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Abstract— The analysis of the cartographic object 
comparison in Ukraine was carried out. In order to correctly 
read and analyze the map, it is necessary to clearly imagine the 
depicted area using conventional signs. The algorithms for 
working with the map are studied in this paper: the digitization 
algorithm and the graph construction algorithm. 
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I. INTRODUCTION 
Deep learning methods have recently allowed researchers 

to successfully solve the problems of processing large 
amounts of data. In the area of learning improvement, this has 
led to the ability to design nodes that can learn to act on high-
dimensional input spaces. In particular, deep neural networks 
were used to analyze map data and replace the work of 
thousands of people who viewed and systematized it. In order 
to correctly read and analyze the map, it is necessary to clearly 
imagine the depicted area using conventional signs. At the 
moment, the most common algorithms for working with the 
map are the digitization algorithm and the graph construction 
algorithm. 

II. ANALYSIS OF THE SUBJECT DOMAIN 

TABLE I.  WEB-GIS COMPARSION 

Criteria 2GIS Google Maps 

Coverage  
 

Average, which is 
worse than 
competitors 
demonstrate 
 

Best coverage in the world 
 

Detailing 
 

One of the best 
detailing 
 

Good detailing 
 

Display 
options 
 

Map 
 

Map, satellite, bikemap, 
transport 

At the moment, the most successful companies working  
with maps are Googlemaps, 2GIS [1]. These companies are 
the most represented on the Ukrainian market. A comparison 
table will be presented in Table 1. Therefore, these 
cartographic services use the digitization of satellite images 
and the construction of cartographic elements based on them: 
straight lines, curves, polygons, and object points. 

III. ANALYSIS OF EXISTING ALGORITHMS 

A.   Digitization Algorithm 
       The digitization algorithm is used to obtain map 

objects based on a picture taken by a satellite, such as: streets, 
houses, squares, etc. To implement this algorithm, it is 
necessary to process all the data coming to the developed 
system. During the functioning of robotic systems, a stream of 
images is produced, which contains a large amount of data 
about the surrounding world [2]. The following steps are used 
to initially process this data: 

 Conversion of a color four-channel image into a black-
and-white one-channel image; 

 Digital correction of camera lens aberrations; 

 Image filtering. 

 

The general sequence of actions looks like this: 

 Pre-processing of the image, i.e., processes of 
smoothing, noise filtering, contrast enhancement; 

 Image binarization and selection of object contours; 

 Initial filtering of contours by perimeter, area, shape 
factor; 

 Bringing contours to a single length; 

 Sorting through all found contours, searching for a 
template that is as similar to this contour as possible.  
Fig. 1 shows the data digitization algorithm 
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Fig. 1. Structure of software and algorithm support. 

At the moment, the OpenCV library is used to implement this 
algorithm. 

OpenCV is a library consisting of functions and algorithms 
for image processing, computer vision and numerical 
algorithms with open-source code [3]. This library provides 
tools for image processing, content analysis, including object 
recognition, object motion tracking, image transformation, 
machine learning, and detection of common elements in 
various images. 

The library contains more than 2,500 optimized  
algorithms, including a full set of both classical and practical 
machine learning and computer vision algorithms. OpenCV 
algorithms are used in the following areas: 

 Image analysis and processing 

 Facial recognition systems 

 Identification of objects  

 Combining images together to create high-resolution 
images of the entire scene 

 Human-computer interaction system 

 Search for similar images from the database 

 Identification of objects  

 Image segmentation 

For example, to convert a color image into a black-and-
white single-channel image, if there is a limitation in 
computing resources, the required image size in pixels is 
selected. For storage in memory, it is necessary to organize a 
data structure that would provide quick access to the image 
and convenient work with it [2]. To do this, the OpenCV 
library has a special data type – the IplImage structure. In 
essence, this matrix is interpreted as an image.  

The problem of obstacle detection and pattern recognition 
requires the presence of an undistorted image. OpenCV 
provides us with a ready-to-use distortion correction 
algorithm that takes raw images and distortion coefficients 
from cvCalibrateCamera2 and creates a corrected image. 

Using the cvFindContours() function, the OpenCV library 
helps the developer to recognize objects in the image and 
extract from them contours for further work. The function 
cvFindContours() searches for the contours of a monochrome 
image and returns the number of contours found. Then these 

contours can be drawn into the image using the 
cvDrawContours() function. You can use the cvApproxPoly() 
function to smooth and obtain more accurate contours. The 
result of the algorithm is shown in Fig. 2.  

  
Fig. 2. The result of the algorithm using OpenCV. 

OpenCV is now used in many areas. Here are some 
interesting examples: 

 Google: 

o Googleself-drivingcar in self-driving cars, 
GoogleOpenCV is used to develop a 
prototype for recognizing the surrounding 
environment; 

o GoogleGlass – in these glasses, 3D image 
reconstruction is built on OpenCV; 

o Google Mobile; 

 Robotics and Arduino; 

 Industrial production – sometimes some factories use 
OpenCV to develop a part counting system. 

 The Bosch company was engaged in the development 
of the necessary sensors and cameras for parking, as 
well as the creation of devices in cars that receive a 
signal determining whether there are obstacles near the 
car or not. 

B. Algorithm of Graph Theory for Working with Map 
Objects as with Graph Vertices. 
Graph theory is a branch of mathematics that studies the 

properties of graphs. Visually, a graph can be imagined as a 
geometric configuration consisting of points (vertices) 
connected by lines (edges). In the strict definition, a graph is 
a pair of sets G = (V, E), where V is a subset of any countable 
set, and E is a subset of V × V. 

The definition of a graph is so general that this term can be 
used to describe many events and objects of everyday life. A 
high level of abstraction and generalization allows the use of 
typical algorithms of graph theory to solve externally  
dissimilar problems in transport and computer networks. 

Graph theory is used, for example, in geographic 
information systems (GIS). Existing or planned buildings, 
structures, blocks, etc. are considered as vertices, and their 
connecting roads, utilities, power lines, etc. are considered as 
edges. The application of various calculations made on such a 
graph allows, for example, to find the shortest detour or the 
nearest grocery store, to plan the optimal route. 

Dijkstra's algorithm is  used to work and find the shortest 
path between the graph vertices. Dijkstra's algorithm is a 
graph algorithm discovered by Dijkstra. It finds the shortest 
path from one vertex of the graph to all other vertices. 
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Dijkstra's classical algorithm works only for graphs without 
cycles of negative length. 

 
Fig. 3. Graph 

The sequence of the algorithm operation for the graph 
shown in Fig. 3: 

1. Initialization. The distance to all vertices of the graph 
V =∞. The distance to a = 0. No vertex of the graph has yet 
been processed. 

2. We find such a vertex (from those not yet processed) 
to which the current shortest distance is minimal. In our case, 
this is vertex 1. We investigate all its neighbours and, if the 
path to the neighbouring vertex through 1 is less than the 
current minimum path to this neighbouring vertex, then we 
remember this new, shorter path as the current shortest path to 
the neighbour. 

3. The first neighbour of the 1st vertex is the 2nd vertex. 
The path to it via the 1st vertex is the shortest distance to the 
1st vertex + the length of the arc between the 1st and 2nd 
vertex, i.e., 0 + 7 = 7. This is less than the current shortest path 
to the 2nd vertex, so the shortest path to the 2nd vertex is equal 
to 7. 

4. We perform a similar operation with the other two 
neighbours of the 1st vertex, i.e., the 3rd and 6th. 

5. All the neighbours of vertex 1 are checked. The 
current minimum distance to vertex 1 is considered final and 
non-negotiable (Dijkstra first proved that this is indeed the 
case). Therefore, we will delete it from the graph to mark this 
fact. 

6. Practically there is a return to step 2. We find again 
the "nearest" unprocessed (undrawn) vertex. This is vertex 2 
with the current shortest distance to it = 7. And we try again 
to reduce the distance to all the neighbours of the 2nd vertex, 
trying to get to them through the 2nd one. The neighbours of 
the 2nd vertex are 1, 3, 4. 

7. The first (in order) neighbour of vertex No. 2 is the 
1st vertex. But it is already processed (or crossed out - see step 
6). Therefore, we do not do anything with the 1st vertex. 

8. Another neighbor of vertex 2 is vertex 3. If you go to 
it through the 2nd, the path will be = 7 + 10 = 17. But 17 is 
bigger than the distance that has already been remembered  
earlier to vertex No. 3 and is equal to 9, therefore, we do not 
change the current distance to the 3rd peak. 

9. All the neighbours of vertex 2 are reviewed, we 
freeze the distance to it and cross it out from the graph. 

10. According to the already "worked out" scheme, we 
repeat steps 2 - 6. Now the "closest" vertex is No. 3. After 
"processing" it, we will get the following results: 

11. We do the same with the remaining vertices (No. in 
order: 6, 4 and 5). 

12. The algorithm ends when all the vertices are crossed 
out. The result of his work can be seen in the last picture: the 
shortest path from the 1st vertex to the 2nd one is 7, to the 3rd 
one it is 9, to the 4th one it is 20, to the 5th one it is 20, to the 
6th one it is 11 conditional units. 

13. The simplest implementation of Dijkstra's algorithm 
requires O(V^2) operations. It uses an array of distances and 
an array of marks. At the beginning of the algorithm, the 
distances are filled with a large positive number (greater than 
the maximum possible path in the graph), and the array of 
marks is filled with zeros. Then the distance for the initial 
vertex is assumed to be zero and the main loop is started.  

14. At each step of the cycle, we search for the vertex 
with a minimum distance and the flag equal to zero. Then we 
set the mark 1 in it and check all the vertices adjacent to it. If 
the distance in it is greater than the sum of the distance to the 
current vertex and the length of the edge, then we reduce it. 
The cycle ends when the marks of all vertices become equal 
to 1. 

15. These algorithms allow you to build a model of the 
map and cartographic objects on it. The main components of 
the map are stored in the free Open Street Map (OSM)[4]. The 
attractiveness of OSM is the ability to use high-quality 
cartographic information absolutely legally. 

16. Data structure in OSM maps. The basic element of 
the OSM data structure is a node with geographic coordinates 
– a latitude and a longitude. The height of the point above the 
sea level is currently not specified. 

17. A point can be an independent object (a traffic light, 
a kiosk, a spring) and, without restrictions, it can be a part of 
other objects (lines and relations). Large objects, such as 
countries, cities and even continents with a set of appropriate 
tags, can be marked with points. 

18. Fig. 4 shows "dot" tag structure  

 
Fig. 4. "Dot" data structure 

A line is a sequence of dots. You can change the sequence. 
Logically, several lines can represent one object. For example, 
a long road consists of several lines. The lines of one road are 
connected into a single entity under condition that the end 
point of one line strictly corresponds to the starting point of 
another line or several lines (in the case of a branching road or 
exit to another one). Such integrity for the lines is well 
complied in OSM.  

A polygon is a closed line in which the first and last dots 
coincide. A polygon is not an independent element of OSM. 
For large polygons (borders of states, coastlines), which 
consist of a set of open lines, rules are defined. For example, 
when determining coastlines, land will be on the left in the 
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course of movement, water will be on the right. For 
administrative borders, it is clearly indicated who is on the left 
in the direction of movement, who is on the right. 

 
Fig. 5. Structure of the line object. 

C. Architecture Description 
A relation is a logical combination of points, lines and 

other relations into a single object. Despite high functionality, 
relations in OSM are not widely used, although there are 
attempts to apply relations to various objects. For example, 
such a purely point object as a bus stop, according to OSM 
internal statistics (statistics is kept for most objects), is 
represented by: 1,572,243 points, 2,479 lines, and 1,140 
relations. 

An object is an element (point, line, attitude) with 
keywords (attributes). A tag is defined as k = "key" v = 
"value". If the element does not have tags, then it is not an 
object, but is a part of other objects (tags can also be included). 
The object does not have mandatory tags. There are no 
mandatory requirements for the number, content and order of 
tags. The one who enters data into OSM determines the 
composition and content of tags himself.  

In different countries or regions, the same objects may 
differ significantly in the composition and content of tags. For 
example, a city can be marked with a point or a line (polygon).  

Accurate geographic measurements are quite difficult. It is 
necessary to take into account the following: the Earth is not 
a perfect sphere, the height above the sea level, the relief, 
various projection models for displaying the spherical Earth 
on a plane. 

Internet maps use the EPSG: 4326 - WGS-84 projection, 
which is based on the latitude and longitude of GPS satellite 
navigation. Degrees are indicated in the decimal form: latitude 
(lat = 52.2600355), longitude (lon = 0.0172928). 

The disadvantage of storing map objects in the OSM data 
structure is a very large file or database to store all the objects, 
so reading and parsing, decomposition into objects take a very 
long time. For node objects, the OSM file must be read once, 
and for way objects – 2 times. 

The need for double reading is caused by the fact that in 
the XML file node-objects come first, and way-objects follow 
them. In this case, double reading simply simplifies the 
algorithm by avoiding the use of intermediate structures for 
storing the latitude and longitude of points. 

In order not to create duplicate objects and to reduce the 
time of determining the latitude and longitude of the points 
included in the way, a single mechanism based on the use of 
index arrays is used. This approach allows you to significantly 

increase the speed of processing due to the optimization of 
search operations. 

OpenStreetMap is not a project for tracing (drawing) 
satellite images. The basis of the project is GPS tracks 
recorded by users, and the images are used as an aid in 
mapping. You should not move objects created by other users, 
relying only on photos from the space, because they are often 
distorted and shifted relative to the real location of the objects. 

Bing, IRS and Landsat are available as a substrate. All of 
them can be used when displaying, but it should be 
remembered that each substrate has its own offset. 

Where does it come from? At first, there is only a 
photograph and satellite coordinates. Then a special program 
automatically calculates the coordinates of the corners of each 
photo. The higher their resolution, the more precisely the 
coordinates must be calculated. But there are thousands of 
pictures, and the Earth's surface is not a perfect ellipsoid, so a 
person cannot check the accuracy of the reference of each 
picture, and the coordinates turn out to be slightly incorrect. 
Because of this, in the best case, the picture will be shifted – 
often by a meter or two, but sometimes by hundreds – and it 
may even be non-linearly distorted, for example, in the 
mountains (however, the distortion may be on hills).  

The coordinates of objects in OpenStreetMap are 
measured through GPS data. Of course, in other places the 
navigator can give incorrect readings (for example, due to 
reflections from tall buildings, weather, obstacles), but the 
accuracy of qualitatively collected tracks usually exceeds the 
accuracy of anchoring available in commercial satellite 
images, so they are considered the main source of the most 
reliable data on the location of objects. Therefore, the roads 
must be circled along the tracks, no matter how the line on the 
satellite photo twists. The latter must be moved before use so 
that the network of tracks-roads overlaps the same network in 
the picture.  

CONCLUSIONS 
Having considered these algorithms, we can draw the 

following general conclusion that the problem of constructing 
cartographic objects is inaccurate aerial photographs, or 
photographs with low resolution, as well as processing 
algorithms. Each of the mapping systems has its advantages 
and disadvantages. The biggest disadvantage is that the 
mapping systems with the highest accuracy are commercial 
and paid to use. The main advantage of OSM maps is that they 
are free, but since they are created by Internet users, they 
require initial processing before use. 
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I. INTRODUCTION  

At the “Kozloduy” NPP the contact methods of 
the temperature measurements in the different 
technological processes, realized with using the 
resistance and thermoelectrical transducers, are 
widely applied.  

The main metrological characteristic of the 
resistance and thermoelectrical transducers is the 
function of conversation, called nominal static 
characteristic [1, 2]. 

The feature of the thermoelectrical transducers’ 
exploitation is the variation during the time of the 
exploitation on the object their nominal static 
characteristics due to the irreversible physical and 
chemical processes in the thermoelectrods of the 
thermocouples. This causes to appearance the error 
of the temperature measurement. 

The main purpose of the modern measuring 
instruments (measuring channels) is to perform 
accurate and reliable measurements to obtain 
complete and reliable measuring information [3]. 

Verification is the operation, that aims to 
achieve this purpose [4, 5]. 

The primary measuring transducers supply the 
main contribution to the total measurement error of 
the measuring channels. 

    Metrological verification of 156 input analоg 
signals for the temperature formed by the resistive 
transducers in the four-wire circuit is performed 
during the plant annual outage.  The input analog 
signals are divided into two lists, 78 signals each, 
from the СТК-ЭР-М automated process control 
system developed on the basis of the СТК-ЭР-М 
automated process control system for monitoring of 

the turbine generator parameters at Units 5 and 6 of 
Kozloduy NPP. 

II. PURPOSE 

   The ПТК СТК-ЭР-М automated process control system 
provides for a continuous automated process control of the 
turbine generator parameters, visualization, and signal 
formation for deviation of the process parameters from the 
set values.  
The automated process control system consists of: 

 ШСТК (5(6)GT01J05) cabinet – a computer cabinet; 
 ШСКВ (5(6)GT01J04) cabinet – a transducer cabinet; 
 ШКВЗ (5(6)GT01J03) cabinet – a transducer cabinet. 

     The purpose of the report is to present the newly 
developed measurement procedure for metrological 
verification of the measuring channels from the PTK for 
technological monitoring  parameters of the turbogenerator 
82.MO.00.MT.1910/00. 

III.STRUCTURAL DIAGRAM  

The SIEMENS SIMATIC S7–300 programmable logic 
controller (PLC) located in the СТК-ЭР-М automated 
process control system cabinet (ШСТК) is the core of every 
ПТК СТК-ЭР-М automated process control system.  The 
functions of the routine control station (RCS) are performed 
by the in-built computer (A6) located on the internal side of 
the ШСТК cabinet door.  The panel monitor (PM) A1 on the 
internal side of the ШСТК cabinet door is used for 
visualization. 
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  Fig. 1 Structural diagram of the 
СТК-ЭР-М automated process control system  
 ШСТК (5(6)GT01J05): 

To provide a continuous power supply in the 
ШСТК cabinet, a switchover diagram between the 
two 220 V inputs, the source of uniterruptable 
power supply (UPS) Eaton 9310 and the source of 
power supply Mean Well, is used. 
To receive the 4-20 mА input signals, a data 
acquisition system (DAS) consisting of LCDM-
RS422 concentrators and digital transducers for 
normalized CCD DMC-AI12 signals is used. 
To receive the input signals from the resistance 
thermometers with a sampling cycle of 2 s signals, 
a data acquisition system (DAS) consisting of 
LCDM-RS422 concentrators and digital transducers 
for normalized CCD DMC-RT12 signals is used.  
An Epson LX-300+II printer is installed in the 
ШСТК cabinet  
The input and output signals are galvanically 
separated by a G2RV type relay made by OMRON.  
For connection with the OVATION I&C system 
via the Modbus TCP protocol, a MOXA MGate 
MB3170 gate which converts Modbus RTU into 
Modbus TCP was installed in the СТК-ЭР-М 
automated process control system cabinet. 
IV. Application software for the ПТК СТК-ЭР-М 
automated process control system  
The interface of the СТК-ЭР-М automated process 
control system has a multi-window structure.  It is 
designed for receiving current information about 
the generator process parameters which are 
controlled by the СТК-ЭР-М automated process 
control system, information on all events and 
failures recorded by the СТК-ЭР-М automated 
process control system, review the achieved data in 
the graph and table formats.  
 

