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Artificial neural network-based method for overhead lines  

magnetic flux density estimation 

 

Ajdin Alihodžić, Adnan Mujezinović, Emir Turajlić 

 

This paper presents an artificial neural network (ANN) based method for overhead lines magnetic flux density estimation. The 

considered method enables magnetic flux density estimation for arbitrary configurations and load conditions for single-circuit, 

multi-circuit, and also overhead lines that share a common corridor. The presented method is based on the ANN model that has 

been developed using the training dataset that is produced by a specifically designed algorithm. This paper aims to demonstrate 

a systematic and comprehensive ANN-based method for simple and effective overhead lines magnetic flux density estimation.  

The presented method is extensively validated by utilizing experimental field measurements as well as the most commonly 

used calculation method (Biot - Savart law based method). In order to facilitate extensive validation of the considered method, 

numerous magnetic flux density measurements are conducted in the vicinity of different overhead line configurations. The 

validation results demonstrate that the used method provides satisfactory results.  Thus, it could be reliably used for new 

overhead lines' design optimization, as well as for legally prescribed magnetic flux density level evaluation for existing 

overhead lines. 
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1 Introduction 

Due to the popularization of artificial intelligence, as 

well as the advantages of its use, new methods based on 

the use of artificial intelligence techniques are developed 

in various areas of human activity [1, 2]. The electric 

power systems (EPS) are no exception, and numerous 

artificial intelligence-based methods proved themselves 

as potentially most effective solutions for different 

challenges in power systems control, protection, 

planning, operation and forecasting [3, 4]. 

The magnetic field plays an essential role in various 

applications in industry, science, medicine and everyday 

life. Therefore, various methods are being developed for 

determining the value and distribution of the magnetic 

field in space, from analytical and numerical calculation 

methods to field measurements or device prototype 

measurements [5-9]. In recent years, the possibility of 

applying artificial intelligence in electromagnetism has 

been intensively considered in order to facilitate these 

processes. Furthermore, the field of electromagnetism is 

precisely described by Maxwell's equations, and it is an 

excellent application for testing new artificial 

intelligence-based methods [10].  

During the last decades, there has been an increase in 

the interest of the public as well as the professional 

community in the effects of low-frequency magnetic 

fields on living beings [11-13]. Among all factors that 

drive the research of new methods, the regulation that in 

many countries prescribes the necessity of determining 

the distribution of magnetic fields near power facilities 

stands out [14-19].  

When it comes to the regulation regarding exposure 

limitations, this topic is a differently treated in various 

countries. The usual differentiation of exposure limita-

tions is to public exposure and occupational exposure. 

Some international organizations such as International 

Commission on Non‐Ionizing Radiation Protection 

(ICNIRP), Institute of Electrical and Electronics 

Engineers (IEEE), European Parliament and European 

Council also issued documents regarding this topic. The 

guidelines issued by ICNIRP in 2010, for limiting 

exposure to time‐varying electric and magnetic fields  

(1 Hz to 100 kHz) defines that the reference values, 

unperturbed root mean square (RMS), for general public 

exposure to magnetic field of frequency 50 Hz are  

200 µT, and for the occupational exposure 1000 µT [15]. 

The IEEE standard C95.1-2019, defines that for the  

50 Hz magnetic fields reference values, RMS quantities, 

are 904 µT in the case of the persons in the unrestricted 

environments, and 2710 µT for the case of persons in the 

restricted environment. These values refer to the 

exposure of the head and torso. For the exposure of the 

limbs, reference exposure values are significantly higher 

[19]. Directive of the European Council on the limitation 

of the exposure of the general public to electromagnetic 
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fields from the 1999 defines the limit value 100 µT for 

exposure to 50 Hz magnetic field [14]. On the other 

hand, European Parliament passed a directive regarding 

exposure to of the workers to the risks arising from 

physical agents. This directive defines the limit values as 

1000 µT in the case of low action level, and 6000 µT for 

the case of high action level exposure of workers [17]. 

Some countries are incorporated into their legislation 

the limit values recommended by some of the above-

mentioned organizations, whilst others have defined on 

their own different limit values. Furthermore, in some 

countries the reference values are defined in the form of 

recommendations of the governmental organizations or 

voluntarily agreed by the electricity utilities [18, 20]. In 

the author’s country, Bosnia and Herzegovina, there is 

no legislation regarding the exposure levels to the 

electric and magnetic fields. 

