of plastic, not exceeding 5 mm. Microplastic is one 

of the main problems today. Because these small particles not only pollute the environment, but 

also get into living organisms, animals and, worst of all, into the human body as a result of natural 

circulation in nature. Thereby contribute to the formation of various diseases in the human body. 

Because of the size of microplastic we do not notice how it enters our body. But they can be 

detected by laboratory tests. To date, unfortunately, accredited food laboratories quality control 

passes without detecting microplastic particles. In our opinion, this is the main problem. We 

consume microplastics in food and water every day without even noticing it. This article describes 

research carried out in various countries of the world and shows in what products was found 

microplastics. And also how to find and measure microplastics in the laboratory. This, in turn, 

may be useful to reduce the amount of microplastics in the human body. In conclusion, we 

propose to strengthen the development of new reference materials, to develop new standards for 

microplastics and to implement microplastic detection devices in the quality control system of 

food laboratories, to report the size of microplastic particles detected in the samples. We also 

recommend the further development and standardization of analytical methods to assess, analyze, 

and quantify its presence in food quality control. And quality control by implementing 

microplastic screening and detection methods in accredited food laboratories. 

Keywords: Microplastic, pollution, accreditation, quality control. 

 

Introduction 

Nowadays, this term refers to small particles of any type of plastic, not exceeding 5 mm in size - 

it's about the size of a grain of rice. In addition to visible fragments of plastic (found, for example, 

on the sea beach), microplastics are microscopic particles that, among other things, form during 

the washing of clothes made of synthetic materials or are contained in household products - in 

toothpaste, shower gels, glitter and more. 

To make it clearer, imagine a handful of beads: small, plastic, multi-colored. If you scatter it 

around the room, then most likely you will not collect all the beads, they will remain in the cracks, 

behind the furniture. So it is with microplastics - it cannot be separated from water, soil, air. 

Microplastics are primary and secondary. To make it clearer, imagine a handful of beads: small, 

plastic, colorful. If you scatter it around the room, you're not likely to collect all the beads, they 

will remain in the cracks, behind the furniture. It is the same with microplastic - it is impossible to 

separate it from water, soil and air.  

Microplastics are primary and secondary. Primary microplastics are added to cosmetics, 

toothpaste, and household chemicals. It can act as a stabilizer, viscosity regulator, emulsifier or 

antistatic. Microplastic granules are also used for their abrasive effect or simply for beauty 

purposes, such as in cosmetics with glitter. 
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In addition, microplastic fibers are separated from synthetic clothing during washing. They end up 

in rivers and then in the seas and oceans via sewers. Another source of primary microplastics is 

car tires. They wash off the pavement and release microplastic particles into the air. Microplastics 

are also released when certain types of pavement and paint used to mark lanes are worn. 

Secondary microplastics are formed when plastic objects (bags, cups, disposable dishes, tubes and 

fishing nets) break down into small pieces when exposed to heat, air, water and salt. 

 

The problem of microplasticity and its detection and control. 

The problem of environmental pollution with microplastics has become relevant right now, 

because before that its amount did not cause concern. Now it has accumulated and caused 

invisible but dangerous pollution. Microplastic pollutes our habitat, its final stop is the organisms 

of humans, animals, fish, birds, insects. Scientists are still cautious about the actual harm of 

microplastics for people. there are many laboratory studies on the properties of microplastics, 

which allow us to talk about its potential danger. 

In accredited food laboratories, quality control today passes without detection of microplastic 

particles. In our opinion, this is the main problem. Listed below are the products in which 

microplastics have been detected. But first we want to talk about how microplastics affect the 

human body. 

-Firstly, microplastic is a fine hard abrasive, its action is similar to a scrub, therefore, in contact 

with the soft tissues of the body, it can damage them. 

-Secondly, microplastic is an excellent artificial adsorbent, it absorbs various substances with 

which it comes into contact. For example, it absorbs toxic pollutants from the water in which it 

floats: polychlorinated biphenyls (PCBs) and pesticides. When exposed to the body, these 

substances leach from the particles and enter the organs, which can cause a reaction from the 

immune and reproductive systems. But science still doesn't know how dangerous this is for 

humans, what doses of toxins accumulate in us and how it affects health. 

Because of the size of microplastics, we don't notice how they get into our bodies. But it can be 

detected in laboratory tests. We tell you where we have already found microplastic.  

 

Microplastics in food  

It is extremely relevant to study the presence of microscopic particles of plastics (microplastics) in 

food products, their size and quantity. In the presented work for the first time, the presence in 

some vegetable oils of micro and nano-objects with characteristics similar to plastic was 

determined by the method of Dynamic Laser Light Scattering using the analyzer of nanoparticles 

"Zetatrac". The distribution of these particles into fractions, their specific surface area and zeta 

potential were determined. The content of micro- and nano-particles identified as plastic in 

vegetable oils was calculated. It ranges from 2.5 to 9 billion per liter of food product. It has been 

suggested that a possible reason for the presence of such particles in this type of food is that they 

can be extracted from slowly deteriorating plastic containers. The value of the zeta potential 

calculated by the device based on the particle motion data is in the region of 20 to 30 mV. This 

means that the microparticles in the suspension are stable and not prone to coagulation. Thus, self-

cleaning from them is not possible. 

 

Seafood 
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Seafood makes up approximately 17% of the total amount of animal protein consumed in the 

world. fish and shellfish of commercial importance, both wild and farmed, contain microplastics. 

In Europe, seafood consumers are estimated to ingest an average of 11,000 microplastics per year 

in countries where large quantities of shellfish are eaten. .(11) It has also recently been suggested 

that the average person may ingest approximately 5g of plastic each week, based on normal food 

and drink consumption, with shellfish accounting for 0.5g of total weekly consumption. 

-Seafood in which the entire body is eaten (e.g., bivalve mollusks) is a serious concern (17)), as 

any remaining contents in the gastrointestinal (GI) tract will also be ingested. In 2008, eco-

toxicologist Mark Brown of the University of New South Wales in Sydney conducted an 

experiment with mussels. He treated them with seawater containing microplastics, then placed 

them in a clean environment and monitored the movement of the particles.  

At first they accumulated in the intestines, after 3 days they entered the bloodstream and remained 

there for more than 48 days. After 12 days, the amount of microplastic debris began to decrease. 

But only the larger elements were eliminated, the smallest plastic remained and had great 

potential for further accumulation. 

 

Tea 

Microplastics are not only found in the food we eat, but also in the beverages we drink. Tea, for 

example, contains microplastics. This is because tea bags are thermo-welded using polypropylene 

plastic so that the tea bags do not break. During the study, the lab took out the tea and placed the 

empty tea bags in water heated to 95°C (203°F) as if they were brewing tea.Fig.1. 

They found that one plastic tea bag emitted about 11.6 billion microplastic and 3.1 billion smaller 

nano-plastic particles into the hot water. The particles are completely invisible to the naked eye. 

 

 
 

Figure 1.  Microplastics in plastic teabag 

 

Rice 

A 2021 study found that microplastics are found in packaged rice . Fig.2. Whether the rice was 

packaged in paper or plastic, the type of packaging did not matter. And, alarmingly, precooked 

rice (such as microwaveable rice packets) contains four times as much plastic. 
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Figure 2: Microplastic in rice  

 

Water  

Analysis of tap water around the world showed that 83% of the samples had microplastic 

particles. Fig.3.The highest percentage was in tap water in the United States, the lowest in Europe. 

90% of bottled water, according to one study, contained microplastics.  

An analysis of 259 bottles purchased from 19 different stores in 9 countries found that only 17 of 

them contained clean water. All of the others contained fragments of plastic, and concentrations 

of contaminating particles were twice as high as the same figure. 

According to the researchers from the State University of New York (USA), on average, every 

liter of bottled water they bought in America, China, Brazil, India, Indonesia, Mexico, Lebanon, 

Kenya and Thailand contained 325 plastic particles. And more often than not, they were 

fragments of polypropylene, which is used to make bottle caps. Among the brands studied were 

such international brands. 

 

 
 

Figure 3: Microplastic in water 

 

Todays Quality control laboratories do not detect microplasticsş 

In accredited food laboratories quality control today passes without detection of microplastic 

particles. 

   For example, when controlling the quality of water. We took the water as this water is directly 

consumed by a person and can affect his health and well-being, to control its composition are 

taken seriously. To check compliance with water quality requirements are responsible for the 

sanitary-epidemiological services, which conduct research in laboratories under their jurisdiction. 

So during the control are tested according to standards, drinking water is assessed by four 

indicators: 

• organoleptic; 

• chemical; 

• bacteriological; 
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• toxicological. 

But unfortunately, the toxicological subsection does not check the amount and presence of 

microplastics, although the largest amount of this substance is in the water. 

 

What harm does microplastic do to the body? 

1. Destroy hormones 

 At least 15 chemicals used to make plastic packaging are endocrine disruptors. They are similar 

in structure to hormones such as estrogen, testosterone and insulin, mimicking them and 

disrupting their natural functions. This leads to adverse health effects and increases the risk of 

chronic disease. 

There are studies proving that bisphenol A plays a role in infertility in both men and women, as 

well as in the development of polycystic ovaries. Bisphenol A is used to make plastic beverage 

bottles, including baby bottles. 

2. Increase the risk of chronic diseases 

Prolonged exposure to microplastics contributes to the development of type 2 diabetes, heart 

disease, and inflammation. Some scientists even believe that microplastics are as destructive to 

the body as improper nutrition. 

3. Decreased immunity. 

The gut plays an important role in immunity - up to 80% of the body's immune cells are in the gut. 

Increased inflammation caused by microplasticity leads to a deterioration of the gut and, as a 

result, a weakened immune system. 

 

Analysis and measurement of microplastics 

Quality control, detection, analysis and quantification of microplastics in food is a priority. 

Current detection methods for microplastic particles in water include the visual method (the visual 

method with the naked eye and the visual method of the microscope), Fourier infrared 

spectroscopy, Raman spectroscopy, and thermal pyrolysis analysis. Analysis of microplastic 

particles in water usually involves sampling, filtering, cleaning, identification, etc.The visual 

method is widely used due to its convenience and low cost, and it can determine physical 

properties such as size, color and shape of microplastic particles. 

Spectroscopic methods, including Fourier transform infrared spectroscopy and Raman 

spectroscopy, can determine the chemical composition of a sample, and the accuracy is relatively 

high. Thermal pyrolysis analysis such as Pyrolysis-GC/MS and TGA-MS were used for 

microplastic analysis. The samples are first thermally decomposed and the resulting products are 

sent to a mass spectrometer for analysis. 

Studies focusing on drinking water are rare, and studies have mainly used micro-Fourier 

Transform Infrared Spectroscopy (μ-FT-IR). The main limitation of this technique is its inability 

to detect particles smaller than 20 μm. However, micro-Raman spectroscopy is capable of 

detecting much smaller particle sizes. For example, AIM - 9000 infrared microscopes can be used 

to conduct qualitative and mapping analyzes of microplastics collected in the filter. Even the 

smallest samples can be measured with great sensitivity. 

 

Conclusions 

We are very affected by this topic because the food sector is the sector where microplastics have 

the most negative impact and can cause harm to human health. To control food quality and 
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combat microplastic food contamination, suppliers, manufacturers and researchers continually 

rely on reliable and accurate characterization tools and techniques to help identify microplastics. 

This helps them recognize the source of microplastic contamination in food and reduce risks to 

human health. Quality control, detection and analysis of microplastics in food and their impact on 

the food chain and our bodies is becoming an increasingly important issue for environmental and 

food laboratories around the world. 

Microplastic particles can be potential carriers of contaminants and there are legally binding EU 

or national maximum levels for contaminants. If these maximum levels are exceeded, such 

foodstuffs and food products cannot reach the market. However, regular tests by state authorities 

responsible for food quality control and studies by the food industry for traces of microplastics in 

food do not show high levels. The focus is on the level of microplastic particles in the marine 

environment, the effects of microplastics on marine animals and how microplastics get into 

seafood. However, microplastic particles are also found in foods other than seafood, and quality 

control work is needed to analyze and reduce the amount of microplastic particles in these foods. 

Exposure to microplastics through food is very high. One of the most global problems today is the 

detection of microplastic particles in food and in our bodies and the study of their effects on 

humans. Identifying microplastics is only one step in the fight against environmental pollution. 

At this stage, a huge burden falls on food laboratories and quality control . 

 In laboratories, analytical methods are used to detect and measure microplastics in food samples. 

And standard samples are needed for validation of those analytical methods. Certified reference 

materials are used to calibrate measuring devices that determine microplastic particles and for 

quality control purposes. There is a great need for the preparation of reference materials in the 

field of microplastics. It is particularly difficult to prepare reference materials for microplastic 

particles found environmental samples. Because such microplastic particles irregularly shaped, 

fragmented and oxidized. Work is being done in this direction ,at the moment, but very slowly. 

 Our proposal is to propose to strengthen the development of new standard samples, to develop 

new standards for microplastics and to introduce microplastics detection devices into the quality 

control system of food laboratories. 

Accredited food laboratories should be required to detect microplastic particles in tested foods. To 

do this, food laboratories should have microplastic particle detection devices, analyzers, 

microscopes, etc. By sending food samples to laboratories and detecting microplastic particles in 

them, it is possible to prevent these products from reaching the market. This, in turn, can be useful 

in reducing the amount of microplastics in the human body. 

A report should be made on the size of microplastic particles found in the samples. This report 

should be used for risk assessment. In the future, it should be a best practice to provide detailed 

information on the size of all microplastic particles detected, e.g. as supplementary data or at least 

upon request. 

Regarding microplastics, we also recommend further development and standardization of 

analytical methods to assess, analyze and quantify their presence during quality control in food. 
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ABSTRACT  

 

For the adequacy of calibration/testing laboratories general conditions are defined in the AZS 

ISO/IEC 17025-2020 [1] standard, and the Azerbaijan Accreditation Center accreditation by 

(AZAK) audits in accordance with the conditions specified in this standard being carried out. The 

conditions to be complied with in the AZS ISO/IEC 17025-2020 standard are specified in the 

sections under the headings of "Management Conditions" and "Technical Conditions". In 

accreditation audits, the quality management system of laboratories, “Management Conditions”; 

calibration/testing activities are evaluated according to the requirements specified under 

“Technical Conditions”. To be accredited for calibration/testing services a laboratory that wants to 

meet the conditions specified in the standard creates/maintains the quality management system 

(QMS) in line with in this context, it creates the quality management system documentation in 

which the QMS applications are defined. The laboratory's quality management system policies 

and quality policy The Quality Handbook, which contains the declaration, is the most important 

document of this documentation. During the accreditation process, these documents and those 

defined in these documents. The services/activities provided according to the practices are subject 

to audits. In this statement, by giving information about the technical conditions considered, 

mostly in the technical activities of laboratories an assessment of the observed nonconformities is 

done. 

 

Introduction 

Metrology means the science of measurement and measurement covers all activities related to 

Measurements made for calibration or testing purposes included in the Industrial Metrology 

category. The accuracy and reliability of the measurements can only be achieved if certain 

conditions are met. The method used, the device(s) used, the environment where the measurement 

is performed and the personnel performing the measurements form the main topics of the 

necessary technical conditions. Although industrial metrology applications are known as non-

mandatory activities referred to as "Voluntary Area", routine standards in activities, quality 

management system applications, and measurement processes require control and inspection by 

independent organizations. This process is called accreditation. The ISO/IEC 17025 [2] standard 

is the basis for the accreditation of laboratories serving in calibration and testing areas is used as 

Laboratory accreditation activities in our country are carried out by AZAK based on AZS 

ISO/IEC 17025-2020 standard. Accreditation process, International Accreditation Cooperation 

Organization (ILAC), European Accreditation Association (EA) guide documents prepared by 

AZAK in this direction defined in the documents. The accreditation inspection of a laboratory is 

carried out in two stages. One of them, created by the laboratory within the scope of accreditation. 
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review of quality documents and quality records, and the other is related to the scope of services. 

It is the practical observation and evaluation of applications in the laboratory environment or in 

the field. Deviated from practices defined in KYS documentation and/or standards to be, not to 

perform activities is defined as "incompatibility". laboratory, the activities to be carried out after 

such a situation does not occur or the non-conformity is detected and defined the services 

provided in the quality handbook and quality documents it is necessary to give and maintain it. 

 

The AZS ISO/IEC 17025-2020 

The AZS ISO/IEC 17025-2020 standard consists of five main parts, except for the preface. 

“Scope”, “Referenced standards and documents” and “Terms and definitions” constitute the first 

three parts of the standard. The “Management conditions” and “Technical conditions” sections are 

the other two sections where the conditions that laboratories must meet are defined. The 

"management conditions" section includes the organizational structure, quality management 

system, creation/management of documentation and records, customer relations, purchases, 

internal audits, nonconformities, corrective actions, preventive actions, activities for continuous 

improvement, and the direction of the laboratory. It consists of 15 chapters related to the review. 

In this paper, the focus will be on technical conditions, since the content of management 

conditions is not targeted. 

 

Technical conditions 

The “Technical requirements” section consists of 10 sections that define the requirements for the 

factors affecting the accuracy and reliability of the calibration and testing services provided: 

1. General 

2. Staff 

3. Settlement and environmental conditions 

4. Test and calibration methods and method validation 

5. Devices 

6. Traceability of measurements 

7. Sampling 

8. Procedures applied to the test samples and the devices that come to the calibration 

9. Assurance of the quality of test and calibration results 

10. Reporting the results 

In this part of the study, the standard 

The important and critical requirements specified under the technical conditions are mentioned, 

and frequently encountered non-conformities are emphasized in line with the experiences gained 

from their audits. All technical activities 

The requirements are defined in the AZS ISO/IEC 17025-2020 standard, but here the emphasis is 

placed on important issues. 

 

Personnel 

It is one of the most important requirements of the standard, which uses devices for calibration 

and testing services, makes measurements, calculates uncertainties, reports report 

Evaluating the knowledge and skills, educational status, and training needs of the personnel, who 

prepares them and interprets the measurement results, when necessary, is to record and authorize 

them. In general, the nonconformities encountered in this area during the audits are listed below: 
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1. Failure to keep records of training programs and pieces of training, work experience and 

authorization, 

Inability to access copies of diplomas or certificates received. 

2. Authorization records do not contain the date of authorization and/or qualification verification 

3. Insufficient experience, knowledge, and skills of the personnel for the scope of accreditation. 

4. The effectiveness of the pieces of training received has not been evaluated. 

5. The authorization criteria are not specified, the authorization process is not fully implemented 

despite being defined, and the authorization records are incomplete. 

The competence of the staff is important and essential. From this point of view, although the 

training records of the personnel authorized within the scope of the audit are complete and 

sufficient, 

It is essential to perform work in accordance with the calibration/test instructions in the 

applications made and to evaluate the adequacy of the knowledge and experience. 

 

Facilities and environmental conditions 

The infrastructure (energy sources, lighting, etc.) and environmental conditions of the laboratory 

should allow the activities to be carried out correctly and should not adversely affect the 

measurement results. 

Documentation of the technical conditions related to the location and environmental conditions 

that may affect the calibration results for the indoor and outdoor spaces where the laboratory 

serves. 

These are the requirements evaluated in this section. each other negatively 

It is also considered within this scope to distinguish between areas where there are activities that 

may affect the entrances and to control the entrances. encountered 

General nonconformities are listed below: 

1. Failure to monitor environmental conditions and/or not keep records 

2. Failure to ensure the calibration of the devices on which environmental records are monitored, 

within the calibration program 

3. Calibration range and/or measurement uncertainty of environmental monitoring devices are not 

suitable for the monitored measurement parameter 

4. Environmental conditions monitoring devices 

the correction factors specified in the calibration certificates are not applied during the 

measurements. 

5. Tolerances are not defined for the parameters that need to be monitored and/or not conforming 

to the ranges specified in the relevant standards or instructions 

6. Failure to provide the necessary stability for the calibration/experimental environment 

conditions and continuing the calibration/experiment activities in such cases 

In case the calibration/experimental activity is carried out according to an external standard, 

whether the standard contains a certain criterion for environmental conditions, if any, the 

environmental conditions of the laboratory should be determined. 

it is necessary to meet this criterion and to document, monitor, and keep records of the 

environmental conditions provided. It is also necessary that the calibration/test results records and 

the data in the calibration certificates and test reports issued should be compatible. 
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Testing and Calibration Methods and Method Validation 

The laboratory operates within the scope of accreditation; sampling, transportation, transportation, 

storage, preparation of materials to be tested/calibrated, if appropriate 

Analysis of test/calibration data should use appropriate methods and instructions, including the 

measurement uncertainty budget. The methods and instructions applied should be such that they 

meet the needs of the customer. Deviations from test and calibration methods are only permissible 

when they are documented, technically accepted, verified, and accepted by the customer [1, 2]. 

All instructions, standards, manuals, and reference data about the work of the laboratory should be 

kept up to date. Common nonconformities encountered are listed below: 

1. The documentation created is not prepared for calibration/tests within the entire scope of the 

application 

2. The applied method is not defined in the instruction or is not defined in sufficient detail. 

3. The external standards used are not up-to-date and accordingly the instructions used are not 

appropriate. 

4. Missing data in the forms used for records (operator, reference standard used, date of 

measurement, etc.) 

5. Failure to keep records of the software used and their validation 

6. The calculation tables (Excel worksheets, etc.) used are not documented, verified, and protected 

against unintentional changes. 

7. Failure to declare the model function in uncertainty budgets, lack of uncertainty components, 

Realistic determination of the value, not updating it, errors in the distribution functions 

8. Inconsistency of the scope of accreditation and uncertainty budgets 

9. The declared uncertainty for the measuring range in the scope is not valid for the entire 

measuring range. 

 

Equipment 

The laboratory should use suitable equipment that ensures the accuracy and uncertainty required 

for experiments and calibrations. Calibration and, if necessary, intermediate control programs 

should be established and implemented for devices that have an impact on the results. Calibration, 

maintenance, repair, etc. of devices. information should be recorded, and records kept. Practices 

should be defined to prevent defective or outdated devices from being used in 

experiments/calibrations.  