 
Fig. 2 Main menu 

 
Fig. 3 Sensor display  

 
Fig. 4 Analog sensor window (Setting 

management). 
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Fig. 5. Event history 

V. SOFTWARE CHECK PTK STK-ER-M 
SYSTEM 

   Before starting the metrological check of the PTK 
STK-ER-M system, a software check is performed.  
The purpose of this check is to establish the 
compliance of the checksum of the system's 
software (software security), which is a guarantee 
that no unauthorized access to the system has taken 
place after the previous metrological check. 
    Activities are carried out in the following 
sequence:  

1) An automated comparison of the 
checksums of the original STK-ER-M software and 
the current working version of the STK_et_s.zip 
system is performed with the MD5 File Checker 
software product. 

 
fig.6 MD5 File Checker user screen 
 

   Enter the checksum provided by the manufacturer 
in the "Enter MD5 checksum" field. If there is a 
match, an automatic message is generated. 
 

 
fig.7 Checksum Matching Message 

 
2) When the checksums match, the 

metrological check of the system is carried out. If 
the checksums do not match, a message is 
generated 

 

 
fig. 8 Checksum mismatch message 

 
It goes on to check the software uploaded to the SIMATIC 
S7-300 programmable logic controller. 
 

1) STK_et_s.zip file is unzipped 
 

 
           fig.9 Archive 

     
Select the directory marked in fig.10 from the unzipped file 

 
                fig.10 Contents of the archive 
 
2) The SIMATIC Manager software is started and the 
specified directory containing the user program uploaded to 
the controller is opened. 
 

 
fig.11 User screen of the SIMATIC  

Manager editor  
 
The compare blocks function compares the user program 
loaded in the SIMATIC Manager editor with the program 
loaded in the controller. 
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fig. 12 Starting the program block 

comparison function 
   
 When the program blocks do not match, a message 
is generated with the number of the block in which 
there is a difference. 

 
   fig.13 User screen for mismatch in 

program blocks  
       Remove the difference in the blocks using the 
SIMATIC Manager editor and repeat the previous 
step. After generating a message: 

 
 fig.14 Data matching message in 

program blocks.  
3)  When the program matches the one uploaded to 
the controller, the metrological check of the system 
is carried out. 

VI. METROLOGICAL VERIFICATION  

  According to the requiments of measurement 
procedure the verification of the measuring 
channels of temperature must be performed in 

reference conditions. For the influence quantities the 
following ranges were established.: 

 The temperature of the surrounding air: 

 C0)520(   
 The atmosphere pressure: 

 (84,0-106,7) kPa; 
 (750±30) mm.merc.col. 
The relative humidity of the air: (65±15) %. 
Therefore, only the intrinsic error of measurement was in 
measurement results (the complementary errors were absent). 
  For reducing the random measurement error the 
measurements with repeated observations can be performed 
by system (the number of multiple measurements is equal 

10n ). 
The nominal static characteristics of the platinum resistance 
transducers are approximated by polynomial functions of 
different degrees in dependence of the temperature range [2]. 
Administrative verification 

The administrative verification by visual inspection 
should check for: 

 Availability of inscriptions and designations; 
 Mechanical damage of the СТК-ЕР-М 

components and connection cable; 
 Completeness in compliance with the technical 

documentation. 
 Technical verification 

The technical verification is aimed at validating the 
functionality of the measuring channel of the automated 
process control system by sending the electric signal by the 
relevant reference standard.   
A reference standard is connected to the input of the 
measuring channel to be verified and the upstream circuit is 
disconnected.   

 

 
fig.15 Connection diagrams 
The upstream components should not affect the readings.   
The limit values of the electric signal (min. and max. of the 
measuring range) are mapped, and the relevant limit readings 
for the range of the physical quantity should be visualized on 
the display of the СТК-ЕР-М automated process control 
system.  
When the readings of the measuring channel correspond to 
the sent reference signals for the lower and upper limits of 
the measuring range, the measuring channel is considered 
functional.  
The basic absolute error for the measuring channel for 
temperature with a primary resistance transducer is 
determined by metrological verification.  
The basic absolute error is determined in at least five values 
of the measured quantity values evenly distributed  in the 
measuring range.  The recommended values are 0%, 20%, 
40%, 60%, 80% and 100% of the measuring range and 
permissible values of the basic percentage error of a 
measuring channel for temperature of the СТК-ЕР-М 
automated process control system. 
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A multi-value resistance standard or calibrator for 
electrical quantities is connected to the input of the 
СТК-ЕР-М automated process control system by 
copper conductors.  The resistance values are set by 
the standard according to the Russian GOST 6651
2009 for resistance transducers with temperature 
coefficient of α = 0,00385°С-1, which correspond to 
the checked points listed in Tables 1 and 2. 

Measuring 
range  

0÷100 °С 

Verified point, °С

0 20 40 60 80

Value of the input quantity of Pt100 (α = 0,00385°

100.00 107.7 115.54 123.24

Measuring 
range 

0÷50 °С 

Verified point, °С 

0 30 60 90 120

Value of the input quantity of Pt100 (α = 0,00385°

100.00 111.67 123.24 134.71 146.07

On the display of the СТК-ЕР
process control system, the checked 
channel is selected, and the current measurement 
values of temperature are observed. The readings 
for all set points are entered into the OVATION 
I&C system.   
 One reading is made for every value of the 

standard; however, the operator may increase the 
number of reading at its discretion.  
Determination of the basic absolute error in the i
point in the mearuing range of the 
channel is calculated by the formula: 

𝒊 = 𝑿𝒊 𝒎𝒆𝒂𝒔𝒖𝒓𝒆𝒎𝒆𝒏𝒕 − 𝑿 𝒓𝒆𝒇𝒆𝒓𝒆𝒏𝒄𝒆 𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅

whereas: 

Ximeasurement  - measured value on the display of the 
OVATION I&C system, C; 

X reference standard – value of the input signal in the 
measurement units of the physical quantity, 

The highest absolute error received in all points in 
the measuring range are assigned as an error of the 
measuring channel.  

 = 𝐦𝐚𝐱|𝒊|                       

The checked measuring channel will be fit for use if 
the following condition is fulfilled: 
 ≤ 𝑝𝑒𝑟𝑚𝑖𝑠𝑠𝑖𝑏𝑙𝑒,                                              

whereas: 

𝑝𝑒𝑟𝑚𝑖𝑠𝑠𝑖𝑏𝑙𝑒 = 𝛾𝑝𝑒𝑟𝑚𝑖𝑠𝑠𝑖𝑏𝑙𝑒
௑೘ೌೣ ି ௑

 ଵ଴଴

Xmax  and Xmin – upper and lower limit of the 
measuring range C. 
𝛾𝑝𝑒𝑟𝑚𝑖𝑠𝑠𝑖𝑏𝑙𝑒 - permissible percentage
measuring channel. 
If the received absolute error is higher than the 
permissible error, the parameters of the components 
of the measuring channels will be set up. 
up is performed by an expert from the unit 

sistance standard or calibrator for 
electrical quantities is connected to the input of the 

М automated process control system by 
The resistance values are set by 

the standard according to the Russian GOST 6651-
transducers with temperature 

, which correspond to 
the checked points listed in Tables 1 and 2.  

Table 1 
Verified point, °С 

80 100 

of Pt100 (α = 0,00385°С-1),  

123.24 130.90 138.5
1 

Table 2 
 

120 50 

of Pt100 (α = 0,00385°С-1),  

146.07 157.33 

ЕР-М automated 
process control system, the checked measuring 

is selected, and the current measurement 
values of temperature are observed. The readings 
for all set points are entered into the OVATION 

reading is made for every value of the 
however, the operator may increase the 

 
Determination of the basic absolute error in the ith 
point in the mearuing range of the measuring 

mula:  

𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅 (1) 

measured value on the display of the 

value of the input signal in the 
physical quantity, C. 

The highest absolute error received in all points in 
are assigned as an error of the 

                   (2) 

will be fit for use if 
 
                   (3) 

௑೘೔೙ 
ଵ଴଴

 , C    (4) 

upper and lower limit of the 

percentage error of a 

If the received absolute error is higher than the 
permissible error, the parameters of the components 

s will be set up.  The set-
up is performed by an expert from the unit 

responsible for the maintenance of the СТК
process control system.  
The metrological verification report includes the results 
received before and after the set

VII. DOCUMENTATION OF THE 
RESULTS 

The data from the performed verification are included in the 
report Fig. 16. 

fig. 16 Report form

VIII. CONCLUSION 

This metrological verification of the PTK 
automated process control system provides for the 
appropriate and optimal performance of the metrological 
verification activities.  

Measuring channels with a primary measuring transducers 
the resistance transducers (Pt 100) were considered. 
According to the requirements of 
verification of the measuring channels was performed at the 
six points ((0, 20, 40, 60, 80, 100) % of the two operating 
measurement ranges). A multi-
applied for forming standard signals at the realization of the 
verification of the measuring channels.

For each checked temperature measuring channels the 
absolute maximum error was defined. This absolute 
maximum error was compared with
corresponding the given in [ metodika pov stk] value of the 
fiducial error (±0,2 %). On the base of this comparision the 
confirmation whether the measuring channel is suitable for 
further exploitation or not was formed.

The collection of data from the metrological verification is 
enabled.  
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Summary: The report describes the implemented RCP 
vibration monitoring and diagnostic system and verifi-
cation of measurement variables of the measurement 
channels for vibration velocity, vibration displacement, 
angular velocity (turnovers) and verification of the I/O 
controller KVV-6. 

- A short description of the vibration monitoring 
and diagnostic system (RCP VMDS - 195M) is 
made. 

- The design of the vibration monitoring and di-
agnostic system (RCP VMDS - 195M), 

components, system operating modes, system 
graduation and calibration, and function of the 
main displays are discussed.  

 
Keywords: RCP VMDS – 195M, vibration monitoring 
and diagnostics, metrological verification, reference 
standards, graduation, calibration, software for mathe-
matical processing of the measurement results; The I/O 
controller -6 is a product equipped with a configurator 
to perform a target function, control unit, and an ana-
logue signal processor. 

 
 

I. INTRODUCTION 

According to the plant design, there are four 
195 М type reactor coolant pumps in operation at Units 
5&6 of Kozloduy NPP. In connection with the imple-
mentation of the approved design modification of the 
existing diagnostic systems for the 195 M type reactor 
coolant pumps, 16 accelerometers and Eddy Current 
sensors (primary transducers) are installed on every 
RCP as a part of the measurement channels for vibration 
velocity, vibration displacement and turnovers. The in-
stalled primary transducers and their adjacent measure-
ment transducers incorporated in the relevant measure-
ment channel design provide the required input data by 
application software for the system to perform the vibra-
tion monitoring and diagnostics of the RCP vibration pa-
rameters. The systems were supplied in 2021 and in-
stalled under the WWER-1000 lifetime extension pro-
ject.  

II.VIBRATION MONITORING AND DIAGNOSTICS 
SYSTEM (RCP-195М VMDS) 
 
The RCP VMDS is designed or monitoring and diagnos-
tics of the RCP-195M vibration parameters as well as 
the process parameters of the plant I&C system to pro-
vide for the early detection of abnormal conditions of 
the RCP mechanical and electrical parts.  

 
 

Fig.1 Measurement channel diagram 
- PT - Primary Transducer 
- IT - Intermediate Transducer (oscillator) 

- MT - Measurement Transducer 
- CS - Processing Server 
- SW - Software 
- Visualization of the data for recorded diagnos-

tic events of the RCP VMDS; 
- Operation of the RCP VMDS in a remote ter-

minal mode; 
- Interactive work with RCP VMDS database; 
- Presenting the result of the RCP VMDS func-

tioning; 
- Recording, data processing, resolution of diag-

nostic tasks, interaction with external systems, inte-
grated processing and analysis of the data from the RCP 
VMDS; visualisation and providing the information to 
the users of the RCP VMDS; documentation of the data 
from the RCP VMDS operation and reliable backup of 
the data. 

- I/O controller-6. It consists of two parts: the 
first (permanent), consisting of a permanent rack with a 
power supply unit placed in it, and the second (variable) 
which provides orientation of the I/O controller-6 
equipped with a control unit and communication units: 
analogue signal processor-11 and analogue signal pro-
cessor-1, up to 12pcs. 

III.MEASUREMENT VARIABLES OF THE VIBRA-
TION MONITORING AND DIAGNOSTIC SYSTEM 
(RCP-195М VMDS).  

The implemented system consists of 64 measurement 
channels for four RCPs per unit. It provides metrological 
verification of the variables of the measurement chan-
nels for monitoring and diagnostics of the RCP-195М 
vibration parameters (Fig.2): 
Measuring range of the measuring channel: 
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- Vibration velocity – from 0 to 20 mm/s (from 
2 to 3,000 Hz), permissible error ± 3%; 

- Vibration displacement of the rotor – from 0.8 
to 2.8 mm (from 1 to 5,000 Hz), permissible error ± 
3%; 

- Rotor angular speed – from 0 to 1.500 min-1, 
permissible error ± 3%; 

 

 
 

Fig. 2 Shaker table for verification of the measurement 
variables of accelerometers and Eddy Current sensors 

The analog signal processor-11 and analog signal pro-
cessor-11/1 in the I/O controller-6 have measurement 
variables. They provide analogue signals from 3 sen-
sors. The analog signal processor-11 for conversion of 
the DC voltage input signal into a digital code ranges 
from 0 to -20V, and the analog signal processor 11-1 - 
alternating voltage from 0 to 0,4V. 

The permissible error is ± 1% (for both units). 

IV.TOOLS FOR THE VERIFICATION OF MEASURE-
MENT VARIABLES  

The description and characteristics of the instrumenta-
tion and equipment used for the verification of measure-
ment variables are given in Table 1: 

Table 1 Tools for the verification of measurement vari-
ables  

Description 

Nominal val-
ues of the 

measurement 
limits 

Tolerance 

Signal generator: 
Operating voltage, V 
Frequency, Hz 

 
5  
10  

 
±10 % 
±0,05 % 

Thermo-hygrometer: 
Relative humidity, % 
Temperature, °С 
Atmospheric pressure, kPa 

 
40 to 80 
15 to 35 
86 to 108 

 
±5 % 
±2 °С 
±1 kPa 

Portable shaker table:  
Vibration velocity root 
mean square, mm/s 
Vibration displacement 
(peak-peak value), μm 

 
0 to 20  
 
0 to 1000 

±3 % 

Calibrator with a range of 
voltage 

0 to 50 ±0,2 % 

Multimeter: 
voltage, V 

 
0 to1000 ±0,09 % 

V.METHODOLOGY FOR THE VERIFICATION OF 
MEASUREMENT VARIABLES 

Before the beginning of every verification of measure-
ment variables of the measurement channel to the 
VMDS, a visual inspection takes place to check for me-
chanical damages to the body of the primary transducer 
of the measurement channel and the connecting cable. 

5.1 Verification of the measurement variables of the 
measurement channel for vibration velocity 

5.1.1 Graduation pattern of the measurement chan-
nel for vibration velocity: 

- Placing the primary transducer of the meas-
urement channel on the platform of the shaker table; 

- Starting the shaker table; 
- The function for the graduation of the meas-

urement channel for vibration velocity of the relevant 
primary transducer is enabled in the window of the ap-
plication software; 
The graduation coefficient is entered into the settings 
of the measurement channel verified for vibration. 

5.1.2 Determination of the measurement variables of 
the measurement channel for vibration velocity 

In the window of the application software, the function 
for the determination of the measurement variables of 
the measurement channel for vibration velocity is ena-
bled.  

- Verification in the amplitude range at the vi-
bration frequency of 100 HZ and root square of vibration 
velocity of 1, 5, 10, 15 and 20 mm/s; 

- Verification in frequency range with root 
mean square of the vibration velocity of 4 mm/s and vi-
bration frequency of 30, 40, 80, 100, 160, 200, 400 and 
500 Hz. 

5.2. Verification of the measurement variables of the 
measurement channel for rotor displacement 

5.1.2 Graduation pattern of the measurement chan-
nel for vibration displacement: 

The measurement results at the frequency of 100 Hz for 
two values of vibration displacement of 50 and 350 µm; 
The graduation coefficients are entered into the settings 
of the measurement channel which is verified for vibra-
tion. 

5.1.2 Determination of the measurement variables of 
the measurement channel for vibration displacement 
of the rotor 
Identification of the signal generator parameters: Signal 
shape - sinusoidal, generation frequency 10 Hz, voltage 
room mean square 4V. 
The distance from the surface of the site of the shaker 
table to the surface of the primary transducer of the 
measurement channel for rotor vibration displacement 
should be (1,5±0,1) mm. 
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In the window of the application software, the function 
for the determination of the measurement variables of 
the measurement channel for vibration velocity is ena-
bled. 

-Verification in the amplitude range at the vi-
bration frequency of 100 Hz and displacement values of 
vibration displacement of 50, 85, 175, 260 and 350 µm; 

- Verification in frequency range with vibration 
displacement values of 150 µm and vibration frequency 
of 30, 40, 80, 100, and 150 Hz. 

5.3 Verification of the measurement variables of the 
measurement channel for rotor angular velocity  

5.3.1 Determination of the measurement variables of 
the measurement channel for rotor angular velocity 

The distance from the surface of the site of the shaker 
table to the surface of the primary transducer for rotor 
angular velocity should be (3,1±0,1) mm. 
In the window of the application software, the function 
for the determination of the measurement variables of 
the measurement channel for rotor angular velocity is 
enabled. 

- Verification with vibration displacement 
value of 1000 µm and rotation frequency values of 480, 
720, 1020, 1260, 1500 1/min. 

5.4 Verification of the measurement variables of the 
analog signal processor-6. 

5.4.1 Determination of the metrological characteris-
tics of analog signal processor-11 

- Verification of the main conversion error of the voltage 
input in digital code for the analog channels of the ana-
log signal processor-11. 
The following activities are carried out: 
The measurement channels for the analog channels of 
the analong processor-11 are verified according to the 
diagram included in the design documentation without a 
power supply. 
- Voltage controlled by a multimeter is supplied to the 
output of the power supply source. 
A single measurement is made for every point.  
5.4.2 Determination of the measurement variables of 
the analog signal processor-11/1 
Verification of main conversion error of the voltage in-
put in digital code for the analog channels of the analog 
signal unit-11/1. 
The following activities are carried out: 
The measurement channels for the analog channels of 
the analong processor 11 are verified according to the 
diagram included in the design documentation without a 
power supply. 
The signal parameters for frequency of 100 Hz and volt-
age whose values are controlled by a multimeter are set 
at the generator input. A single measurement is made for 
every point. 

5. 5 Processing of the measurement results 

5.4.1. The relative percentage error in the jth point of the 
measuring range of the measurement channel for every 
ith measurement is defined according to the formula: 

   𝛾௝௜ =
𝑋௜изм − 𝑋д

𝑋к
∙ 100 % 

5.4.2 The relative percentage error of the n-measure-
ment in the jth point of the measurement span, γj %, is 
defined according to the formula: 

𝛾௝ =
1
𝑛

෍ 𝛾௜௝

௡

௝ୀଵ

 

where  
n – the number of measurements of the signal in the jth 
in the measurement span; 
γij – relative error in the ith measurement of signal in the 
jth point in the measurement units of the measured quan-
tity. 