Determination of the magnetic flux density 

distribution near overhead lines is usually performed by 

measurements or calculations applying the Biot-Savart 

(BS) law-based method or numerical methods for 

solving Maxwell's equations [21-25]. Recently, ANNs 

[26-28] and genetic algorithm [29] have been applied for 

the overhead lines' electric and magnetic field 

determination. Among the different types of ANNs used 

for this purpose, the Multi-Layer Perceptron (MLP) type 

ANN stood out as the most effective and most 

commonly used [30-32].  

This paper considers a method that utilizes ANN for 

magnetic flux density estimation in the vicinity of 

overhead lines. The considered method enables 

magnetic flux density estimation for arbitrary 

configurations of single-circuit, multi-circuit, and 

overhead lines that share a common corridor, without 

restrictions regarding their load condition and voltage 

level. The ANN model training is performed based on 

the dataset generated by utilizing an algorithm 

developed especially for that purpose. Validation of the 

ANN-based method is carried out based on the extensive 

field measurements results in the vicinity of single-

circuit, multi-circuit, and overhead lines that share  

a common corridor. Method performance quantification 

is performed based on a huge amount of data obtained 

by experimental magnetic flux density field measure-

ments 

The rest of the paper is organized as follows. The 

ANN-based method for magnetic flux density esti-

mation is discussed in Section 2. Extensive validation of 

the ANN-based method based on different overhead line 

configurations is provided in Section 3. Discussion is 

presented in Section 4. Section 5 concludes the paper. 

 

 

2 Artificial neural network-based method 

The ANN-based method for magnetic flux density 

estimation in the proximity of overhead lines is 

considered in this paper. This method aims to provide 

accurate magnetic flux density estimates for both single-

circuit and multi-circuit overhead lines, irrespective of 

the total number of three-phase circuits. A constant 

number of parameters is needed to adequately describe 

each three-phase overhead line circuit for magnetic flux 

density determination purposes. That makes the 

application of ANNs for multi-circuit overhead lines 

quite challenging. The considered method provides the 

response to these challenges and enables simple and 

efficient magnetic flux density estimation for single-

circuit and multi-circuit overhead lines, as well as 

overhead lines that share common corridors.  

A significant feature of this method is that only one 

ANN model is used, i.e. model developed for single-

circuit overhead lines, and it does not use a separate 

ANN model for multi-circuit overhead lines. The input 

features are carefully selected to enable efficient ANN 

model training. The ANN model is developed for single-

circuit overhead line configurations, but the method 

presented in this paper allows it to be applied for the 

estimation of magnetic flux density for the arbitrary 

configurations of single-circuit, multi-circuit, and 

overhead lines that share common corridors. 

The architecture of the ANN model used for 

magnetic flux density estimation for arbitrary 

configurations of single-circuit overhead lines consists 

of an input layer with 6 inputs, 4 hidden layers with 20 

neurons each, and an output layer with 4 outputs. The 

tan-sigmoid activation function is used for hidden layer 

neurons [31]. To facilitate effective training of the ANN 

model, particular attention is placed on selecting the 

appropriate input features and preparation of an adequate 

training dataset.   

The ANN input parameters represent the spatial 

coordinates of the three-phase circuit phase conductors 

(𝑥𝑖, 𝑦𝑖) 𝑖 = 1,2,3 of overhead line in a 2D coordinate 

system. It is important to emphasize that the coordinate 

system, associated with ANN, is defined so that the 

central phase conductor is located on its ordinate, i.e. 

𝑥1 = 0, so this data is not used as an ANN input 

parameter. Therefore, the horizontal distances of the 

remaining two-phase conductors from the coordinate 

system ordinate, 𝑥2 and 𝑥3, and the heights of all phase 

conductors 𝑦1, 𝑦2, 𝑦3 are ANN input parameters. The 

sixth input parameter represents the horizontal distance 

of the observation point 𝑥 from the coordinate system 

ordinate. All observation points are located at a height of 

𝑦 = 1 m above the ground surface, so this information 
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is not presented to the ANN either. The considered 

height of the observation points is selected according to 

the IEC 62110:2009 [33], and IEEE Std 644-2019 [34]. 