Common nonconformities encountered are listed below: 

1. Insufficient or insufficient devices required to carry out the activity 

2. The absence of a regulation containing the calibration date information of the devices 

3. The results of the calibration for the reference devices calibrated not defined acceptance criteria 

for evaluation 

4. Failure to create records and/or not being preserved 

5. It is defective or out of tolerance Failure to investigate the effect of the detected device on 

previous measurements in which it was used, Failure to apply the “Control of non-conforming 

work” procedure. 

 

Metrological traceability 

Testing, calibration or sampling all instruments used in experiments and/or calibrations, including 

instruments used for other measurements (e.g., ambient conditions) that have a significant impact 
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on the accuracy or validity of the results, must be calibrated prior to use. The laboratory should 

have a program and procedure established for the calibration of its instruments. Such a program 

includes the selection, use, calibration of measurement standards, reference standards used as 

measurement standards, and measurement and test devices used to perform tests and calibrations, 

It should include a system for control and maintenance. Common nonconformities encountered 

are listed below: 

1. Not determining the calibration periods for the reference and working standards used, not 

complying with the determined calibration periods 

2. Failure to perform calibrations within the measuring range appropriate to the scope 

3. Calibration validity period of the reference standards used has passed 

4. Inappropriate transport and storage conditions for the reference standard/materials 

5. Failure to make intermediate controls, not keeping records 

6. Inadequate calibration periods, in cases where the period is determined to be longer than the 

period recommended by the manufacturer, there is insufficient data to evaluate the history of the 

device. 

 

Sampling 

If the laboratory takes samples of substances, materials or products for testing or calibration, it 

should have a sampling plan and procedures. The sample taken should sample the whole. Sample 

records should include details to identify the sampling procedure used, a description of the 

sample, environmental conditions, and the location where the sample was taken. 

Sampling practice is generally done in the field of chemical metrology. 

 

Procedures Applied to Test Samples and Devices Coming to Calibration 

The laboratory should take all necessary precautions to prevent damage to the sample arriving for 

testing/calibration. In this context, it should establish procedures for the transport, admission to 

the laboratory, transport, preservation, storage, detention and delivery of samples. In addition, an 

identification system should be applied to prevent samples from mixing with each other. 

Abnormalities in the calibration/experiment process, deviations from standards or instructions 

should be recorded, and the customer should be consulted when necessary. Interviews with the 

customer should be recorded. Common nonconformities encountered are listed below: 

1. Lack of proper identification in areas where samples are stored. 

2. Lack of effective separation between incoming and outgoing samples. 

3. Inappropriate marking of samples. 

4. Failure to properly keep records showing the condition of the sample. 

5. Not recording the conversations with the customer. 

 

Assurance of Quality of Test and Calibration Results 

The laboratory should establish control procedures to monitor and check the validity of the 

calibration/testing services it provides. Ensuring the accuracy and continuity of the results. 

 Reference material should be used, should participate in interlaboratory comparison or 

proficiency testing (IC/PT) programs, and 

appropriate results should be obtained, experiments and calibrations should be repeated using the 

same or different methods, and the consistency of the results should be evaluated. The data 

obtained within the scope of quality assurance should be analyzed and determined to be outside 
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the defined criteria procedures should be established to find and eliminate the cause of 

nonconformity and prevent false results from being reported, and planned activities should be 

implemented. 

Common nonconformities encountered are listed below: 

1. Not keeping IC/PT records and not creating plans 

2. To have never participated in the IC/PT program within the validity period of the accreditation 

certificate in the fields within the scope of accreditation. 

3. Not to initiate corrective action in case of unsuccessful results in IC/PT comparisons. 

4. Inadequate quality assurance activities in areas where IC/PT is not regulated. 

 

Reporting the Results 

The laboratory should make conclusions by using the data obtained after the calibration and test 

measurements and report them. Results should be accurate, clear, unbiased and in accordance 

with the test/calibration instructions and the requirements of the national/international standards 

used. Calibration certificates/test reports 

The content and format must comply with the communiqués of the institution issuing the 

accreditation certificate and the conditions specified in the AZS ISO/IEC 17025-2020 standard. 

Delivery of laboratory certificates to the customer, 

In the event of a change in the issued certificates, it should specify in its procedures what the 

action will be like. Common nonconformities encountered are listed below: 

1. Calibration certificate format not defined in the documentation system. 

2. Calibration results are not given in a resolution compatible with the uncertainty value. 

3. The use of non-SI units in calibration certificates and/or the non-given conversion factor of 

these units to SI units. 

4. In the calibration certificates, the change interval of the environmental conditions during the 

measurements is not given. 

5. The number of pages and the total page numbers are not compatible. 

6. In the calibration certificates, the units are not written in accordance with the rules specified in 

the SI brochure [3]. 

7. Failure to specify all environmental conditions affecting the measurements in the calibration 

certificates. 

8. Failure to provide information about the level of reliability and coverage factor in certificates. 

 

Benefits of AZS ISO/IEC 17025-2020 

The benefits of laboratory accreditation quality management system AZS ISO/IEC 17025-2020, 

official recognition of laboratories with proven competencies in specific test areas, elimination or 

reduction of test repetitions and evaluations of laboratories, updating test laboratory standards and 

status, and testing results from accredited laboratories in the domestic market and internationally. 

acceptance in the markets, increase in the quality levels of the experiments, prestige and 

commercial superiority, preventing multiple audits by enabling the laboratory to pass a single 

inspection, discipline the continuity of quality and reliability, increase in reliability, increase in 

customer satisfaction, increase in the technical competence of personnel, improvement of 

resources, continuous improvement of equipment and equipment. maintenance and control can be 

summarized as the determination of the authority and responsibilities of the employees. 
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Accreditation areas; calibration laboratories, test laboratories, inspection bodies, certification 

bodies (product, quality systems, personnel, environmental management systems), and HACCP. 

AZS ISO\IEC 17025-2020 accreditation is for laboratories performing routine analysis. In this 

system, the procedure starts with the sample coming to the laboratories and only the content of the 

sample is responsible. At sample acceptance, the procedure starts with the sample being delivered 

to the laboratory. 

It is aimed at the accuracy and reliability of the analyzes. 

Procedures for accreditation of the laboratory 

organized according to international criteria and has been standardized. Thanks to the common 

approach used for accreditation, reports, and certificates containing the results obtained by 

accredited laboratories are internationally accepted. This reduces the risk of slowing down 

product trade between countries with unnecessary test and analysis repetitions and reduces the 

costs of additional testing and analysis. 

 

Conclusions 

Calibration/testing laboratories comply with the conditions defined in the AZS ISO/IEC 17025-

2020 standard, providing their services within the scope of accreditation. 

carried out within the framework of a structured Quality Management System. The AZS ISO/IEC 

17025-2020 standard defines the requirements to be fulfilled. There may be differences in the way 

institutions/organizations fulfill these requirements. Quality systems must be sustainable at a 

certain level of quality rather than being ideal is also necessary. Continuity of the quality 

management system, planned/unplanned internal audits carried out within the institution, and the 

institution issuing the accreditation certificate. It is monitored by the initial audit/surveillance 

audit or scope expansion audits by findings during the audit should be seen as an opportunity for 

the continuity and improvement of the quality management system. In this paper, possible 

findings that can be detected during technical inspections of laboratories are mentioned. Such 

findings are not based on interpretation and there is no relevant record or activity cause may 

occur. The detected findings are mostly due to the procedures, instructions, deviations defined in 

the quality management system documentation during implementation. The nonconformities 

mentioned it can be examined whether it is in existing quality management systems. If any, 

nonconformities should be eliminated with corrective actions to be taken. 

Re-detection of the same nonconformity at different times is a result of the ineffectiveness of the 

corrective action taken.  
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ABSTRACT  

 

Currently, ultrasound machines are widely used in hospitals for the first diagnosis of various 

pathologies. There is also an ultrasound Doppler method to determine and monitor blood flow. 

Through this method, it is possible to get information about the general condition of the veins and 

whether there are any problems during the examination of the veins in the clinic. But, it does not 

have the ability to continuously monitor the condition of the veins. Continuous monitoring of 

blood flow rate will facilitate the work of doctors during post-operative monitoring or diagnosis 

of the patient's condition. At the same time, traditional ultrasound transducers may not be 

comfortable for post-operative examinations. In this article, a number of difficulties encountered 

during examinations conducted using a conventional ultrasound machine were investigated. At 

the same time, as a solution to these difficulties, one of the newest technologies of the modern era, 

the new generation ultrasound machine “USM patch”, its main features and advantages were 

discussed. This device, based on the working principle of the Doppler effect, is suitable for 

continuous monitoring of the absolute speed of blood flow in the arteries of the deep layers. It is 

lightweight, small in size, and has the potential to increase the accuracy and quality of the 

examination. 

Keywords: Blood Flow Sensor, movement of red blood cells, Doppler effect, ultrasound 

machine, Doppler ultrasound patch, biodegradable sensor, automatic. 

 

Introduction 

Recently, diseases of the cardiovascular system such as chronic heart failure, hypertension (high 

blood pressure), arrhythmia, etc., have become quite common. Also, some of those who suffer 

from this disease are young people. According to studies conducted in developed countries, the 

mortality rate of the population due to cardiological pathologies as well as related diseases is 

approximately 40–60%. For this reason, there is always a need for modern, automated devices and 

accurate methods to detect various pathologies and make a correct diagnosis of diseases quickly. 

Blood flow monitoring provides a lot of information about the health of a person's cardiovascular 

system. Through these parameters, we get information about artery stenosis, hardening, occlusion, 

and many diseases [1]. Long-time, continuous monitoring of blood flow velocity may be valuable 

for early diagnosis of some vascular diseases. For example, an ischemic stroke occurs as a result 

of blockage of the vessels leading to the brain [2]. 

Blood is a special liquid consisting of red blood cells, white blood cells, and platelets. A person's 

blood volume makes up 7% of their body weight. The average density is about 1.054 g/cm³ [3]. 

An average adult has about 5 liters of blood. Blood supplies the body's organs and tissues with 

oxygen and nutrients. At the same time, it regulates body temperature. Our better understanding 

of human health is related to research on various methods of measuring blood flow. Measurement 
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of blood flow is vital and provides us with necessary information for diagnosing disorders of 

blood flow [4]. 

Venous blood flow was considerably slower, at 1.5–7.1 cm/sec, whereas arterial blood flow 

ranged from 4.9 to 19 cm/sec. Blood flow rates of 3.0–26 ml/min in arteries and 1.2–4.8 ml/min 

in veins are found when considering equivalent vessel sizes ranging from 800 micro m. to 1.8 

mm. 

Various techniques are used to monitor blood flow. For example, Doppler ultrasound, Positron 

Emission Tomography, Photoplethysmography, Laser Doppler, etc. Each of these methods differs 

according to the purposes of use and the parameters it sets [5]. 

Different technologies determine different parameters: 

• Photoplethysmography (PPG) provides only an estimate of changes in blood volume;  

• Thermal analysis provides only a relative time-average value of the flow rate.  

However, these technologies are limited in their ability to measure depths of only a few 

millimeters.  

The ultrasound Doppler is the only method that determines the parameters of the velocity of the 

blood flow and the changes occurring in the vessel in real time. The advantage of using ultrasound 

is that it is harmless to the body and has the ability to penetrate deeper [6]. 

There are different types of Doppler ultrasound flowmeters: 

• Continuous wave (CW) Doppler ultrasonic flowmeter; 

• Pulsed wave (PW) Doppler ultrasonic flowmeter; 

• Ultrasound for measuring perfusion [5]. 

As mentioned, for early diagnosis of cardiovascular system diseases, it is important to determine 

the patient's blood circulation, blood flow rate, and whether there are blockages in the vessels that 

can cause a heart attack. Currently, for this purpose, there is a new generation "USM patch" that is 

used to determine and control blood flow. The "USM patch" is a device that can monitor blood 

flow in arteries and veins deep in the human body in real time, as well as automatically and 

continuously monitor blood pressure and heart activity. At the same time, it facilitates the early 

detection of cardiovascular problems [7]. 

The main features and advantages: 

• Lightweight, flexible and simple to use; 

• Easy placement on the chest or neck areas; 

• High punctuality; 

• It can non-invasively measure cardiovascular signals up to 14 centimeters deep in the 

human body; 

• The ability to propagate the ultrasound beam at different angles. 

Let's review the last feature again. The device has the ability to emit ultrasound waves at different 

angles, not only unidirectionally in the area where it is located. As a result, we get a wider range 

of information [8]. 

The ability to direct ultrasound waves at different angles is a first among devices developed using 

this type of sensor. Usually, sensors only monitor the structure below the area where they are 

located. However, we can check a wider area through the “USM patch”. This gives us ample 

opportunities for faster and correct diagnosis of various pathologies. During blood flow 

monitoring, an experienced doctor presses an ultrasound transducer against the patient's skin and 

moves it from one area to another until it is directly over a major blood vessel. But, the “USM 
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patch” is placed in the necessary area and signals are received. It is more suitable for use mainly 

in the neck area. The continuous wave (CW) Doppler patch is placed on the neck at an angle of 

about 60 degrees. The adhesive strip is important to keep the position and angle of the device 

stable during measurements. This increases the information content of the obtained results [7,9]. 

During routine ultrasound examinations, the correct contact of the transducer with the skin and the 

smoothness of that surface are the main conditions. But, ultrasound visualization on knees or 

moving surfaces becomes somewhat more difficult. These new generation devices are flexible, so 

they can be easily placed on an uneven skin surface. So, the receiving of signals from such 

surfaces becomes easier and more accurate. In addition, special gel is not used. 

 

The device design and working principle 

The CW Doppler ultrasound patch is a wearable, non-invasive device. The "USM patch" consists 

of a thin, flexible polymer layer that can adhere to the skin surface. This layer is also called an 

elastomer (a natural or synthetic polymer with elastic characteristics). It consists of millimeter-

sized ultrasound transducers. This type of array is known as an ultrasonic phased array. This is a 

key part of the technology because it allows ultrasound waves to penetrate deeper and wider. 

The Doppler ultrasound patch (USM patch) uses 2 main modes of operation. In the first mode, all 

transmitters can be synchronized to transmit ultrasound waves together, which creates a high-

intensity ultrasound beam focused on a point 14 centimeters deep in the body. Another mode, can 

be programmed for asynchronous transmission, where the transmitters generate ultrasound beams 

that can be directed at different angles [9].  

In Figure 1, we can see that the "USM patch" emits ultrasound waves in a wider range than a 

conventional ultrasound transmitter. At the same time, we can see the difference between the 

classic ultrasound transducer and the "USM patch" [10]. 

 

 
 

Figure 1. The difference between the USM patch and the range of the ultrasound wave emitted by 

the ultrasound transducer. (A) Classic ultrasound transducer. (B) "USM patch" 

 

Modern technology allows us to control the ultrasound beam as we need. This also allows the 

device to have multiple applications, including the high-precision determination and monitoring 

of blood flow [9]. 

The general appearance of the device is shown in Figure 2. 
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Figure 2: The wireless Doppler ultrasound patch 

 

Two types of continuous wave (CW) 4 MHz ultrasound transducers are used in the Doppler 

ultrasound patch device: 

• One transducer incessantly transmits an ultrasound beam; 

• Another transducer receives the disorderly echoes from the blood [10]. 

Transducers emit ultrasound waves that radiate from the surface of the skin to the depths of the 

body. Ultrasound waves penetrate a blood vessel and they encounter the movement of red blood 

cells flowing through the vein. The movement of red blood cells is determined by how the 

ultrasound waves echo. So, the difference between the frequency of the transmitted wave and the 

frequency of the received wave is calculated. 

This process is commonly known as Doppler frequency shift or the Doppler effect. There may not 

always be a difference between frequencies. In the case of blood vessel blockages, the frequency 

of the transmitted and received wave is the same. This also helps us to detect pathologies [11]. 

This is the basic principle of blood flow monitoring with the "USM patch". And we can say that 

the working principle of the "USM patch" is based on the Doppler effect. 

The Doppler shift can be measured by analysing the spectrum of the Doppler signal. The Doppler 

signal is a mixture of several single-frequency signals for the radiators with different speeds in the 

blood flow. Each of these has a specific frequency, amplitude, and phase. The first signal received 

must be demodulated to obtain a Doppler signal. Compared to low-frequency Doppler signals, 

they are removed from the output. This process is performed by high-pass filters. Low-frequency 

signals are usually received from slowly moving vessel walls etc.(Fig.3).  

Then the spectral analysis of the signals is considered [12]. 
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Figure 3: Diagram of the Doppler ultrasound patch system displaying the transmit and receive 

electronics paths. (1) Clock generator, (2) Transmit Amplifier, (3) Low-noise receiver, (4) 

Quadrature demodulator, (5) High pass filter, (6) Audio amplifier, (7) Speaker, (8) External audio 

capture, (A) Transmit element, (B) Receive element. 

 

Sensors for Blood Flow monitoring 

Blood flow monitoring provides important information on human health. Diagnosis and analysis 

of diseases is achieved quickly due to the signals obtained through sensors. 

Blood flow can be detected with the sensor. Thermal sensors are mainly used in these types of 

devices [13].  

Thermal sensors are used in the device to receive information about changes in blood flow and 

temperature [14]. Thermal sensors can sense the flow. Thermal sensors can also generate a small 

amount of heat when receiving a response signal. Then the obtained values are sent to a computer. 

The blood flow rate is calculated on these computers. The thermal sensor is surrounded by other 

sensors, and these sensors are used to detect the size of the vein [13]. 

The signals obtained through the sensors are sent to a computer to calculate the blood flow rate. 

During the study, the sensor is placed on the proper vein. Even if the patient moves during the 

examination, it does not affect the measurement accuracy of these sensors that determine the 

blood flow rate. Sensors can also be used to determine blood flow in micro-sized vessels [14]. 

It is obvious that environmental effects during the reception of signals may cause artifacts in the 

signals. Therefore, the signal processing stage is very important. The Short-Term Fourier 

Transform is used to analyze the signals obtained from such devices. We can see the algorithm of 

these processes in the block diagram in Figure 5. 

 

 
Figure 4. Description of the process of receiving, analyzing and obtaining results of noisy signals 

in the form of a block diagram 
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After collecting the values from the sensor, the analysis is performed on the values received to 

form knowledge about the patient's health. Some researchers work on noisy signals. Some 

researchers use correlation analysis when working with missing data [13]. 

We can see the block diagram of the blood flow sensor configuration system in Figure 5. 

 
Figure 5. Blood Flow Sensor Configuration system 

 

Devices using this type of Thermal sensors are intended only for non-invasive examinations. A 

Doppler ultrasound patch device is also used to monitor blood flow through the skin surface. 

However, the possibilities of using these sensors can be expanded now. In my opinion, these 

sensors can be replaced by biodegradable blood-flow sensors. Without the need for additional 

tests and such devices used for monitoring, we can get a lot of information through biodegradable 

sensors.   

 

Biodegradable wireless blood-flow sensor 

Implantable devices to measure blood flow are important for patient health management and 

disease progression monitoring. Biodegradable wireless blood-flow sensors are mainly used 

during surgical operations. Biodegradable sensors are an implantable system capable of sensing 

pressure, blood flow monitoring, temperature, and electrophysiological variables [15]. Such 

biodegradable devices have the same high sensitivity and precision as electronic systems. It is 

harmless to the body. It is biologically broken down in the human body and does not need to be 

removed from the body later [16]. 

Consisting of a sensor attached to the outer wall of the vessel, the device detects perceptible 

changes in capacitance, resulting in a shift in the resonant frequency of the inductor-capacitor-

resistor circuit. This data is wirelessly transferred to a reader coil that is placed on the skin's 

surface via inductive coupling. 

Recently, the use of biodegradable sensors in research has increased significantly. This calls for a 

more in-depth study of its material, physical, and geometric properties, and to conducting various 

studies to extend the device's service life. Additional coating layers of protective thermally grown 

silicon dioxide can be used as a protective layer without affecting the sensitivity of the sensor. 

Although the technology is battery-free and wireless, a biodegradable energy source will be 

needed for continuous monitoring. Conventional batteries usually contain toxic chemicals. These 

toxic chemicals are also dangerous for the organs and tissues of the human body Therefore, it is 

not suitable for use.  

I think that biodegradable batteries can be used as a power source for biodegradable sensors. For 

such an examination, it is enough to use this battery for up to 2 weeks. I think that it is possible to 

make biodegradable batteries that are both harmless to the human body and biodegradable from 

magnesium-molybdenum trioxide. Its constant output voltage (~1.6 V)). 
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Time dependence of frequency is important in blood flow velocity reports. The result of this 

dependence is shown in the graph shown in Figure 6. 

 

 
Figure 6: The construction of a frequency-time graph based on blood flow velocity reports 

 

Through these implanted sensors, information about the patient's condition is obtained for several 

weeks or months after various surgical operations. It was possible to get the patient's information 

even from home.  

 

Conclusions 

Based on my research, Doppler ultrasound patch measurements will be more convenient than 

conventional ultrasound machines. So, depending on the purpose of use, ultrasound transmitters 

with different frequency ranges are used in conventional ultrasound machines. The skill of the 

specialist is very important in the selection of gears as well as how to properly place them on the 

human body. In such a case, considering the possibility of any error by the subject, it would be 

more appropriate to convert the system to a fully automated format. Before moving to this 

automated system, the device programming must be carefully controlled or improved. 

In my opinion, the possibilities of using this type of device as a sensor can be slightly expanded. 

Because, this system is based on a certain program. Depending on the purpose of use, which 

pathologies are detected, if a suitable program is designed for each one, we can get information in 

a wider range than the image we get with the transmitter through these sensors connected to the 

device. 
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ABSTRACT 

 

Disability is one of the most pressing health and social problems worldwide. Despite significant 

medical advances, there are situations in which the only and most effective treatment is 

amputation. Most often people lose their legs as a result of accidents, wars and industrial injuries. 