5.4.3 The basic percentage error of voltage conversion 
into digital code, δbasic, %, for analog signal unit-11 and 
analog signal unit-11/1 is determined according to the 
formula: 
 

%100
32000 max.

. 
вх

измвхизм
осн U

UN


 
 

Nmodified – measured room mean square value; 
32000 – code value corresponding to 100% of the input 
signal range; 
Uinput modified– measured value of the input constant volt-
age, V; 
Uinput maximum – maximum range of the input signal, V. 
 
5.4.4 The maximum value of the real values for the error 
of the measurement channel γ, % obtained at all points 
of the measurement range is defined according to the 
formula: 

𝛾 = maxห𝛾௝ห 
Where γj is the relative percentage error in the jth point 
in the range of measurement of the measurement chan-
nel. 
 
The measurement channels are fit for operation if the 
maximum value of the obtained values does not exceed 
the value indicated in the technical documentation of the 
RCP VMDS - 195M. 
After the completion of the operations for verification of 
measurement variables of the measurement channel, the 
data is recorded in the verification reports.  
Upon a positive result of the verification of the measure-
ment variables of the measurement channel of the RCP 
VMDS - 195M, a certificate for verification of the meas-
urement variables of the RCP VMDS - 195M is issued.  

VI. CONCLUSION 

By implementing the RCP VMDS, a full metrological 
verification of the measurement channels is performed. 
The system ensures limitation on the subjective error 
factor when processing the measurement results, 
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reduction of the time needed for metrological control 
and timely preparation of final documentation following 
the activity. The collection of data from the metrological 
verification is enabled.  

This development provides for qualitative and optimal 
performance of the metrological control activities. 
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Abstract - The planning and distribution of the radio frequency 
spectrum and the trends in the development of electronic 
communications on a global and European scale take into 
account the need to manage the radio frequency spectrum 
according to the provisions of the Radio Regulations of the 
International Telecommunication Union, the decisions and 
recommendations of the European Commission and the 
Committee for Electronic Communications to the European 
Conference on Posts and Telecommunications. 
In order to achieve the effective management of the radio 
frequency spectrum, the principles of legality, predictability, 
transparency, publicity, consultativeness, equality, 
proportionality should be respected.  

The main goal is to ensure the optimal use of the radio 
frequency spectrum in its management, providing prerequisites 
for the development of 5G networks in the Republic of Bulgaria. 
For this purpose, the basic principles in the management and 
distribution of the radio frequency spectrum, in this case the 700 
and 800 MHz radio frequency bands, are studied and analyzed. 

The contribution is in the systematization of problems 
related to the quality operation of the special radio 
communication systems, together with the public mobile 
systems. 

The expected results are to achieve a harmonized use of the 
radio frequency spectrum, which is of particular importance for 
its effective management. The methods used are aimed at 
ensuring effective and efficient use of the radio frequency 
resource. 

The contribution in the use of this approach will result in 
satisfying the consumer demand for new quality services and 
providing a secure investment environment for business, as well 
as promoting competition and developing the country's 
economy, and the European single market in the electronic 
communications sector. 
 
Keywords - 5G, Radio frequency, Spectrum, Base station, 
Interference, Measurements. 

 
1. Introduction 
One of the main tasks is to analyze the circumstances for 

effective management of the radio frequency spectrum, 
which is directly related to the growth of consumer demand 
and the interest of business in its satisfaction. 

To achieve this task, it is necessary to create algorithms to 
reduce the risk, to ensure sufficient radio frequency resource 
for telecommunications enterprises. For the introduction of 
more efficient spectrum technologies, it is necessary to 
enable enterprises by providing an algorithm for investing in 
the development of telecommunication networks.  

The technical conditions for the use of the radio frequency 
spectrum should be in accordance with both European 
principles and national characteristics. This is in connection 
with the rapid development and entry of new generations of 
mobile telecommunication services in the community, where 
the demand for free frequency resources for the construction 
and development of huge telecommunication mobile 
networks is increasing. To this end, an exploratory approach 
is needed, with a view to establishing the possibility of 
working together in radio frequency bands intended for the 
implementation of 5G technologies and current ground-based 
radionavigation/radar systems. Some of the most suitable 
radio frequency bands for deploying 5G networks are 700 
MHz and 800 MHz. At these ranges, methods should be 
provided to determine the mutual influence on the normal 
operation of radionavigation ground systems and 
radioelectronic equipment and mobile terminals. 
 

2. Mathematical analysis and interference models in 
5G base stations 

Analyzing the interference in 5G base stations can be 
determined by several mathematical concepts and techniques. 
The paper presents a mathematical analysis of base station 
interference in 5G, covering topics such as signal 
propagation, interference modeling, and interference 
mitigation techniques. 

 
2.1. Signal propagation model 

One of the essential factors affecting interference is the 
signal propagation pattern [1][3]. The most commonly used 
model is the path loss model, which describes how signal 
power decreases with distance from the transmitter. The path 
loss model can be expressed as: 

 
PL(d) = PL(d0) + 10.n.log10( ௗ

ௗ଴
)  (1) 

 
where PL(d) is the path loss at distance d,  
PL(d0) is the path loss at the reference distance d0,  
n is the path loss rate. 
 

2.2. Disturbance modeling 
In 5G, multiple base stations can operate in the same 

area, causing interference to each other's signals. 
Disturbances can be divided into two main categories: 
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 Co-Channel Interference (CCI): CCI occurs when 
multiple base stations use the same frequency 
channel.  

 Adjacent Channel Interference (ACI): ACI occurs 
when base stations use adjacent frequency channels. 
Although the interference is relatively weaker 
compared to CCI, it can still affect performance, 
especially for users located near the edge of cell 
coverage. 
 

2.3. Signal to Interference Ratio (SIR) 
Signal to interference ratio - SIR is a key metric used to 

evaluate the quality of a wireless communication link in the 
presence of interference. It is defined as the ratio of the power 
of the received signal to the power of interference from other 
sources. A higher SIR indicates better signal quality and 
reduced interference. [2] 

 

𝑆𝐼𝑅 =
Signal Power

Interference Power
 

 
2.4. Techniques to reduce interference 

Several techniques are used to minimize interference and 
improve overall network performance: 

 Frequency reuse - Base stations are deployed using 
a specific pattern to allocate non-overlapping 
frequency channels to nearby cells. This approach 
minimizes CCI and ACI. 

 Interference coordination - Base stations can 
coordinate with each other to reduce interference by 
avoiding simultaneous transmission to neighboring 
cells. 

 Beamforming - 5G base stations use advanced 
beamforming techniques to focus signal energy on 
specific users, reducing interference to other users. 
 

2.5. Mathematical study with signal propagation 
model involving multiple base stations and a 
fading channel 

Let's consider a complex example involving multiple 
base stations and a fading channel. We'll analyze the 
interference in a 5G network with three base stations located 
in a suburban area, taking into account Rayleigh fading for a 
more realistic scenario. 

Assumptions: 
 Three Base Stations - BS1, BS2, and BS3, operating 

at different frequencies (f1, f2, f3) with transmit 
powers (Pt1, Pt2, Pt3) of 30 dBm each. 

 Rayleigh Fading - The wireless channel experiences 
Rayleigh fading, which introduces random 
variations in signal strength. 

 Path Loss Exponent - The path loss exponent 'n' is 
2, typical for suburban environments. 

 For this example, we'll consider a user located at a 
distance of 300 meters from each base station. We 
will calculate the Signal-to-Interference Ratio (SIR) 
for the user in the presence of Rayleigh fading. 

Step 1: Calculations of path loss for all three base 
stations at 300 meters. 

Using the free-space path loss model: 
Path loss for BS1 (at f1): 

PLBS1(300m)=20.log10(300)+ 20.log10(f1)+ 20.log10(
ସగ
௖

)
      (2) 

 
Path loss for BS2 (at f2): 
PLBS2(300m)=20.log10(300)+ 20.log10(f2)+ 20.log10(

ସగ
௖

)
      (3) 
Path loss for BS3 (at f3): 
PLBS3(300m)=20.log10(300)+ 20.log10(f3)+ 20.log10(

ସగ
௖

)
      (4) 
Step 2: Introducing of Rayleigh Fading. 
Rayleigh fading introduces random variations to the 

received signal power. We'll model the fading channel as a 
complex Gaussian random variable with zero mean and a 
variance of 1. 

Let's assume the fading gains for BS1, BS2, and BS3 as 
h1, h2, and h3, respectively. 

Step 3: Calculations of the received power at the user 
location (300 meters) for all three base stations. 

Received Power (Pr) is given by the formula: 
Pr = Pt - PL(d)     (5) 

where Pt is the transmit power of the base station. 
For Base Station 1 (BS1): 
Pr_BS1= 30dBm - PLBS1(300m)    (6) 
for the given frequency f1     
For Base Station 2 (BS2): 
Pr_BS2= 30dBm - PLBS2(300m)    (7) 
for the given frequency f2     
For Base Station 3 (BS3): 
Pr_BS3= 30dBm - PLBS3(300m)    (8) 
for the given frequency f3     
where:   
Pr_BS1, Pr_BS2, Pr_BS3  - are received powers at the user 

location for Base Stations 1, 2, and 3. 
Pt - is the transmit power of the base station. 
PLBS1(300m), PLBS2(300m) and PLBS3(300m), are path 

losses for Base Stations 1, 2, and 3 at a distance of 300 meters. 
f1, f2 and f3  - are frequencies of the respective base 

stations. 
Step 4: Incorporating Rayleigh Fading in the received 

power. 
The received power with Rayleigh fading for each base 

station is given by: 
Pr_BS1_faded = |h1|2 . Pr_BS1   (9) 
Pr_BS2_faded = |h2|2 . Pr_BS2   (10) 
Pr_BS3_faded = |h3|2 . Pr_BS3   (11) 

where |h1|2,  |h2| 2, |h3|2 - are the squared magnitudes of the 
fading gains h1, h2 and h3, respectively. 

Step 5: Calculations of the Signal-to-Interference Ratio 
(SIR) at the user location. 

 
SIR is given by the formula:  𝑆𝐼𝑅 = ୗ୧୥୬ୟ୪ ୔୭୵ୣ୰

୍୬୲ୣ୰୤ୣ୰ୣ୬ୡୣ ୔୭୵ୣ୰
 

 
𝑆𝐼𝑅 = ௉௥_஻ௌଵ_௙௔ௗ௘ௗ 

(௉௥_஻ௌଶ_௙௔ௗ௘ௗ ା ௉௥_஻ௌଷ_௙௔ௗ௘ௗ) 
  (12) 

 
Let's continue with the calculation of the Signal-to-

Interference Ratio (SIR) at the user location, considering 
Rayleigh fading and the received powers for all three base 
stations. 

Recap of the parameters: 
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 Base Station 1 (BS1) operates at frequency f1 with 
a transmit power of 30 dBm. 

 Base Station 2 (BS2) operates at frequency f2 with 
a transmit power of 30 dBm. 

 Base Station 3 (BS3) operates at frequency f3 with 
a transmit power of 30 dBm. 

 The path loss exponent 'n' is 2. 
We are using the free-space path loss model. 
Using the values for frequency (f) and the speed of light 

(c): 
f1 = 3.5.109 Hz     
f2 = 4.2.109 Hz     
f3 = 4.8. 109 Hz     
c = 3. 108 m/s     
Calculate the path losses: 
PLBS1(300 m) ≈ 46.08 dB    
PLBS2(300 m) ≈ 46.74 dB    
PLBS3(300 m) ≈ 47.18 dB    
Introducing of Rayleigh Fading. 
Let's assume the fading gains for BS1, BS2, and BS3 as 

h1, h2, and h3, respectively. The fading gains follow a 
complex Gaussian distribution with zero mean and a variance 
of 1. 

Let  h1 = a1 + jb1    (13) 
Let  h2 = a2 + jb2    (14) 
Let  h3 = a3 + jb3    (15) 

where a1, b1, a2, b2, a3, b3 are random variables following a 
standard normal distribution. 

Calculations of the received power at the user location 
(300 meters) for all three base stations. 

Received Power (Pr) is given by the formula: 
Pr = Pt - PL(d)    

where Pt is the transmit power of the base station. 
For Base Station 1 (BS1): 
Pr_BS1 = 30dBm - PLBS1(300 m) ≈ 30dBm - 46.08dB ≈ -

16.08dBm     
For Base Station 2 (BS2): 
Pr_BS2 = 30dBm - PLBS2(300 m) ≈ 30dBm - 46.74dB ≈ -

16.74dBm      
For Base Station 3 (BS3): 
Pr_BS3 = 30dBm - PLBS3(300 m) ≈ 30dBm - 47.18dB ≈ -

17.18dBm     
Incorporating Rayleigh Fading in the received power. 
The received power with Rayleigh fading for each base 

station is given by: 
Pr_BS1_faded = |h1|2 . Pr_BS1   
Pr_BS2_faded = |h2|2 . Pr_BS2    
Pr_BS3_faded = |h3|2 . Pr_BS3    
Calculations of the Signal-to-Interference Ratio (SIR) at 

the user location. 
SIR is given by the formula 
 

  𝑆𝐼𝑅 = ୗ୧୥୬ୟ୪ ୔୭୵ୣ୰
୍୬୲ୣ୰୤ୣ୰ୣ୬ୡୣ ୔୭୵ୣ୰

 
   

SIR =
Pr_BS1_faded 

(Pr_BS2_faded +  Pr_BS3_faded) 
 

 
Finally, we interpret the SIR value to determine the level 

of interference experienced by the user. A higher SIR 
indicates better signal quality and reduced interference, while 
a lower SIR indicates a higher level of interference. 

Due to the complexity introduced by Rayleigh fading 
and the randomness of fading gains, the exact numerical 
result will vary with each simulation run. However, the 
analysis demonstrates the process of incorporating fading and 
calculating the SIR in a more realistic 5G network scenario 
with multiple base stations. [5] [8] 

 
3. Research approach design and planning activities 
The research approach is aimed at defining objects 

separated by functional principle and according to their 
interconnectedness. 

 
3.1 Intended objects of research 
 radio technical system/for close navigation 

(ground); 
 radar system; 
 base stations according to specifications; 
 equipment for round-trip measurements with a car 

or a portable backpack (Drive Test equipment); 
 end user terminals. 

 
3.2 Determination of territorial points for 

conducting the research 
The research is conducted in a territory with the most 

significant influence of joint use of a frequency resource, 
where the radio navigation systems [7] are located and in a 
sanitary area with a certain test range with a radius of 5 
kilometers from the center to the mobile point.  

The following methods are used when conducting the 
research: 

 Method of comparative analysis 
Through this method, conclusions are drawn about the 

conformity of a certain characteristic (parameter, norm) of a 
base station, portable handheld terminals and/or its main 
equipment and software to the set requirements by using the 
results of successfully performed studies. 

 Method of measurements 
The measurement method is a method using built-in 

and/or external measuring devices, equipment and tools. The 
measurements are aimed at assessing the mutual influence on 
the normal functioning of radionavigation ground systems 
and radioelectronic equipment of mobile networks. 

 
4. Research approach scenario 

 
4.1 Certain scenarios should be followed when 

conducting research 
 Checking the operational capability of the radar 

station; 
 Submitting a signal to turn on the base stations; 
 Measurement and analysis of the presence of 

disturbances in the form of screen illumination; 
 The absence of interference determines the 

efficiency and quality of conducting conversations 
with subscriber devices. 

A study to verify the operation of a radio-technical system 
for near-field navigation with included base stations at the 
designated study points. 

Research is conducted under the following scenario: 
 Radio technical system for close navigation is 

switched on. 
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The operability of the system is checked by: 
 Control of supply voltages. 
 Device for controlling the operability of the distance 

channel BK-007. The general operability of the 
radio jamaica is checked; the creation of an electric 
azimuth-rangefinder grid on the IKO screen; 
operation of the ranging and continuous-azimuth 
transmitter; the "180" signal encoder and decoder, 
equipment for monitoring the operability of the 
azimuth channel BK-006. 
 

4.2 The land mobile connection 
4.2.1 Monitoring the airwaves for the presence of 

interference 
Monitoring the airwaves for the presence of interference - 

from the equipment or cross-border interference: 
 Collection of statistics from base stations – RTWP 

statistics (measurement for the Upload DATA part 
of the provided spectrum at 700 MHz and 800 
MHz). [10] 

 Measurement of the Download DATA part of the 
provided spectrum at 700 MHz and 800 MHz, by 
means of bypass measurements with a portable 
scanner to the Drive Test equipment. 

 Measurement of the entire provided spectrum using 
a "Spectrum Analyzer" and a directional antenna. 
 

4.2.2 Temporary access for shared use 
Temporary access is determined for the joint use of radio 

frequency bands 703-733 MHz, 758-788 MHz, 791-821 MHz, 
832-862 MHz for the study of terrestrial networks enabling 
the provision of electronic communication services, together 
with radio equipment of a specialized type. The measurements 
are carried out with specialized measuring equipment for 
monitoring the radio frequency spectrum for civil needs. 
Three mobile stations for monitoring the radio frequency 
spectrum located at the points determined for the needs of the 
study with predetermined geographical coordinates 
participate in the measurements. [9] 

 
5. Standards of accuracy and/or reliability of 

research results 
 

1) The accuracy of the data and the results of the 
conducted studies are compared with the 
requirements of the technical and operational 
documentation of the equipment and the relevant 
standards. 

2) Deviations from the requirements of the technical 
and operational documentation of the equipment 
are not allowed. 

3) A comparison of the results of the conducted tests 
of the equipment with the requirements of the 
technical and operational documentation is 
carried out. 

4) Accuracy norms and (or) data accuracy indicators 
and research results of the main apparatus and 
equipment are laid down in research procedures 
for each apparatus subject to research. 

5) The following protocols are used for the purpose 
of measurements: ICMP, HTTP, FTP, as well as 

the currently used Packet Data performance 
metrics. 

6) As a result, statistical data will be collected and 
analyzed on the interference levels measured by 
the receiving part of the Base Stations (eNB) and 
the technical equipment - Drive Test, which will 
be compared with the periods of operation 
(beginning and end) of the current radio 
communication systems. 

In table 1 is presented base station baseline power limit. 
 

Table 1 
Frequency 

range 
Bandwidth 
of protected 

block 

Maximum 
mean EIRP 

Measurement 
bandwidth 

Uplink 
frequencies in 
the range 698-
736 MHz (4) 

≥ 5 MHz – 50 dBm 
per cell 

5 MHz 

3 MHz – 52 dBm 
per cell 

3 MHz  

≤ 3 MHz – 64 dBm 
per cell 

200 kHz 

FDD uplink 
frequencies as 

defined in 
Decision 

2010/267/EU 
(i.e. 832-862 

MHz) 

≥ 5 MHz – 49 dBm 
per cell 

5 MHz 

Downlink 
frequencies in 
the range 738-

791 MHz 

≥ 5 MHz 16 dBm per 
antenna 

5 MHz 

3 MHz 14 dBm per 
antenna 

3 MHz 

< 3 MHz 2 dBm per 
antenna 

200 kHz 

FDD downlink 
frequencies as 

defined 
in Decision 

2010/267/EU 
(i.e. 791-821 

MHz) 

≥ 5 MHz 16 dBm per 
antenna 

5 MHz 

 
6. Conclusions when carrying out the broadcast in 

the direction from the mobile stations 
Base station to mobile devices is from 7% to 100% per 

sector of one Base Station, by positioning the mobile 
equipment in front of a specific sector. Mobile devices to a 
Base Station are defined from 0% to 100% per sector of a Base 
Station, by positioning the mobile equipment in front of a 
specific sector. 

