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ESTIMATING BASE STATION-BASED INDOOR AND OUTDOOR ELECTRIC FIELD
LEVELS BY ARTIFICIAL NEURAL NETWORKS

Esin KARPATY, Muhammed Rafet BAKCAN? , Mustafa Mohamedosman Abbaker IBRAHIM?,
Berkant CELIK*, Ahmed Takieddine CHABBAR®, Oguz DOGAN®

The measurement of the electric field and the magnetic field is significant in
order to determine electromagnetic pollution level compared to standards.
In Turkey, electric field limit value, which is emitted by base station is 13.5
VI/m for one mobile communication operator. In addition, according to the
regulation of medical devices, the limit of electric field value inside the
hospital, where the medical devices are located, is 3 V/m. In this study, the
measurement and evaluation of electromagnetic pollution inside and outside
the Bursa Uludag University hospital building are performed and its
compliance with national and international standards is examined.
Moreover, the distribution of electric field in the environment is estimated by
the artificial neural network and fuzzy logic methods considering the
measurement results. The measured electric field values, estimated electric
field values, and national standard values are compared.

Key words: Electromagnetic pollution, Electrical field, artificial neural
network, fuzzy logic, prediction.

1. Introduction

In the shadow of these days, electromagnetic waves (EM) have become a complementary part
of our every day life. This influences almost every aspect of our day-to-day life. However, the
electromagnetic waves are radiated from natural, man-made sources such as TV, radio, wireless,
Internet, cellular communication, and many other devices which are also exchanging increasing
amounts of data by means of radio frequency (RF). So, this leads to installation of more base stations
to cover new areas with new technology to work within the limited geographic area for unlimited
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users. That means the exposure of high levels of Electromagnetic Radiation (EMR) due to high RF
power broadcasting in order to maximize the coverage of area [1-5].

Overall, EM waves, which have very wide range of frequencies, are part of non-ionizing
radiation. While the operating system and frequencies can be in the range between 27 MHz — 300
GHz. In the best case, in Europe and Turkey there is over 600 MHz of spectrum available for mobile
operators including the 800, 900, 1800, 2100 and 2600 MHz Frequency Division Duplex (FDD) and
Time Division Duplex (TDD) bands (GSM, CDMA, UMTS, LTE respectively, or a combination of
generation technologies) [6,7]. The health effects of base stations and mobile phones in Turkey are
really a tender topic. In gathering the accepted limits in many countries including European Union and
the USA are recommended by The International Commission on Non-lonizing Radiation Protection
(ICNIRP), which is recognized by the World Health Organization (WHO). Turkey applies the limits
which are determined in accordance with ICNIRP's limits [7]. Although, many parameters can change
the EMR values such as the distance from base stations, the line of side path, the weather and
Geographic nature and the number of traffic in the channel or the capacity of users in one cell. Thus,
measurement and statistical evaluation have a large importance in the determination of EMR limits.

In the literature, there are many studies about the effect of high-frequency electromagnetic fields
on human health. These studies were carried out with some animals, especially farm animals, as well
as humans [8]. Research on humans has focused on children, adults and the elderly. High-frequency
electromagnetic field was applied to tissues, such as skin, brain, etc. of children of up to 10 years old,
and the resultant effects were compared with the results of adults. [9].

In addition, some studies have shown that children in the womb do not have cancer risk based
on base station radiation [10]. In studies on children [11], the level of the electromagnetic pollution
that the children between 1-10 years old are exposed to, due to wireless communication devices, are
measured and Specific Absorption Rate (SAR) values of body tissues are compared with international
standards [12].

In studies about sparrows, it was found that in the regions exposed to the frequencies of 900
MHz and 1800 MHz, the male sparrows were found to be less and this would have a negative effect on
semination period [13].

Exposure of electromagnetic measurement in the GSM band studies is performed in regions
where the population density is excessive. The mapping in the measured region is carried out and the
results are compared with the international standards, determinations to determine the regions which
have a negative effect on human health [14-20].

SAR values generated in case of close proximity to indoor devices, such as wireless baby
monitors, phones, wireless headphones with different output powers, are calculated, the maximum and
the average exposure Electromagnetic field (EMF) values are measured and evaluated [21].

The electromagnetic pollution, in the places where the mobile network is installed, can affect
the communication of new networks. New methods are used to detect and reduce pollution [22].