A person's mobility is severely limited by the loss of a lower limb, which has a negative impact on 

both their physical and emotional health. It definitely reduces the quality of his life. In order for a 

person who has had an amputation to lead a full and active life in the future, it is necessary to 

have a well-designed prosthesis that can simulate the normal function of the lost limb as much as 

possible. There are different types of prostheses with different designs and functions, but the most 

advanced are those with built-in microprocessors. However, even these prostheses have problems 

integrating movement and adjusting their operation to the individual characteristics of the patient, 

which makes it necessary to create and improve modern prosthetic control systems. This research 

proposes the consideration of an information-measuring system based on the reading of muscle 

activity signals and their further analysis by means of Fourier transform. As a result, the 

prosthesis may be controlled more precisely and smoothly, normalizing the biomechanical aspects 

of human gait. 

Keywords: Limb prosthesis, amputation, biomedical systems, force myography, signal 

processing, Fourier transform 

 

Introduction 

Walking is one of the basic and natural modes of human locomotion. It is a complex, symmetrical 

and cyclical movement that results from pushing the body away and moving it in space. Human 

movement is the consequence of the coordinated contraction of skeletal muscles that support 

posture and move body parts (limbs) through space. Bones and joints play a passive role in 

movement because they are merely subordinated to the action of muscles, but they are also 

important because they are the basis of supporting function. All human motor action is regulated 

by the central nervous system (CNS). Muscles and tendons have special nerve endings-receptors 

that receive signals from the CNS and send these impulses to cells at different muscle levels [1]. 

The process of controlling the contractile function of a muscle is shown in Figure 1 [1]. 

However, muscles are not only an executive mechanism but also a "special" sensory organ as each 

muscle fiber can generate a response signal. Therefore, we can conclude that the CNS and 

muscles connected cyclically: impulses generated in the CNS go through the muscle motoneurons 

and cause muscle contractions, and the muscles in response also generate impulses that inform the 

CNS about the moment of movement and position of the leg in space [2].  

This centuries-old cycle works perfectly in a healthy person, but a person without a limb has 

problems with it. When a disabled person wants to move the leg, the CNS generates an 
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appropriate signal that passes through the nerves leading to the muscles of the limb. But because 

the limb is missing, the signal goes "nowhere". It is interrupted at the point where the limb begins 

to be absent. However, it is feasible to detect nerve impulses, which are still stored in the 

surviving limb, and, after analysis and processing, generate commands to control the prosthesis on 

their basis.  

 

 
 

Figure 1: The process of controlling the contractile activity of a muscle 

When signals pass from the CNS to the muscle, there is an increase in the biopotential at certain 

points, which are the most excitable part of the muscle. Until recently, electromyography (EMG) 

was the main method used to measure muscle potentials, which is based on registering the 

electrical biopotential in the muscle after a nerve impulse passes through it. However, this 

potential is not the only one, as in addition to the generation of the nerve impulse by motoneurons 

[2], there is the generation of force myography signals (FMS), which are based on changes in 

muscle stiffness during their contraction. These potentials can also be extracted using wearable 

sensors and can be used not only to monitor physical activity but also to process them to generate 

a control action.    

    

Methodology 

FMG vs EMG 

As mentioned, the most widely used method for recording muscle activity potentials is the EMG 

method. However, the effectiveness of this method may be limited because EMG signal 

acquisition is highly dependent on changes in skin impedance that come from perspiration. This 

leads to a weakening of the contact between the skin and the sensor and a decrease in the accuracy 

of signal detection [3]. 

FMG, on the other hand, is an alternative method that directly detects changes in surface pressure 

on the skin due to changes in tendon stiffness and muscle volume caused by muscle activity [4]. 

FMG is a non-invasive and relatively inexpensive method of signal registration [3]. Most 

importantly, compared to EMG, FMG is more resistant to electrical interference and perspiration, 

and the resulting signal is more suitable for further processing.  

The visual difference between EMG and FMG is shown in Figure 2 [5]. 

 

 



 
 
 
 

 

 

  

 
92 

PIRETC 
JOURNAL OF SOCIAL RESEARCH & BEHAVIORAL SCIENCES  
 

VOLUME 24  ISSUE 03  2023 
 

ISSN: 2613-5817; E-ISSN: 2613-5825 
 

 

                                                     
 

Figure 2, Differences between the same-area EMG and FMG signals. 

 

Instead of using electrical activity that occurs during muscle contractions, FMG is based on using 

force-sensitive sensors to measure pressure at the skin's surface [6]. This pressure changes as the 

contraction changes and a study by Radmand [7] has shown that FMG can more accurately 

predict the point of generation of the next impedance change than EMG. In this study [7] a 

prediction accuracy of 99.7% was achieved using 8 sensors. The FMG signal also has the benefit 

of having less noise and therefore requires less complex equipment and a lower sampling rate than 

the EMG signal. The FMG signal was chosen for the study in this paper for this reason. 

 

Sensor system for FMG signal detection 

In order to obtain the most complete information on the musculotendinous stiffness of the various 

muscles, more than 1 sensor must be used. However, the number of sensors can vary from 2 to 30 

to more, all depending on the signal detection device and the target. Most often, during medical 

examinations and scientific research, sensors are installed in straps or inside sleeves, for gesture 

recognition (for the arms) or to predict limb movement (for the arms and legs). In this research 

paper, the research was based on signals obtained during an experimental study conducted by a 

team of specialists who described their work in a related paper [8]. Therefore, the principle of 

FMG signal acquisition that they used in their study will be discussed. 

In their study, they used a strap with 8 force-sensitive sensors (more than enough to detect signals 

from leg muscles) evenly placed on the inner surface of the strap. These sensors were positioned 

close to the muscle, each of which participates in the movement cycle and produces an associated 

FMG signal. A cross sectional view of the muscle and the positioning of the sensors according to 

each muscle is shown in Figure 3 [8]. 

During the experiment in which the signals were obtained, signals were taken from a healthy 

person's thigh and a disabled person's stump. During the signal acquisition in healthy subjects, the 

strap with sensors was wrapped around the middle surface of the thigh, and in people without a 

limb, the strap was wrapped at half the size of the stump [8]. Once they captured the signal, they 

subjected it to low-pass filtering with a cut-off frequency of 10 Hz [8]. The data were then 

smoothed using a 5-point moving average filter and processed using standard software [8]. 

Therefore, 2 cycles of signals from 8 sensors were obtained, which will be used for further 

analysis in this research. 
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Figure 3: Cross-section of the thigh muscle (a) and positioning of the FMG sensors on the strap 

according to each muscle (b) 

 

Processing of acquired FMG signal data using the Fourier transform. 

Analysis and processing of FMG signals obtained during the study [8] is necessary to give the 

information-measuring system created in this research the ability to generate a control action in 

response to the occurrence of FMG signal in the surviving limb. The signal data analysis was 

performed using the Fourier transform, as very little information is lost in this signal 

transformation. The Fourier transform contains information about amplitude, harmonics and 

phase and uses all signal components to translate the signal across to the frequency range. Signal 

processing was carried out in a Google Colaboratory environment using the Python programming 

language. The NumPy library was used in signal analysis as an alternative to the MATLAB 

environment, since in the latter the movement of data between many functions required the 

manipulation of many variables and frequent reference to the documentation of input and output 

arguments. NumPy provides support for high-level mathematical functions, including the Fourier 

transform, on which this analysis was based. The analysis used the fast Fourier transform, which 

is calculated by the Formula 1. 

 

                         (1) 

 

The Matplotlib module was used to visualize the signal produced by the Fourier transform 

operation in Python. 

 

Results 

Information measurement system based on data obtained from the FMG signal. 

In the process of this research and analysis of existing materials, a schematic diagram of the 

prosthesis control system was developed to read the FMG signals, which is shown in Figure 4. 
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Figure 4: Block diagram of an FMG signal measurement system for controlling a lower limb 

prosthesis 

 

The system is composed of 4 primary units, as shown in the diagram: a unit for recognition of 

FMG activity of an amputated limb (1), a unit for recognition of FMG activity of a healthy leg 

(2), a unit for information processing and generation of control action (3), and an active module 

control unit (4). The system is based on the force-sensitive sensors' measurement of the FMG 

signal generated in the leg and the survivable limb, its wireless transmission to the processing and 

control unit, which, after analyzing the signal data and comparing their values in the appropriate 

modes, generates a control signal to control the active module. 

Control of the active module is necessary for the safe interaction of the disabled person with the 

environment, i.e. for his/her improved orientation in space and the smooth walking effect that can 

be achieved. This prosthetic leg system involves continuous interaction between the residual limb 

and amputee, potentially partially compensating for the lack of sensory feedback occurring in 

natural muscles. However, it is important to note that this diagram provides only a general picture 

of the prosthetic control system being designed and, even when fully built, will not be able to 

provide the prosthetic total, thought-provoking control. 

 

FMG signal data collection and analysis 

As stated earlier, the basis of this research is the FMG signals that were obtained by research [8]. 

In the control system diagram under development, the analysis of these signals will form its 

algorithmic basis, because after processing these signals, the control action will be regulated in 

accordance with the readings of these signals. This section will examine converting the signals 

from one sensor from a healthy leg and an amputated limb to demonstrate their processing by a 
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Fourier Transform. We use the readings taken from the first sensor, taken during the slow walking 

mode [8]. Initially, the signals have the following views shown in Figure 5. 

 

 

 

Figure 5. Signal from the healthy leg (above) and signal from the amputated leg (below). Initial 

view of signals obtained from FMG recording. 

 

After integration into the Python environment and their further processing consisting of sampling 

and spectrogram compilation, the signals acquire the following view Figure 6. 
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Figure 6: Signal from the healthy leg (above) and signal from the amputated leg (below). View of 

signals after sampling and plotting their spectrograms 

 

If we apply the Fourier transform to the signals, considering the Nyquist-Shannon theorem, we 

get the following picture, shown in Figure 7. 

 

 

 

 



 
 
  
 

 

VOLUME 24  ISSUE 03  2023 
 

ISSN: 2613-5817; E-ISSN: 2613-5825 
 

97 
                                                                                            PIRETC 
JOURNAL OF SOCIAL RESEARCH & BEHAVIORAL SCIENCES  
 

 

Figure 7: Signal from the healthy leg (above) and signal from the amputated leg (below). View of 

signals after the Fourier transform, obtaining their AFC and construction of their spectrograms 

 

With this transformation, it becomes possible to determine the common harmonic points between 

the healthy limb and the amputated limb and select these points as the points at which the start 

signal can be generated. A table of common harmonic points is presented in Table 1. 

 

Table 1. Common R8 sensor harmonic points for the Fourier transform 

 

Frequency Healthy leg M-S Healthy leg F-M 
Amputated leg 
M-S 

Amputated leg 
F-M 

... ... ... ... ... 

1,20 Hz -8,92 10,99 -6,51 5 

... ... ... ... ... 

3,00 Hz 10,64 -9,86 2,58 -1,85 

... ... ... ... ... 

3,60 Hz -3,72 12,86 -0,4 2,15 

... ... ... ... ... 

4,00 Hz 2,66 5,02 1,47 3,19 

4,20 Hz -10,1 30 -0,22 2,26 

... ... ... ... ... 

6,00 Hz -10,1 30 -0,22 2,26 

6,20 Hz 2,66 5,02 1,47 3,19 

... ... ... ... ... 

7,20 Hz 10,64 -9,86 2,58 -1,85 

... ... ... ... ... 

9,00 Hz -8,92 10,99 -6,51 5 

 

Conclusion  

The growing number of people who have lost a limb because of injury, regardless of their age, is 

increasing every year. And there is an increasing need for relatively inexpensive prostheses that 

can make life as active as possible for these people. It is becoming more feasible to develop more 

modern prostheses that meet modern standards of quality and ease of use. The system considered 

in this research may well satisfy these qualities, as it allows for better command control over the 

prosthesis, makes it more flexible, and is easy to operate. The underlying method of FMG signal 

extraction, although undeservedly understudied, has great potential for a breakthrough in the 

development of sensitive prostheses. 
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ABSTRACT  

 

Mass development of the latest applications for the famous 19 services of the Internet of things 

(IOT) becomes dominant a factor in the intellectually intensive segments of automation of 

technological systems. IoT is supported by regulatory switching of IoT components and devices 

to the Internet for information exchange with these facilities in order to control and regulate their 

functional modes. Our article prescribes the use of fiber optic sensors devices that can be 

equipped with technological and industrial installations in order to monitor them and detect 

deviations from operating modes. The development of fiber optic communication and monitoring 

devices makes IOT systems easily manageable and remotely adjustable.    

The integration of devices for reading technological parameters and their further transmission 

over a fiber optic network gives rise to several problems that were analyzed in detail in the article. 

In this regard, it can be established that fiber optic IOT has a broad development perspective. This 

article describes the current capabilities of the Internet of Things, and the constituent components 

of the Internet of Things, and also presents the theoretical premises that underlie the Internet of 

Things. 

Keywords: Internet of things, fiber-optical sensor, fiber network, signal processing, home safety 

monitoring, technological parameters acquisition. 

 

Introduction 

The growth of Internet of Things (IOT) is the latest trend [1,2] of IT-development focusing on 

moving to realizing the concept of hyperconnected world.  One of the popular definitions is - 

“The Internet of Things refers to technologies that allow networked devices to sense other devices 

and interact and communicate with them.”  IOT is fitted by different information sensing devices, 

that in accordance with the agreed protocol, are interconnected through the Internet, and support 

information exchange and communication to enable to control, to manage, to regulate different 

real-world objects.  industrial objects and domestic equipment through the Internet.  The ‘Things’ 

mean the real-world objects – industrial and technological processes and domestic equipment 

[3,4]. 

Development of the IOT encompasses a set of major technological innovations such as 

miniaturized modern electronics, nanotechnology, networking, and other newest smart 

technologies. One of the key components is the newest sensing technique, information processing, 

and acquisition methods.  

The general principle of IoT organization is depicted in the below diagram (Fig.1).  

As can be seen from the figure, the IoT is combined from sensors and actuators through which the 

IoT "feels" and manages the objects that are called ‘things. Measured data from the sensors [5,6], 

as well as control signals to the actuators are transmitted through gateway over fiber-optical, 

GSM, Bluetooth, Wi-Fi and other communication channels. 
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Figure 1: General principle of IoT organization  

Over gateway, data and codes are transmitted via Internet to control units to manage relevant IoT 

related services. 

The specific field where IoT applications have been successfully implemented [5,7] is the energy 

industrial processes and specifically the energy resources Those types of applications allow 

remotely control over embedded sensors what is happening in energy power module or machines 

when we are not there, automatically adjust the working regimes. Other applications allow 

sensors, embedded in our power units to communicate to inform about force majeure situation in 

energy delivery performance and etc.  

 

Instruments Optimized Architecture of IoT 

According to ITU-T recommendations, the structure of IoT is made up [7,9] of lamination of five 

layers ― sensor networks, access network, backbone network, middleware and application 

platforms.  

The simplified architecture of the Ubiquitous Sensor Network (USN) based on M2M i.e. 

"machine to machine" abbreviation includes the intelligent and interactive link between human, 

machine and system, to automatically transfer the data contained in these devices.  

In accordance with the current universal approved network architecture of IoT, the basic 

configuration structure of Internet of Things is broadly divided into three layers: 

perception/sensing layer, network layer and application layer, as it pictured in Fig. 2. 
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Figure 2: Layered structure of IoT 

Perception layer, — is subdivided into perceived control and communication interlayers. 

Perceived or sensing interlayer consists of various types of sensor networks, control modules, and 

variety of terminals.  

Sensing interlayer realizes acquisitions of underlying data collected from sensing devices and 

transmit it to the upper layer via wireless or fiber-optic connections. 

Network layer, —collects the data from the lower perception layer and passes them to the 

Internet. Network layer is configurated over the topology of existing networks, by means of 

expanding and merging of different heterogeneous networks into form of unified integrated 

information exchange network.  

Network’s range is conditionally categorized in four classes — Personal Area Networks (PANs), 

Local Area Networks (LANs), Neighborhood Area Networks (NANs), and Wide Area Networks 

(WANs). 

PANs works over wireless lines with low radio transmission power, operate on tiny batteries and 

cover a range of about 10 m.  LANs might be built over wired or wireless lines, or their 

combination.   

The wireless LANs (WLANs) cover a range up to 100 m.  NANs are mostly wireless and can 

cover area with 25 km in diameter. NAN supports high power levels of transmitting, but usually 

carries low data traffic.  Finally, WANs are able to operate over extensive area and in most cases 

for WANs the fiber optical network is used. 

Network layer is to support integration and expansion the existing heterogeneous networks. 

Network topologies that widely used in IoT are star and mesh.  Star topology is to enable central 

node to operate as a gateway for all other adjacent nodes.  Mesh topology is to enable capability 

to connect individually to various other nodes, when several other nodes can operate as a gateway. 

Mesh network can expand covering range by means of many hops.   

Application layer, — is the application center or control center of IoT system. Application layer 

receives information from the Network layer and processes that information to the form 

convenient to fulfill the management of the current application. 

 

Optical Fiber Sensing Technologies in IoT  

At the perception layer the IoT utilizes mainly techniques [6,7] for data acquisition from wide 

variety of types of sensors are designed to measure exact and adequate information on processes 

are running in controlled entity.  
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Unfortunately, the most of smart wirelessly working non-contact sensors couldn’t be employed in 

power entities because of hard severe exploiting conditions.  

 The fiber optical sensors (FOS) and affiliated sensing techniques have many advantages over 

other types of conventional sensors, so the development of fiber optical sensor and measuring 

technology has become a new direction for development of smart instruments and probes for 

energy segment. 

FOS conditionally can be divided into two categories by sensing principle:  

- functional sensors or intrinsic type (directly sensing type), the role of optical fiber in which, are 

both the signal transmission and sensing of relevant physical parameters.   

- second category is known as non-functional sensors, non-intrinsic type (light transmission type), 

which only operates as an fiber optical  transmitter of the signal gotten from relevant  optical 

sensor.  

In 1st category FOS ─ the modulated light (laser beam) pulses are fed into optical fiber and then 

are beamed to explored object. Upon interaction the optical characteristics of pulses (e.g., light 

intensity, wavelength, frequency, phase, modifier state, etc.) are changed. That change is caught 

by light detector and after demodulation, the system detects the parameters of explored object 

[14].  

In 2nd category FOS ─ the optic fibers are not directly implicated in process of sensing of 

parameters of explored object.  The function of optic fibers, here is limited to transferring the 

detected data from sensors to network layer of IoT.  The wide variety of separate sensors might be 

used here and they have to be equipped with converters to transform sensed signals from electrical 

or other forms to optical signals, to be transmitted via optic fiber. 

 

Sensing techniques to probe physical parameters for Optic Fiber based IoT 

Sensors form the front end of IoT, and they are to sense the physical/chemical parameters [4,6, 7]  

of objects, to convert it into a signal suitable for processing (e.g. optical, electrical and etc.).  

In 2nd category FOS the optic fibers are not implicated in process of sensing of parameters of 

explored object. Here the any typical sensor, operating on the basis of any physical principles, can 

be used to be connected to fiber optic networks. 

For the 1st category of FOS the sensing are performing by the fiber-optic lines themselves.  

The specific physical properties of fiber allow to create the sensors to probe different 

(temperature, pressure, displacement, etc.) physical parameters of objects.  

The most used effect in fiber-optic sensors is the Fabry Perot effect, as well as its special cases. 

Based on this effect, several pressure sensors, deformation /force sensors operate.   

The figure below illustrates the operation of the pressure sensor realized on the basis of the Fabry 

Perot interferometer, where the sensor holder has a semitransparent mirror that is formed on the 

inner surface of the diaphragm, which is bulged inward under pressure [4,6]. The stronger the 

pressure, the more the diaphragm bends and the smaller the distance between the mirrors.  

The light / laser probe pulses coming out optical fiber are split into two impulses on a semi-

transparent mirror. The first is directly reflected from the semitransparent mirror back into the 

optical fiber. The second pulse crosses the semi-transparent mirror and then reflects off the mirror 

surface of the diaphragm and enters back to the fiber. 
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Figure 3: Conceptual schema of fiber-optic pressure sensor based on Fabry Perot interferometer. 

The time delay between two reflected pulses  

                          clt gapdelay /2=                   (1) 

determines the amount of deflection of the diaphragm, which, in turn, will determine the value of 

the measured pressure. 

For continuous measurement of dynamically changing external pressure, a series of light pulses 

should be fed into the system to repeat the measurements many-fold.   

Based on the same basic principle the transducer type sensors for measuring temperature, 

displacement, strain, force and etc. were created (Fig. 4). 

    In below diagram the principal schema [7,8] of optical fiber-based temperature sensor is 

depicted, where the sensor holder equipped by dielectric mirror.  

    

 

 

 

 

 

Figure 4. Conceptual schema of fiber-optic temperature transducer/sensor based on polarization 

interferometer. 

The unpolarized probing light/laser pulse through fiber is fed to linear polarizer that is placed at 

the input of birefringence crystal and is used for transduction mechanism. Polarizer splits pulse in 

two different ― s- and p- polarized light pulses.  

P- polarized light is polarized in the plane of incidence, not strong reflects from  surface of optical 

crystal, but it refracts inside of crystal. The refraction degree varies with the temperature of the 

crystal.  
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S-polarized light is polarized perpendicular to plane of incidence. It is reflected from crystal 

surface and reflection degree varies with the incidence angle. In case of perpendicular incidence – 

no reflection for S- polarized light and no undergo refraction inside of crystal.        

At a special angle known as Brewster's angle, no p-polarized light is reflected from the surface, 

thus all reflected light must be s-polarized. Both polarized light pulses fall into optical birefringent 

crystal.  

P-polarized pulse undergoes refraction up to reach mirror and after reflection back to linear 

polarizer. 

S-polarized pulse runs straight to mirror and then is reflected straight back to linear polarizer. 

Thus, it is obvious, that travel path of p-polarized pulse longer than path of s-polarized pulse.  

Path length difference between them:  

          

                      cc dB ••= 2                     (2) 

 

Where B – temperature dependent birefringence; d – crystal thickness.     

With increasing of crystal temperature the refraction will strengthen and difference between paths 

of both polarized pulses will increase.   

That difference is the temperature measurand [9]. The transducer signal output as function of 

temperature T is given by following equation:   

         00 2)(  +•



•=+•= Td

T

B
TST cc          (3) 

It is seen from above equation that sensitivity of transducer depends of temperature coefficient of 

crystal birefringence ―
T

B




. 