However, the ANN model can also be trained to produce 

outputs associated with the other heights of observation 

points. The output parameters of the ANN model are the 

real and imaginary parts of the magnetic flux density 𝑥 

and 𝑦 (spatial) vector components at the observation 

point.  

Data collection and preparation is an important step 

in the development of an ANN model. Considering the 

need for a dataset consisting of a large number of 

different configurations of overhead lines, the authors of 

this paper developed and presented in [28] an algorithm 

for generating configurations of overhead lines. Based 

on the algorithm [28], for the purposes of training the 

ANN model used in this paper, 200,000 different 

configurations of three-phase single-circuit overhead 

lines were generated. The configurations are generated 

in a way to represent the real configurations of overhead 

lines as authentically as possible. A detailed explanation 

of the algorithm for overhead line configurations 

generation can be found in [28]. The scaled conjugate 

gradient algorithm is utilized for the ANN model 

training [35]. 

In order to complete the dataset for ANN training, it 

is necessary to specify target values for each sample in 

the training dataset. Target values were obtained by 

calculating the real and imaginary parts of the magnetic 

flux density vector spatial components for each 

generated configuration [31]. The calculations were 

made using the BS law-based method [36], for 

observation points 1 m apart, in the range from –100 m 

to +100 m in relation to the coordinate system ordinate. 

The observation points are located at a height of 1 m. All 

calculations were made assuming a constant reference 

value of the phase current 𝐼𝑅 = 100 A [28].  

 

2.1 Estimation for single-circuit overhead lines 

Having developed the ANN model, magnetic flux 

density estimation for single-circuit overhead lines is  

a relatively simple procedure, graphically illustrated in 

Fig. 1. The input parameters to the ANN model are the 

geometric coordinates of phase conductors and the 

horizontal distances of the observation points from the 

coordinate system ordinate. ANN model provides the 

real and imaginary parts of the magnetic flux density 

vector spatial components at its output. The ANN model 

is developed under the assumptions of the reference 

phase current. Thus, the ANN model outputs need to be 

appropriately scaled to produce the magnetic flux 

density estimates associated with the actual overhead 

line load. Once, the magnetic flux density vector spatial 

components, corresponding to the actual overhead line 

load, are known resultant magnetic flux density value 

can be determined. A detailed explanation, together with 

governing equations for adjustment of magnetic flux 

density vector spatial components to actual overhead 

line load, and resultant value calculation can be found in 

Section 2.2. 
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Fig. 1. Estimation procedure for single-circuit overhead lines 

 

 

2.2 Estimation for multi-circuit overhead lines 

The application of the considered method for 

magnetic flux density estimation, in the vicinity of multi-

circuit and overhead lines that share a common corridor, 

is based on the use of the ANN model that has been 

developed for the single-circuit overhead lines. In the 

case of multi-circuit overhead lines, all individual three-

phase circuits need to be identified first. In the next step, 

for each identified three-phase circuit, the real and 

imaginary values of the magnetic flux density spatial 

components are estimated independently based on the 

single-circuit ANN model.  

Multi-circuit overhead lines are often designed in 

such a manner that it has multiple geometrically 

identical or symmetrical three-phase circuits. If some of 

the overhead lines within the same corridor or some of 
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the multi-circuit overhead line three-phase circuits are 

geometrically identical or symmetrical to each other, the 

efficiency of the magnetic flux density determination 

can be further improved by exploiting the afore-

mentioned properties. In such cases, using the ANN 

model to estimate the magnetic flux density for only one 

of those, identical or symmetrical, three-phase circuits is 

sufficient. The magnetic flux density distribution 

corresponding to identical or symmetrical three-phase 

circuits can be obtained by some post-processing steps. 

These steps are based on simple mathematical 

operations, that are applied to the results obtained for the 

first three-phase circuit. If geometrically identical circles 

are considered, it is enough to translate the results along 

the abscissa. If, on the other hand, three-phase circuits 

that are symmetrical around the overhead line axis are 

considered, it is necessary to rotate all the results 

obtained by the ANN  of this coordinate system ordinate 

and to change the sign of the real and imaginary parts of 

the magnetic flux density vector 𝑦 spatial component 

[31]. When all individual three-phase circuits are 

geometrically different, the magnetic flux density is 

estimated individually for each of them.  