In studies about the estimation of electromagnetic pollution in the literature, wireless
electromagnetic field value detection in the indoor environment was estimated by Artificial Neural
Networks (ANN) according to the position in the region. The attenuation effect of the facility
obstacles between the base station and the mobile phone is estimated by artificial neural networks
according to the mobile phone communication frequencies [23].
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EMR has been obtained by artificial neural networks considering the parameters, such as
building materials, window dimensions, and the number of windows in places such as houses, schools,
and complex buildings [24].

The aim of this study is to measure and statistically analyse the EMR limits for GSM (2G&3G)
and LTE (4G&4.5G). The electric field values on specific position from the base station were
measured at different times of the days. The measurements were carried out at 45 different outdoor
and 33 indoor locations in Bursa Uludag University’s main campus and inside and outside the Faculty
of Medicine Hospital. In this study, the predicted outdoor electromagnetic pollution values by artificial
neural network and fuzzy logic are presented.

2. Electromagnetic Wave Propagation

Electromagnetic waves, which are the result of time-varying electric and magnetic fields, are
means of energy or information. Typical electromagnetic waves are TV signals, radar rays, and radio
waves. All electromagnetic waves have their signature features; they move at high speed and spread
out from the source.

Electromagnetic waves, at distances sufficiently far from sources can be approximated as
uniform plane waves. The E and H field components of these waves are everywhere normal to each
other and to the direction of wave propagation [25].

The time-average power density carried by the electromagnetic wave can be calculated as

- 1T,
Prve(z) = T,L P(z, t)dt (1)

where; P(zt) is the Poynting vector representing the instantaneous power density crossing unit area at
a specific time in Eq.(2).

B(z,t) = Exil @)
The time-average power density carried by the electromagnetic wave can be also calculated as

Pre = %Re{fsxﬁ;} ®3)

where Es and ﬁ;‘ are the phasor forms of electric field and conjugate of magnetic field, respectively.
The intrinsic impedance of the medium is calculated as

Zy=2 4)
Ho

In the far field region, where the electromagnetic waves are reffered to as radiative field, the
electric field, magnetic field and power density are combined together with Eq. (5).

2
P =2 or P = HZZ, )
Z,

0
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where P ; Power density, (Watt/m?), Eo ; Electric field intensity (V/m), Ho ; Magnetic field intensity
(A/m) and Zo; characteristic Impedance of free space, which is approximately 377 Q [26].

Eqg. 5 shows that, in the far field, the measurement of the electric field or the magnetic field
gives information about the electromagnetic level of the medium [25,27] and when the value of one of
the field components is measured the other can be calculated.

3. Measurement

In this study, the electromagnetic pollution caused by the base station was measured in and
around Bursa Uludag University medical school. The measurement results are divided into frequency
ranges between 27 MHz to 3 GHz, allocated by the ICTA and classified as GSM, UMTS, LTE and
other frequencies other than these frequencies. Measurements were carried out inside and outside the
hospital building.

The measurements outside the hospital were performed at the main entrance because of high
density of people. The measurement points were selected as the places where the medical devices are
located, the clinics close to the base station, the corridors and waiting rooms inside the hospital. The
position and the measurement time are randomly selected and the most important selection criterion is
determined to be the population density for indoor measurement. A total of 33 points were identified
for indoor environment.

The measurement points in the front were close to the building and were across the base station.
The measurements were carried out behind the windows and walls that face the base station.

In addition, measurements were performed inside the clinics and compared with national
standards.

The measurement position and the measurement time are taken into consideration for outside
measurement. A total of 45 measurements were identified for outdoor environment. After
measurements, the data in the outdoor environment were obtained by taking the 6-minute average

electric field values for each position considering the latitude and longitude of the measurement point
and measurement time.
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Figure 1. Indoor maximum and average electrical field value

The maximum value obtained indoor is 4.314 VV/m and the minimum electric field value is

0.108 V/m. The highest electric field value was detected on the 3rd floor of the building behind the
window facing the base station. 0.97 V/m value is measured behind the wall across the same base
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station. And the same value of the electric field (0.97 V/m) is obtained when the measurement is
repeated behind the wall in front of the same base station, on the same floor. Average and maximum
peak electric field values obtained during indoor measurements are given in Fig.1.