Due to technical limitations, the continuous load at 100% 
is limited to about 2 minutes, after which there is a pause of 
10 seconds. 

Criteria for acceptance of research as successful: (given 10 
MHz bandwidth).  

In table 2 is presented scanner results and UE / OSS results 
of signal strength. 
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Use of certain radio frequencies and radio frequency bands 
for preparatory spectrum studies in 700 MHz and 800 MHz as 
follows: 

Radio frequency bands of the 700 MHz range: 
 

Table 2 

Scanner Results: 

Signal Strength LTE (RSRP)  
used to define LTE covered area, where to monitor KPI 

below: 
> -110 dBm 

Signal Quality LTE (RSRQ)  > -9 
Signal Quality LTE (SINR) > -12 
  

UE / OSS results: 

RACH SSR                > 99 % 
Call Setup Success Rate > 98 % 
Drop Call Rate < 0,5 % 
Handover Success Rate > 95% 
Overall CSFB SSR > 96 % 
LTE UL NACK Rate < 10 % 
LTE DL NACK Rate < 10 % 
Average UL interference  < -115 dBm 

User Avg DL Throughput  > 30 Mbps 

User Avg UL Throughput  > 10 Mbps 
 
The research is conducted in the 800 MHz range in 

frequency bands 791 – 821 MHz (base stations) and 832 – 862 
MHz (end devices). 

A radar system transmitting and receiving in the 837+/-2.5 
MHz radio frequency band is in operation during the ground 
survey of the current equipment. 

 The equipment is configured in the 3 bands in 700 
and 800 MHz; 

 Measurement of noise of the studied spectrum; 
 Conducting conversations with the subscriber 

devices in the control room and outside; 
 Data exchange with the subscriber devices in the 

device and outside it, by completing the results for 
Download DATA and Upload DATA; 

 Carrying out monitoring measurements for field 
strength during operation of base stations and 
subscriber devices. 

Results of the electromagnetic compatibility study of the 
ground systems providing electronic communication services 
in the 700 MHz and 800 MHz bands and the specialized 
ground radar and radio navigation equipment are: 

 test in the 700 MHz range, test telephones at a 
distance of up to 100 m and test at a distance of up 
to 1000 m from the equipment room of the special 
part; 

 test in the 800 MHz range, test telephones at a 
distance of up to 100 m and test at a distance of up 
to 1000 m from the equipment room of the special 
part. 

 

7. Results  
The results of the electromagnetic compatibility study of 

ground systems in the 700 MHz and 800 MHz bands and 
ground radar equipment consider the impact on current ground 
specialized radio communication equipment. 

When starting the base stations along the entire 
development of the indicator of the dispatch radar, a solid cone 
with a width of 50 is visualized in azimuths of 300 and 620 in 
all scales, which becomes denser (becomes brighter) and 
reaches a width of 100 when data transfer is carried out 
between a subscriber device (test phone) and the base station. 

The research in the 700 MHz range was carried out when 
the base stations were launched along the entire development 
of the dispatch radar indicator, visualizing a solid cone with a 
width of 50 in azimuth 620 at all scales, which thickens 
(becomes brighter) and reaches a width of 100 when 
transferring data between a subscriber unit (test phone) and 
the base station. 

The survey in the 800 MHz band was carried out using a 
base station at a launch location along the entire sweep of the 
control radar indicator. A dense cone with a width of 50 in 
azimuth 600 is visualized at all scales, which thickens 
(becomes brighter) and reaches a width of 100 when 
transferring data between a subscriber unit (test phone) and 
the base station. 

After detecting interference in the 800 MHz range, the 
study was carried out using a more distant base station. [11] 

 
 
 

 
 

 Azimuth 60° 
 

Fig. 1  Indicator of established impact 
 
In Table 3 is given tabular presentation of the results. 
     Table 3  

№  
 

Scope Frequency 
band 

(MHz) 

Result A feature 

1. 700 
MHz 

703-713/758-
768 

no influence 
 

 

713-723/768-
778 

723-733/778-
788 

2. 800 
MHz 

791-801/832-
842 

has an impact 
 

Active and SPC 
modes 

 
801-811/842-

852 
has an impact Active and SPC 

modes 
 

1-821/852-862 has an impact only in SPC mode 
 

 

 
 
 

Indicator 
with base 
station on 
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The established influences cannot be avoided by the 
current apparatus by applying organizational-technical 
measures and/or reconfiguration of systems. [12]. 

 
8. Final conclusions 
With the research of the parameters and radio technical 

characteristics of the current based radionavigation and radar 
systems and the mobile system of the fifth generation - 5G, a 
complete and clear picture is defined for real research setups, 
norms and procedures in the research of the radio frequency 
spectrum. 

The scope and possibilities of the effective and efficient 
use of the radio frequency spectrum are being expanded, 
which is in connection with the deployment of new radio 
communication and mobile telecommunication services in the 
community. A procedure for establishing the possibility of 
joint work in radio frequency ranges intended for the 
implementation of 5G technologies [6] and ground-based 
radio navigation and radar systems is defined. 

Prerequisites for future research on the actual use of the 
radio frequency spectrum in wireless systems: 

 Application of adaptive allocation of resources with 
a proportional rate of the limited resource; 

 Adaptive allocation of resources in the radio 
frequency ranges designated for broadband mobile 
telecommunication systems; 

The overall performance should be optimized. Power 
distribution must be carefully designed as it includes: 

 power distribution between cutting frequency 
subchannels in different radio frequency bands. 

Influence of the imperfect status of the channel 
information on the adaptive allocation of radio frequency 
resources. 
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Abstract— In this article, a developed mobile platform with 
Arduino – microcontroller for monitoring air parameters in a 
working environment (temperature and relative humidity) is 
presented. The system is organized in such a way that it is 
possible to work in real time with remote control and remote 
reception of the measurement data. The mobile platform can 
be used to measure the temperature and humidity of the air in 
a working environment in rooms with harmful working 
conditions for people. 

Keywords—mobile platform, temperature, humidity, 
microcontroller 

I. INTRODUCTION 
Temperature and humidity are two key physical 

quantities that have a significant impact on the environment 
and our lives. They play an important role in regulating 
comfort, climate and the functioning of various ecosystems. 
Temperature measures the amount of heat in a given space 
and determines the degree to which objects are heated or 
cooled. Humidity, on the other hand, expresses the amount of 
water vapor in the air and affects condensation. 

The relationship between temperature and humidity has 
important implications for human health, comfort and 
performance. Optimal levels of these parameters in various 
areas, such as living quarters, workplaces and public 
buildings, are essential to maintain a healthy and productive 
environment. 

A. Temperature 
It is known that the temperature [1, 11, 7, 22] is 

proportional to the average kinetic energy. The temperature 
of bodies characterizes the degree of heating, which is 
determined by the internal kinetic energy of the thermal 
movement of molecules. 

Various temperature measurement methods are described 
in [2, 8, 11, 7, 22]. Temperature cannot be measured directly. 
Its measurement is practically possible by the method of 
comparing the heating of two bodies, in which a certain 
physical property of the bodies is used. 

There are three basic physical principles used in 
temperature measurements: Measurement of thermal 
radiation of heated bodies; Determination of the temperature 
of the environment by measuring some physical 
characteristics depending on it; By measuring some 
temperature-dependent physical characteristics of the 
thermometric bodies placed in the environment and receiving 
its temperature by means of heat exchange. 

B. Humidity 
Humidity is one of the main parameters of the 

environment and a basic characteristic for many gaseous 
substances. 

In literature [15, 7, 22] an overview of moisture 
parameters and methods for measuring humidity is made. 

In many industrial processes there are requirements to 
control the moisture content. Atmospheric humidity affects 
the feeling of comfort, and is also an important parameter for 
ensuring optimal operation of warehouses for food and non-
food goods, building materials, etc. The humidity of the 
products guarantees their long-term storage, which is very 
important for cereals, fodder, tea, coffee, etc. 

Also, in industrial productions related to the use of air 
and other technical gases, in order for the process to run 
optimally, it is necessary to control the humidity in 
accordance with the technological requirements. 

In [14, 16, 22] methods for measuring the humidity of the 
air are described. 

In cases where the humidity of the atmospheric air is 
measured, both characteristics are used. The atmosphere 
could be thought of as water dissolved in air. 

Accordingly, when the saturation of the solution is 
reached, it starts to rain. In such cases, we speak of 100% 
relative humidity. As the temperature increases, the ability of 
air to dissolve water increases. 

There are different methods of measuring humidity. As 
microprocessor technology develops, accuracy increases. 

There is a wide variety of devices [4, 7] for temperature 
monitoring and control in an industrial environment, starting 
from simple temperature controllers and reaching complex 
distributed control systems. 

II. AIM OF THE STUDY 
The purpose of the study is monitoring and control of air 

temperature and humidity. 

There is a wide variety of devices for monitoring and 
controlling temperature and humidity in industrial 
environments [3, 12, 4, 8, 21], starting from simple 
temperature controllers [12] and ending up with complex 
distributed control systems. 

Most often, temperature monitoring and control devices 
in an industrial environment are either stationary or carried 
[4] by personnel performing the measurements. However, 
this is impossible if the measurement of temperature and 
humidity is to be carried out in places dangerous for the 
movement of people. In temperature and humidity control in The present research was funded by the Research Sector of Technical 

University - Sofia under contract 231ИХЪБ0004-08. 
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unfavorable human environments, the present project will 
provide a solution. 

The task of the study is to develop a mobile platform for 
measuring temperature and humidity in hard-to-reach and 
unfavorable environments. 

III. SELECTION OF ELEMENTS 
Different temperature and humidity monitoring and 

control systems may have different elements in their 
structure, but in most cases they contain a temperature and 
humidity sensor, a measuring device, a database, software 
and notification means. 

Wireless models are of greatest interest nowadays and 
allow the measurement information to be sent wirelessly to a 
base station or gateway and from there to a computer 
spatially hundreds of kilometers away. 

Such wireless systems are used when there are different, 
distant from each other points at which the temperature and 
humidity are to be measured, for example in case the 
measurement information is to be transmitted from a station 
moving in the measurement process. 

Choosing the right type of device among the wide variety 
of temperature and humidity measurement and control 
systems is an important issue. Most often, the choice begins 
with determining the type of measuring transducer (sensor). 

There are many types of measurement transducers or 
sensors [10] that are used to measure temperature. Their 
action is based on different physical laws. 

The created mobile station is a technical solution that 
uses modern technologies and components, aimed at 
achieving reliable and complex reporting of environmental 
parameters. The software generated on Arduino integrates a 
DHT22 sensor that performs the measurement of humidity 
and temperature with a high degree of accuracy and 
precision. 

In this way, the station provides comparable and up-to-
date data on the microclimatic conditions in the specific 
location. 

An important part of the station is its mobility and 
control. Driven by DC motors, this mechanism, complete 
with the appropriate software, allows the system to be placed 
and directed to different objects and locations in the 
environment, which enriches the possibilities of observation 
and measurement. The user can monitor and control the 
station remotely using the built-in HC-06 communication 
module. This leads to the expansion of the possibilities of 
application and usability of the system in various spheres. 

The current form can be used in a number of areas. From 
its role in climate control, through industrial and agricultural 
applications, to use in scientific research, the proposed 
system provides valuable data for environmental analysis 
and management. 

A. Hardware 
 Arduino Uno Rev.3 Development Board 

The Arduino Uno development board is a microcontroller 
development board built with the ATmega328P. There are 
14 digital input-output (I/O) ports, 6 analog inputs, a 16 MHz 
crystal resonator, four LEDs (one user connected to the 13th 

digital I/O port and three that indicate board operation: ON, 
Tx and Rx), USB connector, power connector, reset button 
and ICSP connector. Six of the digital I/O ports can be used 
as PWM outputs. 

 DC motor 

To drive the supporting mobile platform (trolley) we use 
a constant current electric motor. 

 
Fig. 1. DC motor with reduction gear 

A DC motor with reduction gear (fig.1) was chosen for 
the project as it is suitable for robots and cars. It is 
characterized by low weight and high torque, as well as low 
revolutions. Finely crafted, durable and low power 
consumption. A wheel can easily be mounted on the motor 
output shaft. Widely used for mini models, cars, robots, 
linear motion control, etc. [5, 9, 18] 

 L298N electric motor control module 

The L298N module allows simultaneous control of two 
DC motors (or one reversible stepper motor) by controlling 
the speed and direction of rotation. The module can control 
motors supplied with a voltage in the range 5V - 35V. A 5V 
regulator is placed on the board for convenience if the supply 
voltage is up to 12V. 

The direction and speed of rotation of electric motor 1 is 
controlled by pins IN1 and IN2, and for electric motor 2 by 
pins IN3 and IN4. 

 DHT22 temperature and humidity sensor 

The DHT22 module is a humidity and temperature 
sensor. It is suitable for weather stations. The measurement 
takes place only after initiating a signal from the controller, 
during the rest of the time it is in low consumption mode. It 
uses a one-way protocol with one connection line (not 1-
Wire). 

The DHT22 sensor is designed to measure humidity and 
temperature with high accuracy, and the data is transmitted 
via a 1-Wire interface requiring only one port from the 
microcontroller. 

The DHT22 measures temperature from -40° to 80° C 
and relative humidity in the range 0% - 99%. It has a pre-
calibrated digital output and is characterized by great 
reliability and stability. 

 HC-06 Bluetooth module 

The HC-06 module adds to the project the possibility of 
wireless connection and control. Since the HC-06 uses serial 
communication, connecting it to Arduino development 
boards is easy. HC-06 is a Bluetooth module that provides 
wireless communication between various devices through 
Bluetooth technology. This module is distinguished by its 
reliability, easy integration and wide application in various 
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fields. Its main function is to establish a connection and 
exchange data between devices such as microcontrollers, 
smartphones, computers and other peripherals. 

B. Softwawre 
 Arduino IDE 

The open source software (Arduino IDE) for 
programming the boards allows installing various specific 
programs [25]. The Arduino Integrated Development 
Environment (IDE) is a powerful and intuitive software tool 
designed for programming, developing and managing 
microcontrollers from the Arduino platform. This integrated 
development software provides the designer with an 
environment where they can easily create and run programs 
that control physical devices and sensors, and thus 
implement various projects with a significant simplification 
of the programming process. 

 Remote XY 

Remote XY is a powerful software tool designed to ease 
and facilitate the development process of interactive remote 
control and monitoring applications. This integrated 
development software enables the creation of user interfaces 
and visual elements that interface and communicate with 
various microcontroller platforms. An important quality of 
RemoteXY is the possibility of wireless communication 
between the microcontroller platform and smartphones or 
tablets via Bluetooth or Wi-Fi. This makes it possible to 
implement remote controls, data monitoring and real-time 
reactions. 

On figure 2 a diagram showing the connections between 
the elements of measurement and control systems is shown. 

On figure 3 a picture of the assembled mobile station is 
presented. 

IV. EXPERIMENTAL STUDIES 
The objective of the experimental measurements is to 

show the usability, the functioning of the developed mobile 
platform, its remote control, the action of the sensor and the 
possibilities of obtaining measurement results on a phone. 

To demonstrate the capabilities of the mobile platform, 
measurements of temperature and humidity were made in an 
apartment (bedroom, corridor and dining room). 

The data is transmitted remotely to a smart phone, tablet 
or computer. The application for working on the mobile 
platform was developed on the RemoteXY program as 
shown on figure 4. 

 
Fig. 2. Connection diagram between the elements 

 
Fig. 3. Mobile station 
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Fig. 4. Mobile platform with the control application 

TABLE I.  MEASUREMENT RESULTS 

place of 
measurement 

Measurement 
№1 

Measurement 
№2 

Measurement №3 

 t, oС φ, % t, oС φ, % t, oС φ, % 
bedroom 28 44 28 43 29 43 
corridor 29 41 28 43 28 45 
dining room 29 42 29 41 30 40 

V. CONCLUSIONS 
The created mobile station is a technical solution that 

uses modern technologies and components, aimed at 
achieving reliable and complex reporting of environmental 
parameters. The software generated on Arduino integrates a 
DHT22 sensor that performs the measurement of humidity 
and temperature with a high degree of accuracy and 
precision. 

In this way, the station provides comparable and up-to-
date data on the microclimatic conditions in the specific 
location. 

An important part of the station is its mobility and 
control. Driven by DC motors, this mechanism, complete 
with the appropriate software, allows the system to be placed 
and directed to different objects and locations in the 
environment, which enriches the possibilities of observation 
and measurement. The user can monitor and control the 
station remotely using the built-in HC-06 communication 
module. This leads to the expansion of the possibilities of 
application and usability of the system in various spheres. 

The current form can be used in a number of areas. From 
its role in climate control, through industrial and agricultural 
applications, to use in scientific research, the proposed 
system provides valuable data for environmental analysis 
and management. 

In future more sensors will be added to the developed 
mobile platform. 
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Abstract—The paper presents a developed virtual 
instrument for mass measurements using Arduino Uno Rev3 
and software LabVIEW.Experimental test with the virtual 
instrument are presented and analyzed.  

Keywords—mass, virtual instrument, LabVIEW, Arduino 
Uno 

I. INTRODUCTION 
In our time, mass measurements are carried out 

everywhere. It is one of the most measured parameter.  

Mass is a physical quantity - a property of physical 
bodies that indicates how much matter is in them. It is 
constant for a body of constant volume and density, it is not 
changed by the position of the body, movement or change of 
its shape [1].  

According to the International System of Units SI the 
unit for mass is kilogram (kg). 

There are different methods instruments for mass 
measurements. The simplest instrument for determining 
mass and weight is the lever scale. It is a beam with support 
in its middle part. There are dishes at each end of the beam. 
An object to be measured is placed on one plate and weights 
of standard dimensions are placed on the other until the 
system is brought to equilibrium. Such a device has been 
very popular and has been used for many years in trade and 
kitchens. 

Currently, various methods based on receiving an 
electrical signal are used to measure mass. In the case of 
measuring very large masses, such as a heavy vehicle, 
pneumatic and hydraulic systems are used. 

Nowadays the most used instruments for mass 
measurements are tensor resistors. Under pressure they 
change their geometrical dimensions which lead to change in 
the internal resistance. In order to receive an electrical signal 
Wheatstone bridge is used (fig.1). 

 

 

R1

R2

   V

R3

R4

 
Fig. 1. Wheatstone bridge 

In the paper the components for development of a virtual 
instruments for measuring mass is presented.  

II. COMPONENTS FOR DEVELOPING A VIRTUAL INSTRUMENTS 
FOR MASS MEASUREMENT 

The block diagram of the virtual instrument is presented 
of figure 2. 