So, sensor can be adjusted for various temperature ranges.                                                  

Interferometer [8] is used also for creating sensor that measures displacement of external object.   

As it is seen from diagram [8] the glass wedge-prism with two mirrored surfaces are fixed over 

shaft of sensor. The shaft being in mechanical contacts with external object is sliding depending 

of displacement of object. 

 

The schema of that sensor is depicted in diagram below (Fig.5). 

 

 

 

 

 

 

 

 

 

    

 

 

Figure 5: Conceptual schema of fiber-optic sensor for displacement measuring.  
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The modulated unpolarized incoming pulse is fed to sensor via optic fiber. Pulse partially 

reflected from first mirrored surface of wedge, and partially from second mirrored rear surface.  

The path difference between two reflected pulses is  

                                                                                                                                                                                                                                             

             cc L•= 2            (4) 

where Lc - the height of the cross-section of the wedge at this point.   

Lc - varies linearly along the wedge and forms time delay (δc) between pulses reflected from 1st 

and 2nd mirrors:  

                                                                                                    

cLct ccdelay /2/ ==     (5) 

 

To meter the displacement, it is necessary to calibrate magnitude of the displacement on the 

thickness of the wedge at the different positions. From the measured by interferometer the value 

of tdelay it is easy to calculate the wedge thickness at current position, and, knowing calibration 

ratio, to derive the magnitude of shaft displacement.    

As in the case of pressure sensor, temperature sensors, and motion sensor, one of the critical 

components is the modulator that forms probing light pulses to be fed to sensor. The ratio and 

relative duration of the probing light/laser must be tuned precisely and the interval between 

probing pulses must be several times longer than the interval between both reflected pulses. 

 

Conclusions 

IOT framework technology and fiber optic sensing technology has been studied in this paper. The 

conceptual principles of optical fiber sensing technology applications are analyzed in IOT 

perception layer, and the specific applications of the optical fiber sensing things are studied in 

mine functional operability, that fiber-optic sensor network is found to provide greater new 

options for supporting functionality of modulator. Based on this, it could be predicted that the 

fiber-optic sensing things will have the greater perspectives for operatively controlling and 

monitoring of electrical power facilities.  

Our paper focuses on physical principles of working of designed IoT based system to be used in 

power producing and power distribution systems.   

The optical fiber sensor (OFS) considered in paper for using in IoT systems for controlling and 

regulation of power industry objects has many advantages compared to traditional sensing 

techniques.   

OFS used the newest technological advances achieved in the field of fiber optic technology, laser 

technology and optical detection. OFS is greatly promoted in the information transmission and 

sensing aspects, and it has a wide range of applications. 

 

REFERENCES 

 

1. Ramos, C.; Marreiros, G.; Santos, R.; Freitas, , C.F. Smart Offices and Intelligent Decision 

Rooms. In Handbook of Ambient Intelligence and Smart Environments; Nakashima, H., 

Aghajan, H., Augusto, J.C., Eds.; Springer: New York, NY, USA, 2010; pp. 851–880. 

2. Reijula  J.;  Gröhn M.; Müller K.; Reijula K.  Human well-being and flowing work in an 

intelligent work environment Intell. Build. Int. 2011, 3, 223–237. 



 
 
  
 

 

VOLUME 24  ISSUE 03  2023 
 

ISSN: 2613-5817; E-ISSN: 2613-5825 
 

107 
                                                                                            PIRETC 
JOURNAL OF SOCIAL RESEARCH & BEHAVIORAL SCIENCES  
 

3. Doukas  C.  Building  Internet  of  Things  with  the  Arduino; CreateSpace:  North  

Charleston,  SC, USA, 2012.  

4. Zhao C.; Li X.S.;  Chen  J.S.  Study  on  the  application  of  internet  of  things  in the  

logistics  in forest industry. Appl. Mech. Mater. 2011, 97–98, 664–668. 

5. Want, R. Near field communication. IEEE Pervasive Comput. 2011, 10, 4–7. 

6. Ashton, K. That ―Internet of Things‖ Thing. RFiD J. 2009, 22, 97–114.    

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 

 

 

  

 
108 

PIRETC 
JOURNAL OF SOCIAL RESEARCH & BEHAVIORAL SCIENCES  
 

VOLUME 24  ISSUE 03  2023 
 

ISSN: 2613-5817; E-ISSN: 2613-5825 
 

INTELLIGENT APPROACH TO LOCAL AND GENERAL 

PHYSIOTHERAPY DEVICES 

 

Aynur Jabiyeva1, Anar Baghirov2  
1PhD, Docent, aynur.jabiyeva@outlook.com    
2Undergraduate “İnstrument Engineering” Department, anarbaghirov01@gmail.com 
1,2Azerbaijan State Oil and Industry University. 

 

ABSTRACT  

 

This paper discusses the usage of intelligent approach to a physiotherapy. Physiotherapy as a 

branch of medicine has existed for a long time, but its methods of application remain about the 

same as they were a hundred years ago. This causes a number of problems, in particular a 

sceptical attitude towards physiotherapy itself. The use of traditional techniques in this field has a 

major influence on its attitude. Even though even traditional methods of treating patients with 

physiotherapy show good results, people are increasingly turning to medication. However, these 

methods are not directed at the individual patient, with his or her personal problems, and can be 

detrimental to the patient, let alone the treatment. Every patient, irrespective of gender, race or 

age, has his or her own individuality. Physiotherapists now prescribe treatment to patients on the 

basis of their findings and personal experience. But this is not always the right approach, 

especially if we're talking about the severely or chronically ill patients.But we are lucky to live in 

the era of computer progress, when machines can not only help in determining the correct 

diagnosis, but also autonomously make decisions about the patient's treatment. With this modern 

approach to health care, it is even possible to automate certain areas. A global collection of data 

on patients, with their different illnesses and experiences, will help. By processing this data, we 

can create knowledge bases, with different patterns, so that the patient's treatment plan will be as 

appropriate and accurate as possible. This approach is already being used in other areas of 

medicine, for instance for the recognition of X-ray images. Using fuzzy logic, machine learning 

and artificial intelligence algorithms, data from databases can be used to create predefined patient 

treatment patterns. This can help in determining the diagnosis and prescribing the right treatment 

in cases where doctors take a long time to decide on the right approach. 

Keywords: Physiotherapy devices, Fuzzy logic, Machine learning, Artificial Intelligence, Data 

bases, Biofeedback. 

 

Relaxation as a trend appeared abroad in the mid-30s-40s of the 20th century. It was aimed at 

relieving muscular and nervous tension. It is accepted to distinguish involuntary (going to sleep) 

and voluntary (taking a calm pose, relaxation of muscles) relaxation. 

Muscle relaxation techniques are the earliest body therapy techniques. 

Relaxation techniques are based on Eastern spiritual and religious practices. 

The first Western specialists who used muscle relaxation were the psychologist E. Jacobson and 

the German neurologist I. Schultz. 

E. Jacobson studied the manifestations of emotions. He found changes in muscle tone in psycho-

emotional disorders and psychosomatic diseases. The discovered relationship was called 

hypertension. E. Jacobson managed to prove that relaxed muscles relieve hyper-excitation of the 

nervous system and help it to restore balance. 
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This is why it is so important to develop muscle relaxation skills to relieve mental tension and 

eliminate the symptoms of disease (headaches, heart pain, gastritis, hypertension, etc.). 

Additional effects of muscle relaxation are improvement of sleep, elimination of "muscle clamps", 

emotional "discharge" and increase in performance. 

Also, it is important to note that one of the most common areas in medicine, responsible for 

relaxation, relaxation and relief of stress of the patient, is physiotherapy. 

Physiotherapy (Greek physis - nature + therapeia - treatment) is a field of medicine that studies 

the effect on the human body of natural (natural) or artificially produced (preformed) physical 

factors and uses them to preserve, restore and improve human health. The term "physiotherapy" 

was established in connection with the use of natural physical factors (climate, sun, mud, bathing, 

etc.) to improve health. In its development, physiotherapy went through several stages, which led 

to its formation as a scientific discipline and specialty. 

Physiotherapy was born at the dawn of civilization as a result of human interaction with nature. 

As evidenced by the surviving historical monuments of primitive society, thousands of years 

before our era people began to use natural physical factors for therapeutic purposes. Physicians of 

the ancient world in different continents actively used in their practice mud, mineral waters and 

climate. People who lived on the shores of the Mediterranean Sea knew that the touch of certain 

species of fish - stingrays, eels, catfish - causes muscle twitching, numbness and soothing of pain. 

Doctors of ancient India almost two thousand years before our era first described the technique 

and methodology of therapeutic massage and gymnastics. 

The greatest flowering of the use of natural healing factors reached ancient Greece and Rome. 

In ancient China, physical methods of treatment were embodied in the so-called zhen-juju therapy 

(zhen means needle, juju moxibustion), as well as in the technique of acupressure. 

In the Middle Ages, physical therapies developed mainly due to the efforts of physicians in 

Byzantium and the East, summarized in the works of Avicenna (980- 1037). He was the first to 

formulate detailed indications for the treatment as well as prevention of various diseases with the 

help of the sun, air and water. Healers of Ancient Russia used in their practice "sour water" 

(narzan – mineral water) as well as steam baths for treatment of joint diseases. 

During the Renaissance, many natural scientists (T. Paracelsus, R. Broglie, W. Gilbert, B. 

Franklin, etc.) sought to use the results of their experiments to treat patients. Starting with the 

artificial sources of electricity (electric machines and Kleist jars) created in the first half of XVIII 

century, each new discovery immediately led to the attempts of its application in medicine. At the 

same time, by the end of the 18th century, the dissonance between the accumulated successful 

experience of the empirical use of physical factors and the existing interpretation of the 

mechanisms of their therapeutic effect became apparent. The latter was often based only on 

intuition or even on a mystical perception of reality. 

By the beginning of the 19th century, the descriptive approach to the study of nature had been 

finally supplanted by the scientific approach. The scientific worldview of physicians began to 

form on the solid foundation of the exact sciences - physics, chemistry, and mathematics. For 

physical therapies, it became possible to obtain experimental confirmation of their therapeutic 

effect. This stimulated the interest of scientists to explain the mechanisms of action of already 

existing therapeutic methods, their modification and modernization. 

The arsenal of physical therapies during this period was significantly expanded. 

The justification of the electromagnetic field theory (D.C. Maxwell, 1865) stimulated J. 

Wimshurst to create in 1882 the first apparatus for Franklinization. The invention of the high-
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frequency oscillator by N. Tesla (1891) allowed J.A. D'Arsonval in the same year to propose the 

first method of high-frequency electrotherapy, later named after him (darsonvalization). 

In the XIX century apparatus methods of phototherapy were introduced into medical practice. 

Thanks to the works of J. Herschel, A. Dobereiner, A. Duoia, A. Blount, A. N. Maklakov the first 

information about the mechanisms of physiological and therapeutic action of UV- and infrared 

rays was received. N. Finzen, who was awarded the Nobel Prize in 1903, laid down the scientific 

foundations of phototherapy. 

In the XVIII-XIX centuries in Europe, and later in the Caucasian Mineral Waters in Russia, the 

first and immediately became popular spas were opened. It was during this period that the first 

scientific research on the problems of hydrotherapy, mud therapy, and mechanotherapy appeared 

(W. Winternitz, J. Berzelius, V.A. Manassein, A.P. Nelyubin, B.A. Libov, etc.). Since 50-ies of 

the XIX century in St. Petersburg, Vienna, Paris and Berlin began to function independent chairs 

of balneotherapy. Later on the issues of electrotherapy were included in the curricula of the major 

medical universities. 

Later, with the development of technology, physiotherapy, as a branch of science and medicine, 

became more and more clear, as a separate direction.  

Thus, by the beginning of the XX century, a qualitatively new transition in the development of 

physical medicine was generally accomplished and a large amount of clinical-experimental data 

on various therapeutic effects of physical factors was accumulated. This was the main impetus 

and basis for combining different physical methods of treatment into a single scientific and 

clinical discipline - physiotherapy, which took place at the I Congress of Physiotherapists in Liège 

(Belgium) in 1905. 

The scattered studies devoted to individual types and methods of physical medicine in the past 

were replaced in the 20th century by targeted research on the whole spectrum of physical therapy 

problems. They were especially active in the countries of Western Europe and Russia, which, 

perhaps, determined the most successful development of physiotherapy in these countries. 

 

Biological active communication technologies (Biofeedback) 

Biofeedback is a technology that includes a set of research, non-medical, physiological, 

prophylactic and therapeutic procedures in which the person, through an external feedback loop, 

organized mainly by means of microprocessor or computer technology, is presented with 

information about the state and changes of their own physiological processes. 

Visual, auditory, tactile and other stimuli are used, which makes it possible to develop self-

regulation skills by training and increasing the lability of regulatory mechanisms. 

The biofeedback procedure consists in continuous real-time monitoring of certain physiological 

indicators and conscious control of them with the help of multimedia, games and other techniques 

in a given area of values. In other words, the biofeedback interface represents for a person a kind 

of "physiological mirror" in which his internal processes are reflected. Thus, during the course of 

biofeedback sessions it is possible to strengthen or weaken a given physiological index, and thus 

the level of tonic activation of that regulatory system, whose activity this index reflects. 

With the help of biofeedback you can get information about such physiological processes as 

muscle activity, breathing, vascular blood flow, skin resistance, heart rate, brain activity. 

For example, learning to raise the temperature of the fingertips voluntarily with the biofeedback 

method leads to reduction of sympathicotonia and arrest of spasm of peripheral vessels. By 

learning how to relax the muscles voluntarily with the biofeedback method, a patient with one 
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way or another manifested fear and mental agitation learns to overcome them, since fear, agitation 

and muscle tension are connected to each other. 

The list of areas in which biofeedback is applied is quite extensive: 

Clinical - psychology, neurology, cardiology, gastroenterology, urology, pediatrics, geriatrics, 

regenerative medicine, preventive medicine. 

Non-clinical - in effective stress management, which allows to increase performance in big sports, 

art, as well as in any activity requiring long efforts and great responsibility, for the correction of 

so-called borderline conditions caused by uncontrolled influence of chronic stress, in pedagogy, 

where using biofeedback technologies solves the issues of increasing the effectiveness of training, 

development of creative abilities, etc. 

BAC can be used, in particular, for: 

• vasomotor headaches, migraine 

• cervical syndrome 

• spastic torticollis 

• stuttering, tremor, tics 

• high blood pressure 

• heartbreak 

• gastric ulcer 

• chronic constipation 

• impotence, vaginismus 

• sleep problems 

• epileptic seizures. 

Theoretical foundations and creation of biological active communication technologies 

The basis for the creation of the biofeedback method was the fundamental research of 

mechanisms of regulation of physiological and pathological processes, as well as the results of 

applied research of rational ways to activate adaptive brain systems in healthy and sick people.  

Active study of the method began in the late 1950s.   

Around the middle of the twentieth century, methods began to be developed and used that 

established biological feedback to the body based on changes in various parameters (pulse wave, 

muscle strength, blood pressure).  

In the 1970s, considerable attention was paid to the study of the so-called alpha learning and alpha 

states caused by the enhanced alpha rhythm in the human EEG.  

In the late 1980s and early 1990s, Peniston and Kulkosky conducted their experiments to study 

the possibility of treating patients with alcoholism with biofeedback technology. They also 

created the session protocol that has now become classic: first there is temperature training (pre-

therapy), and then there is alpha-theta training by EEG. 

 

An overview of application of fuzzy logic principles in medicine 

In recent years, there has been an increased interest in developing various systems using fuzzy 

logic. This is due to the fact that humanity has realized the need to analyze information based on 

subjective data. Hence, the need to create various systems based on fuzzy logic in medicine as 

well. Today, there is a need to create such systems, as in medicine it is often necessary to use 

subjective (fuzzy) data. As a consequence, increased attention to the use of fuzzy logic in 

medicine and the application of this approach in the latest developments, as evidenced by the 
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numerous studies and developments of Russian numerous studies and developments of Russian 

and foreign authors testify. Thus, the relevance of this article is determined by the lack of study of 

possibilities for the use of fuzzy logic in medicine and physiotherapy in particular. 

Despite the name, the purpose of using fuzzy logic is to be able to create a program that is able to 

give a clear answer to a particular query, taking into account the circumstances. Fuzzy logic 

systems are often used as expert systems. The ideal system should take in information, process the 

data with regard to the circumstances, and produce a clear answer. However, these systems often 

fail to account for human factors such as prejudice and uncertainty.  

Medicine encompasses a huge amount of information from completely different fields. In the 

medical field, there is always a degree of uncertainty when making different diagnoses. 

Specialists point out that the traditional approach to treating illnesses is often insufficient. A fuzzy 

logic approach must be used for rational treatment and prevention. 

For example, in 2003, scientists Nieto and Torres used fuzzy logic to to study the effects of 

smoking and alcohol consumption on the body. The authors assessed dependence from 0 (not 

smoking) to 1 (smoking like a steam engine) and concluded that the degree of dependence can 

significantly affect drug use. A recent study to diagnose breast cancer using fuzzy logic. The 

authors created the Fuzzy-AIRS system, which is able to calculate the possibility of breast cancer 

by inputting patient parameters. 

From this we can conclude that the same disease can manifest differently in different people. The 

same symptom can refer to different diseases. On the other hand, several diseases of the same 

patient may interfere with making correct diagnosis. Thus, it is necessary to use an approach that 

takes into account these particular conditions - fuzzy logic. 

In medicine, information is often incomplete, inconsistent, or inaccurate. Sources of such 

information may include: patient information, patient medical history, physical examination, 

laboratory tests, exaggerated symptoms, nervous disorders.  

Among the studies in this field today, it is customary to highlight the studies of foreign authors, 

who have done a great job in identifying the merits of fuzzy logic and using the method in 

treatment and diagnosis. Among the achievements foreign authors can be singled out the 

following: the development of early diagnosis of postoperative complications; evaluation of 

cardiac activity; evaluation of the degree of burns; diagnosis of central nervous system cancer 

tumors and others. 

From this we can conclude that the use of fuzzy logic in medicine gives positive results. Also, this 

direction can be considered in the perspective of using information systems for medical record 

keeping, such as patients' medical histories, results of laboratory tests and doctors' examinations. 

Creation of a system which will use fuzzy logic for medical records will have positive results, as 

the system will take into account the medical characteristics of each individual. 

 

Application of fuzzy logic in physiotherapy 

One of the oldest fields of medicine is physical therapy. For many years practitioners around the 

world, and particularly in the East, have been perfecting various techniques of non-medicinal 

treatment. With the development of technology, completely new methods of patient treatment 

appeared, such as magnetotherapy, electrotherapy, ultrasound therapy, etc. They are renowned for 

their non-invasive effect and sufficient efficacy. But, unfortunately, not many people believe in 

their effectiveness and often ignore them. They are understandable, because not every patient will 
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be equally well affected by the same type of physical therapy. And there is a reason for that - all 

people are different and individual.  

Fortunately for us, individuality is expressed in many parameters that we can take into account. 

For example: weight, height, age, BMI, thickness of body fat, predisposition to chronic diseases, 

intolerance to certain drugs, times of séances and more. By recording this data in certain tables, 

we can create patient databases. Further, by prescribing certain procedures for different patients, 

we can identify patterns between certain input criteria. In the future, with the development of 

these patterns, we can create knowledge bases. This will be the starting point for us to 

prognosticate the best and most appropriate treatment for a particular patient. In general, all work 

will be aimed at identifying patterns between certain groups of people and which of the 

physiotherapy modalities helped them more or less. In this way it will be possible to avoid the 

human factor, to a certain extent. But in any case we should not forget that this algorithm of work 

is only intended to help doctors, and not to completely replace them. 

To illustrate the example, I propose to consider the dependence of the advisability of treatment 

with electric current (electrotherapy) on the degree of hypertonia and the severity of pain in the 

patient's spine. 

 

 
 

Figure 1: Degree of pain in the spine 

 

 
 

Figure 2: Hypertension stage 

 

 
 

Figure 3: Feasibility of treatment expressed as a percentage 
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After applying fuzzy logic algorithms, with pre-written rules for it, we get graphs of the 

dependence of the desirability of treatment on both parameters, as well as a surface of the 

dependence on both input parameters for greater clarity. 

 

 
 

Figure 4: Graph of the reasonableness of treatment depending on the degree of hypertension. 

 

 

 
 

Figure 5: Graph of the reasonableness of treatment depending on the degree of spinal pain. 
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Figure 6: Surface of the reasonableness of treatment depending on both degree of spinal pain and 

hypertension stage 

 

As we can see from the chart, we are not recommended to treat with electrotherapy at all if the 

patient has stage 3 of hypertension. 

 

Conclusions 

Fuzzy logic algorithms can help us take treatment to another level. Doctors will no longer make 

mistakes based on the many experiences they have gained, which will be recorded in databases 

and structured. Eliminating the human factor is one of the biggest challenges of applying this 

technology. 

In the end, we would like to mention again the fact that this system is not designed to replace a 

person completely, it is designed to help in the prescription of treatment or online counseling of 

patients. 
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ABSTRACT  

 

In this paper a method for detecting six specific hand movement events in a 32-component brain 

EEG signal by using an ensemble of convolutional neural networks (CN) as a multiclass classifier 

is considered. The paper proposes and empirically evaluates several options for the architecture of 

convolutional neural networks, as well as an ensemble that combines the proposed options for the 

architecture of convolutional neural networks, using a blending algorithm and a final classifier 

based on logistic regression. The advantages of the chosen classification method for the problem 

being solved are shown. The results obtained make it possible to say that the use of a classifier in 

the form of an ensemble of several models of convolutional neural networks allows one to 

effectively identify characteristic features in the initial EEG signals, and at the output of the 

classifier to obtain the probabilities that the input signal belongs to one of the given classes of 

hand movements. The use of the blending algorithm makes it possible to obtain optimal 

classification results by integrating the best estimates of several models, which individually on the 

entire test set may give a non-optimal result. 

 

Introduction 

 Electroencephalography (EEG) - a method of recording and analyzing brain activity; based on 

the results of the analysis, conclusions can be drawn about the state of the brain, possible 

deviations, lesions, disorders and their nature. 