 

2.2.1 Coordinate system transformations 

As mentioned earlier, in the ANN training dataset, 

the coordinate system is defined so that the central phase 

conductor is located on its ordinate in all cases. When 

considering several overhead lines sharing the common 

corridor, and/or multi-circuit overhead lines, it is not 

possible to define a coordinate system so that the central 

phase line of each individual three-phase circuit is 

located on the coordinate system ordinate. Therefore, in 

order to overcome this limitation and determine accurate 

results regardless of the number and configuration of 

individual three-phase circuits, it is necessary to define 

unique (global) coordinate system and coordinate 

systems for individual three-phase circuits (local). The 

position of the ordinate of the global coordinate system 

can be arbitrarily chosen anywhere on the considered 

lateral profile. On the other hand, the abscissa of the 

global coordinate system is always defined to coincide 

with the ground-air boundary. 

The local coordinate system for each of the 

considered three-phase circuits is defined so its ordinate 

coincides with the central phase conductor of that three-

phase circuit. In relation to the global coordinate system, 

all considered local coordinate systems are shifted only 

along the abscissa. Therefore, after estimation of the real 

and imaginary parts of magnetic flux density spatial 

components for individual three-phase circuits, it is 

necessary to translate them along the abscissa. For the 

local coordinate systems placed right, with regard to the 

global coordinate systems ordinate, the ANN outputs 

should be translated to the left. Analogously for those 

placed on the left side, the ANN outputs should be 

translated to the right. The shifting distance is equal to 

the distance between the local and global system 

ordinates [28]. 

The single-circuit overhead line represents the 

special case where the centers of the global and local 

coordinate systems coincide, that is, its local coordinate 

system is actually also the global coordinate system. 

 

2.2.2 Adjustment to actual overhead line load 

Observing the ANN input parameters, it can be noted 

that the phase current is not one of the parameters 

presented to the ANN during the training and estimation 

procedures. The property of linear depen-dence of the 

overhead lines' magnetic flux density spatial 

components on the value of the phase current [28, 37] 

was used. In that way, the magnetic flux density values 

that correspond to actual overhead lines' loads are 

obtained. Therefore, the real and imaginary values of the 

magnetic flux density vector spatial components at an 

arbitrary observation point with coordinates (𝑥, 𝑦) can 

be determined by applying the following equations: 

 

 𝐵𝑥,𝑟
𝐴,𝑛(𝑥, 𝑦) = 𝐵𝑥,𝑟

𝑛 (𝑥, 𝑦) ⋅
𝐼𝐴

𝑛

𝐼𝑅
 (1) 

 𝐵𝑥,𝑖
𝐴,𝑛(𝑥, 𝑦) = 𝐵𝑥,𝑖

𝑛 (𝑥, 𝑦) ⋅
𝐼𝐴

𝑛

𝐼𝑅
 (2) 

 𝐵𝑦,𝑟
𝐴,𝑛(𝑥, 𝑦) = 𝐵𝑦,𝑟

𝑛 (𝑥, 𝑦) ⋅
𝐼𝐴

𝑛

𝐼𝑅
 (3) 

 𝐵𝑦,𝑖
𝐴,𝑛(𝑥, 𝑦) = 𝐵𝑦,𝑖

𝑛 (𝑥, 𝑦) ⋅
𝐼𝐴

𝑛

𝐼𝑅
 (4) 

 

where (𝑥, 𝑦) represents coordinates of the considered 

point in the global coordinate system, 𝐵𝑥,𝑟
𝐴,𝑛(𝑥, 𝑦), 

𝐵𝑥,𝑖
𝐴,𝑛(𝑥, 𝑦), 𝐵𝑦,𝑟

𝐴,𝑛(𝑥, 𝑦), 𝐵𝑦,𝑖
𝐴,𝑛(𝑥, 𝑦) are actual magnetic 

flux density spatial components real and imaginary parts 

generated by 𝑛-th circuit, 𝐵𝑥,𝑟
𝑛 (𝑥, 𝑦), 𝐵𝑥,𝑖

𝑛 (𝑥, 𝑦), 

𝐵𝑦,𝑟
𝑛 (𝑥, 𝑦), 𝐵𝑦,𝑖

𝑛 (𝑥, 𝑦) are magnetic flux density spatial 

components real and imaginary parts associated with 

𝑛-th circuit for reference current, 𝐼𝐴
𝑛 denotes  

𝑛-th circuit actual current and 𝐼𝑅 is the reference current. 