The object which mass needs to be measured is put on 
the load cell. The load cell produces electrical signal 
proportional to the mass of the object. The electrical signal is 
amplified and send to the input of the Arduino Uno circuit 
board. There it is digitalized and send to the computer in the 
software LabVIEW where it will be processed and 
visualized. 
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Fig. 2. Block diagram of the virtual instrument for mass measurements 

A. Load Cell 
The load cell (fig.3) used for the virtual instrument is 

manufactured in Chine. It has aluminum alloy with weight 
and pressure sensor. The measuring range is up to 10 kg. The 
load cell is connected to two platforms - one under and one 
above it. The platform under the load cell is used for 
horizontal leveling of the load cell. The one above is where 
the object which mass is needs to be measured is put on. 

When an object is placed on the load cell due to the mass 
of the object, the cell will produce an electrical signal 
proportional to the mass. 

 
Fig. 3. Load cell 

B. Amplifirer model HX711 
The signal from the load cell is very small and needs to 

be amplified. For that purpose an amplifier HX711 is used. 

 
Fig. 4. Amplifirer model HX711 

C. Arduino uno Rev3 
The Arduino IDE is an integrated development 

environment that contains a text editor, a message area, a text 
console, and a toolbar for menu functions and a series of 
menus. The medium is directly connected to the hardware on 
the board to communicate with it as well as upload 
programs.[2,4] 

Two programs with different functions have been 
developed for the system. One of the programs is used when 
the device needs to be calibrated. The second program is the 
main one that is used after the calibration is done.[3] 

 
Fig. 5. Arduino Uno Rev3 

D. Software LabVIEW 
LabVIEW (LV) is an object-oriented programming 

language that contains a rich set of tools for data collection, 
analysis, presentation, and storage of data and results, as well 
as tools to help create programs. LV's main advantage over 
other development environments is its rich tooling support 

E. Virtual Instrument (VI) 
Virtual instruments are closely related and developed on 

the basis of computer-based measurement systems. With 
them, convenient and easy maintenance during use, 
implementation of the measurement algorithm and 
management of hardware measurement resources is 
achieved. [5] 

Three main components are used in the interactive 
environment LabVIEW for building BI: User Interface, 
Block Diagram, Icons and Link Window. The front panel is 
the user interface of the virtual instrument. The means for 
monitoring and managing the operation of the AI are located 
on the front panel. It consists of indicators and executive 
bodies presented on the computer screen. Different types of 
graphic and signal indicators, arrow and digital displays, 
tables are used to visualize the results. Control devices 

Load cell 

Amplifier 

Arduino 
Uno 

PC 

LabVIEW 

VI 
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visualize various input quantities and enter their data to the 
AI block diagram. Indicators simulate external devices and 
visualize the data that the block diagram has received or 
generated. Graphical flexibility allows more than a few 
virtual instruments to fit on the screen. The user works 
through icons, each corresponding to a real measuring 
device, and through the computer mouse the controls are 
acted upon. 

 
Fig. 6. Software of the virtual instrument fot mass measurements 

III. EXPERIMENTAL STUDY 
Of figure 7 the complete developed virtual instrument for 

mass measurements is presented. When all the components 
of the instrument are connected the program is started. 
Before the measurements start several seconds should be 
waited for the instrument to get the tare of the upper 
platform. 

 
Fig. 7. Virtual instrument for mass measurement 

With the developed virtual instrument two types of 
measurements were performed.  

The first is repeatability test. With the virtual instrument 
fully prepared measurements with different standard masses 
were done. For every measurement 10 values were taken and 
mean value was calculated (fig.8).  Tests were done in the 
range of 0.10 to 2 kg. The results are presented in table 1. 

From the results it is seen that the error in the whole 
range is less than 1% and most of the measurements are less 
than 0.5%.  

 

 

 

 

 
Fig. 8. virtual instrument fot mass measurements with calculation of the 
mean value of 10 measurement. 

TABLE I.  EXPERIMENTAL RESULTS FOR REPEATABILITY 

Standart mass, kg Measured mass, kg ∆, g δ, % 

0.01 0.00996 0,04 0,4 

0.02 0.019803 0,197 0,985 

0.05 0.049956 0,044 0,088 

0.10 0.099993 0,007 0,007 

0.20 0.200109 -0,109 -0,0545 

0.50 0.500005 -0,005 -0,001 

1.00 0.998786 1,214 0,1214 

2.00 1.99403 5,97 0,2985 

 

The second type of tests is for reproducibility.  

Before every measurement the virtual instrument is 
disassembled and assembled again. Then measurement with 
a standard mass is done. The results are presented in table 2 

TABLE II.  EXPERIMENTAL RESULTS FOR REPRODUCIBILITY 

Standart mass, kg Measured mass, kg ∆, g δ, % 

0.01 0,008908 1,092 10,92 

0.02 0,017715 2,285 11,425 

0.05 0,049416 0,584 1,168 

0.10 0,099181 0,819 0,819 

0.20 0,195406 4,594 2,297 

0.50 0,491339 8,661 1,7322 

1.00 0,995705 4,295 0,4295 

2.00 1,98881 11,19 0,5595 

 

From the results it is seen that the max error almost 
11.5%. The errors are bigger in the lower range. It can be 
seen that in the range of 0.05 to 2 kg the error is less than 
2.5%.  
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IV. CONCLUSIONS 
The developed virtual instrument for mass measurements 

gives satisfactory result in the range of 0.05 to 2 kg for both 
test – repeatability and reproducibility. In the range under the 
specified the error jump drastically in some cases up to 10 
times. Thus it is recommended that this virtual instrument is 
used for mass measurement above 0.05 kg. 
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Abstract—The paper aims to investigate the process of 
reverse engineering of a part using 2D images. In this example, 
the geometry of a partially damaged functional part from a shift 
lever assembly is reconstructed and the element is reproduced 
using CAD software. Finally, the reconstructed part is 3D 
printed with a suitable polymer material. 
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I. INTRODUCTION 
Reverse Engineering is a method for creating CAD models 

of physical parts, the designs of which are not available [1]. 
The reconstructed CAD model is then used for various 
purposes – creating new documentation, improving the 
geometry of the object [2], FEM analysis [3,4], reconstruction 
of a partially damaged part or one that is not commercially 
available [5], among others. The traditional approach for 
obtaining the part’s geometry includes its initial 3D scanning 
with accurate metrology equipment (Coordinate Measuring 
Machines or precise 3D scanners), converting of the created 
point-cloud to a mesh and then applying modeling features on 
it in order to create a solid or a surface model of the element 
[6]. A diagram of the process is shown on Fig. 1 [7]. 

One of the main disadvantages of the usage of metrology 
equipment is its price. There are budget 3D scanners but with 
limited accuracy, geometry of the part, etc.  [8]. 

 
Fig. 1. Diagram of reverse engineering process. 

Another option for reconstruction of objects with 
relatively simple geometry is using a 2D document scanner to 
obtain the contours of the element. However, this method also 

has its disadvantages, mainly the requirement for the part to 
be as flat as possible (for example an engine gasket). 

A good alternative of the above described methods is to 
take several photos of the part and to use them as templates 
for remodeling in CAD software. 

Furthermore, an important aspect of the reverse 
engineering process is the need for additional work in terms 
of optimization for the new manufacturing method [9]. Often 
the component or device needing to be restored is produced 
using a large-scale manufacturing method (for example 
casting, injection molding, stamping, etc. [10]). Thus, in case 
of reproducing the specific part, a different method for small-
scale manufacturing should be used (for example milling, 
turning, 3D printing, etc.), further adding to the workload [11].  

This article follows a methodology for the process of 
reverse engineering, optimization and production of a 
functional part using 2D camera images for the reconstruction 
of its geometry. Autodesk Fusion 360 is used as a CAD 
software for the purposes of the study. 

II. MATERIALS AND METHODS 
The object of the study is a damaged functional part from 

a shift lever assembly for an outboard engine. The part is 
shown on Fig. 2. 

 
Fig. 2. A damaged part from a shift lever assembly. 

As seen on Fig. 2 one of the teeth of the object has been 
broken, making the part unusable. The missing tooth is thus 
reconstructed in a virtual model and the whole element is 
reproduced physically. The original component is produced 
using injection molding, following common practices for 

30



designing injection-molded parts (drafts, uniform wall 
thickness, etc.). However, if these elements were reproduced 
in the 3D printed object too, the overall strength of the part 
would be weakened. This is the main reason why the process 
for the part’s reconstruction does not only require reverse 
engineering, but also an optimization of the construction of the 
object. The whole process can be divided in six main steps. 
The methodology is shown on Fig. 3. 

 
Fig. 3. A depiction of the process. 

A. Taking photographs 
The first step of the process is taking two photos on both 

sides of the flat surface (top and bottom view). The part should 
be centered relative to the camera center in order to avoid the 
perspective view as much as possible. The background should 
have a contrast color compared to the color of the component 
because it would be easier to remove automatically 
afterwards. The two photos used for the reverse engineering 
process are shown on Fig. 4 and Fig. 5. 

 
Fig. 4. A top view of the part. 

 
Fig. 5 A bottom view of the part. 

B. Adjusting the images  
First, the background of the photos is removed in a photo 

editing software and then the images are inserted into the CAD 
software one by one. Each photo should be rotated and aligned 
to the two sides of a plane and it should be scaled to the exact 
dimensions of the real part. For this purpose the overall 
dimensions of the part are measured accurately with a caliper. 
The final step of the adjusting process for the bottom view is 
shown on Fig. 6. 

 
Fig. 6. Adjusting the bottom view image. 

C. Creating sketches 
The adjusted images are used as reference templates for 

creating 2D sketches, as shown on Fig. 7 and Fig. 8. 

 
Fig. 7. Sketching the teeth of the 

part. 

 
Fig. 8 A completed sketch of the 

outside contour of the part. 

The process continues for the different geometry features 
which should be included and/or reconstructed in the 3D 
model – for example, the damaged tooth of the part is fully 
reconstructed based on the other two teeth. Fully-defined 
sketches should be created. Double-checking of certain 
dimensions with a caliper is highly recommended. 

D. Optimizing the geometry 
The geometry should be optimized for the manufacturing 

method which will be used for the production of the part. The 
chosen method for the current object is an additive 
manufacturing technology: Fused Deposition 
Modeling/Fused Filament Fabrication (FDM/FFF). Thus, the 
number of cavities and holes which are not related to the 
functionality of the part should be reduced for two main 
reasons: 

 Producing a part with better mechanical properties; 

 Reducing the number of support structures during 3D 
printing. 

As a result of the optimization process, the technological 
cavities on the bottom of the part are removed in the 3D 
model, as shown on Fig. 9. 

 
Fig. 9. Bottom view of the unfinished 3D model without cavities. 

E. Creating final geometry of the part 
The process of 3D modeling continues with adding more 

sketches from the contours of the images (Fig. 10). The 
completed sketches are used for adding (Fig. 11) or removing 
of material (Fig. 12) using the Extrude feature. Fillets are 
added for rounding of sharp edges (Fig. 13). 
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Fig. 10. Defining a sketch. 

 
Fig. 11 Adding material. 

 
Fig. 12 Removing material. 

 
Fig. 13 Adding a fillet. 

Some of the cavities on the top of the part are left on 
purpose because they would not affect the 3D printing 
process, neither the strength nor the functionality of the 
reconstructed object, but they would save some polymer 
material and printing time. 

The final geometry of the object’s 3D model is shown on 
Fig. 14 and Fig. 15. 

 
Fig. 14. 3D model of the part – 

isometry view from the top. 

 
Fig. 15 3D model of the part – 

isometry view from the bottom. 

After the 3D modeling process is finished the geometry is 
exported to high-density mesh in STL file format for the next 
step. A preview of the mesh with the export settings is shown 
on Fig. 16. The resulted mesh has 9902 elements (triangles) 
and its size is 484 KB. 

 
Fig. 16. A preview of the mesh and the export settings. 

F. Manufacturing 
The part is produced with FDM/FFF 3D printing 

technology. The selected material is PETG (polyethylene 
terephthalate glycol-modified) due to its high toughness [12]. 
The component is printed on a Creality Ender-2 Pro 3D 
printer. The model is sliced with PrusaSlicer software, as 
shown on Fig. 17.  

 
Fig. 17. Orientation of the part in PrusaSlicer. 

The basic process parameters are presented in Table 1. 
Table 1. Basic parameters of the 3D printing process. 

Parameter Value Unit 

Layer Height 0.2 mm 

Initial Layer Height 0.3 mm 

Line Width 0.4 mm 

Number of Perimeters 4 - 

Number of Top Layers 4 - 

Number of Bottom Layers 4 - 

Infill Density 80 % 

Infill Pattern Honeycomb - 

Build Plate Temperature 75 °C 

Print Speed - Perimeters 30 mm/s 

Print Speed - Infill 60 mm/s 

Fan Speed 25 % 

Retraction Length 5 mm 

Retraction Speed 25 mm/s 

Build Plate Adhesion Type Skirt - 

Generate Support Material Yes - 

Auto Generated Supports Yes - 

Overhang Threshold 45 ° 

Estimated Printing Time 356 min 

Used Filament 16.38 m 

The selected infill pattern is honeycomb because it has the 
highest combined compression, tensile, and shear strength 
compared to other types of infill [13]. 
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III. RESULTS AND DISCUSSION 
The 3D printed part is shown on Fig. 18 and Fig. 19. 

 
Fig. 18. 3D printed part – top view. 

 
Fig. 19 3D printed part – bottom view. 

The proposed methodology is executed step by step. The 
main advantage is that it allows the reconstruction of specific 
elements of complex systems which are subjected to intense 
wear (gears, bearings, bushings, etc.) or elements in which 
some constructive defects are revealed after prolonged 
exploitation (especially objects which work in conditions of 
cycle fatigue). This methodology creates a possibility to repair 
a larger system which lacks technical support, spare parts or 
the required documentation for restoring of the damaged 
components without the need of expensive metrology 
equipment. 

The main disadvantage of the proposed methodology is 
that its implementation requires a lot of technical knowledge 
and highly qualified personnel with in-depth experience in the 
field of CAD software and 3D printing. 

Further improvements of the proposed methodology could 
be made – for example by implementing Finite Element 
Analysis (CAE) for a more advanced optimization of the 
geometry of the part without decreasing its mechanical 
properties. 
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Abstract — Due to the need for identification of industrial 
products, laser marking has been increasingly used in recent 
years. It is the preferred method for achieving permanent and 
contrasting surface markings on both metals and a wide 
variety of non-metallic materials. In the present study, the 
change in the energy parameters of a laser installation based 
on Fiber lazer - RFFL-P-502B was tracked.on the penetration 
depth when marking layered composites based on epoxy resins. 
Graphical and tabular results are presented of marking with 
V=50mm/s; f = 50Hz and P = 5÷50W. 

Keywords — non-metallic materials, laser marking, depth 
of penetration 
 

I. INTRODUCTION  
When ensuring the security and efficiency of production 

processes in order to prevent trade in counterfeit goods, it is 
imperative to create opportunities in production for the 
complete identification and tracking of products that leave 
the company's territory by placing legible and permanent 
markings [1]. This is particularly important in some 
industrial sectors (space, aviation, automotive, medical, etc.) 
where products must meet specific requirements and 
standards. As a result, product identification must be of the 
highest quality to ensure traceability, safety and reliable 
operation. In recent years, emphasis has been placed on 
product identification through permanent marking without 
inks or adhesives. Barcode printing and direct marking of 
parts can be done by a variety of manufacturing processes, 
such as: punching, micro-dot, writing or electro-pencil. 
However, laser marking applications are becoming the norm 
for most manufacturing areas as they offer several 
advantages, such as [2÷5]: 

• contactless work; 
• high repeatability; 
• high scanning speed; 
• width of the marking; 
• comparable to the size of the laser spot; 
• high flexibility; 
• high automation of the process, etc. 

Due to the need for identification in the industries 
described above, laser marking has been increasingly used 
in recent years [6]. 

It is the preferred method for achieving permanent and 
high-contrast surface inscriptions, both on metal [3,4,7,8] 
and on a wide variety of non-metallic materials ranging 
from glass [9], ceramics [10÷13], organic materials [14÷19], 
textiles [20,21], etc. The quality of the resulting marking 
depends on many factors [3]: 

 geometry of the marking; 

• expansion of the heat-affected zone; 
• presence of microcracks; 
• durability under harsh working conditions; 
• readability, etc 

From the literature [22÷26] it can be seen that the main 
technological parameters affecting laser marking are: 

• average power; 
• scanning speed (ie marking speed); 
• pulse frequency, etc. 

In the present study, the influence of the output power of 
the laser installation on the depth of the marking obtained on 
samples of glass fiber reinforced polymers was traced. 

 

II. MATERIALS AND METHODS OF RESEARCH 
Reinforced polymer materials "Epoxy glass cloth 

laminated sheets" with mechanical characteristics according 
to Standard for test: GB/T 1303.1-1998 - table 1 were tested. 

 
TABLE 1. MECHANICAL CHARACTERISTICS 

№ Items Unit Standard 
Test Value 
(Average 

value) 

1. 
Flexural Strength 
Perpendicular to 
Laminations 

MPa ≥ 340 353 

2. Dielectric Strength 
Perpendicular to 
Laminations in 90ºC 
Transformer Oil 

kV/m ≥ 11.8 15.5 

3. Breakdown Voltage 
Parallel to laminations 
in 90ºC Transformer Oil 

kV ≥ 35 36,4 

4. Impact Strength kJ/m2 ≥ 33 48 
5. Permittivity (1MHz) - ≤ 5.5 4.8 
6. Dissipation Factor 

(1MHz) - ≤ 0.04 0.02 

7. Insulation Resistance 
Immersion in Water (D 
– 24/23) 

Ω ≥ 5,0x108 7,0x108 

8. Water Absorption (D – 
24/23) mg ≤20 11 

9. Density g/cm3 1.70÷1.90 1.85 
 
The marking of the samples was done with the help of a 

laser installation - fig.1, developed on the territory of the 
Adtech company, based on Fiber lazer - RFFL-P-502B. 

 Its main technological characteristics are presented in 
table 2.  

Мeasurement of the depth of the mark was carried out on 
a measuring microscope - fig.2, using Insize ISD-
V150/V250/V300 software. 
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Fig. 1. General appearance of Fiber lazer - RFL - P – 502В 
 
 
 

TABLE 2. CHARACTERISTICS OF THE LASER INSTALLATION 
№ Items Unit Standard 

Value 
Variation  

Step 
1. Output Power w 5÷50 5 
2. Frequency kHz 50÷100 0,001 
3. Marking Speed mm/s 1÷2000 1 

4. Defocusing 
+/- from the 
focal length, 

mm 
 1 

5. Focal spot μm 37÷42 1 
 
 

 
 

Fig.2. General view of measuring microscope "INSIZE" 

Penetration depth was determined by zeroing the Z-axis 
values of the mark surface and accounting for changes in 
focus at the bottom of the marked channel. The distance 
between individual points spaced 10 mm apart is determined 
by moving the measuring line along the X axis 
 

III. EXPERIMENTAL PART 
Specimens of epoxy polymer materials reinforced with 

glass fibers are marked using the apparatus of Fig. 1, 
The power values vary in the range 5÷50 kW, the 

marking speed is 50mm/s with a focal spot diameter of 40μm 
and a pulse purity of 50kHz – fig.3. 