Currently, neurocomputer interfaces are being actively developed that allow collecting 

electroencephalography (EEG) data through the use of non-invasive dry electrodes. Compared to 

traditional medical-grade EEG devices, these devices are affordable, compact, and ergonomic. 

Also, recent advances in the field of robotics and 3D printing make it possible to create more and 

more advanced limb prostheses, including hands. 

Modern technologies, which have made it possible to automate part of the ongoing research and 

create various software options, facilitate the work of specialists and reduce the time spent on 

registration, analysis and the formation of a preliminary conclusion. Undoubtedly, the main 

advantages of these software tools are the variety of data processing methods, the use of various 

data processing algorithms, the possibility of automatic analysis and the conclusion of a 

preliminary conclusion based on the results of the analysis. At the same time, the software tools 

have a number of shortcomings in the first place - this is compatibility only with special software 

(in some cases) and the impossibility of conducting wavelet analysis, bispectral analysis. In 

addition, the EEG has a number of features that complicate the research process, therefore, at 

present, a promising direction is the use of artificial intelligence methods, in particular, artificial 

neural networks. 
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Neural networks use non-linear systems by setting it is better to classify the data than the linear 

ones are commonly used methods. In the application to medical diagnostics, they make it possible 

to significantly increase its specificity, insensitivity to hypersensitivity. 

The wide application of neural network modeling methods to medical problems is also facilitated 

by some features of such methods in terms of compared to linear: 

• neural networks do not require the formulation of any rules for decision making, they are 

trained by examples; 

• neural networks have the ability to generalize (the ability "see" through the noise); 

• neural networks have the ability to abstract (the ability to extract the ideal from imperfect 

inputs) - which allows them to be applied to a wide class of pattern recognition problems. 

One of the types of neural networks in the EEG is the Kohonen neural network with different 

(160, 32…) neurons in the input layer and four neurons in the output Layer. The analysis is based 

on the fast Fourier transform. This a neural network model that allows you to automatically 

classify electroencephalograms of an organized type. 

There is an automated EEG data classification system based on the Kohonen neural network, 

which includes: 

• data preprocessing module (module includes fast Fourier transform); 

• intermediate classification module (represents the trained network Kohonen designed for 

classifying input data); 

• EEG classification module (final EEG conclusion formation module);  

• neural network classifier (designed for the main parameters classifier). 

Alternative options for using neural networks are: 

• development of a diagnostic system, which consists of four modules: preprocessing, 

segmentation, calculation of the senior Lyapunov exponent, detection, which allows 

analyzing EEG signals (a neural network module for calculation of the highest Lyapunov 

index of EEG signals), to localize epileptic outbreaks in a group of signals of one 

registration and to identify those signals in which the appearance of epileptic seizures 

occurs earlier than others activity; 

• the use of a set of neural networks combined in a cascade, to analyze the information 

received from each sensor, and make an attempt interpretation of results using group 

numbers. So the cascading the structure of the neural network will allow you to find 

patterns at the 1st level of the cascade in each EEG sensor and form clusters of activity 

isolated from EEG, at the second level of the cascade, using the generated activity clusters 

isolated from the EEG, it is possible to interpret the final result. The proposed approach is 

one of the possible ones for interpreting EEG results. 

• use of a neural network based on the wavelet method. As a result, the selection of 

parameters using a discrete wavelet transform, as opposed to the currently accepted simple 

Fourier transform, will allow one to obtain a more flexible and accurate function of 

frequency over time. Further use of wavelet neural networks for classification should also 

increase the effectiveness of the technique. 

However, the considered options for the use of  neural networks for EEG analysis have the 

following disadvantages: the lack of confirmation of the effectiveness of their use in clinical 

conditions, the absence in most cases of automated systems or automated modules for diagnostics. 
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Taken together, these technologies enable researchers to solve the problem of at least partial 

rehabilitation of people with lost or limited physical abilities by creating widely available limb 

prostheses that could be controlled by brain. control signals. One alternative is to use a camera 

with a depth sensor to recognize dactyl gestures.  

The task of using neurocomputer interfaces for prostheses controlundefined requires a deep study 

of the relationship between EEG signals of the brain and motor activity of the limbs, as well as the 

creation of effective algorithms for detecting and interpreting EEG signals into control signals. 

These issues have not been fully explored in the existing literature. Therefore, the purpose of this 

work is to increase the efficiency of detecting a certain a set of hand movement events in brain 

EEG signals using convolutional neural networks. 

 

Experiment 

In this paper, open research data records EEG signals collected and provided by Umea University 

are used.  

In the collection of research data adopted participation of 12 people. Each participant in the 

experiment participated in 10 data collection sessions about 30 attempts to perform the necessary 

actions in each session. Each attempt contained 10,000–11,000 points EEG signal with a fixed 

sampling interval by time. The total amount of collected data was 3936 attempts to "pick up and 

lift". 

The task of one attempt for the participants of the experiment was set in the following form: 

1. reach out to a small object; 

2. take it with the index and thumb fingers; 

3. lift the object a few centimeters above the table surface; 

4. hold the object in the air for a few seconds; 

5. put the object in place; 

1. return the hand to its original position. 

In order to obtain homogeneous data moments of the start of the attempt and neo the rate of 

lowering the object were set using a light signal (lamp). 

In all data collection sessions, without prior notice to the participants in the experiment, the 

properties of the object used for lifting changed several times: weight (165, 330 or 660 g) and the 

surface of the object (emery paper, suede or silk). These changes were made with the aim of 

introducing some variability in muscle activity when performing attempts. For example, the 

compression force subject matter and the effort put into it. lifting, increase with increasing weight 

of the object. However, with a constant weight, but a different surface of the object, increases 

only compression force. 

During all attempts, the data EEG brain signals were recorded electrode non-invasive neuro- 

computer interface ActiCap. Frequency sampling of the signals of this neurocomputer interface is 

5 kHz, the resolution of single values of the signal amplitudes 0.1 µV. The layout of the 

electrodes of the ActiCap brain-computer interface is shown  on Figure 1. 
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Figure 1: The layout of the electrodes of the neurocomputer interface ActiCap 

 

The received data has been converted special signal processing methods and to each moment of 

time in each attempt were compared the events that took place in this moment of the event (task 

execution phase) from next set: 

1. the beginning of the movement of the hand; 

2. the initial touch of the object with the fingers; 

3. both fingers hold the object; 

4. lifting the object; 

5. returning the object to its place (table surface); 

6. both fingers released the object. 

 

Choice of classification method and its implementation 

Based on the results derived from previous studies, it was decided to implement a classifier based 

on a convolutional neural network, so how the properties of this type of classifiers allow you to 

automatically select features in the original dataset. 

It was decided to take as a basis for the new classifier four best options for the configuration of 

the convolutional neural, these configurations are presented in Table 1. 

 

Table 1. CNN Configuration Options. 

 
Layer 

number 
Layer type 

Map 

count 
Map size 

Option 1 

1 Input 1 32 × 48 

2 Convolutional 64 32 × 64 

3 Max pooling 64 32 × 23 

4 Fully connected 128 1 

5 Output                      

(fully                     

connected) 

  

6 1 

Option 2 

1 Input 1 32 × 64 

2 Convolutional 64 32 × 62 

3 Max pooling 64 32 × 31 
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4 Fully connected 128 1 

5 Output                      

(fully                     

connected) 

6 1 

Option 3 

1 Input 1 32 × 80 

2 Convolutional 64 32 × 78 

3 Max pooling 64 32 × 39 

4 Fully connected 128 1 

5 Output                      

(fully                     

connected) 

6 1 

Option 4 

1 Input 1 32 × 96 

2 Convolutional 64 32 × 94 

3 Max pooling 64 32 × 47 

4 Fully connected 128 1 

5 Output                      

(fully                     

connected) 

6 1 

Option 5 

1 Input 1 32 × 48 

2 Convolutional 64 32 × 46 

3 Max pooling 64 32 × 23 

4 Fully connected 128 1 

5 Output                      

(fully                     

connected) 

6 1 

Option 6 

1 Input 1 32 × 64 

2 Convolutional 64 32 × 62 

3 Max pooling 64 32 × 31 

4 Fully connected 128 1 

5 Output                      

(fully                     

connected) 

6 1 

Option 7 

1 Input 1 32 × 80 

2 Convolutional 64 32 × 78 

3 Max pooling 64 32 × 39 

4 Fully connected 128 1 

5 Output                      

(fully                     

connected) 

6 1 

Option 8 

1 Input 1 32 × 96 

2 Convolutional 64 32 × 94 

3 Max pooling 64 32 × 47 

4 Fully connected 128 1 

5 Output                      

(fully                     

connected) 

6 1 
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The first layer is the input and is a plane, the dimensions of which are given by the following 

formula: 

          ,          (1) 

where  is the number of EEG signals from various electrodes of the used 

neurocomputer interface;  - number of time points. 

The second layer of the NN is convolutional. He consists of a set of planes and is intended to 

highlight characteristic features in the original EEG signals in the form of a feature map. In this 

study, the kernel was used convolutions of size 1 × 3, as it was assumed that characteristic signs 

should be looked for in the EEG signals in the time dimension. Process functioning of the 

convolution layer neuron is given by: 

                                             ,          (2) 

where  is the neuron output value k-th plane of the convolutional layer; – neural 

displacement of the k-th plane;  is an element of the convolution kernel matrix;  – the 

value of the outputs of neurons of the previous layer; N, M  – kernel size convolutions; σ is the 

neuron activation function. 

The third layer of the NS is a layer subsampling and performs the function of reducing the 

dimension of the feature maps generated on the previous layer. In this study, the kernel of the 

subsampling operation was chosen size 1 × 2.  

The last two layers are fully connected, consisting of standard neurons with a specific activation 

function, which produce the final classification of features identified in the previous layer. 

Because set of classifiable motion events hands consists of 6 elements (options), then the output 

layer of the NN contains 6 neurons. 

As a neuron activation function hidden layers of the NS (2 - 4 layers), in this study, we used 

rectified linear - the activation function, which is given by the expression:  

                         ,              (3) 

where w is the vector of weights; x is the vector of input values for the neuron, b is the neuron 

bias. 

Since in the work considered in this classification task needs to be obtained on output of the NN 

of the probability that the input signal belongs to one of the classes, then as activation functions of 

output layer neurons the softmax function was used, which is given by the expression: 

                              ,                (4) 

where x is the vector of input values for the neuron; i - neuron number; n is the number of neurons 

in the layer. 

This function transforms a vector x of dimension n, consisting of real values, into a vector σ(x) of 

dimension n, consisting of real values in the interval (0, 1), the sum of which is 1. 

As a function of classification error cross entropy was used: 

                       ,          (5) 

where Q is the number of examples in training set; n is the number of outputs in the network;  is 

the required value of the i-th network output at giving an example q;  is the real value of the i-th 

network output when giving an example q. 
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To explore the possibility of improvement results of models, it was decided to implement a new 

classifier in the form of an ensemble of four convolutional neural networks using blending. Each 

convolutional NN is a base classifier. Results base classifier predictions for parts of the training 

sample are called metafeatures. To obtain the final result of the predictions of the ensemble as a 

whole, another classifier is used, as a rule, simpler than basic classifiers. The training sample for 

the final classifier is metafeatures.  

The algorithm for obtaining a prediction for a test sample using blending looks like in the 

following way: 

1. split the training sample X into k parts, where Xk is the k-th part of the training sample; 

2. train each base classifier on each of the  X\Xk parts of the training sample; 

3. with each trained base classifier get predictions for Xk parts of the training sample; 

4. with each trained base classifier to get predictions for test sample; 

5. for each base classifier average the results of predictions for the test sample; 

6. train the classifier on a sample consisting of metafeatures of all basic classifiers; 

7. using a trained classifier get final prediction results ensemble for a sample consisting of 

predictions for the test sample of each of the base classifiers obtained in step 5. 

For k << |X| partitioning seems logical in such a way that each part had an equal number objects, 

and also that for each fixed class the proportion of objects in each of k parts were the same. This 

method is accepted called a partition into k blocks with class stratification (Stratified K-fold). In 

this study, this partitioning method was used for k = 10. 

As a final classifier, it was decided to use logistic regression. 

 

Experimental results according to the classification of EEG signals using CNN 

To construct the NN, the language was used Python programming and algorithm packages 

machine learning scikit-learn, Theano, Lasagne, Neon. 

To train all the above variants of NN architectures, we used the algorithm ADADELTA. The data 

of the 1st–8th sessions of experiments for each of the participants were used as a training sample. 

For test sample, on which the quality of the classification was assessed, used data from the 9th 

and 10th sessions of the experiments for each of the participants. 

Table 2 and Table 3 presents the integral results of assessing the classification quality of each 

studied hand movement event for each NN architecture used in the study separately, as well as the 

ensemble of these convolutional NNs. Conventions C.1–C.6 correspond to the events under 

investigation hand movements. 

 

Table 2. Results of assessing the quality of the classification of CNNs (C.1 - C.3) 
 

Option of 

network 

architectu

re 

Activat

ion 

functio

n type 

С.1, 

% 

С.2, 

% 

С.3  

% 

1 

rectifie

d linear 

92.9 89.4 87.0 

2 95.8 92.7 90.3 

3 95.1 91.9 89.7 

4 94.7 91.5 89.3 

Ensemble 97.1 93.8 91.9 
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Table 3. Results of assessing the quality of the classification of CNNs (C.4 - C.6). 

 

С.4, % С.5, % С.6, % 
% of correct 

classification 

87.2 93.3 90.7 90.0 

90.5 96.0 93.2 93.2 

89.8 95.3 92.8 92.6 

89.4 94.9 92.4 92.1 

92.2 97.5 94.9 94.6 

 

Thus, using an ensemble of four convolutional NNs of various configurations and the use of a 

blending algorithm made it possible to improve the results of classifying all hand movement 

events. The percentage of correct classification was 94.6%, which is better than any of the 

convolutional NN models used in the work. 

 

Conclusions 

Using convolutional NN as multiclass classifier allows you to effectively determine the 

characteristic features in the original EEG signals without the need preliminary application of 

selection methods and feature extraction. 

Using a classifier as an ensemble of several models of convolutional neural networks can 

significantly improve the quality of classification. 

The use of the blending algorithm makes it possible to obtain optimal classification results by 

integrating the best estimates of several models, which individually on the entire test set can give 

not the best result. 
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ABSTRACT  

 

Due to various reasons, a person who is missing one eye may experience psychological as well as 

excruciating suffering. Enucleation and evisceration surgery are the most often used methods to 

remove a sick or injured eye. The patient is often fitted with a bespoke implant into the orbital 

tissues after the surgeon removes the eye. In order to keep the socket from looking hollow and 

depressed, this replaces volume. Once the socket has stabilized, a prosthetic shell—also known as 

an artificial eye, glass eye, or ocular prosthesis—is placed within. An ocular implant can 

mechanically replace the lost eye. There have been significant developments in this field. To 

replace the missing eye, an ocular prosthesis was developed. Physically, the prosthetic seems 

natural. The eye, however, is stationary or just slightly mobile. development of an independent 

ocular motor system is the objective of this study in order to give the artificial eye more realistic 

movement. The detection of natural eye movement is a crucial issue. This study includes an 

overview of eye movement detecting techniques. Then eye movement detection using the fusion 

approach is created. The first aspect that is recorded and stored is the eye movement. Then, during 

the experiment, the sensor array yields the eye movement signal, and the matching rule yields the 

eye position. The experimental system, fusion technology, and early findings are covered in the 

majority of this work. 

Keywords: Sensor array, fusion, artificial eye, orbital implant, and ocular control. 

 

Introduction 

A stunning deformation is caused by losing an eye. For a variety of reasons, a person who is 

missing an eye may suffer immensely psychologically in addition to physically. Reconstructive 

surgeons who want to create artificial eyes are typically concern about these issues. The artificial 

eye has a lengthy history that dates back to antiquity. The artificial eye was made of metal before 

the eighteenth century. They were unpleasant to wear, heavy, and expensive. Glass eyes then took 

the place of metal ones at the start of the nineteenth century. The prosthetic was made to replace 

the missing eye. It's an artificial eye that seems real. However, it is static. 

The static artificial eye does not satisfy the patients. They want the artificial eye to move in the 

same way that the human eye does. Dedicated research teams were formed in this field. The 

hydroxyapatite orbital implant after enucleation was the most successful method. This method 

was developed to improve the motility of patients' prostheses after enucleation. All of the patients 

who received the implant had improved cosmetic results. The prosthesis had excellent small-

degree motility. The large-degree movement was not ideal. 

Any axis can be used to rotate the eye. To describe the movement of the eye, a three-dimensional 

model (Figure 1) can be used. Around the x-axis, the eye can rotate from side to side. Eye 
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movements that are directed upward or downward are caused by rotation around the horizontal y-

axis. Torsional eye movement happens along the z-axis. 

 

Figure 1. The three axes of rotation of the eye 

 

Natural eye movement is controlled by three antagonistic pairs of muscles: the superior and 

inferior recti, the superior and inferior oblique, and the lateral and medial recti, as depicted in 

Figure 2. 

 

 
 

Figure 2. Superior view of the eye muscles 

 

In order to give the artificial eye the same functionality as the muscle, we mount it on a very small 

servomotor. Our research's objective is to detect natural eye movement and manage the motor to 

move the artificial eye to a corresponding position. 

Finding eye movement in the natural eye is the first step. Over the past 35 years, a large number 

of researchers from various disciplines and countries have become interested in eye movement 

and eye blink detection. Many researchers began investigating eye movement as early as the 

1950s. Young reviewed the main categories of eye movement and discussed the benefits and 

drawbacks of different approaches. Electrodes, magnetic induction, optical sensing, photoelectric 

techniques, infrared oscillography, and video imaging are all used for eye movement sensing. 
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Instead of measuring the mechanical movement of the eyeball itself, many techniques measure the 

induced potential that causes the eye movement. These include the sensing of the 

electrooculography and electromyogram signals.  

Although the systems are large and complex, the methods mentioned above can detect eye 

movement. They can't be used effectively in a compact system like the ocular motility project. 

Takagi et al. used magneto-inductive elements made of amorphous wire to build a displacement 

sensor for tracking eyelid movement. It is an intrusive technique as well. 

 

Instruments of democracy at national and local levels 

Driving the artificial eye was a relatively small servomotor. One of the lightest conventional 

servos is the motor in Figure 3, which weighs only 3.5 g. The motor can drive the artificial eyeball 

mounted on it with a 5 V supply, which is its maximum output force.  

 

 

Figure 3. Light servo motor 

 

Pulse-modulated signals are used to control servo motors. The pulse's width serves as a code to 

indicate which direction the shaft should rotate. The servo motor system's control diagram is 

shown in Figure. 4. 

 

 
 

Figure 4. The motor system 

 

Sensor 

A problem is always using the incorrectly kind of sensor. We've experimented with a variety of 

sensors. The size of the sensors is too much. 

The first setup employed a pair of emitter and detectors. Infrared signals were emitted by the 

emitter. This signal was picked up by the detector. Both the emitter and the detector needed to be 

mounted to the front of the eyes, upper and lower, respectively. Additionally, the position of the 

emitter and detector must take angle into account in order for the detector to pick up the signal 

reflected by the eye. It is shows in Figure.5. 
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Figure 5: Eye position acquisition block diagram 

 

To illuminate the eye, the emitter transmits an infrared light, and the detector array detects the 

reflected infrared light. The position of the detector is fixed because the detector array is fixed. 

The angle of the eyes will affect how the light is reflected. The modulated signal is used to 

prevent interference because the reflected light may be affected by the surrounding light.  

The light that is reflected from an object is collected by a linear array photodiode. Assume that 

binary data from the sensor exists. The output of the photodiode is 1 if it detects a reflection; 

otherwise, it is 0. The reflected data vector will then be V [V1, V2, V3,..., Vm], where m is the 

sensor's dimension. This process has shown in Figure.6. 

 

 

Figure 6: Use the sensor array to detect the object 

    

Formula for to use the sensor array to detect the object: 

 

                                   (1) 

 

While the shape of the object cannot be determined using this method, information regarding 

whether the object is occupying the space can be. It is possible to detect an object using this single 

algorithm. If the sensor is a sonar, then the information relates to range.: 

 

                 (2) 
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The information shows how far away the target is from the sensor. The reflected data structure is 

the same, with the exception of the different value, if the range data value is 0-255. 

If the sensor is an infrared sensor, it gives details about the surface color of the item in addition to 

the distance between it and the sensor. In order to track the eye movement, this characteristic will 

be investigated. To find infrared reflection from the eye, a linear sensor array is used. The 

detection of eye movement can be done in a variety of ways. In Young's review, the survey of eye 

movement recording techniques is presented. In this instance, the sensor measurement is distinct 

from that of an autonomous mobile robot. An unpredictable environment will always be 

encountered by the mobile robot. Except when the eye is moving, the sensor in this instance is 

always towards the normal eye. 

The data collected must be maximized when the sensor is utilized to investigate an object's 

property. The property of the thing is altering throughout time. The object will be detected at a 

greater sample rate, making any changes to its properties throughout the time span insignificant. 

This results in very smooth data for each sensor, which may be approximated by a polynomial 

equation. A polynomial equation typically has the following form: 

                (3) 

where [a0, a1,..., an] are coefficients and [t] is the time. 

There are n 1 equations necessary to find all the coefficients. The (n 1) order polynomial can be 

used to fit the data if there are n equations, which means. Considering that the data are sampled at 

times [t1, t2,..., tn], respectively, let's have a look at the first row of the timing matrix, which is 

[y11, y12,..., y1n]. The polynomial is fitted using a least mean square approach. The fi(ti) and the 

sampled data y1i are present for each time point ti. For this E1 curve fitting, the mean square error 

is: 

                  (4) 

The n linear equations with the coefficients [a0, a1,..., an] are obtained by partial differentiating 

E1 with regard to [a0, a1,..., an], respectively. 

  The following equation illustrates the matching rule. The selection of a threshold is followed by 

the calculation of the separation of two vectors. The distance and threshold are then compared. 

The two vectors match if the distance is smaller than the threshold; otherwise, there is no match. 