 

2.2.3 Results integration and resultant magnetic flux 

density calculation 

After determining the real and imaginary parts of the 

magnetic flux density vector spatial components, 

corresponding to the actual load of all individual three-

phase circuits, it is necessary to integrate the results 

associated with each three-phase circuit. Determination 
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of the magnetic flux density vector spatial components' 

resultant values, summing up the contributions of all 

individual three-phase circuits are performed by the 

following equations: 

 

𝐵̱𝑥
𝑅(𝑥, 𝑦) = ∑ 𝐵𝑥,𝑟

𝐴,𝑛

𝑁

𝑛=1

(𝑥, 𝑦) + 𝑗 ⋅ ∑ 𝐵𝑥,𝑖
𝐴,𝑛

𝑁

𝑛=1

(𝑥, 𝑦) (5) 

𝐵̱𝑦
𝑅(𝑥, 𝑦) = ∑ 𝐵𝑦,𝑟

𝐴,𝑛

𝑁

𝑛=1

(𝑥, 𝑦) + 𝑗 ⋅ ∑ 𝐵𝑦,𝑖
𝐴,𝑛

𝑁

𝑛=1

(𝑥, 𝑦) (6) 

 

where 𝐵̱𝑥
𝑅(𝑥, 𝑦) and 𝐵̱𝑦

𝑅(𝑥, 𝑦) are resultant values of 

magnetic flux density spatial components in observation 

point with coordinates (𝑥, 𝑦) that include the 

contributions of all three-phase circuits. 𝑁 denotes the 

total number of considered individual three-phase 

circuits.  

The estimated magnetic flux density value in the 

observation point with coordinates (𝑥, 𝑦) is defined as:  

 

 𝐵̂(𝑥, 𝑦) = √|𝐵̱𝑥
𝑅(𝑥, 𝑦)|2 + |𝐵̱𝑦

𝑅(𝑥, 𝑦)|2 (7) 

 

where 𝐵̂(𝑥, 𝑦) is the estimated magnetic flux density 

resultant value. 

 

3 Method validation 

Validation of the considered ANN-based method for 

the overhead lines magnetic flux density estimation was 

made by comparing the results obtained from its 

application with the field measurements results, and BS 

law-based method calculation results. The comparison 

was made by applying the considered ANN-based 

method, as well as the calculation method, for each 

overhead line for which measurements were made. 

Experimental magnetic flux density field measurements 

are performed in a way that provisions of relevant 

standards are satisfied [33, 34, 38]. The magnetic flux 

density measurements are performed over the lateral 

profiles under overhead lines. The considered lateral 

profiles are positioned near the centre of the span 

between two adjacent overhead line towers. These 

positions of the lateral profiles are selected since the 

highest magnetic flux density values are expected to be 

measured there. The measurements are performed at the 

points of the lateral profiles that are 1 m mutually apart, 

and at the height of 1 m above the ground surface. The 

measurements are performed utilizing the NARDA ELT 

400 Exposure Level Tester with the three-axis isotropic

standard-compliant 100 cm² probe for the RMS and peak 

value detection. The used instrument enables magnetic 

flux density measurements in the frequency range from 

1 Hz to 400 kHz with a resolution of 1 nT. The magnetic 

flux density RMS value displayed by the instruments is 

calculated taking into account the RMS values of all 

three measurement axes [39]. Since the reference values 

are defined as the RMS magnetic flux density values, all 

presented magnetic flux density results are RMS values. 

Simultaneously to magnetic flux density measurements, 

conductors' height measurements are performed, and 

phase current fluctuations are recorded on the SCADA 

system. The measurements of conductors’ height are 

performed with the cable height meter Suparule model 

600. 