 

 
 
Fig. 3. General view of the marked samples 
 

The depth of penetration of the laser beam was 
measured in 5 control points for each investigated power, 
located along the marked line at a distance of 10 mm. Part of 
the measurements are presented in Fig.4, and all 
experimental results are presented in Table 3. 
 

 
TABLE 3. EXPERIMENTAL DATA 

№ P, 
W 

δ, μm 
p.1 p.2 p.3 p.4 p.5 Σр1÷р5 / 5 δmax, μm 

1 2 3 4 5 6 7 8 9 

1 5 15
0 

135 20
5 

155 120 153    160 

2 10 28
0 

305 30
0 

310 280 295    320 

3 15 45
6 

466 48
5 

495 454 471 480 

4 20 64
5 

645 59
5 

630 573 618 640 

5 25 45
0 

735 76
5 

785 770 701 800 

6 30 70
5 

855 72
0 

790 840 782 960 

7 35 87
0 

800 85
0 

890 800 842 1120 

8 40 74
5 

960 90
0 

102
0 

890 903 1280 

9 45 95
5 

103
5 

96
5 

980 104
5 

996 1440 

1
0 

50 99
0 

106
0 

118
0 

114
0 

118
5 

1111 1600 

 
From the photos in Fig.4, it can be seen that the profile of 

the channel is not uniform along the length of the marking. 
This is also proven by the experimental results in Table 3, 
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where the values for δ vary in relatively wide intervals. At an 
output power of laser radiation up to 20W, the measured 
values range from 20 to 80μm. When increasing the output 
power from 20 to 50W, the fluctuations of the experimental 
results reach limits of 100÷300μm. This is a result of the 
different vaporization temperature of the reinforcing and 
matrix phases making up the polymer composite. 

 
 

 
 

a. 
 

 
 

b. 
 

 
 

c. 
 

Fig.4. Experimental results at V=50mm/s; f= 50Hz and 

a - 25W; b - 40W; c - 50W. 
 

 
The graphical interpretation of the results of Table 3 is 

shown in Fig. 4. 
Theoretically, for single-component non-metallic 

materials, the maximum penetration depth of the laser beam 
– δmax, can be calculated with the expression 1 [27]  

 
δmax = 2Р / (π.r.ρ.υ . c.T )                                            (1) 
 
where: P – laser radiation power, W; 

r - focal spot radius, μm; 
ρ – material density, g/cm3; 

υ – marking speed, mm/s; 
c – heat capacity of the material, J/kg.ºC; 
T – evaporation temperature, ºС. 
 

Using the data from tables 1 and 2, as well as reference 
data [28], the maximum theoretical values of the penetration 
depth during laser marking of the studied materials were 
calculated. (column 9 of Table 3) 

 
 
Fig.4. Рenetration depth of  the mark at P = 5÷50W , V = 50 mm/s, f= 50Hz. 

 
 
Comparing the theoretical and experimental results, it can 

be seen that, according to formula 1, the penetration depth is 
linearly dependent on the power of the laser radiation. The 
obtained experimental results show that this is valid only for 
small marking powers – up to 20W. In them, the 
experimental results differ from the theoretical ones by less 
than 10% (table 4) 

 
TABLE 4. EXPERIMENTAL DATA 

  
№ 

P, 
W 

(Σр1÷р5 / 5) .100/ δmax, 
%     

   
№ 

P, 
W 

(Σр1÷р5 / 5) .100/ δmax, 
% 

1 5 4,375 6 30 18,542 
2 10 7,819 7 35 26,607 

3 15 1,875     
8 40 29,453 

4 20 3,438     
9 45 30,833 

5 25 12,375 
  
1
0 

50 30,563 

 
As the power increases above 20W, the marking depth 

decreases by 20÷30% compared to the theoretical one. This 
can be explained both by the difference in the evaporation 
temperature of the matrix and reinforcing phase, and by the 
increase in power losses due to the absorption of the emitted 
particles by the aerosol separated in the treated area. 

 

IV. CONCLUSIONS 
The following more important conclusions can be drawn 

from the research conducted and the results obtained: 
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 Research has been conducted on the change in the 
depth of laser marking in layer-reinforced 
composite materials based on epoxy resin. 

 It was found that as the output power of the laser 
beam increased from 5 to 50W at a constant 
marking speed of 50mm/s and a frequency of 
50Hz, the average marking depth increased from 
153 to 1111μm. 

 It has been proven that, as a result of the different 
thermophysical characteristics of the matrix and the 
reinforcing phase in the composite, the measured 
values vary within relatively wide limits, with an 
output power of up to 20W, they are up to 100μm, 
and when the power increases to 50W, they vary 
between 100÷300μm. 

• It has been proven that, unlike single-component 
non-metallic materials, in layered reinforced 
composites, the depth of the marked layer does not 
change in direct proportion to the power. At powers 
up to 20W, the dependence is directly proportional, 
but as the output power increases up to 50W, it 
changes along a parabolic curve. This is a result of 
the loss of power due to the absorption of some of 
the radiation in the aerosols released during 
tagging. 
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Mechatronic, Eco- and Energy-saving Systems and 
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Abstract— The article presents the results of a study of the 
accuracy of machined surfaces of 42CrMoS4 hardened steel 
workpieces by turning using a quick-change holder on a Swiss-
type CNC lathe, model GOODWAY SW-20. Experiments were 
conducted using different coolants and cutting speeds. A 
statistical analysis of the accuracy of the machined surfaces 
was performed using the "large sample" method. It has been 
shown that the choice of lubricant-coolant and cutting speed 
determines the magnitude of the variance of the controlled 
dimensions, i.e. has a significant impact on the stability of the 
technological process.. 

Keywords— coolant, cutting speed, hardened steel, quick-
change holder, statistical analysis. 

I. INTRODUCTION  
In modern engineering, it is of particular importance to 

ensure, on the one hand, the exact dimensions of the 
machined surfaces and the maintenance of the correct 
geometric shape of the manufactured parts, and on the other 
hand, high productivity and flexibility of the technological 
processes. This is achieved by using CNC machines and 
tooling (a complex of cutting and auxiliary tools), which 
ensures a reduction in the loss of time for establishing and 
changing cutting tools, as well as by choosing optimal 
working conditions (elements of the cutting mode, type, 
pressure and method of introducing the lubricating-cooling 
liquid, etc.). 

When machining on CNC lathes, both standard and 
quick-change holders of various designs are used [6,8]. A 
number of studies of the quality, technological and technical-
economic parameters of the turning process are known, as a 
result of which the influence of both the working conditions 
and the used cutting tools was determined, modeled and 
analyzed [1,4,7,9]. The conducted comparative experimental 
studies of the roughness of the machined surfaces and the 
durability of cutting tools when turning 42CrMoS4 alloy 
steel using a standard holder and an original design quick-
change holder and their statistical analysis, reflected in [2], 
prove the effectiveness of applying the quick-change holder . 
It has been found that its use leads to an increase in 
productivity as a result of a reduction in auxiliary time, while 
guaranteeing a high and stable quality of the treated surfaces. 
The conducted statistical test of the parametric hypotheses of 
equality of mathematical expectations and variances proves 
that comparable values of the average roughness of the 
processed surfaces are obtained when using a standard and 
quick-change holder, but when using the quick-change 

holder the dispersion of roughness is less, respectively the 
stability of the technological process is greater, the durability 
of the tools is greater, the time to replace worn metal-ceramic 
carbide inserts is much less, as well as the time to set up the 
equipment (approximately 40 times). However, the 
possibilities of increasing the accuracy of the treated surfaces 
when turning using quick-change holders by choosing 
working conditions - cooling medium and elements of the 
cutting mode - have not been evaluated. 

The purpose of the present study is to determine and 
statistically analyze the accuracy of machined surfaces of 
hardened steel 42CrMoS4 workpieces using a quick-change 
holder, different cooling media and cutting speeds. 

II. EXPERIMENTAL STUDIES AND STATISTICAL 
ANALYSIS OF ACCURACY 

In the research process, details (Fig. 1) of alloyed steel 
42CrMoS4 (1.7227 [5]) with a hardness of 33-35 HRC were 
processed. 

The research was carried out on a CNC lathe (Swiss 
type), model GOODWAY SW-20, whose magazine is 
loaded with turning knives with quick-change holders `(Fig. 
2). 

The statistical analysis of the accuracy was made based 
on the measurement of the controlled dimensions - diameter 
D=11.8±0.2 mm and length L=11.6±0.2 mm - (fig. 1a) on 
lots of 3300 parts..  

 
а. 
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b. 

Fig.1. Processed details: a – structural drawing; b - details after turning 

 
а. 

 
b 

Fig.2. Work area of GOODWAY SW-20 lathe (a) and tool shop with 
used turning knives with quick-change holders (b) 

Two series of experimental studies were carried out - to 
study the influence of the type of lubricating-cooling fluids 
(LUFs) on accuracy and to study the influence of cutting 
speed. Cutting tools with replaceable metal-ceramic hard 
alloy plates VCMT 110302 (designation is according to ISO 
1832) were used, ensuring a constant geometry of the tools: 
front angle, back angle, main setting angle, auxiliary setting 
angle, radius at the tip of the tool mm. 

In order to determine the influence of the cooling 
medium on the accuracy of the processed parts, two 
lubricating coolant brands were used in the processing 
process - ECOCOOL MACH 40 and Vasco 6000, the 
technological characteristics of which are presented in 
[11,12]. The details of the batches were processed in constant 
cutting mode: cutting speed Vc = 150 m/min; feed f = 0.05 
mm/rev; cutting depth ap = 0.02 mm. These values of Vc, f 
and ap correspond to those recommended in the literature 
and provide the tool life requirements, productivity and 

quality of the processed surfaces of this type of steels during 
turning [10]. 

The obtained experimental results for the controlled 
dimensions using two types of lubricating coolantare 
presented in table 1, and their graphical interpretation - in fig. 
3 and fig. 4. 

Comparing the obtained values for the controlled 
disturbances in table 1, it is found that when using VASCO 
6000 coolant, the deviations from the set tolerances are more 
in number. This necessitates a change in operating modes 
and a reduction in cutting speed. In this regard, when 
applying this lubricating coolant, experimental studies were 
carried out at two cutting speeds - Vc = 150 m/min and Vc = 
125 m/min, while the values of the cutting depth and feed 
were constant - ap = 0.02 mm and f = 0.05 mm/rev. The 
experimental results are presented in Table 2 and Fig. 5. 

In order to compare the results for the accuracy of the 
controlled dimensions when using two types of lubricating 
coolant (table 1) and at two different cutting speeds (table 2), 
a statistical analysis was carried out, which included the 
verification of two statistical hypotheses - for the equality of 
the variances of two random variables and for equality of 
mathematical expectations of two random variables. 

The verification of the statistical hypotheses was carried 
out in accordance with the methodology presented in [3], in 
the following sequence: 

1. The arithmetic mean values of the controlled 
dimensions were determined when using lubricating coolant, 
brands ECOCOOL MACH 40 and Vasco 6000 (respectively 
and ; and ) and at cutting speeds Vc = 150 m/min and Vc = 
125 m/min and application of lubricating coolant Vasco 6000 
(respectively and ; and ) (table 3). 

2. The statistical estimates of the variances of the 
dimensions D and L of the treated surfaces for each 
experiment were determined - 2

1DS , 2
2DS , 2

3DS , 2
1LS , 2

2LS  

and 2
3LS  (table 3). 

3. The hypothesis of equality of the variances of the 
controlled dimensions D and L was verified using the Fisher 
criterion, the empirical values of which were determined in 
accordance with the dependencies: 

- when using two lubricating coolant: 
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- when machining with different cutting speeds: 
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After comparing the determined empirical values of the 
Fisher criterion with the Fisher quantile 

51.133,33,05.0 21
 kkF [3] it has been established that 

33,, 21
ˆ

 kkFF  , that is, the dispersions of the diameter and 
linear size when using lubricating coolant ECOCOOL 
MACH 40 are smaller than when applying lubricating 
coolant VASCO 6000. Reducing the cutting speed when 
using lubricating coolant VASCO 6000 does not lead to a 
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reduction of the deviations from the set nominal values of the 
controlled dimensions. 

4. The hypothesis of equality of mathematical 
expectations of the controlled dimensions was verified when 
using lubricating coolant, brands ECOCOOL MACH 40 and 
Vasco 6000 and at cutting speeds Vc = 150 m/min and Vc = 
125 m/min and application of lubricating coolant Vasco 
6000. To test the hypothesis, the Student's criterion was used, 
the empirical values of which were determined in accordance 
with the dependencies: 

- when using two lubricating coolant: 
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- when machining with different cutting speeds: 
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where: 
32322121

,,,
 LDLD SSSS - pooled estimates of the 

variances of the general populations in the conducted 
experiments (table 3); nnn  21 . 

After comparing the empirical values of Student's 
criterion with Student's quantile 999,1, kt  [3] ( 05,0 ; 

221  nnk ) it was found that the mean values of the 
controlled size D=11,8±0,2 mm do not differ when processed 
with lubricating coolant, brands ECOCOOL MACH 40 and 
Vasco 6000 ( kD tt ,21

ˆ



). The values of the controlled 

dimensions do not differ significantly D=11,8±0,2 mm и 
L=11,6±0,2 mm, obtained by processing with speeds Vc = 
150 m/min и Vc = 125 m/min and application of lubricating 
coolant Vasco 6000 ( kD tt ,32

ˆ



; kL tt ,32
ˆ




). Significant 
difference in linear size means L=11,6±0,2 mm is observed 
when processing with lubricating coolant, marks ECOCOOL 
MACH 40 и Vasco 6000 ( kL tt ,21

ˆ



). 

TABLE 1. EXPERIMENTAL RESULTS IN TURNING USING 
LUBRICANT-COOLANT LIQUIDS, BRANDS ECOCOOL MACH 40 И 

VASCO 6000 

Details, no. 
ECOCOOL MACH 40 VASCO 6000 
Diameter 
D1, mm 

length L1, 
mm 

Diameter 
D2, mm 

length L2, 
mm 

1 11,58 11,36 12,11 11,36 
10 11,62 11,41 11,89 11,41 
20 11,68 11,43 11,85 11,41 

100 11,66 11,42 11,68 11,65 
300 11,71 11,44 11,87 11,58 
500 11,70 11,42 11,80 11,53 
600 11,72 11,46 11,72 11,71 
700 11,71 11,45 11,58 11,65 
800 11,75 11,43 11,61 11,71 
900 11,74 11,45 11,66 11,67 

1000 11,81 11,47 11,65 11,47 
1100 11,76 11,51 11,68 11,51 
1200 11,78 11,53 11,81 11,71 
1300 11,80 11,51 11,80 11,66 
1400 11,78 11,54 11,72 11,60 
1500 11,79 11,55 11,68 11,55 
1600 11,83 11,56 11,75 11,45 
1700 11,81 11,57 11,84 11,59 
1800 11,87 11,53 11,85 11,53 
1900 11,88 11,58 11,97 11,71 
2000 11,85 11,60 11,85 11,67 
2100 11,89 11,61 11,86 11,61 
2200 11,86 11,59 11,88 11,59 
2300 11,85 11,59 11,87 11,55 
2400 11,89 11,62 11,23 11,62 
2500 11,86 11,63 11,85 11,69 
2600 11,91 11,64 11,96 11,61 
2700 11,88 11,61 11,96 11,76 
2800 11,87 11,70 11,94 11,65 
2900 11,93 11,76 11,95 11,76 
3000 11,90 11,81 11,90 11,82 
3100 11,88 11,42 11,98 11,49 
3200 11,91 11,44 12,01 11,66 
3300 12,20 11,41 11,35 11,79 
 

The statistical analysis carried out shows:  

- In the experiments carried out with lubricating coolant, 
marks ECOCOOL MACH 40 and Vasco 6000, comparable 
average values are obtained for the dimension D=11.8±0.2 
mm. Regarding the linear dimension L=11.6±0.2 mm, 
however, there is a significant difference in the measured 
average values, that is, there is a significant influence of the 
type of lubricating coolant on accuracy. The variances of the 
controlled dimensions D and L when turning using 
ECOCOOL MACH 40 are smaller than when applying 
Vasco 6000. This is evidence of greater stability of the 
technological process when using ECOCOOL MACH 40 
and is a prerequisite for obtaining higher quality of 
processed surfaces.  

 
TABLE 2. EXPERIMENTAL TURNING RESULTS USING 

LUBRICANT-COOLANT, VASCO BRAND 6000 AND TWO CUTTING 
SPEEDS 

Details, no. 
Vc = 150 m/min Vc = 125 m/min 

Diameter 
D2, mm 

length L2, 
mm 

Diameter 
D3, mm 

length L3, 
mm 

1 12,11 11,36 12,15 11,36 
10 11,89 11,41 11,89 11,41 
20 11,85 11,41 11,85 11,41 

100 11,68 11,65 11,68 11,65 
300 11,87 11,58 11,87 11,58 
500 11,80 11,53 11,8 11,53 
600 11,72 11,71 11,72 11,71 
700 11,58 11,65 11,63 11,65 
800 11,61 11,71 11,61 11,71 
900 11,66 11,67 11,66 11,67 
1000 11,65 11,47 11,65 11,47 
1100 11,68 11,51 11,68 11,51 
1200 11,81 11,71 11,81 11,71 
1300 11,80 11,66 11,8 11,66 
1400 11,72 11,60 11,72 11,6 
1500 11,68 11,55 11,68 11,55 
1600 11,75 11,45 11,75 11,58 
1700 11,84 11,59 11,84 11,59 
1800 11,85 11,53 11,85 11,53 
1900 11,97 11,71 11,97 11,71 
2000 11,85 11,67 11,85 11,67 
2100 11,86 11,61 11,86 11,61 
2200 11,88 11,59 11,88 11,59 
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2300 11,87 11,55 11,87 11,55 
2400 11,23 11,62 11,23 11,62 
2500 11,85 11,69 11,85 11,69 
2600 11,96 11,61 11,96 11,61 
2700 11,96 11,76 11,96 11,76 
2800 11,94 11,65 11,94 11,65 
2900 11,95 11,76 11,95 11,76 
3000 11,90 11,82 11,9 11,82 
3100 11,98 11,49 11,98 11,49 
3200 12,01 11,66 12,01 11,66 
3300 11,35 11,79 11,35 11,79 
 

 
Fig.3. Measurements of controlled dimensions when machining with 
lubricating coolant, brand ECOCOOL MACH 40 and cutting speed Vc = 
150 m/min 

- When turning with speeds Vc = 150 m/min and Vc = 
125 m/min and applying lubricating coolant 

 Vasco 6000, no significant difference is observed 
between the average values of the controlled dimensions. 
Furthermore, the variances of the controlled dimensions D 
and L when machining at the lower speed are larger, i.e. the 
stability of the technological process is not improved This, 
in combination with the fact that the reduction of the cutting 
speed leads to an increase in the processing time from 
43÷46 s to 62÷65s and until the cost of the processed part 
increases, it is recommended to process the parts with the 
application of СОТ Vasco 6000 to be carried out at cutting 
speed Vc = 125 m/min. 
TABLE 3. STATISTICAL ANALYSIS OF EXPERIMENTAL RESULTS 

Statistical 
quantities 

Контролирани размери 
Диаметър 

 D=11.8±0.2 mm 
Дължина 

L=11.6±0.2 mm 
Average 
values 

1D  2D  3D  1L  2L  3L  
11.814 11.797 11.800 11.531 11.610 11.614 

Dispersion 
2
1DS  2

2DS  2
3DS  2

1LS  2
2LS  2

2LS  
0.0127 0.0320 0.0322 0.0113 0.0127 0.0119 

Mean 
Square 
Deviation 

1DS  2DS  3DS  1LS  2LS  3LS  

0.1127 0.1789 0.1795 0.1063 0.1127 0.1092 
Pooled 

variance 
estimates 

21D
S  

32DS  
21L

S  
32L

S  

0.1495 0.1792 0.1095 0.1109 
 

 
Fig.4. Measurements of controlled dimensions when machining with 
lubricating coolant, brand Vasco 6000 and cutting speed Vc = 150 m/min 
 

 
Fig.5. Measurements of controlled dimensions when machining with 

lubricating coolant, brand Vasco 6000 and cutting speed Vc = 125 m/min 

III. CONCLUSIONS 
The article presents the results of experimental studies 

and statistical analysis of the accuracy of machined surfaces 
of hardened steel 42CrMoS4 workpieces using a quick-
change holder, different cooling media and cutting speeds, 
based on which the following conclusions can be drawn: 

- Statistical testing of the parametric hypotheses of 
equality of mathematical expectations and variances proves 
that when machining with different cutting speeds, 
comparable values of the controlled diametral and linear 
dimensions are obtained, and the variances of these 
dimensions are smaller at higher cutting speeds , i.e. the 
stability of the technological process is greater. 