 

                                  (5) 

 

The project's goal is to track natural eye movement and utilize that signal to steer an artificial 

eye's movement. It displays the block diagram of the system. The intended location of the natural 

eye is captured by the infrared sensor. It obtains feedback data from the motor, transmits angle 

data signals, and combines input and signal. The PWM signal for the motor was produced using 

the actuation error signal. The motor will subsequently move the ocular implant into place. The 

experiment made use of an eye pit model. The model's eye pits are the same size as the actual pit 

in the eye. This model has shown in Figure 7. 
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Figure 7. The control block diagram 

 

The positions of the natural and prosthetic eyes were simulated using an eye pit model. The 

model's pits are the same size as the eye pits used for natural movement. The eye pit model has 

the eyeglass frame attached to it. The eye pits were fitted with two prosthetic eyes. The genuine 

eye was represented by one eyeball. It can be manually rotated. The other eyeball was placed in 

the eye pit after being put on a motor. The artificial eye is mimicked by this eye. In front of the 

artificial eye simulation, the infrared transmitter and detector were installed into the top front 

eyeglass frame. Technical difficulties for systems with sophisticated electronics include power 

consumption, communication range, data transfer speeds, size, ruggedness, and price. The use of 

ultra-low power circuits in conjunction with energy-harvesting techniques has been investigated 

to ad**dress power consumption issues. By utilizing these techniques, energy is produced in the 

implant from vibrations, rotations, and deformations that occur during activities like walking. 

Although energy harvesting techniques appear promising, there is not enough energy to power the 

electronics from them. Recently, a family of wireless, battery-free, telemetry-free, and wire-free 

passive resonator-based sensors have been described. The small, straightforward sensors can be 

constructed in many sizes and forms to measure factors like force, pressure, temperature, pH, and 

certain target analytes. They can be manufactured for less than previously. These sensors have the 

potential to be integrated into commercially available implants with little to no implant 

modification due to their small size and simplicity. 

The need to modify the host implant in order to accommodate sensors and electronics has likely 

been the biggest obstacle to integration into clinical practice. Creating hollow cavities to house 

complicated electronics and strain gages is technically difficult and expensive, but most 

importantly, it changes the properties of the implant and ultimately jeopardizes its performance. 

The artificial natural eye was manually rotated during the experiment from one extreme to the 

other. The eye position signal will be picked up by the detector. The ocular signal is converted 

into a code and sent as a PWM signal. It refers to the precise location of the "actual eye"; a built-

in control on the motor moves the artificial eyeball to the desired location. 
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Conclusions 

Smart implants are implantable medical gadgets that have therapeutic and diagnostic advantages. 

Smart implants can facilitate personalised therapy, enhance outcomes while reducing costs, and 

improve patient care. As diagnostic tools, smart implants can offer details about the environment 

inside the body that cannot be learned any other way. By using this data, medicines may be 

tailored to the individual, care transitions can be started, and adverse events can be caught earlier. 

Smart implants' clinical efficacy has been amply shown, and the technology has immense 

potential to influence clinical treatment and advance customized medicine. The expenses of entry, 

however, have made utilizing smart implants in routine clinical practice impractical. In five 

decades of study, a total of 100 individuals have received permanent smart orthopedic implants 

that have been employed in clinical settings for all purposes. However, with quickly expanding 

technology, the widespread usage of smart implants is imminent. New sensor technology that 

requires little modification to existing implants is the key to incorporating smart implants into 

routine clinical practice. Through the integration of application-specific technologies with the 

implant, physical sensations are measured. Improvements in implant design, surgical technique, 

and methods for postoperative care and rehabilitation have been made thanks to data from smart 

implants. With very few instances, smart implants have not yet entered routine clinical practice 

despite decades of development. This is primarily due to the fact that the implants must be 

significantly modified in order to include contemporary sensor technologies. Although the 

underlying technology for smart implants has advanced greatly over the past few decades, there 

are still major technological obstacles to be solved before smart implants may be used in the 

majority of medical procedures. Future smart implants' sensors will be compact, straightforward, 

durable, and affordable, and they won't necessarily require major changes to the designs of 

currently used implants. With technology progressing so quickly, smart implants will soon be 

used widely. The key to integrating smart implants into routine clinical practice is new sensor 

technology that minimizes alterations to current implants. 

This study describes the construction of an assistive device that can track normal eye movement 

and drive a prosthetic eye to perform the same function. A lab prototype that has been built 

successfully carries out the desired objectives. The device's sensing components will be improved, 

the control algorithm will be improved, the circuit design will be miniaturized, and clinical testing 

will be carried out to confirm the final design. 
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ABSTRACT  

 

Reconstructed pictures in positron emission tomography (PET) research are frequently noisy and 

low quality. The low-count issue is the main source of these issues. Sparse prediction is more 

likely to be chosen as the solution as sparse technology is employed more frequently. I suggest a 

brand-new sparse prior technique in this research to process low quality PET reconstructed 

pictures. Two dictionaries (D1 for low-resolution PET images and D2 for high-resolution PET 

images) are trained from plenty of actual PET image patches in the proposed approach. The 

sparse representation for each patch of the input PET picture is then obtained using D1. Finally, 

D2 is used to create a high-resolution PET image from this sparse representation. The results of 

the studies show that the suggested strategy has superior effects that improve image resolution 

and detail recovery that are stable. In terms of root mean square error, this technique performs 

better quantitatively than older methods (RMSE). The suggested method offers a fresh and 

effective way to enhance the image quality of PET reconstructions. The back projection technique 

was created for magnetic resonance imaging (MRI) picture reconstruction of under sampled data 

and has been used to denoise dynamic PET images. 

Keywords: PET imaging, data acquisition, artifacts, resolution, information technologies. 

 

Introduction 

In recent years, positron emission tomography (PET) has been widely studied by researchers for 

diagnosing diseases. However, low-count PET projection data is a continual challenge that results 

in noisy images and generates artifacts.  

Many methods have been proposed to improve the quality of the PET images. The traditional 

reconstruction algorithms typically have high computational and equipment costs. In this paper, a 

new idea is proposed for PET image reconstruction that incorporates prior information. Edge-

preserving regularization is the most common way to achieve good results. By evaluating 

different regularization methods that use spatial prior information, we found that Bicubic 

interpolation [1], which uses selected adjacent pixel methods for each pixel in the prior image, 

surpasses others in terms of performance and computational complexity. Another class of 

methods used to incorporate prior information are related to post-processing the reconstructed 

images. The highly constrained back projection method synthesizes images as prior information. 

The back projection method was developed for image reconstruction of under sampled data in 

magnetic resonance imaging (MRI) and has been applied to denoise dynamic PET images. 

Inspired by the success of image super-resolution through sparse representation [2], we propose a 

similar method to obtain high-resolution PET images by using appropriate sparse representations 

of low-resolution PET images. Because the reconstruction constraint is not unique and the 

measurements cause errors, this is a severely ill-posed problem. Consequently, we use 
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regularization methods to solve the problem. Therefore, this method relies on two coupled 

dictionaries 𝐷1, trained on low-resolution PET image data, and 𝐷2, trained on high-resolution 

image data. Finally, the sparse representation of a low-resolution PET image input based on 𝐷1 

would be used to obtain a high-resolution PET image from the 𝐷2 dictionary, based on the linear 

relationships between the input and output data.  

The suggested algorithm performs adaptive selection well, which contributes to its improved 

capacity to enhance resolution and denoising when compared to the regularization-based methods 

previously stated. This work demonstrates how low-count PET reconstruction images can be 

enhanced by using sparse prior information. It is a cutting-edge strategy addressing the low-count 

problem in the field of PET. 

It is well recognized that the SR image reconstruction problem is poorly posed due to a lack of LR 

images and reconstruction limitations. The aforementioned techniques necessitate massive 

databases of HR and LR patch pairings, which necessitates a lot of calculations. In order to 

address this issue, regularization techniques are used in this paper. 𝐷1 and 𝐷2 are two connected 

dictionaries that are used in this strategy. 𝐷1 and 𝐷2 are trained using LR PET image data and HR 

image data, respectively. Both dictionaries have too many entries. 

 

Methodology 

We model the problem as follows, based on [1]. Given a low-resolution PET image Y, generate a 

high-resolution PET image X that exhibits the same conditions. We adopt two constraints in this 

work to solve this problem. First, for the sparse reconstruction, the high-resolution image X 

should be consistent with the low-resolution image Y: 

 

                       Y  SH X    (1) 

 

In the preceding equation, H is a sparse matrix, and S is the sampling matrix. Second, it reflects 

the sparsity prior. The high-resolution PET image X is segmented into a series of small patches, 

x, that can be sparsely represented in terms of the 𝐷2 dictionary as follows: 

 

                                         x ≈ 𝐷2𝑎 for some 𝑎 ∈ 𝑅𝐾 with "𝑎"0 « 𝐾 (2) 

 

where 𝑎 is the sparse representation of patch x for the input image Y. In this idea, the sparse 

condition (3) is used to obtain the representation of each local patch. Then, using constraint (1) as 

the premise of this step, the representative results are used as the basis for recovering the entire 

image. Therefore, there are two models in the method, a local model and a global model, Using 

the local model, we train two dictionaries and 𝐷1, which represent the textures of the images and 

cause the low- and high-resolution PET images to have the same sparse representation. Then, 

according to 𝐷1, the process of finding the sparsest representation can be depicted as follows 

min"𝑎"0 s. 𝑡.     

      "𝐹𝐷1 − 𝐹𝑦"2 ≤ c    (3) 

where F is the feature extraction operator of the low-resolution PET image. F is equivalent to a 

high-pass filter because the finer elements of an image frequently include its high-frequency 

content. The function of F is to ensure that the 𝑎 calculated in (3) is closely related to the image to 

be recovered, thus making the prediction more reasonable. The global model from constraint (1) 
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is used to guarantee the robustness of the recovered image, and it can also suppress possible 

artifacts that arise from the local model. 

In the model, the core of the problem is finding the sparse representation of the image. The most 

significant stage is to obtain an appropriate, overcomplete dictionary that matches your needs (3). 

In this paper, we trained two related dictionaries 𝐷1, and 𝐷2, with given PET image patch pairs 

({𝑇 |𝑇 = 𝑦1, 𝑦2, ⋯, 𝑦𝑛} and {X |X = 𝑥1, 𝑥2, ⋯, 𝑥}), which can be formulated as follows: 

 

         𝐷c = arg min "Xc − 𝐷c𝑍"2 + 𝜆"𝑍"1, (4) 

 

where 𝐷c = {𝐷1, 𝐷2}, Xc = {𝑌, X}, and the 𝘗1 norm "𝑍"1 is present to enforce sparsity. The 

parameter 𝜆 is intended to balance the sparsity of the solution. 

Comparing the recommended algorithm to the regularization-based approaches previously 

mentioned, the suggested algorithm conducts selection well, which is part of its increased capacity 

to boost resolution and denoising. This study shows how limited prior knowledge can improve 

low-count PET reconstruction images. It is a state-of-the-art approach to the low-count issue in 

the field of PET. 

Identifying the image's sparse representation is the main challenge with these models. Getting a 

proper overcomplete dictionary that fits Eq is the most crucial stage (3). In this paper, we trained 

the dictionaries 𝐷1 and 𝐷2, which are connected. The corresponding low- and high-resolution 

images would have about the same sparse representation thanks to these two dictionaries. 

 

Dictionary training 

Three phases make up the suggested algorithm. A collection of dictionaries LR and HR picture 

pairs are trained during the first stage, which is called the training stage. The second stage 

involves sparsely reconstructing the HR patches from their associated LR patches by choosing the 

optimal dictionary combination. The third stage is the iterative SR reconstruction stage, where 

each HR image that has been rebuilt is sent into the stage after it to improve the image quality.  

A set of HR images and a set of LR images are needed for the training stage. The related HR 

images are down - sampled and blurred using an average filter to create the LR images. 

Additionally, using an interpolation process, the LR images are enlarged to have the same 

dimensions as the corresponding HR images. A feature extraction filter is applied to the 

interpolated LR pictures to extract features. Due to their efficiency and simplicity, we adopt the 

first- and second-order derivatives in this article as the feature for the LR patch. The dictionary 

learning process and sparse coding of the LR patches both use these obtained features. Finally, 

pairs of LR and HR patches are handled once they correspond to the same spatial locations. The 

K-singular value decomposition (K-SVD) approach is used to train the dictionaries to produce 

sparse signal representations that better fit the data. 

In this part, we give examples of how the suggested SR technique works. We select a thousand of 

the best images for each dictionary. The original high-resolution HR photos were used to create 

all of the LR images used in the training or testing phases. 

 

Figure 1. depicts the suggested SR algorithm's flowchart. 
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Figure 1: Proposed algorithm of two different phases in learning of the dictionaries while using 

the suggested methodology 

 

Noise has been added to the test photos that have been downsampled and blurred. 100,000 patch 

pairings randomly selected from CT images collected from clinical hospitals were used to train 

two dictionaries before the LR picture was processed (Dl and Dh). To establish a balance between 

computation and image quality, we selected a dictionary size of 2048 atoms; this number of atoms 

can completely characterize the features of the photos without being very computationally taxing 

for our computer system. 

An LR image is initially magnified using bicubic interpolation to have the same dimensions as the 

equivalent HR image at the SR reconstruction step, which is identical to the training stage. 

Applying feature extraction filters allows for the extraction of features, which are subsequently 

molded into vector forms. We apply a certain patch overlap with specified pixels in order to 

guarantee local consistency between the reconstructed patches. 

We initially determine the sparse representation coefficient vector of the appropriate HR feature 

vector across the cluster LR dictionary using the dictionary pair of the discovered cluster. 

Following that, the HR patch is rebuilt by right multiplying the cluster HR dictionary by the 

derived sparse representation coefficient vector. By integrating the two-dimensionally reshaped 

and reconstructed HR patches, an HR image is finally produced. 

 

Experimental Results 
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To observe the performance of the proposed method, we use an emission activity phantom a 

simulated data experiment as shown in Fig. 2 (a). The resolution of each image is 256×256. The 

low-resolution image is the result of the PET iterative reconstruction that used the maximum 

likely hood expectation maximization (MLEM) algorithm. The bicubic interpolation algorithm 

was been utilized and compared with our method. Before processing the low-resolution image, we 

trained two dictionaries 𝐷1 and 𝐷2 from 100,000 patch pairs randomly sampled from PET images 

collected from medical image libraries on the internet. In our experiment, we fixed the 

dictionary's size to 1024 to reduce the amount of time needed for training. We selected 3 x 3 pixel 

patches for the low-resolution PET pictures, and 9 x 9 pixel patches from high-resolution PET 

images for the high-resolution dictionaries. To limit the time spent for training the dictionary, we 

fixed its size to 1024 in our experiment. For the low-resolution PET images, we chose 3 × 3-pixel 

patches, while for the high-resolution dictionary, we chose 9 × 9-pixel patches from high-

resolution PET images. 

At the SR reconstruction stage, which is analogous to the training stage, an LR image is first 

enlarged using bicubic interpolation to have the same dimensions as the equivalent HR image. 

The extraction of features, which is then transformed into vector forms, is made possible by the 

application of feature extraction filters. To ensure local consistency between the reconstructed 

patches, we apply a certain patch overlap with predetermined pixels. 

We demonstrate the effectiveness of the suggested SR approach in this section. For each 

dictionary, we choose 1000 photos of the highest calibre. All of the LR images used in the 

training or testing phase were created by simply down sampling and blurring the original high-

resolution HR photographs. The down sampled and blurred test images have noise applied to 

them. Prior to processing the LR image, 100,000 patch pairings randomly picked from CT images 

gathered from clinical hospitals and phantom simulations were used to train two dictionaries (Dl 

and Dh). We chose a dictionary size of 2048 atoms to achieve a compromise between 

computation and image quality; this number of atoms can fully describe the aspects of the photos 

without being too computationally demanding for our computer setup. 

It is well acknowledged that the lack of LR images and the restrictions on reconstruction make the 

SR image reconstruction challenge inadequately posed. Large databases of HR and LR patch pairs 

are required for the aforementioned strategies, which means a lot of calculations are needed. In 

this study, regularization approaches are applied to deal with this problem. This method uses two 

linked dictionaries called D1 and D2. Using HR image data and LR PET image data, respectively, 

D1 and D2 are learned. There are too many entries in both dictionaries. s. 

Empirically, we chose 5 5-pixel patches with an overlap of 4 pixels between them and a sparsity 

regularization of = 0.4. In this study, the proposed approach was assessed using head data from 

*clinical CBCT and XCAT phantom simulation. To assess the output SR image quality, we 

employed the metrics RMSE, PSNR, and SSIM. 

 



 
 
 
 

 

 

  

 
140 

PIRETC 
JOURNAL OF SOCIAL RESEARCH & BEHAVIORAL SCIENCES  
 

VOLUME 24  ISSUE 03  2023 
 

ISSN: 2613-5817; E-ISSN: 2613-5825 
 

 
 

  
 

Figure 2 Results with a brain phantom. (a) Original normal-resolution image (b) the low-

resolution image; (c) Output processed by bicubic interpolation; (d) Output processed by our 

method; (e)–(h) are the zoomed areas of (a)– (d) 

 

In Figure 2, the low-resolution image (b) is blurry and contains artifacts, especially in the 

zoomed area of the image. Compared to (b), image (c), which was recovered by bicubic 

interpolation, has an obvious improvement. In (c), the edges have become clear and the detail of 

the zoomed area has been recovered. Simultaneously, the noise is reduced, but the bicubic 

algorithm's performance in suppressing artifacts is unsatisfactory. Although image (c) has a better 

quality than image (b), the edges in the zoomed area in (g) are slightly blurrier than the edges 

in (h). We also provide the RMSE values for the images compared to the true image (a) in 

Table. The proposed method achieved the lowest RMSE score. 

 

Conclusions 

A single-CT image SR reconstruction approach is suggested in this research. This SR 

reconstruction method is based on dictionary training with a collection of LR and HR picture 

patch pairs and sparse representation theory. The applied sparse domain's ability to accurately 

represent the target image by jointly training the LR and HR dictionaries has a significant impact 

on the quality of the SR reconstruction images. We create a sparse representation for each patch 

of LR photos and make sure that the local patches in LR and HR are similar. The HR counterpart 

is rebuilt using the coefficients from the LR domain. We incorporate a number of iteration 

methods throughout the HR image reconstruction process to enhance image quality. 

Due to the poor quality of low- q u a l i t y  PET images, recovery work has become a hot field 

for researchers. The application of sparse prior information in processing the PET images seems 

to be a potential strategy for solving the problems caused by low-count PET image 

reconstruction; specifically, better image reconstruction means that PET scan times and radiation 

doses can be reduced. In this study, a super-resolution method was proposed for PET image  

After multiple operational rounds, we observe that the quality of the reconstructed HR image has 

improved. The outcomes of the planned experiments show that the suggested algorithm can 
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increase resolution in noisy images while also producing reduced RMSE, greater PSNR, and 

higher SSIM values. 
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ABSTRACT  

 

In this paper information measurement system (IMS) modulation integrated with a graphical node 

editor (GNE) is carried out for engineering applications to build software capable of both editing 

and simulating different scenarios. A modulation characteristic measuring and classification 

system for classifying a discreet signal that includes a preprocessor, stage measuring system and 

modulation classifier. Preprocessor detects impulse begins and finishes, determines impulse time, 

and changes the discreet signal into digital signals. The stage measuring system determines short 

chip counts, long chip counts, stage jump magnitudes, number of stage states, and polynomial 

coefficients for stage modulation of the discreet signal. Modulation classifier identifies 

modulation type on base of measurements using both rules-based and similarity-based 

classification methods. The lack of educational-oriented software in the IMS field leads to a more 

challenging learning curve resulting in a drop in student motivation. Software integrated with 

GNE is purposed to minimize the overwhelming feeling in students in the IMS field by 

simultaneously providing understandable execution order for the machine. An application 

consisting of GNE with the addition of custom node architecture and their interaction logic is built 

to conduct laboratory work using this software. Executed laboratory work result shows that 

having GNE integrated into the software can significantly impact visual understanding, leading to 

higher motivation and interest in the subject in students. 

Keywords: Node, Graphical Editor, GPIOS, Information measurement system. 

 

Introduction 

Requirements such as industry standards, experience in the field, minimal operating systems, and 

license costs have made access to industrial-level software hard for an average person [1]. Thus, 

lighter software can be purposed to increase accessibility for educational purposes across the 

world. Lighter versions of industrial software are one of the alternatives used as a more accessible 

experimental tool to introduce new students to the specialization [2,3]. Despite its simplicity and 

experimental nature, lighter software’s main benefit is its development which has no constraints 

on modifications or implementation of new features unlike industry applications [2]. The design 

of experimental software is generally more simplistic than their industrial counterparts however, 

they do inherit functionality from them in a modified manner which can have a varying impact 

depending on implementation [2,3]. Also, it is important to note that all software started as 

experimental at one point and if they met certain demands with time, they became standard used 

in their respective industry. 

Industrial software is developed to satisfy the needs of an industry which is essential in the work 

environment [1]. However, in an educational environment, most stuff can be minimized to general 
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sketches of each object rather than each small detail [3,4]. A widely used approach for this 

representation is known as a functional block diagram which shows sketched ideas of what each 

block represents [4]. Conveniently engineering applications, including IMS are already 

represented in this way. This form of representation consists of blocks that contain GPIOS built 

into them with chain execution order starting from input nodes and ending at output nodes. A 

commonly used modular approach for implementing this is known as a node graph editor (NGE). 

This is a graphical interface widely implemented inside the software to minimize visual 

representation and at the same time provide more settings with settings and tabs. The benefit of 

NGE is its modular design pattern which allows the creation of a node pattern once and then 

creating more nodes by only changing with computation equation, relinking references, and 

tweaking GPIOS settings. To experiment with scenarios light software integrated with NGE was 

designed, after that scenario was built inside the application using node editor, simulated on run 

time and results noted. 

 

Node Based Software 

For visual representation one of the most spread ways is known as functional block diagrams. 

Functional block diagrams show each block by its name as an abstraction of a complex object. 

Fig.1 represent general-purpose node architecture for handling various simulation in different 

fields, including IMS [5,6]. 