 

3.1 Single-circuit overhead line 

The first considered case represents a 400 kV single-

circuit overhead line that connects substation (SS) 

Sarajevo 10 with SS Sarajevo 20. The considered 

overhead line was made with a horizontal arrangement 

of phase conductors. The earth's surface on which the 

measurements were made can be considered approxi-

mately flat. The considered overhead line configuration, 

at the location of magnetic flux density measurements, 

is shown in Fig. 2. 
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Fig. 2. Configuration of 400 kV overhead line  

SS Sarajevo 10 - SS Sarajevo 20 

 

The magnetic flux density distributions are obtained 

over the lateral profile from –40 m to + 40 m, in 

reference to the overhead line axis. Overhead line phase 

current fluctuations during the measurements are shown 

in Fig. 3. Phase current used as the input parameter for 

magnetic flux density determination utilizing the ANN-

based method, and BS law-based method is  

IRMS=109.58 A. 
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Fig. 3. Considered single-circuit overhead line 

phase current during the measurements 

 

Magnetic flux density results obtained by field 

measurements, ANN-based method, and BS law-based 

calculation method under considered overhead line are 

shown in Fig. 4. 

 

 

Fig. 4. Magnetic flux density distribution for 

overhead line SS Sarajevo 10 - SS Sarajevo 20 

 

Results given in Fig. 4 demonstrate that in the case 

under consideration, there is a close agreement between 

the results obtained by ANN-based method and BS law- 

based calculations. The level of agreement among these 

different approaches indicates a degree of reliability and 

confidence in the considered ANN-based method. Minor 

deviations are noticeable between the results obtained by 

these methods and the measured values.  

 

3.2 Single-circuit and multi-circuit overhead lines that 

share common corridor 

This section presents the magnetic flux density 

analysis in the vicinity of a single-circuit 400 kV 

overhead line that shares a common corridor with  

a double-circuit 110 kV overhead line. Overhead lines, 

of 110 kV rated voltage, that connects SS Sarajevo 1 

with SS Sarajevo 18, and SS Sarajevo 1 with SS 

Sarajevo 20, are guided on common towers for a signi-

ficant part of their corridors, forming a double-circuit 

overhead line. Furthermore, considered 2×110 kV 

overhead line is on one part of their corridor parallel with 

the single-circuit 400 kV overhead line. At the place 

where the magnetic flux density measurements were 

made, the distance between the axes of the considered 

overhead lines is 59 m. The configurations of the 

considered 400 kV and 2×110 kV overhead lines are 

shown in Fig. 5.  

Since three different three-phase circuits are 

considered in this case, phase current fluctuations are 

even more interesting. These fluctuations for overhead 

lines that share a common corridor are shown in Fig. 6.  

Phase current values IRMS = 149.62 A for SS Sarajevo 

10 - Sarajevo 20, IRMS = 40.24 A for SS Sarajevo 1 - 

Sarajevo 18, and IRMS = 8.61 A for SS Sarajevo 1 - 

Sarajevo 20, overhead lines are used as input parameters 

for magnetic flux density estimation.  
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Fig. 5. Configuration of 400 kV and 2×110 kV overhead lines sharing common corridor 
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Fig. 6. Phase currents during the measurements  

for the overhead lines that share a common corridor 
 

Magnetic flux density distributions under the 

overhead lines that share a common corridor are shown 

in Fig. 7. 

 

 

Fig. 7. Magnetic flux density distribution under 

400 kV and 2×110 kV overhead lines that share  

a common corridor 

 

Results presented in Fig. 7 show that there is a close 

match between the results obtained by the ANN based 

method and BS law-based method over the entire lateral 

profile. Furthermore, these results are in good agreement 

with magnetic flux density measurements results. 

 

3.3 Validation on a large dataset of field measurements 

In addition to the magnetic flux density 

measurements near overhead lines presented in this 

paper, measurements were also made near other 

configurations of single-circuit and multi-circuit  

overhead lines. In this way, representative datasets were 

formed, on the basis of which the validation of the ANN-

based method for magnetic flux density estimation can 

be carried out in a credible way. Validation was carried 

out in an identical way for single-circuit and multi-

circuit overhead lines. Regardless, at all points where the 

measurements were made, for the considered 

configurations of the overhead lines and their load 

conditions during the measurement, the magnetic flux 

density was determined using the considered ANN-

based method. In total, 809 measurement points under 

different configurations of single-circuit overhead lines 

are considered. The scatter plot in Fig. 8 shows the 

agreement between measurements and ANN-based 

estimation results, for single-circuit overhead lines. An 

ideal case where results are identical is represented with 

the red line. 