- The type of lubricating coolant has a significant 
influence on the dispersions of the controlled diametral and 
linear dimensions, as when turning using ECOCOOL 
MACH 40 they are smaller than when applying Vasco 6000. 
This is proof of greater stability of the technological process 
at use of ECOCOOL MACH 40 and is a prerequisite for 
obtaining a higher quality of the treated surfaces. The type 
of lubricating coolant used has a significant influence on the 
accuracy of the linear dimension studied and a minor 
influence on the accuracy of the diametric dimension. 

The proposed approach to the selection of the cooling 
medium and cutting speed creates conditions for optimizing 
the working conditions when turning parts made of hardened 

steel 42CrMoS4 using quick-change holders. 
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Abstract— There are many methods to diagnose the power 
transformers current state. The electrical method of partial 
discharges measure in the volume of the power transformer 
gives the maximum information that can be desired. In this 
paper is presented a method with new software system. It is 
based on the determining algorithm for analyzing the signals 
measured as well as on preparing the necessary 
recommendations by the expert monitoring system, is suggested. 

Keywords—partial discharges, diagnosis, monitoring system 

I. INTRODUCTION  
This paper describes method using a new software system 

for determines the state of the power transformer based on the 
area of partial discharge (PD) appearance. The electrical 
partial discharge measurement is the most suitable method for 
assessing the condition of insulation systems in high voltage 
equipment. Conventional partial discharge measurement 
systems have proven to have some difficulties in the 
measurements, particularly in online conditions and noisy 
environments. In high voltage devices, such as transformers, 
PDs can be symptomatic of problems within the device such 
as floating components and insulation flaws. Over time, 
electrical and mechanical stress can damage the materials 
within the transformer, including the winding and the paper 
insulation lining the walls of the transformer tank. If the 
damage is not detected or corrected, the faults can cause the 
transformer to operate outside of its normal parameters and 
eventually a catastrophic failure may occur, causing potential 
damage to surrounding equipment and facilities, as well as 
lost revenue due to an unscheduled power outage. Power 
transformers are used to step up or step down voltage and are 
an integral component of any efficient power distribution 
network. A typical transformer incorporates coils of 
conducting wire wrapped around a core and covered with a 
paper-based insulator. Essential to the operation of these units 
are transformer oils that have two functions: electrical 
insulation and heat dissipation. 

II. MAIN PARAMETERS THAT IS APPLY IN SOFTWARE SYSTEM 
The most important parameters regarding the final 

software decision about the actual transformer state are the 
location of the partial discharge, the partial discharge case and 
the transformer oil conditions. 

A. Location of partial discharges 
The measurement signals and the type of oscillations can 

be classified depending on the following parameters: 

 Location of discharge: most pulses in advance of 
the voltage peaks 

 Variability of Response: random movement 
 Relative Magnitude of discharge: different 

magnitude on two half cycles 
 Test voltage: rises with test voltage 
 Time of application: constant with time 

The output data is the case of PD occurrence. 

B. Cases of PD appearences though the voltige test 
This new software system determines the state of the 

power transformer based on the area of partial discharge 
appearance. These depend on parameters such as location of 
discharges on test voltage, variability of response, relative 
magnitude of discharges on positive/negative half cycle and 
variation of discharge magnitude depending on test voltage 
and time of application.  

The possible cases of partial discharge occurrence are A, 
B, C, D, E, F, G, H, J, K, L, M and N. The possible locations 
of partial discharges are in the tank, windings (wndg), leads, 
tap changer and other. Only two cases of oil conditions are 
considered- good and bad oil. 

Failures are usually triggered by severe conditions, such as 
lightning strikes, switching transients, short-circuits, or other 
incidents. When the transformer is new, it has sufficient 
electrical and mechanical strength to withstand unusual 
system conditions. As transformers age, their insulation 
strength can degrade to the point that they cannot withstand 
system events such as short-circuit faults or transient 
overvoltage. [1, 2] 

To prevent these failures and to maintain transformers in 
good operating condition is a very important issue for utility 
companies. Traditionally, preventive routine maintenance 
programs combined with regular testing are used. With 
deregulation, it has become increasingly necessary to reduce 
maintenance costs and equipment inventories. This has led to 
reductions in routine maintenance. The need to reduce costs 
has also resulted in reductions in spare transformer capacity 
and increases in average loading. There is also a trend in the 
industry to move from traditional time-based maintenance 
programs to condition-based maintenance. [1, 2] 

These changes occur at a time when the average age of the 
transformers in service is increasing and approaching the end 
of nominal design life. The change to condition-based 
maintenance has resulted in the reduction, or even elimination, 
of routine time-based maintenance. Instead of doing 
maintenance at a regular interval, maintenance is only carried 
out if the condition of the equipment requires this. Hence, 
there is an increasing need for better nonintrusive diagnostic 

The authors would like to thank the Research and Development Sector 
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and monitoring tools to assess the internal condition of the 
transformers. If there is a problem, the transformer can then 
be repaired or replaced before it fails. [1, 2] 

C. Dissolved Gas Analysis 
In a substation, the condition of the oil can be examined 

using Dissolved Gas Analysis (DGA). It has only been 
performed in a lab, where at first the oil sample is degassed 
followed by a gas-chromatographic analysis of the extracted 
gas sample. Then, the composition of the gas mixture and the 
total amount of extracted gases is analyzed. This method gives 
precise and reproducible results, thus reliable results are 
achieved. The result of such a transformer examination is 
nevertheless influenced by the quality of the oil sample that is 
used for DGA [3]. 

The gasses that are dissolved in the insulating oil are 
energy generated due to a fault, thus resulting in the partial or 
complete destruction of the Hydrocarbon molecular chains of 
the insulating oil. The fractions consist of: 

 Hydrogen H2 
 Methane CH4 
 Ethane C2H6 
 Ethene C2H4 
 Ethyne C2H2 
 Propane C3H8  
 Propene C3H6. 

Due to the de-polymerization of the solid paper insulation 
additionally: 

 Carbon Dioxide CO2 and 
 Carbon Monoxide CO are generated.  

The atmospheric gases: 
 Oxygen O2 and 
 Nitrogen N2 

are dissolved in the insulating liquid as well if the 
transformer is of breathing type and is exposed  to the 
environment [3]. 

As long as the concentrations of the dissolved gasses do 
not exceed certain limits or changes in oil solubility, the 
composition of the dissolved gases can be used for analysis if 
the ratio of their content is evaluated. 

This relation is dominated by the form and amount of 
energy that has been applied in the transformer failure, thus 
thermal faults and electrical faults can be distinguished. A 
more precise distinction between the sizes of the failures and 
the level of concentration of gases is also specified in the 
standard IEC 60599. 

In our case, the results from the chemical conditions of the 
oil could be summarized as GOOD OIL (if the concentrations 
of the gases are in compliance to standard IEC 60599) or BAD 
OIL (if the concentrations of the gases are not in compliance 
to standard IEC 60599). These results are used when the 
operator takes the final decision regarding the emergency of 
the partial discharge that is detected. In substations, 
information for the condition of the oil is provided by 
technical labs in six month intervals. 

III. SOFTWARE SYSTEM RUNNING 
The software program responsible for the decision 

regarding the status of the transformer is developed in Visual 
Studio.  

It has to be set the settings for the next parameters: case of 
PD occurrence, partial discharge location and oil condition. 
The software determines the level of criticality of the power 
transformer state. 

 Step 1– Start the program and the following window 
will appear:  

 
Fig. 1. Screenshot of software system 

 Step 1 is common for all tests. Screenshot of program is 
shown in Fig. 1. 

 Step 2: Depending on the input data, the following 
situations are done: 

1) Status WORK   
In this state the input data is given in Fig. 2: 
 Case of PD occurrence: A 
 Partial discharge location: TANK 
 Oil condition: GOOD 
 

 
Fig. 2. Screenshot - case A (work state-TANK) 
 

 
Fig. 3. Screenshot - case A (work state-WNDG) 
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Input data that is given in Fig. 3: 
Case of PD occurrence: A 
Partial discharge location: TANK 

 Oil condition: GOOD 
 

 
Fig. 4. Screenshot - case B (danger state - TANK) 
 
Input data that is given in Fig. 4: 

Case of PD occurrence: B 
Partial discharge location: TANK 

 Oil condition: GOOD 
Output data: 

Status message: WORK. 
 
2) Status ATTENTION   
For this disition the input data is shown in Fig. 5:  

Case of PD occurrence: A 
Partial discharge location: TANK 

 Oil condition: BAD 

 
Fig. 5. Screenshot - case A (attention state - TANK) 
 

For this disition the input data is shown in Fig. 6:  
 Case of PD occurrence: C 
 Partial discharge location: WNDG 
 Oil condition: GOOD 

 
Fig. 6. Screenshot - case C (attention state - WNDG) 

 
Input data that is shown in Fig. 7:  

Case of PD occurrence: D 
Partial discharge location: LEADS 
Oil condition : GOOD 
 

 
Fig. 7. Screenshot - case D (attention state - LEADS) 
 
Output data: 
 Status message: ATTENTION. 
 

3) Status DANGER  
The input data in this status is given in Fig. 8:  

Case of PD occurrence: C 
Partial discharge location: WNDG  
Oil condition : BAD 

 
Fig. 8. Screenshot - case C (danger state - WNGS) 

 
Input data is shown in Fig. 9:  

Case of PD occurrence: C 
Partial discharge location: LEADS 
Oil condition: BAD 
 

 
Fig. 9. Screenshot - case C (danger state - LEADS) 
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Input data is done in Fig. 10:  

Case of PD occurrence: D 
 Partial discharge location: LEADS 
 Oil condition: BAD 

 

 
Fig. 10. Screenshot - case D (danger state - LEADS) 
 
Output data: 
Status message: DANGER. 

 

IV. CONCLUSION 

In this paper a new PD methodology were described. This 
kind of logic is approximately new and in progress. This new 
way provides meaningful and additional information for PD 
analysis. The software based on the prescribed algorithm for 
analyzing the signals measured as well as on preparing the 
necessary recommendations by the expert monitoring system. 
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Abstract— In this paper is presented energy monitoring 
device controller which is optimized for small renewable energy 
systems. It is based on PIC18F series microcontroller with six 
channels for current and voltage measurements. Also it can 
collect data of environmental conditions as CO2 concentration 
and temperature. With the energy monitoring device, voltage, 
current and power information can be monitored and controlled 
in time of operation. It is an optimal and reliable solution for 
small scale house microgrids with distributed dynamic energy 
sources.  

Keywords— electric energy monitoring, controller, 
renewables, power and energy measurements  

I. INTRODUCTION  
Modern design and optimization of electrical equipment 

benefit from computer technology and advance of modern 
algorithms. Energy monitoring becomes of paramount 
importance fir many industrial and household power supply 
systems. As reliable are these systems, as useful for users they 
are. This is of major importance for systems of renewable 
sources, where significant variations of power parameters 
must be continuously observed in many distributed sensing 
nodes [1-3]. Here is presented energy monitoring device 
controller which is optimized for small renewable energy 
systems. It is based on PIC18F series microcontroller with six 
channels for current and voltage measurements. [4-5] 

 The energy monitoring device measures the voltage 
and current of the system it is connected to. It can be set upper 
and lower limits for voltage measurements from the device or 
from computer software. The main control of this device is 
designed with PIC18F series smd microcontroller of 
microchip company. The microcontroller is programmed in C 
language. 6 analog inputs are used for volt and current 
measurement. 4 digital inputs are used for menu control. 11 
digital outputs are used for warning and controller. In addition, 
1 uart communication unit is used for computer 
communication.  

The project generally consists of two different control and 
monitoring units. The first of these is the grid-connected 
energy monitoring device. The technical operator can 
instantly control the desired values on the device. If desired, 
upper and lower measurement limits can be adjusted on the 
device. The second unit is the computer recording system 
where data is recorded and monitored. Thanks to this system, 
the data received from the energy monitoring device can be 
monitored instantly and reporting can be made. If desired, 
lower and upper limit values can be observed on the program. 
and adjustable.  

The basis of the project is designed with a pic 
microcontroller. In addition, a monitoring and reporting 

interface was designed with C# for data monitoring and 
reporting. The energy monitoring device provides data 
transmission and reception to the computer interface 
wirelessly with the RF module. Electronic Simulation and 
Hardware Design; The interface program, which has been 
made ready for use, has been simulated by using the ISIS 
program virtually in computer environment, communicating 
with electronic equipment via serial port, and performing all 
software and hardware tests.  

 
Fig. 1. Monitoring device main connection diagram.  

CT1, CT2, CT3 Current sensor connection terminal. L1, 
L2, L3 Connection terminal for voltage measurement. 
POWER Main power supply of the device. RF 
Communication with interface. OUTPUT Relay output for 
use in alarm condition.  

II. ENERGY MONITORING DEVICE HARDWARE  
In this section, information about the basic hardware of the 

PIC18F45K22 microcontroller used in the project is given. 
The details of the hardware specifications are examined in 
other hardware components. Microcontroller is the most 
important unit that enables the hardware units in the project to 
communicate with each other and to analyze and process. The 
total number of pins in the TQFP case of the PIC18F45K22 
microcontroller is 44. In the project, a total of 35 pins were 
used for input, output and communication.  

The RF Module HC-12 is used to transparently transmit 
the data coming from the Uart between the receiver and the 
transmitter. 433.4 - 473.0 MHz has a transmit power of 100 
mW. It provides a communication within an average of 1,000 
meters distance.  
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Fig. 2. Schematic of 18F45K22.  

The cooler must fit in a space with dimensions: Width: 
60mm; Height: 100mm; Thickness: 10mm.  

III. DEVICE INPUTS 
Current Sensor is an important device in power calculation 

and management applications. It measures the current through 
a device or circuit and produces an appropriate signal 
proportional to the measured current. SCT-013 Current 
Sensor, this product, which can measure AC current up to 100 
Amperes with the current transformer on it, so it is a non-
contact inductive sensor. 

 
Fig. 3. SCT-013 Current Sensor pin out.  

For voltage measurements. The microcontroller we use 
can also measure analog value. Since the maximum operating 
voltage of our microcontroller is 5 VDC, our analog 
measurement range is between 0 VDC and 5 VDC. Since we 
cannot directly connect the 230 VAC mains voltage to our 
microcontroller, we need a converter and voltage divider 
circuit. It helps us to make analog measurements by 
converting the 230 VAC that we will measure over the Mains 
for each phase to the 0 VDC and 5 VDC range, which is the 
measurement range of the microcontroller, thanks to this part. 

IV. INSTRUMENT PANEL 
In general, it is the instrument panel where it can besee the 

necessary measurements during the operation of the system. 
Thanks to the LCD screen on the instrument panel, it can be 
instantly seen the voltage information, current information 
and power information in the system to which it is connected. 
In addition to the measurement values, we can observe 
whether the phases are connected via the instrument panel or 
the fault conditions in the system and whether the output that 
we can use as an alarm is active. In addition, it can be made 
adjustments such as lower and upper limits to the 
measurements that have been made, thanks to the buttons on 
the instrument panel without being connected to any device or 
computer interface.  

 
Fig. 4. 3D design of Front PCB and Top Side. 

 
Fig. 5. 3D design of Front PCB and Bottom Side.  

 
Fig. 6. 3D design of Main PCB and Top Side.  
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Fig. 7. 3D design of Main PCB and Bottom Side.  

Main controller board, it is the part where all the data 
coming from the instrument panel and measurement part are 
read by the microcontroller and the scenarios are realized 
according to the written program. There are RS-485 
communication port on the main board, current sensors 
connection ports, connection ports from the instrument panel, 
connection ports from the power floor and 1 relay output that 
allows the user to get information by connecting with different 
devices. Fig. 8 and Fig. 9 shows the connection diagram of the 
Main Controller Board.  

 
Fig. 8. Actual device front view.  

Actual outlook of prototyped controller is presented in 
operational conditions in Fig. 8 and Fig. 9. These are working 
pictures and menu pictures of Energy Monitoring Device. 
Power supply module and measuring transducers are not 
shown in Fig. 9. 

 
Fig. 9. Actual main PCB and Bottom Side.  

V. ONLINE MONITORING SYSTEM 
The computer interface was developed in Microsoft Visual 

Studio in C#. With this interface, we can monitor the 
measurement values, report in excel format and make limit 
settings. There are 5 menus in the interface program. In the 
first menu, connection settings are made with the device. 
Measurements can be monitored and set in the second menu. 
The measurements can be monitored with date and time 
information and reports can be recorded in excel format in the 
third menu. Users can be added to the system by the admin to 
access the interface in the fourth menu, Measurements can be 
viewed graphically in the fifth menu.   

 
Fig. 10. Online Graphical User interface.  

When the user runs our interface program for the first time, 
it is the first form that opens after entering our user name and 
password to access the system (Fig. 10). There are menus on 
the main form that we can access with 4 different buttons. 
These are the main ones; Connection, Measurements, Reports, 
Add User menus.  

 
Fig. 11. Data Report Form outlook.  

The computer interface was developed in C# language in 
Microsoft Visual Studio 2012 compiler. In general, the 
program consists of 6 different forms. Information regarding 
the operation to be performed in each form can be monitored 
and adjusted. The lines starting with // contain explanations 
about the codes. 

Login Form. With this form, it is aimed to prevent the 
access of our interface by unauthorized persons. In order to 
use the program by logging into the main interface, user 
accounts must be defined by the system administrator Admin. 
You can log in to the system with a user name and password. 
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Main Form. With this form, the main menu of the interface 
was created. We can make the necessary connections and 
settings by accessing the forms related to the menu buttons on 
the left. 