 

 
 

Figure 1: General purpose node architecture 

 

In Figure 1, Reads represents a filter that only allows the correct entry type to connect with the 

node. Output is the node computation result. The highlight is an outline around the node to 

indicate selection or issues. GPIOS is responsible for keeping track of all node junctions. 

 

Node GPIOS Architecture 

GPIOS is a term that stands for general purpose input output system. This term is used 

everywhere from electronic engineering to medicine describing entries and results of certain 

actions or computations. In software development, it is also used to describe how a user will 

interact with the software. Apart from this interaction in the modular approach, it is also used to 

describe how different modules interact with each other [2,7].   

Figure 2 shows an example of how two nodes connect. Here we can see first node’s connection 

point CP at Id1 is connected to the second nodes CP at Id1. Only the first node CP has a line 

render LR instance with AP located on LR’s point references. The second node only references 

the first Node’s LR. Both of these Nodes reference each other and Both of these CP reference Id 

of other [2,4,7]. 
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Figure 2: Node GPIOS architecture 

 

Node GPIOS Array 

Architecture must be scaled for nodes containing more than one GPIOS port. To do this first two 

things must be considered. 

 

 
 

Figure 3: Node I/O perspective with respect to: a) Node object b) Line renderer 

 

Figure 3 represents two ways of thinking about node entry and result points. In a) node is taken as 

the point of reference where the output of one node is the other node's input. In b) connection line 

is taken as the point of reference where the lines start is input and end is output. Both of these 

ways can be considered correct; however, this application will utilize the approach shown in 

Figure 3a [2,6,7]. 

 

 
 

Figure 4: GPIOS Cases a) only transmission b) both receiving and transmitting c) only receiving 

 

Node interaction by design maybe is one-sided or two-sided. Figure 4 illustrates all GPIOS use 

scenarios a) for nodes that only provide initial variables and launch execution chain b) used in 

two-sided nodes c) is for output nodes that only receive variables and mark end of each execution 

chain [4,5,7]. 
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The final issue we need to address is when referencing the selected node's information CP will not 

remember at what index it has been connected. To solve this, we can add an integer field to store 

Id. 

 

Graphical Editor  

Apart from node architecture, software requires a component that will perform actions made with 

node interaction. Figure 5 contains the architecture of all required arguments for graphical editor 

operations [2, 5, 8]. 

 

 
 

Figure 5: Node Graph Editor Architecture 

 

From the architecture provided above, we can see in node graph editor variables can be divided 

into flowing categories: 

• Temporary variables that change each time node is selected. 

• The debugger stores reference to nodes for separate input type nodes, all nodes, and problemed 

nodes. 

• Interaction mode variables are by default referenced elements that get activated when the 

corresponding interaction mode is triggered. 

 

User Interaction Functions 

User interaction can be divided into two main sections graphical editor and quick menu. What 

function’s both of these have been represented in Figure 6 [2,7,8]. 

 

 
 

Figure 6: Graphical Editor Functions 

 

When it comes to the execution of quick menu functions, we can show generalized logic for all of 

them in Figure 7 [2,7]. 
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Figure 7: Quick menu function execution 

 

Graphical Editor Functions 

The main difference between the graphical editor and quick menu functions is that the editor’s 

functions run on an update for each frame application that is active. 

This results in a need for a modified approach which will divide function execution into two 

stages as it is represented in Figure 8. 

 

 
 

Figure 8: Graphical editor function execution 

 

The logic provided in Figure 8 starts when the designated key is pressed. Afterward, required 

arguments are taken from the selected node. The first stage activates the function and it starts its 

execution. During execution two conditions are checked for cancelation of the action and 

completion of the action. Stage two is finishing the function by applying changes to involved 

node architectures [2,7,8]. 

 

Simulation  

In Figure 9 image taken from the purposed software is displayed. This image represents a 

generalized IMS setup. Where INP node represents float variable representing physical parameter 

value. TDC is a transducer that simulates the measurement process of this variable and then 

passes its results to OP: AMP to amplify the signal. OP: AMP passes it to ADC which converts it 
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into 1 and 0’s. Finally, ADC output and a value set in constant CON node are compared inside 

condition node CDN which decides to activate either display DP or shutdown SD [2,3].    

 

 
 

Figure 9: Example Made in proposed software 

 

After editor configuring is done run time can be triggered. For run-time simulation execution 

order given in table 1 and the computational logic behind each node must be known. 

Figure 10 represents and Table 1 shows that the execution order was linearly passed until it got 

into condition node CDN which has requirements of two inputs. Since the first execution chain 

provides only one of the required inputs, in this case, CDN was incremented and the first chain's 

execution was terminated.  

 

 
 

Figure 10: Chain 1 Highlighted 

 

Table 1. Chain 1 Execution Order. 

 

Node Execution Type 

INP Linearly passed 

TDC Linearly passed 

OP: AMP 

ADC 

CDN 

Linearly passed  

Linearly passed 

Incremented 

 

Figure 11 represents and Table 2 shows the execution of the second chain. The second chain starts 

from constant node CON which represents constant value during the simulation process. After the 

chain starts CON passes its value to CDN. At this point, CDN receives both of its required inputs 

and performs chosen operations to determine which node will be executed at the end. 
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Figure 11. Chain 2 Highlighted. 

 

Table 2. Chain 2 Execution Order. 

 

Node Execution Type 

CON Linearly passed 

CDN Triggered 

DP or SD Condition Based 

 

Once the execution order is determined, we can start the simulation and note down the results in 

Table 3.  To ensure there were no mistakes results are compared with the results produced by the 

equations. Firstly, we know RTD Pt100 has a measuring range between (-200 to 850) as it is 

provided in the article by Texas instrumentation [9]. We can calculate the resulting mA Hart 

communication value by the following equation: 

                        (1) 

This results in 7.2 mA in Hart communication TDC reading. But we need a voltage reading for 

this we convert the Hart signal in lowered scale: 

 (2) 

 

Table 3. Simulation Results of Each Node.  

 

Input Node Output 

Chain 1 Start INP 62.5° 

62.5° TDC 0.45V 

0.45V 

2V 

Chain 2 Start 

ADC; CON;   

CDN False 

CDN True 

OP: AMP 

ADC 

CON 

CDN 

DP 

SP 

2V  

001100110011 

200° 

62.5° > 200° 

Print 

Interrupt 

 

The result of this equation is 1.8 mA which we can run through a 250 Ohm resistor to get the 

voltage value: 

 (3) 
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From this equation, we get 0.45V which has offset due to the Hart protocol starting from 4mA 

instead of 0mA. The reason for this in Hart protocol is to be able to tell difference between fault 

and zero signal. To fix this we need to account for the offset current of 4mA: 

 (4) 

From this subtraction, we will get 0.2V. However, this signal even at its maximum reading of 

1.25V is not enough [10]. We need to amplify this signal with an OP: AMP. The gain required 

here needs to satisfy 10V peek voltage value of ADC input. For gain, we can simply use OP: 

AMP’s equation: 

 (5) 

This is the equation for none inverting OP: AMP input and to achieve our goal we must use a 

ration of ADC required 10V with a range of our TDC output 1V. This is a 9:1 ratio between the 

feedback resistor and the input resistor. Thus OP: AMP’s output will be scaled ten times [10]: 

 

                                                                                                                      (6) 

This will give us 2V. Lastly, we need to calculate 2V reading in Binary representation to do this 

first we will need to find the bit depth of ADC. Since we know we are using 12 Bit ADC with 

10V peek in this case Step is: 

                                                                (7) 

  

From this, we get a step of 2.442 mV. Now we can calculate the bit number by: 

Bit number =  (8) 

  

This equation will give us 819.2 which in binary is represented as 1100110011. 

 

Conclusions 

Graphical node editor-integrated software for IMS applications has been purposed in this paper. 

An example circuit was built with the node editor and simulated on run time. The execution order 

went as predicted and was noted for both chains. Results for each node's output were also noted 

and the same results were calculated on paper. A comparison between both results showed no 

mistakes during the simulation. 
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Economic and Political Geography. PhD in Economic and Political Geography 
Donatella M. Viola 
London School of Economics and Political Science, London, Assistant Professor in Politics and International Relations at the 
University of Calabria, Italy. PhD in International Relations. 
__________________________________________________________________________________________________________ 
Jordan  
 
Ahmad Aljaber  
President at Gulf University. German Jordan University, Founder / Chairman of the Board. Ph.D in Computer Science  
Ahmad Zamil  
Middle East University (MEU). Business Administration Dept. Associate Professor. PhD Marketing  
Ikhlas Ibrahim Altarawneh 
Al-Huessien BinTalal University. Business Department. Full Professor in Human Resource Management. 
Asmahan Majed Altaher  
Arab Academy for Banking and Financial Sciences. Associate Professor. PhD in Management Information System.  
Sadeq Al-Hamouz  
The World Islamic Sciences & Education University (WISE), Vice Dean of the Faculty of Information Technology. 
Chairman of the Department of Computer Science. Professor. 
Safwan Al Salaimeh 
Aqaba University of Technology. Sofrware Engineering Department. Information Technology Faculty. Dean of information technology 
faculty. Professor.  
__________________________________________________________________________________________________________
Kazakhstan  
 
Ainur Tokshilikova 
West Kazakhstan Marat Ospanov Medical University, PhD in Medicine, Department of Anesthesiology and Reanimatology. 
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Alessandra Clementi  
Nazarbayev University School of Medicine. MD, GP. Assistant Professor of Medical Practice and Family Medicine  
Anar Mirzagalieva  
Astana Internationl University. Vice-President. PhD in Biology.  
Anna Troeglazova  
East Kazakhstan State University named Sarsen Amanjolov. PhD  
Gulmira Zhurabekova  
Marat Ospanov West-Kazakhstan State Medical Academy. Department of Human Anatomy. Associate Professor  
Nuriya Kharissova  
Karaganda Medical University. Associate Professor of Biological Science.  
Nikolay Kurguzov   
State University of Pavlodar named S. Toraygirova. PhD. Professor.  
Zhanargul Smailova 
Head of the Department of Biochemistry and Chemical Disciplines named after MD, professor S.O. Tapbergenova NAC Medical 
University of city Semey.  
Zhanslu Sarkulova  
West Kazakhstan Marat Ospanov Medical University, Doctor of Medical Sciences, Professor, Department of Anesthesiology and 
Reanimatology. 
__________________________________________________________________________________________________________ 
Libya  
 
Salaheddin Sharif  
University of Benghazi, Libyan Football Federation- Benghazi PhD in Medicine (MD)  
__________________________________________________________________________________________________________ 
Latvia  
 
Tatjana Tambovceva   
Riga Technical University. Faculty of Engineering Economics and Management, Professor.   
__________________________________________________________________________________________________________  
Lithuania  
 
Agne Simelyte 
Vilnius Gediminas Technical University, Associate professor. Phd in Social Sciences (Management) 
Ieva Meidute – Kavaliauskiene  
Vilnius Gediminas Technical University. Doctor of Technological Sciences. Head of Business Technologies and Entrepreneurship 
Department, Faculty of Business Management.   
Vilma (Kovertaite) Musankoviene  
e-Learning Technology Centre. Kaunas University of Technology. PHD  
Laura Uturyte 
Vilnius Gediminas Technical University (VGTU). Head of Project Manager at PI Gintarine Akademy. PhD in Economy.  
Loreta (Gedminaitė) Ulvydiene  
Professor of Intercultural Communication and Studies of Translation. Vilnius University. PHD  
Zhaneta Simanavichienė 
Mykolas Romeris University, Head of the Sustainable Innovation Laboratory, Public Security Academy, professor. Honorary Consul of 
the Republic of Estonia in Lithuania  
__________________________________________________________________________________________________________  
Macedonia 
 
Liza Alili Sulejmani 
International Balkan University. Head of Banking and Finance department. Assistant Professor. PhD of Economics.  
Learta Alili Ademi 
Pediatrician in University, Clinic for pediatric diseases, department of neurology.  
__________________________________________________________________________________________________________ 
Malaysia 
 
Anwarul Islam 
The Millennium University. Department of Business Administration. Associate Professor.  
Kamal Uddin 
Millennium University, Department of Business Administration. Associate Professor. PhD in Business Administration.  
__________________________________________________________________________________________________________ 
Morocco  
 
Mohammed Amine Balambo  
Ibn Tufail University, Aix-Marseille University. Free lance. Consultant and Trainer. PhD in Philosophy. Management Sciences, 
Specialty Strategy and Logistics.  
__________________________________________________________________________________________________________  
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Nigeria 
 
Bhola Khan 
Yobe State University, Damaturu. Associate Professor, Depatrment of Economics. PhD in Economics. 
__________________________________________________________________________________________________________ 
Norway 
 
Svitlana Holovchuk 
PhD in general pedagogics and history of pedagogics.  
__________________________________________________________________________________________________________ 
Pakistan 
 
Nawaz Ahmad 
Shaheed Benazir Bhutto University, Associate Professor, PhD in Management. 
__________________________________________________________________________________________________________ 
Poland  
 
Grzegorz Michalski 
Wroclaw University of Economics. Faculty of Engineering and Economics. PhD in economics. Assistant professor.  
Kazimierz Waluch 
Pawel Wlodkowic University College in Płock, Assistant Professor at the Faculty of Management. PhD in Economy.  
Robert Pawel Suslo 
Wroclaw Medical University, Public Health Department, Health Sciences Faculty, Adjunct Professor of Gerontology Unit. PhD MD.  
Tadeusz Trocikowski 
European Institute for Eastern Studies. PhD in Management Sciences. 
__________________________________________________________________________________________________________
Qatar  
 
Mohammed  Elgammal  
Qatar University. Assistant Professor in Finance. PhD in Finance  
__________________________________________________________________________________________________________
Romania  
 
Camelia Florela Voinea 
University of Bucharest, Faculty of Political Science, Department of Political Science, International Relations and Security Studies. 
PhD in Political Sciences. 
Minodora Dobreanu   
University of Medicine and Pharmacy of Târgu Mureș. Faculty of Medicine. Professor, MD, PhD in Medicine, Romanian Association of 
Laboratory Medicine. Editor-in-chief. 
Odette (Buzea) Arhip  
Ecological University of Bucuresti. Associate Professor. PhD in Social Sciences.  
__________________________________________________________________________________________________________  
Russia  
 
Grigory G. Levkin  
Siberian State Automobile and Highway Academy. Omsk State Transport University. PHD of Veterinary Sciences  
Nikolay N. Sentyabrev  
Volgograd State Academy of Physical Culture. Doctor of Biological Sciences. Professor. Academician.  
Sergei A. Ostroumov  
Moscow State University. Doctor of Biological Science. Professor  
Victor F. Stukach  
Omsk State Agrarian University. Doctor of Economical Sciences. Professor  
Zhanna Glotova  
Baltic Federal University named Immanuel Kant, Ph.D., Associate Professor. 
__________________________________________________________________________________________________________ 
Saudi Arabia  
 
Ikhlas (Ibrahim) Altarawneh  
Ibn Rushd College for Management Sciences. PHD Human Resource Development and Management.  
Associate Professor in Business Administration  
Salim A alghamdi  
Taif University. Head of Accounting and Finance Dept. PhD Accounting  
__________________________________________________________________________________________________________ 
Serbia  
 
Jane Paunkovic  
Faculty for Management, Megatrend University. Full Professor. PhD, Medicine  
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Jelena Purenovic  
University of Kragujevac . Faculty of Technical Sciences Cacak . Assistant Professor . PhD in NM systems.  
__________________________________________________________________________________________________________  
South Korea 
 
Aynur Aliyeva 
The Catholic University of Korea. Department of Otorhinolaryngology, Head and Neck Surgery. MD, PhD.  
__________________________________________________________________________________________________________ 
Sultanate of Oman  
 
Nithya Ramachandran  
Ibra College of Technology. Accounting and Finance Faculty, Department of Business Studies. PhD  
Rustom Mamlook 
Dhofar University, Department of Electrical and Computer Engineering College of Engineering. PhD in Engineering / Computer 
Engineering. Professor.  
__________________________________________________________________________________________________________
Sweden  
 
Goran Basic  
Lund University. Department of Sociology. PhD in Sociology. Postdoctoral Researcher in Sociology.  
__________________________________________________________________________________________________________  
Turkey 
 
Fuad Aliew 
Gebze Technical University, Department of Electronics Engineering, Faculty of Engineering,Associate professor, PhD in Automation 
engineering 
Mehmet Inan 
Turkish Physical Education Teachers Association. Vice president. PhD in Health Sciences, Physical Education and Sport Sciences 
Melis Gönülal 
University of Health Sciences, İzmir Tepecik Training and Research Hospital, Associate professor. 
Muzaffer Sancı 
University of Health Sciences. Tepecik Research and Teaching Hospital. Clinics of Gynecology and Obtetrics Department of 
Gynecologic Oncologic Surgery. Assocciated Proffesor. 
Vugar Djafarov  
Medical school at the University of Ondokuzmayıs Turkey. PhD. Turkey.  
Yigit Kazancioglu  
Izmir University of Economics. Associate Professor, PhDin Business Administration.  
__________________________________________________________________________________________________________  
UK  
 
Christopher Vasillopulos  
Professor of Political Science at Eastern Connecticut State University. PhD in Political Science and Government.  
Frances Tsakonas 
International Institute for Education Advancement. Ceo & Founder. PhD in Philosophy.  
Georgios Piperopoulos 
Northumbria University. Visiting Professor, Faculty of Business and Law Newcastle Business School. PhD Sociology and Psychology. 
Mahmoud Khalifa 
Lecturer at Suez Canal University. Visiting Fellow, School of Social and Political Sciences, University of Lincoln UK. PhD in Social 
and Political Sciences 
Mohammed Elgammal  
Qatar University. Assistant Professor. PhD in Finance.  
Stephan Thomas Roberts 
BP Global Project Organisation. EI&T Construction Engineer. Azerbaijan Developments. SD 2 Onshore Terminal. Electrical engineer. 
__________________________________________________________________________________________________________ 
Ukraine  
 
Alina Revtie-Uvarova 
National Scientific Center. Institute of Soil Structure and Agrochemistry named Sokolovski. Senior Researcher of the Laboratory, 
performing part-time duties of the head of this laboratory. 
Alona Obozna 
Mykolaiv National Agrarian University, Department of Hotel and Restaurant Business and Business Organization, PhD of Economics, 
Associate Professor.   
Alla Oleksyuk-Nexhames  
Lviv University of Medicine. Neurologyst at pedagog, pryvaty refleksoterapy. MD PD.  
Anna Kozlovska  
Ukrainian Academy of Banking of the National Bank of Ukraine. Associate Professor. PhD in Ecomomic.  
Bogdan Storokha  
Poltava State Pedagogical University. PhD  
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Dmytro Horilyk  
Head of the Council, at Pharmaceutical Education & Research Center. PhD in Medicine.  
Galina Kuzmenko 
Central Ukrainian National Technical University, Department of Audit and Taxation, Associate Professor.PhD in Economiy.  
Galina Lopushniak  
Kyiv National Economic University named after Vadym Hetman. PhD. Doctor of Economic Sciences, Professor. 
Hanna Huliaieva  
Institute of Microbiology and Virology, NASU, department of phytopatogenic bacteria. The senior research fellow, PhD in Biology.  
Hanna Komarnytska 
Ivan Franko National University of Lviv , Head of the Department of Economics and Management, Faculty of Finance and Business 
Management, Ph.D. in Economics, Associate Professor. 
Iryna Skrypchenko  
Dnipropetrovsk State University of Internal Affairs. Head department of physical education & technical and tactical training. PhD, 
associate professor. 
Iryna Trunina 
Kremenchuk Mykhailo Ostrogradsky National University, Head of Business Administration, Marketing and Tourism department, 
Faculty of Economics and Management, Professor. 
Katerina Yagelskaya  
Donetsk National Technical University. PhD  
Larysa Kapranovа  
State Higher Educational Institution «Priazovskyi State Technical University» Head of the Department of Economic Theory  
and Entrepreneurship, Associate Professor, PhD in Economy,   
Lesia Baranovskaya  
Igor Sikorsky Kyiv Polytechnic Institute, Department of Mathematical Methods of Systems Analysis, PhD, Associate Professor.  
Liana Ptaschenko 
National University «Yuri Kondratyuk Poltava Polytechnic». Doctor of Economical Sciences. Professor  
Liliya Roman 
Department of Social Sciences and Ukrainian Studies of the Bukovinian State Medical University. Associate professor, PhD in 
Philology, 
Liudmyla Fylypovych 
H.S. Skovoroda Institute of Philosophy of National academy of sciences of Ukraine, Leading scholar of Religious Studies Department. 
Doctor of philosophical sciences, professor. 
Lyudmyla Svistun 
Poltava national technical Yuri Kondratyuk University. Department of Finance and Banking. Associated Professor.  
Мixail M. Bogdan  
Institute of Microbiology and Virology, NASU, department of Plant of viruses. PhD in Agricultural Sciences. 
Nataliia Bezrukova 
Yuri Kondratyuk National Technical University. Associate Professor, PhD in Economic. 
Nataliia Shalimova 
Central Ukrainian National Technical University, Audit, Accounting and Taxation Department, Dean of the Faculty of Economics, Dr. 
of Economics, Professor. 
Nataliia Ushenko 
Borys Grinchenko Kyiv University, Department International Economics, Doctor of Economic Sciences, Professor.  
Olena Syniavska 
Kharkiv National University of Internal Affairs, Department of Law Enforcement Activity and Policeistics, Doctor of Legal Sciences, 
Professor. 
Oleksandr Voznyak  
Hospital “Feofaniya”. Kyiv. Head of Neureosurgical Centre. Associated Professor.  
Oleksandra Kononova 
Prydniprovska State Academy of Civil Engineering and Architecture (PSACIA), Assoc.professor of Accounting, Economics and 
Human Resources Management department. PhD. in Economic Science. 
Oleksandr Levchenko 
Central Ukrainian National Technical University, Kropyvnytskyi. Vice-Rector for Scientific Activities. Professor.  
Olena Cherniavska  
Poltava University of Economics and Trade, Doctor of Economical Sciences. Professor  
Olga Gold  
Aix Marseille University, Mesopolhis, Mediterranean sociologic, political and history sciences researcher, Associate Professor. 
Olga Gonchar 
Khmelnytsky National University, Economics of Enterprise and Entrepreneurship, Doctor of Economic Sciences, Professor. 
Olha Ilyash 
National Technical University of Ukraine the “Igor Sikorsky Kyiv Polytechnic Institute”, Professor, Doctor of Science.in Economics. 
Roman Lysyuk  
Assistant Professor at Pharmacognosy and Botany Department at Danylo Halytsky Lviv National Medical University. 
Sergei S. Padalka  
Doctor of Historical Sciences, Professor, Senior Researcher at the Department of Contemporary History and Policy at the Institute of 
History of Ukraine National Academy of Sciences of Ukraine. 
 