 

 

Fig. 8. Comparison of ANN-based method and 

measurements results for single-circuit overhead 

lines 

 

For multi-circuit overhead lines or overhead lines 

that share common corridors, 451 measurement points 

are considered. In Fig. 9, a scatter plot demonstrates the 

agreement between measurement results and ANN-

based method estimates. As in the previous case, the 

ideal case is represented by the red line. 

Despite the different sources of measurements or 

estimation errors, it can be observed from Figs. 8 and 9 

that there are no significant differences between results 

obtained by different methods. The magnetic flux 

density values obtained by the ANN-based method and 

field measurements, in all cases considered in this paper, 

are below the reference values defined by the literature 

presented in the introductory section. This statement is 

valid for both occupational and general public exposure. 
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Fig. 9. Comparison of ANN-based method and 

measurements results for multi-circuit overhead lines 

 

In addition to the visual comparison of the magnetic 

flux density measurements and estimation results, 

quantitative indicators are used to assess the perfor-

mance of the ANN-based method for magnetic flux 

density estimation.  

In this paper, the root mean squared error and the 

coefficient of determination are used to measure how 

well the observed outcomes are predicted by the ANN-

based method. Root mean squared error and coefficient 

of determination, adjusted to the considered variables, 

are defined by the following equations [40]: 

 

 𝑅𝑀𝑆𝐸 = √∑ (𝐵𝑚 − 𝐵̂𝑚)
2𝑀

𝑚=1

𝑀
 (8) 

 𝑅2 = 1 −
∑ (𝐵𝑚 − 𝐵̂𝑚)

2𝑀
𝑚=1

∑ (𝐵𝑚 − 𝐵̄)2𝑀
𝑚=1

 (9) 

 

where RMSE and 𝑅2 denote the root mean squared error 

and the coefficient of determination, respectively, 𝐵𝑚 is 

the 𝑚-th measured value of magnetic flux density in the 

dataset, 𝐵̂𝑚 is 𝑚-th estimated value obtained by ANN-

based method, 𝐵̄ is the mean value of measured 

magnetic flux density values, and 𝑀 is the total number 

of the samples in the dataset. 

The root mean squared error and coefficient of 

determination values are calculated according to 

equations (8) and (9) using the data presented in Figs. 8 

and 9. The calculation results are presented in Table 1. 

 

 

 

 

Table 1. Quantitative indicators 

Parameters RMSE 𝑅2 

Single-circuit overhead lines 0.3090 0.9494 

Multi-circuit overhead lines 0.1288 0.9775 

 

As it can be noted from results presented in Table 1, 

in both considered cases values of coefficient of 

determination are close to the ideal value for this 

quantitative indicator. Furthermore, low values of root 

mean squared error are achieved. These results indicate 

that the considered ANN-based method provides a high 

degree of agreement with measurement results. 

Considering the results presented in Figs. 8 and 9, 

and also quantitative indicators presented in Table 1 it 

can be seen that the presented method provides 

satisfactory magnetic flux density estimation. Also, from 

the presented results, it can be noted that the ANN-based 

method shows similar performances for both analyzed 

cases of single-circuit or multi-circuit overhead lines. 

 

4 Discussion 

For analyzed scenarios of magnetic flux density 

distribution over lateral profile under the single-circuit 

overhead line, and single-circuit and multi-circuit 

overhead lines that share a common corridor, a good 

matching between the ANN-based method and BS law 

based method results are obtained. On the other hand, 

there are some discrepancies between the magnetic flux 

density distributions over the lateral profile obtained by 

these methods and measurement results. The 

discrepancies can also be noticed if the results of 

measurements under multiple overhead lines are 

considered. The main sources of these discrepancies are 

uneven terrain, errors in phase conductor height 

measurement, fluctuation of the phase current during 

magnetic flux density measurement, and asymmetrical 

current flow through phase conductors. Also, the 

assumptions under which the method was developed are 

one of the sources of deviations between calculations 

and measurement results. 

Observing the recorded phase current fluctuations 

during the measurements, shown in Figs. 3 and 6, it can 

be noted that they are significant and unpredictable. 

Although in the case of single-circuit overhead lines, 

these fluctuations can be compensated, in the case of 

multi-circuit and/or overhead lines that share common
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corridors this is not possible. Phase current fluctuations 

of each three-phase circuit are independent in relation to 

the others. Furthermore, the lateral profile length, i.e. the 

number of measurement points is considerably higher. 