Connection Form. With this form, necessary connection 
settings are made for our interface to connect with our Energy 
Meter device. After making the necessary settings, we can 
connect or terminate our connection with our device. 

Measurement Form. With this form, we can instantly 
observe the values such as volts, currents and watts that I have 
measured on our Energy Meter device via our interface. In 
addition, if there is a setting set on our device, we can see these 
settings instantly. 

Reports Form. With this form, it is aimed to be able to see 
all the volt, current, watt information that we have measured 
from the Energy Meter device as a date, time and second 
report. The system administrator using my interface can 
export the reported data in Excel file format whenever he 
wants.  

CONCLUSION  
In this paper is presented energy monitoring device 

controller which is optimized for small renewable energy 
systems. It is based on PIC18F series microcontroller with six 
channels for current and voltage measurements. Also it can 
collect data of environmental conditions as CO2 concentration 
and temperature. With the energy monitoring device, voltage, 
current and power information can be monitored and 
controlled in time of operation. It is an optimal and reliable 
solution for small scale house microgrids with distributed 
dynamic energy sources. 
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Abstract—In the recent years, there has been a growing 
interest in the planting and growing of large arrays of fruit 
trees in Bulgaria. One of the dangers that threaten farmers is 
the occurrence of fire, especially during the hot summer 
months. Very often the fire occurs at a time when there is no 
human presence on site and alternative methods of monitoring 
the relevant territory are needed.  

In the article, a wireless sensor node for early warning of 
fire is developed. It includes three sensors - to measure 
temperature and humidity, to measure carbon monoxide and 
to measure the concentration of particulate matter. Each 
sensor has been adjusted individually as well as whether they 
are functioning properly. Exemplary experiments were 
conducted with the configured sensor node to verify operability 
and timely response in the presence of a fire hazard. The 
measurement information collected by the sensors is 
transmitted wirelessly to a base station where it can be further 
processed for measurement purposes. The proposed sensor 
node will be used to build a wireless sensor network for early 
detection of fires in large tracts of agricultural crops and open 
pastures in rural areas of the country. 

Keywords—wireless, temperature, CO, particulate matter, fire 
detection 

I. INTRODUCTION  
In recent years, there has been a growing interest in the 

planting and growing of large arrays of fruit trees in 
Bulgaria. The initial investment is large and this requires 
taking preventive measures to protect the plantations. One of 
the dangers that threatens farmers is the occurrence of fire. 
This danger is especially strong during the so-called fire 
season - the period of the year when fires develop in nature, 
especially forest fires. Because wildfires are predisposed to 
dry and hot weather, much of the fire season coincides with 
the summer months. 

In the last decade, fires of high intensity affecting large 
areas were observed in the country. According to the General 
Directorate "Fire Safety and Protection of the Population" for 
the period 2015-2019, there was an increase in the number of 
fires from 30,009 to 42,141 fires [1]. One of the main 
reasons for this result is high temperatures, prolonged 
drought and strong winds. Other causes of the frequent fires 
in recent years include lightning, re-occurrence of a previous 
fire, human negligence and unknown causes, as well as 
deliberate arson. 

Timely signaling of the occurrence or danger of fire is 
extremely important. There are different fire detection 
methods - satellite-based [2, 3], using artificial neural 

networks [4, 5], various mathematical models have also been 
developed [6, 7, 8, 9]. One alternative for detecting and 
preventing fires in forest and rural areas using new 
technologies are wireless sensor networks [10, 11, 12]. The 
different types of sensors involved in the sensor nodes of 
wireless sensor networks can measure different variables, 
which helps determine the direction and development of the 
flame [13, 14, 15]. 

The aim of this paper is to develop a low-cost wireless 
sensor node for early detection of fires in orchards. The 
sensor node includes three sensors – a sensor for measuring 
temperature and humidity, a sensor for measuring carbon 
monoxide and smoke (CO) and a sensor for measuring 
particulate matter (PM). The choice of the latter sensor is due 
to the fact that smoke from forest fires contains high levels of 
fine particulate matter. Subsequently, this sensor node will 
be part of a wireless sensor network for early detection of 
fires located along the borders of the fruit plantations. 

II. MATERIAL AND METHODS 
A wireless sensor node is part of a sensor network. The 

sensor node has the ability to process the collected sensor 
information and communicate with other nodes of the 
wireless sensor network. A sensor node includes several 
main components, as a microcontroller, a transceiver, an 
external memory, a power source, and a sensor or sensors. 
Thanks to the wireless communication and the small size of 
the sensor node, large areas such as forests, pastures, 
buildings can be monitored. 

A. Microcontroller Espressif ESP32 DevKitC 
Espressif ESP32 DevKitC is a microcontroller board. It 

has Bluetooth and WiFi communication, built with ESP-
WROOM-32 wireless module working with ESP32 
microcontroller. There is also a micro USB connector and a 
built-in PCB antenna. Supports SPI, I2C, UART, I2S, DAC, 
analog inputs, PWM outputs. Since the ESP 32 
microcontroller is equipped with a wireless communication 
chip, it will upload measurement data online via an HTML 
web server. The microcontroller is preferred as the main core 
for the wireless sensor nodes due to its characteristics - 
energy-efficient computing unit, its ability to connect easily 
with other devices and the built-in memory. 

B. Sensors 
The sensors used for the project were purchased 

commercially as modules providing power supply and 
interface. 

 DHT11 Temperature and humidity sensor. The 
temperature range of measurement is from 0° to 50° The authors would like to thank the Research and Development Sector 

at the Technical University of Sofia for the financial support under contract 
№231ИХЪБ0002-08. 
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C, and the relative humidity range is 20% - 90%. 
The temperature and humidity sensor uses a digital 
input of the controller where it provides a data 
signal, powered by 5 V. Since it has a pre-calibrated 
digital output, it does not need calibration.  

 MQ-7 gas sensor. It measures the concentration of 
carbon monoxide CO. The sensor interface provides 
two types of output signal, analog and digital. The 
analog output is related to the reported CO 
concentration, while the digital output is related to 
the sensitivity of the sensor. It is characterized by 
low consumption of the order of 170 - 220 mA.  

 Sharp GP2Y1010AU0F particulate sensor. It 
measures fine dust particles with a diameter greater 
than 0.8 μm. The sensor is mounted on a board that 
provides the power supply. The interface consists of 
an analog output and an ILED trigger pin. 
Measuring range of the sensor - 500μg/m3. 

C. Connection diagram 
Fig. 1 shows the connection diagram of the sensor node. 

To implement the scheme, in addition to the elements 
mentioned above, a breadboard, a 150 Ω resistor and a 
capacitor with a capacity of 220 µF were also used. 

 

 
 

 
Fig. 1. Connection diagram of the sensor node 

 

The ESP32 microcontroller is used to collect data from 
the sensors, transmit the data and control the power supply. 

The microcontroller supports 5 V input power supply and 
has 5 V and 3.3 V output power supply. 

The MQ-7 carbon monoxide sensor uses an analog input 
of the microcontroller to provide data, its power supply is 5 
V. The calibration of the sensor is programmatic and is based 
on standardized coefficients taken from an Internet source. A 
mathematical formula is used to convert the measurement 
units from ppm to mg/m3. The correction is applied at 1 bar 
atmospheric pressure, nominal temperature and humidity. 
The MQ-7 operates with a 10-bit binary code format. Before 
starting the measurements, it is recommended to pre-warm 
the MQ-7 and after the warm-up period to start the actual 
measurements. 

The Sharp GP2Y1010AU0F particulate matter sensor 
uses a 12-bit analog input of the controller and operates at a 
nominal voltage of 3.3 V. The calibration is done 
programmatically, taking into account the nominal value of 
particulate matter in mg/m3 in the Sofia Region in the raw 
form. A conversion from ppm to mg/m3 via a mathematical 
formula is included. The manufacturers of all three sensors 
give them a 5-year period of use. 

III. RESULTS AND DISCUSION 
After assembling the sensor node, it is necessary to 

program the microcontroller, set up the sensors and establish 
communication between all components.  

The ESP32 can be programmed using a variety of 
firmware and programming languages, and for the purposes 
of this study we chose the Arduino IDE software, which is 
open-source. Although it is not the best IDE, it works well, is 
simple and intuitive and easy to use from beginners. Multiple 
case libraries as well as solved examples are also available. 

The microcontroller should be able to read the data from 
the three sensors. The relevant libraries need to be installed. 
After the successful installation, a code is written through 
which the microcontroller will be able to read the 
information from each sensor. The code for the HTML 
server, where the data is sent and stored, is written in a text 
document or in Visual studio. 

Simulated experiments were conducted with the 
constructed sensor node to verify the correctness of the 
configuration. The sensors are set to take data every 10 s. 
The measurement time can be changed at any time 
depending on the specific situation. Fig. 2 shows values for 
measured temperature and humidity, and fig. 3 shows values 
for CO and particulate matter. It can be seen that all four 
parameters were measured simultaneously, with no delay in 
data recording. 

In order to be used in the field, the sensor node must be 
placed in a suitable box. Fig. 4 shows the assembled box 
with the sensor node attached. The box is quite bulky, but 
this is due to the peculiarities of the particulate matter sensor 
- enough space must be provided for the measured 
atmospheric air. Fig. 5 shows the contents of the box. The 
location of the microcontroller 1 and the particulate sensor 2 
can be seen. At the bottom of the box, the breadboard 
auxiliary board is immovably fixed. With longer wires, the 
connection to the CO sensor and temperature and humidity 
sensor mounted on the outside of the box is made. The 
actual placement of these two sensors is shown in fig. 6. 
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The logical question is whether the sensor node placed 
in this box will be able to perform measurements. New 
measurements were made and the results of the 
measurements carried out are shown in figures 7 and 8.  

 

 

 
Fig. 2. Obtained results for measured values of temperature and humidity 

 
 

 
Fig. 3. Obtained results for measured values of carbon monoxide CO and 
particulate matter 

 

 

 
Fig. 4. Appearance of the sensor box 

 

 
Fig. 5. The contents of the box after opening the lid. 1 – microcontroller, 2 – 
sensor for particulate matter 

 

 
Fig. 6. Sensor box with externally attached sensors. 3 - carbon monoxide 
sensor, 4 - temperature and humidity sensor 
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Fig. 7. Measured values of temperature and humidity after installing the 
sensor node in the box 

 

 

 
 
Fig. 8. Measured values of CO and particulate matter after installing the 
sensor unit in the box 

 

Fig. 7 shows the measured values for temperature and 
humidity after installation in the sensor box. The values of 
these two parameters hardly change. This is due to the 
nature of the simulated experiment – burning papers near 
the sensor box. However, at the expense of this, the carbon 
monoxide sensor detects an increased concentration of the 
measured gas, as can be seen in fig. 8. The dust sensor also 
registers an increase in the level of particulate matter, no 
matter how little it is. 

CONCLUSION 
In this study we presented a low-cost wireless sensor 

node for early fire detection in fruit plantations. The sensor 
node is consist of three sensors – a sensor for measuring 
temperature and humidity; sensor for measuring carbon 
monoxide; sensor for measuring particulate matter. The 
measurement of temperature and humidity are key 
indicators when there is a risk of fire - high temperature and 
dry air are prerequisites for this. Fire smoke is saturated 
with carbon monoxide and contains high levels of fine 
particulate matter. These are the reasons for choosing these 
sensors to construct the sensor node. The information from 
the sensors is read by an ESP32 microcontroller. Through a 
communication module, the measurement information is 
transmitted to the computer, where it is recorded, visualized 
and stored. 

The sensor node is housed in a specially made box with 
holes at both ends. All movable elements are properly 
secured so that they do not interfere with the measurement 
process. Simulated measurements were taken with the sensor 
node before it was placed in the box and repeated after it was 
secured in the box. From the obtained results, it can be seen 
that the measurement information from the three sensors is 
received simultaneously, without delay in recording the data. 
The proposed sensor node will be used to build a wireless 
sensor network for early detection of fires large arrays of 
fruit plantations and open pastures in the country's rural 
areas.  

At the next stage, it is planned to attach the explored 
sensor node to a drone. In this way, along with the data from 
the sensors, there will also be a visual picture of the terrain 
that the drone is crawling and the credibility of the 
information collected by the sensor node will be added. The 
presence or absence of fire will be confirmed. Also, unlike a 
static sensor node, the drone is mobile and can go around 
inconvenient places, where it would otherwise be difficult to 
get timely information. 
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Rate and Level Measurement (PFRLM) 
Laboratory, Metrology Assurance 
Department, Kozloduy NPP EAD, in the 
BIM-MM-R-2022-01 national 
interlaboratory comparison for pressure 
transmitter calibration in the 0 bar-60 bar 

range, which took place between 24 October 
2022 and 1 January 2023. 
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I. INTRODUCTION 

The interlaboratory comparison was 
organised by the Bulgarian Institute of 
Metrology (BIM), General Directorate 
National Centre of Metrology (DG NCM), 
Mechanical Measurements Department. 

The main objective of our participation 
in the interlaboratory comparison was to 
demonstrate the laboratory's calibration 
competences in the field of pressure 
measurement by comparing the results of our 
measurements to the results of the reference 
laboratory measurements. An analysis was 
made thereafter, identifying measures to 
improve performance quality, where necessary 
(the laboratory announced calibration and 
measurement capabilities for the respective 
values). 

The interlaboratory comparison involved 
four accredited and three non-accredited 
laboratories equipped with the necessary 

technical capacities and competences to 
calibrate pressure transmitters. 

 

II. SUBJECT OF COMPARISON 

The subject of comparison was an S-20 
pressure transmitter made by Wika, 
No. A00NAV642D, range 0 - 60 bar, accuracy 
0.25% FC, a DI35 digital indicator made by 
Wika, No. 18020166. 

The reference laboratory tested the 
stability of the subject of comparison and 
found it was sufficient to meet the objectives 
of the comparison. A method of direct 
measurement comparison was used. 

The measurement points were 0 bar, 10 
bar, 20 bar, 30 bar, 40 bar, 50 bar, 60 bar.  

 
III. REFERENCE LABORATORY 

 The XREF reference value with the 
respective uncertainty level were 
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assigned via calibration of the subject 
performed by the organiser in line with 
instruction МИ-И-404РТ-03-01. The 
calibration was performed using a 
piston unit by a methodology of the 
reference laboratory for calibration of 
digital pressure measuring devices. 
Three series of measurements were 
made. 

 
 The uncertainty of the reference value 

was determined using the following 
formula: 

  

         (1) 
 
where: 

)( REFXu  - uncertainty of the reference 
laboratory measurement; 

)u(XSTAB  - contribution of the instability 
of the subject of comparison for the 
period of the performance of the 
comparison.  

 

IV. MEASUREMENT AND RESULT 
PROCESSING 

The calibration of the pressure 
transmitter in the 0 bar - 60 bar range at the 
PFRLM Laboratory was performed based on a 
routine method of comparison, taking into 
account all measurement instructions set out in 
the technical protocol [1] and the requirements 
set out in the subject of comparison’s technical 
specifications. 

A 580DX piston unit set, No. 580/27286, 
882G piston cylinder, DH-Budenberg, 
accuracy 0.015%, including piston unit 
weights, No. A 7004/1, DH-Budenberg was 
used as a reference gauge. 

The calibration was performed at seven 
points: 0 bar, 10 bar, 20 bar, 30 bar, 40 bar, 50 
bar, 60 bar. Six series of measurements were 
made. 

The uncertainty budgets at all calibration 
points demonstrated clearly that the 
contributions of uncertainty, used by the 
reference gauge to measure the actual value of 
pressure, and the uncertainty resulting from the 
calibration method, were negligibly low 
compared to the contributions of uncertainty 
used to measure the pressure values. 
Therefore, these can be neglected. 

The expanded uncertainty from the 
measurement was calculated as the product of 
the combined average square uncertainty and 
the coverage factor, K=2, which, in case of 
normal distribution, corresponds to a 
confidence coefficient of approximately 95%. 

 
 

The assessments of the results obtained 
by the participating laboratories were based 
on the normalised deviation En criterion, 
calculated in line with БДС ISO/IEC 17043. 

The criterion represents the normalised 
deviation of the result of each laboratory from 
the reference value. 

En is calculated using the formula: 

2
REFLAB

REFLAB
n

UU

XXE
2 



         (2) 
where: 
𝑋LAB - the value of the error of the 

transmitter reading obtained by the 
participating laboratory for the respective 
point; 

-the reference value of the 
transmitter reading error obtained by the 
reference laboratory for the respective point; 

 - the expanded uncertainty of the 
participating laboratory result for the relevant 
point;  

 - the expanded uncertainty of the 
reference value result for the relevant point.  

If condition Еn1.0 is met, then the 
the comparison result for the relevant 
participating laboratory is considered 
satisfactory. 

If Еn1.0 – the comparison result is 
considered unsatisfactory. 

 
 

 
V. COMPARISON RESULTS 

Participants in the comparison were 
assigned individual codes. Code 22P1 was 
assigned to PFRLM Laboratory. 

Based on the reports presented by the 
participants, the results were published in a 
FINAL REPORT dated 13 February 2023 on 
operability testing via BIM-MM-Р-2022-01 
interlaboratory comparison for calibration of a 
pressure transmitter with a range of up to 60 
bar [2]. The differences between the results of 
the participating laboratories were presented 

    STAB

2

REFREF XuXuu 2 

REFX

LABU

REFU
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Figure 2. Group 1 results 

graphically in groups in comparison to the 
reference laboratory XLAB-XREF for each 
measurement point. The dashed lines represent 
the limits of the UREF reference value expanded 
uncertainty. 
 
 

 
 

 

 
 
  
 
For each measured value of each laboratory, 
the obtained results of the normalised 
deviation (criteria En) were presented 
graphically as follows: 

Figure 1. Group 1 results Figure 2. Group 1 results 

 

Figure 3. Group 1 results 

 
Figure 4. Group 1 results 

 

Figure 5. Group 1 results 

 
Figure 6. Group 1 results 

 

Figure 7. Group 2 results 

 
Figure 8. Group 2 results 

 

Figure 9. Group 2 results 

 
Figure 10. Group 2 results 

 

Figure 11. Group 2 results 

 
Figure 12. Group 2 results 

 

Figure 13. Group 3 results 

 
Figure 14. Group 3 results 

 

Figure 15. Group 3 results 

 
Figure 16. Group 3 results 

 

Figure 17. Group 3 results 

 
Figure 18. Group 3 results 
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VI. CONCLUSION 

The results of the PFRLM Laboratory in 
the BIM-MM-Р-2022-01 interlaboratory 
comparison for calibration of a pressure 
transmitter with a range of up to 60 bar meet 
the satisfactory result criterion Еn1 at all 
measurement points. 

The obtained expanded uncertainty 
values are equal to the announced calibration 
and measurement capabilities (CMC). 

For the laboratory, the comparison result 
is satisfactory. 
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Figure 19. Normalised deviation at 10 bar 
 

Figure 20. Normalised deviation at 20 bar 
 

Figure 21. Normalised deviation at 30 bar 
 

Figure 22. Normalised deviation at 40 bar 
 

Figure 23. Normalised deviation at 50 bar 
 

Figure 24. Normalised deviation at 60 bar 
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