 

http://www.multitran.ru/c/m.exe?t=7236480_1_2&s1=%EA%E0%ED%E4%E8%E4%E0%F2%20%E1%E8%EE%EB%EE%E3%E8%F7%E5%F1%EA%E8%F5%20%ED%E0%F3%EA
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Stanislav Goloborodko  
Doctor of Agricultural Sciences, Senior Researcher. Institute of Agricultural Technologies of Irrigated Agriculture of the National 
Academy of Agrarian Sciences of Ukraine  
Svetlana Dubova  
Kyiv National University of Construction and Architecture. Department of Urban Construction. Associate Professor. PhD in TS.  
Kyiv Cooperative Institute of Business and Law 
Svitlana Onyshchenko  
National University “Yuri Kondratyuk Poltava Polytechnic”, Finance, Banking and Taxation Department, D.Sc. (Economics), 
Professor.  
Tetiana Kaminska 
Kyiv Cooperative Institute of Business and Law. Rector. Doctor of Science in Economics. .  
Valentina Drozd 
State Scientific Research Institute of the Ministry of Internal Affairs of Ukraine. Doctor of Law, Associate Professor, Senior 
Researcher. 
Vasyl Klymenko 
Central Ukrainian National Technical University. Department of Electrical Systems and Energy Management. Doctor TS. Professor. 
Victoriya Lykova  
Zaporizhzhya National University, PhD of History  
Victor Mironenko  
Doctor of Architecture, professor of department "Design of architectural environment", Dean of the Faculty of Architecture of Kharkov 
National University of Construction and Architecture (KNUCA), member of the Ukrainian Academy of Architecture  
Yuliia Mytrokhina  
Donetsk National University of Economics and Trade named after Mykhaylo Tugan-Baranovsky., PhD in Marketing and Management. 
Associate Professor  
Yulija Popova  
Municipal Institution "Agency for Local Development of Territorial Communities of Poltava District", PhD in Ecomomic. Assiciated 
professor.   
 
Crimea  
 
Lienara Adzhyieva  
V.I. Vernadsky Crimean Federal University, Yevpatoriya Institute of Social Sciences (branch). PhD of History. Associate Professor  
Oksana Usatenko  
V.I. Vernadsky Crimean Federal University. Academy of Humanities and Education (branch). PhD of Psychology.  
Associate Professor.  
Tatiana Scriabina  
V.I. Vernadsky Crimean Federal University, Yevpatoriya Institute of Social Sciences (filial branch). PhD of Pedagogy.  
Associate Professor  
__________________________________________________________________________________________________________  
United Arab Emirates  
 
Ashok Dubey  
Emirates Institute for Banking &  Financial Studies, Senior faculty. Chairperson of Academic Research Committee of EIBFS.  
PhD in Economics 
Maryam Johari Shirazi 
Faculty of Management and HRM. PhD in HRM. OIMC group CEO. 
__________________________________________________________________________________________________________ 
USA  
 
Ahmet S. Yayla 
Adjunct Professor, George Mason University, the Department of Criminology, Law and Society & Deputy Director, International 
Center for the Study of Violent Extremism (ICSVE), PhD in Criminal Justice and Information Science 
Christine Sixta Rinehart 
Academic Affairs at University of South Carolina Palmetto College. Assistant Professor of Political Science. Ph.D. Political Science 
Cynthia Buckley  
Professor of Sociology at University of Illinois. Urbana-Champaign. Sociological Research  
Medani P. Bhandari  
Akamai University. Associate professor. Ph.D. in Sociology.  
Mikhail Z. Vaynshteyn  
Lecturing in informal associations and the publication of scientific articles on the Internet. Participation in research seminars in the 
"SLU University" and "Washington University", Saint Louis  
Nicolai Panikov  
Lecturer at Tufts University. Harvard School of Public Health. PhD/DSci, Microbiology  
Rose Berkun  
State University of New York at Buffalo. Jacobs School of Medicine & Biomedical Sciences, Clinical Associate Professor of 
Anesthesiology, PhD. MD  
Tahir Kibriya 
Director technical / senior engineering manager. Black & Veatch Corporation, Overland Park. PhD Civil Engineering.  
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Yahya Kamalipour  
Dept. of Journalism and Mass Communication North Carolina A&T State University Greensboro, North Ca. Professor and Chair 
Department of Journalism and Mass Communication North Carolina A&T State University. PhD  
Wael Al-Husami 
Lahey Hospital & Medical Center,  Nardone Medical Associate, Alkhaldi Hospital, Medical Doctor, International Health,  MD, FACC, 
FACP 
__________________________________________________________________________________________________________ 
Uruguay 
 
Gerardo Prieto Blanco 
Universidad de la República. Economist, Associate Professor . Montevideo.  
__________________________________________________________________________________________________________
Uzbekistan  
 
Guzel Kutlieva  
Institute of Microbiology. Senior Researcher. PhD in  BS.  
Khurshida Narbaeva 
Institute of Microbiology, Academy of Sciences Republic of  Uzbekistan, Doctor of biological sciences.  
Nilufar Elova 
Academy of sciences. Doctor of Philosophy in biology, Senior scientific worker.  
Shaklo Miralimova 
Academy of Science. Institute of Microbiology. Deputy Director, Doctor of Biology Sciences. PhD in BS. 
Shukhrat Yovkochev 
Tashkent State Institute of Oriental Stadies. Full professor. PhD in political sciences.  
__________________________________________________________________________________________________________ 
Honorary editorial board members: 
 
Agaheydar Seyfulla Isayev  
Azerbaijan State Oil Academy. Doctor of Economical Sciences. Professor.  
Jacob Meskhia  
Tbilisi State University. Faculty of Economics and Business. Full Professor.  
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AIMS AND SCOPE 
 
ICRET MTÜ The Baltic Scientific Journals publishes peer-reviewed, original research and review articles 
in an open access format. Accepted articles span the full extent of the social and behavioral sciences and 
the humanities.  

ICRET MTÜ The Baltic Scientific Journals seeks to be the world’s premier open access outlet for academic 
research. As such, unlike traditional journals, ICRET MTÜ The Baltic Scientific Journals does not limit 
content due to page budgets or thematic significance. Rather, ICRET MTÜ The Baltic Scientific Journals 
evaluates the scientific and research methods of each article for validity and accepts articles solely on the 
basis of the research. Likewise, by not restricting papers to a narrow discipline, ICRET MTÜ The Baltic 
Scientific Journals facilitates the discovery of the connections between papers, whether within or between 
disciplines. 

ICRET MTÜ The Baltic Scientific Journals offers authors quick review and decision times; a continuous-
publication format; and global distribution for their research via ICRET MTÜ The Baltic Scientific Journals 
Online. All articles are professionally copyedited and typeset to ensure quality. 

Those who should submit to ICRET MTÜ The Baltic Scientific Journals include: 

• Authors who want their articles to receive quality reviews and efficient production, ensuring the quickest 
publication time. 

• Authors who want their articles to receive free, broad, and global distribution on a powerful, highly 
discoverable publishing platform. 

• Authors who want their articles branded and marketed by a world-leading social science publisher. 

• Authors who want or need their articles to be open access because of university or government 
mandates. 
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TOPICS OF JOURNAL 
 
AGRICULTURAL, ENVIRONMENTAL & NATURAL SCIENCES  
 
Agriculture, Agronomy & Forestry Sciences 
History of Agricultural Sciences 
Plant Breeding and Seed Production 
Environmental Engineering Science  
Earth Sciences & Organic Farming  
Environmental Technology 
Botany, Zoology & Biology 
 
SOCIAL, PEDAGOGY SCIENCES & HUMANITIES 
 
Historical Sciences and Humanities 
Psychology and Sociology Sciences 
Philosophy and Philology Sciences 
History of Science and Technology 
Social Science 
Pedagogy Science 
Politology 
Geography 
Linguistics 
 
MEDICINE AND BIOLOGY SCIENCES 
 
Clinical Medicine 
Prophylactic Medicine 
Theoretical Medicine 
Stomatology & Dentistry 
Innovations in Medicine 
Biophysics and Biochemistry 
Radiology and Microbiology 
Molecular Biology and Genetics 
Botany and Virology 
Microbiology and Hydrobiology 
Physiology of Plants, Animals and Humans 
Ecology, Immunology and Biotechnology 
Virology and Immunology 
History of Biology 
Entomology 
 

COMPUTING AND APPLIED SCIENCES 
 
History of Science and Technics 
Information, Computing and Automation 
Innovative Technologies 
Mathematics & Applied Mathematics 
 
ECONOMIC, MANAGEMENT & MARKETING SCIENCES 

 

Economics and Management of Enterprises 
Economy and Management of a National Economy 
Mathematical Methods, Models and Information Technologies in Economics  
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Accounting, Analysis and Auditing 
Money, Finance and Credit 
Demography, Labor Economics 
Management and Marketing 
Economic Science 
 
LEGAL, LEGISLATION AND POLITICAL SCIENCE 

 

Theory and History of State and Law 
International Law 
Branches of Law 
Judicial System and Philosophy of Law 
Theory and History of Political Science 
Political Institutions and Processes 
Political Culture and Ideology 
Political Problems of International Systems and Global Development 
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NGO International Center for Research, Education & Training (Estonia, Tallinn) is publishing scientific 
papers of scientists on Website and in Referred Journals with subjects which are mentioned below:   
 

© The Baltic Scientific Journals 
 

ISSN: 2613-5817; E-ISSN: 2613-5825; UDC: 0 (0.034);  
DOI PREFIX: 10.36962/PIRETC 
Proceeding of The International Research Education & Training Center. 
https://bsj.fisdd.org/index.php/piretc 
  

ISSN: 2674-4562, E-ISSN: 2674-4597, UDC: 620.9 (051) (0.034);  
DOI PREFIX: 10.36962/ENECO 
Proceedings of Energy Economic Research Center. ENECO 
https://bsj.fisdd.org/index.php/eneco-peerc 
 
ISSN: 1609-1620, E-ISSN: 2674-5224; UDC: 62 (051) (0.034);  
DOI PREFIX: 10.36962/PAHTEI 
Proceedings of Azerbaijan High Technical Educational Institutions. PAHTEI 
https://bsj.fisdd.org/index.php/pahtei 
 
ISSN: 2663-8770, E-ISSN: 2733-2055; UDC: 672, 673, 67.01-67.02 
DOI PREFIX: 10.36962/ETM 
ETM Equipment, Technologies, Materials 
https://bsj.fisdd.org/index.php/etm 
 
ISSN: 2733-2713; E-ISSN: 2733-2721; UDC: 33  
DOI PREFIX: 10.36962/SWD 
SOCIO WORLD-SOCIAL RESEARCH & BEHAVIORAL SCIENCES 
https://bsj.fisdd.org/index.php/swd 
 
E-ISSN: 2587-4713; UDC: 620.9 (051) (0.034) 
DOI PREFIX: 10.36962 / ECS 
Economics 
https://scia.website/index.php/ecs 
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Society of Azerbaijanis living in Georgia. NGO. (Georgia, Tbilisi) is publishing scientific papers of 
scientists on Website and in Referred Journals with subjects which are mentioned below:   
 
© Southern Caucasus Scientific Journals 
 
ISSN: 2346-8068; E-ISSN: 2346-8181; UDC: 611-618 
DOI PREFIX: 10.36962/ALISJMSC 
Ambiance in Life-International Scientific Journal in Medicine of Southern Caucasus. 
http://scsj.fisdd.org/index.php/ail 
 
 

Representation of the International Diaspora Center of Azerbaijan in Georgia. NGO (Georgia Tbilisi) 
is publishing scientific papers of scientists on Website and in Referred Journals with subjects which are 
mentioned below:   

 
© Southern Caucasus Scientific Journals 
 
ISSN: 2298-0946, E-ISSN: 1987-6114; UDC: 3/k-144 
DOI PREFIX: 10.36962/CESAJSC 
The Caucasus-Economic and Social Analysis Journal of Southern Caucasus 
http://scsj.fisdd.org/index.php/CESAJSC 
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Title of the Paper (14 point, Bold, Times New Roman) 
 

First Author’s Name1, Second Author’s Name2 , Third Author’s Name3, ……. 
1 [Author affiliations – position, department, institute, city, state, country, email ID, ORCID ID] 
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ABSTRACT 
(Times New Roman, 12) 

The manuscript should contain an abstract within 300 words. The manuscript should have a self-

contained, citation-free abstract and state briefly the purpose of the research, methodology, key 

results and major conclusions. Abstract should be in a single paragraph with running sentences. 

Do not use any subheading or point list within the abstract. Also, non-standard or uncommon 

abbreviations should be avoided, but if essential they must be defined at their first mention in the 

abstract itself. 

Keywords: Authors are advised to writes 3-5 keywords related to the article, separated by 

comma. These keywords will be used for indexing purpose.  

 

SUMMARY (OPTIONAL) (Times New Roman, 12 Bold) 

[This section of the manuscript is optional. It is up to the author(s) to decide whether to include 

this section in the manuscript.] 

["Summary" of your work is a short description of the work being presented in your article. It is 

longer than the "Abstract" which is limited to 250 words for all types of articles. After reading the 

"Summary" a reader should be able to understand the background information, why the work is 

being reported, what the significant results are, and what may be the explanation for the results.] 

[Although writing an additional section in the form of "Summary" of your work may seem like 

and extra burden on your time and resources, it will be an important part of your manuscript 

especially for articles which are highly technical. Many times readers who are students, or who 

are not expert on the subject of the article or readers who are experts but in related subjects may 

skip reading an article if on first look the article appears to be very technical with lot of data, facts 

and statistics. Some other articles may not be easy to understand, on first reading, even by experts 

in the subject of the article. The "Summary" section will help the readers in understanding the 

results of your study.] 

• The recommended word limit for "Summary" for Review Article is –  800 words (2 pages) 

• When writing the "Summary" use as simple and as non-technical language as possible. 

Write the "Summary" as if you are explaining your study to a first year graduate student. 

• Do not repeat or copy text verbatim from the main text of your manuscript. "Summary" 

will probably be the most important and most widely read part of your manuscript. Write 

it fresh as a separate section. 
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• In the "Summary" give: 1) relevant background information, 2) why the work was done, 3) 

what were the significant results, 4) possible explanation of the results. 

• Only give the significant results of your study and give their possible explanation. 

• Do not compare your results with other studies.  

• Do not give references in the "Summary" section. First reference should start in main text 

of your manuscript from the "Introduction" section. 

 

Introduction (Times New Roman, 12) 

Mostly Papers starts with introduction. It contains the brief idea of work, requirement for this 

research work, problem statement, and Authors contribution towards their research. Sufficient 

recent reference citation [1] from last 2 years should be included for showing the existing 

challenges and importance of current work. This section should be succinct, with no subheadings 

unless unavoidable [2, 3]. State the objectives of the work and provide an adequate background 

related to your work, avoiding a detailed literature survey or a summary of the results. 

 

Research Methodology (Times New Roman, 12) 

This part should contain sufficient detail to reproduce reported data. It can be divided into 

subsections if several methods are described. Methods already published should be indicated by a 

reference [4], only relevant modifications should be described. Methodology should be written 

concisely in detail by maintaining continuity of the texts.  

 

Theory and Calculation (Times New Roman, 12) 

A Theory section should extend, not repeat, the background to the article already dealt with in the 

Introduction and lay the foundation for further work. In contrast, a Calculation section represents 

a practical development from a theoretical basis. Do not add extensive basic definitions or well-

known theories, instead highlight theoretical background and its specific usages in view of your work 

only. 
 

Mathematical Expressions and Symbols (Times New Roman, 12) 

Mathematical expressions and symbols should be inserted using equation tool of Microsoft word. 

References may be added for used equations to support its authenticity, e.g. this result has been 

analysed using Fourier series [5]. 

 

                                             (1) 

Results and Discussion (Times New Roman, 12) 

This section may each be divided by subheadings or may be combined.  A combined Results and 

Discussion section is often appropriate.  This should explore the significance of the results of the 

work, don’t repeat them. Avoid extensive citations and discussion of published literature only, 

instead discuss recent literature for comparing your work to highlight novelty of the work in view 

of recent development and challenges in the field. 

 

Preparation of Figures and Tables (Times New Roman, 12) 
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Authors are supposed to embed all figures and tables at appropriate place within manuscript. 

Figures and tables should neither be submitted in separate files nor add at the end of manuscript. 

Figures and Tables should be numbered properly with descriptive title. Each Figure/Table must be 

explained within the text by referring to corresponding figure/table number. Any unexplained or 

unnumbered Figure/Table may cause rejection of the paper without being reviewed. 

 

Formatting Tables (Times New Roman, 12) 

Table should be prepare using table tool within the Microsoft word and cited consecutively in the 

text. Every table must have a descriptive title and if numerical measurements are given, the units 

should be included in the column heading. Formatting requirement has been summarized in the 

Table 1. 

Table 1: Summary of formatting requirement for submitting paper in this journal. (Times New 

Roman, 12) 

Layout Size Margin (Normal) Header Footer  

Single column A4 (8.27” X 

11.69”) 

Top=1” 

Bottom=1” 

Left=1” 

Right=1” 

Do not add 

anything in the 

header 

So not add 

anything in the 

footer 

 

Font  Article Title Headings Subheadings Reference list Text 

 Times New 

Roman, 16 pt, 

Bold, centred 

Times New 

Roman, 11 pt, 

Bold, Left aligned 

Times New 

Roman, 10 pt, 

Bold, Left 

aligned 

Times New 

Roman, 8 pt, 

Justified 

Garamond, 11 

pt, Justified 

Line Spacing 1.15 1.15 1.15 1.15 1.15 

Page number We will format 

and assign page 

numbers 

    

(Times New Roman, 10) 

Formatting Figures (Times New Roman, 12) 

All figures should be cited in the paper in a consecutive order, author may be asked to provide 

separate files of the figure. Figures should be used in bitmap formats (TIFF, GIF, JPEG, etc.) with 

300 dpi resolution at least unless the resolution is intentionally set to a lower level for scientific 

reasons. If a bitmap image has labels, the image and labels should be embedded in separate layer. 

Figure 1 shows the logo of AIJR Publisher. 
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Figure 1: Logo of the AIJR Publisher (Times New Roman, 12) 

Conclusions (Times New Roman, 12) 

Each manuscript should contain a conclusion section within 250-450 words which may contain 

the major outcome of the work, highlighting its importance, limitation, relevance, application and 

recommendation. Conclusion should be written in continuous manner with running sentences 

which normally includes main outcome of the research work, its application, limitation and 

recommendation. Do not use any subheading, citation, references to other part of the manuscript, 

or point list within the conclusion. 

 

Declarations (Times New Roman, 12) 

 

Study Limitations (Times New Roman, 12) 

Provide all possible limitation faced in the study which might significantly affect research 

outcome, If not applicable write, none. 

 

Acknowledgements (Times New Roman, 12) 

All acknowledgments (if any) should be included in a separate section before the references and 

may include list of peoples who contributed to the work in the manuscript but not listed in the 

author list. 

 

Funding source (Times New Roman, 12) 

Provide funding source, supporting grants with grant number. The name of funding agencies 

should be written in full, if no funding source exist, write, none. 

 

Competing Interests (Times New Roman, 12) 

Declare any potential conflict of interest exist in this publication. 

 

Human and Animal Related Study (Times New Roman, 12) 

If the work involves the use of human/animal subjects, each manuscript should contain the 

following subheadings under the declarations section- 
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Ethical Approval (Times New Roman, 12) 

Provide ethical approval authority name with the reference number. If ethical approval is not 

required, provide an ethical exemption letter of not required. The author should send scan copy (in 

pdf) of the ethical approval/exemption letter obtained from IRB/ethical committee or institutional 

head. 

 

Informed Consent (Times New Roman, 12) 

Write a statement of informed consent taken from the participants to publish this research work. 

The editor may ask to upload scan copy if required. 

 

References (Times New Roman, 12) 

Author(s) are responsible for ensuring that the information in each reference is complete and 

accurate. Do not use grey literature (unauthentic website, news portal, social media, 

Wikipedia etc) as reference, only scholarly literature (Journal, online books, proceedings, 

patents, authentic websites with permanent archival policy) are acceptable references. 

Author should include sufficient recent (last 2 years) references in the article. All references must 

be numbered consecutively and citations of references in the text should be identified using 

numbers in square brackets (e.g., “as explained by AIJR [1]”; “as discussed in many reports [2]-

[6]”). All references should be cited within the text correctly; do not add only list of references 

without citation within the text. All cited references should be listed after declarations section in 

the following style-  

1. W. S. Author, “Title of paper,” Name of Journal in italic, vol. x, no. x, pp. xxx-xxx, 

Abbrev. Month, year. https://doi.org/10.21467/ajgr 
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3. Bahishti, “A New Multidisciplinary Journal; International Annals of Science”, Int. Ann. 
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Abbrev. Month, year. Access online on 20 March 2018 at https://www.aijr.in/journal-

list/advanced-journal-graduate-research/ 

5. W. S. Author, “Title of paper,” Name of Journal in italic, vol. x, no. x, pp. xxx-xxx, 

Abbrev. Month, year. Access online on 5 March 2018 at 
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Main features of citation style are given as- 

• The author name format is, "first name (Initial), middle name (Initial) and last name".  

      This differs from other styles where author's last name is first. 

• The title of an article (or chapter, conference paper, patent, etc.) is in quotation marks. 

• The title of the book or journal is in italics. 

• Online link of the original paper. If any reference is not available online, it should be 

modified with available online reference 
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Provide complete detail of each author in the following format as well as add each author with 
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