Thus, the phase current fluctuations during the 

measurements can be even more significant in this case. 

In comparison to the case of single-circuit overhead 

lines, multi-circuit overhead lines are way more 

challenging.  Regardless of that, results obtained by the 

ANN-based method are in close agreement with 

measurement results, over the entire considered lateral 

profile.  

The calculations are made for the overhead lines in 

their normal operating conditions and symmetric phase 

currents. In such situations there are no current flow 

trough the ground wires, so their contribution to the 

overall magnetic flux density distribution is not taken 

into account.  The actual phase currents are obtained 

from the SCADA system of the transmission system 

operator of Bosnia and Herzegovina. This SCADA 

system does not provide phase currents of each phase, so 

only one phase current for each overhead line is 

available. Since all phase currents contribute to the 

magnetic induction distribution in the vicinity of the 

overhead line, it could be the source of the error 

associated with the results. Considering the results 

presented in Figs. 4 and 7 the phase current asymmetry 

can be the source of discrepancies between measure-

ments and calculation results. However, as it can be 

noted from the Figs. 4 and 7, the observed discrepancies 

are not significant and also can be influenced by the 

other sources of the errors associated with the 

measurement procedure or calculation method. 

In the literature, authors have proposed different 

methods for the determination of the magnetic flux 

density in the vicinity of the overhead lines. Regardless 

of which method is applied, two different approaches to 

this problem can be observed. The first approach is to 

apply 2D models that consider the overhead lines’ 

conductors as infinitely long and ideally parallel with the 

ground surface. On the other hand, the 3D approaches, 

take into account the catenary of the overhead line 

conductors. Magnetic flux density spatial component 

that is parallel to the phase conductors is significantly 

smaller than two remaining spatial components. 

Although the 3D models enable calculation of all 

magnetic flux density spatial components, they are way 

more computationally and timely demanding compared 

to the 2D models [22]. In the most literature and practical 

applications, 2D models are employed for magnetic flux 

density determination under overhead lines, so in this 

paper, the same principle is applied. The presented 

experimental field measurements are performed with the 

instrument that indicates the magnetic flux density RMS 

value taking into account all three spatial components. 

These results have closely matched the results obtained 

by the ANN-based method, and the 2D algorithm of the 

BS law based method.  This speaks in favor of the error 

introduced into the results by applying the 2D model is 

of little significance. 

Overall, although different factors associated with 

the calculation and measurement results can be the 

source of the discrepancies between them. The magnetic 

flux density distributions presented in Figs. 4 and 7 show 

that a good matching between them is obtained.  The 

limited influence of the previously discussed factors is 

also confirmed by the magnetic flux density 

measurements in the vicinity of a large number of 

different single-circuit and multi-circuit overhead lines, 

shown in Figs. 8 and 9, as well as the quantitative 

indicators presented in Table 1. 

 

5 Conclusion 

The results presented in this paper demonstrate that 

the considered ANN-based method can be effectively 

applied to the magnetic flux density determination for 

arbitrary configurations and load conditions of single-

circuit, multi-circuit, and overhead lines that share a 

common corridor. Validation by comparison with a 

substantial amount of measurement results obtained for 

different configurations of overhead lines, and also a 

comparison with BS law-based method calculation is 

performed. Validation demonstrates that the ANN-based 

estimation method can be used to accurately estimate 

magnetic flux density in the vicinity of overhead lines. 

The principal advantage of the considered method, 

besides simple application, is its understandability since 

it uses physical parameters as its inputs, and basic 

mathematical operations for ANN model outputs 

postprocessing. This method is designed to be able to 

consider arbitrary phase conductor configurations. 

Furthermore, any overhead line load changes can be 

effectively considered. This method can be effectively 

used to analyze the realistic and worst-case scenarios of 

magnetic flux density exposures in the vicinity of, both 

existing and new designs of the overhead lines. 

The future work will be directed in a developing an 

ANN-based method considering also the third 

dimensions, so a substations or other complex objects 

could be considered. Overhead lines are object where 

approximation of conductors as infinite long straight 

wires does not significantly influence the obtained 

results. However, for cases of more complex objects 

such approximation could be insufficient. In such cases 

the ANN-based methodology could provide simpli-

fication of the application of such model from the end 

user perspective, and also reduce demands for 

computation resources comparing to traditional 

methods.  
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