4. Artifical Neural Network

The results of systematic measurement of outdoor measurements are trained by artificial neural
network. The output electric field values are estimated based on the input parameters of the trained
network. To estimate the total electric field value, there are 3 input parameters and 1 output value as
shown in Fig. 2. The input parameters are latitude, longitude and measurement time values. In order to
increase the accuracy of the predicted values given by the training network, it is necessary to select the
input parameters as systematically as possible. If the random values are applied as input values, the
MSE (mean squared error) value increases and the accuracy of prediction value decreases. For this
reason, although the number of input data is not much, three different interrelated parameters are
applied to the network as input variables.

Hidden Layer OQutput Layer
Input Output
- <
= | . s 1
10 1

Figure 2. Input parameters, measurement time, latitude, longitude for total E field prediction

In the second artificial neural network which was constructed in the study, different output
parameters were tried to be estimated by using different inputs [28]. This created network has 5 inputs
and 1 output parameters. Three of the input parameters are fixed and the other 2 input parameters are
changed depending on the output parameter to be obtained. The parameters that are constant are
latitude, longitude and measured time values of the measurement point, while the other 2 dependent
input parameters are average electric field values covering the GSM, UMTS, LTE frequencies. One of
the GSM, UMTS and LTE electric field values is estimated as an output parameter while the
remaining 2 frequency components are defined as input parameters in Fig. 3. For example, in order to
estimate the electric field value of UMTS frequency, input parameters are latitude, longitude,
measurement time, GSM and LTE electric field values.

Hidden Layer Output Layer
Input Output
- ‘<
= | = 5 1
10 1

Figure 3. Input parameters; time, latitude, longitude, LTE and UMTS frequency values

In this way, the average electric field values of the other 2 frequency components are estimated
using the same method. 70% of the measured data was used to train artificial neural networks, rest of
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30% data were used for network test. There are 10 neurons in the hidden layer and one neuron in the
output layer, in both prediction networks.

5. Fuzzy logic

Another prediction method used in the study is fuzzy logic [29]. In this method, the accuracy of
the estimated results was increased. The range of input and output values was required for estimation.
The input data were latitude and longitude values of the measurement point as in the ANN prediction
model. However, the latitude values of the measurement points were rated between 0-400 and the
longitude values were rated between 0-400 as shown in Eq. (6) and Eq. (7) respectively.

6
Lat,, =(Lat,, - 40.20696)*10000 €)

Lon,, = (Lon;, - 28.85185)*10000 7

out

Since the decimal degrees of the coordinates are very small, those formulas are used. The fuzzy
logic system can easily detect the distance between the measurement positions, by scaling according to
a specific position by using the coordinates. The output parameter of the system is the average total
electric field value. This value has been entered into the system by taking the minimum and maximum
value range of the measurement data.

In the estimation with fuzzy logic, there is a relation between input and output parameters.
Table of rules should be created according to the input parameter values in order to get the output
parameter values. As a result of this table, an output data is estimated according to the input value.

As an input membership function, the position values are divided into 9 equal parts which are
latitude and longitude of the measurement point. Rules have been created with obtained membership
functions in order to calculate output values. A total of 16 rules were created to increase the accuracy
of the output data.

Fuzzy logic estimation is applied to average electric field values including total average electric
field value, GSM, UMTS and LTE frequency bands as in ANN estimation method. However, when
the field values for these frequencies are estimated, the input parameters used are latitude and
longitude values, in addition, the output values are estimated by entering the maximum and minimum
measured value of this frequency as an input.

6. Results

Average field values were estimated according to the total average electric field value and
frequency. Regression analysis was applied to the results obtained by artificial neural networks. The
calculated regression value, R?, is 0.8422 for the total electric field, 0.64913 for GSM, 0.5033 for
UMTS and 0.8462 for LTE. These values could be better if more measurements could have been
performed. In addition, the mean square error values are calculated in order to analyse the accuracy of
the prediction results given by the trained network. In Fig. 4, the MSE values for total EM (Top-Left),
for GSM (Top-Right), for UMTS (Bottom-Lleft) and for LTE (Bottom-Right) are given.
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Figure 4: Total EM ANN regression (Top-left), GSM EM ANN regression (Top-right), UMTS EM ANN regression

(Bottom-Left), LTE EM ANN regression (Bottom-right).

In addition, the correlation coefficient values of the Measurement-ANN-Fuzzy methods of the
total average electric field, GSM average electric field, UMTS average electric field and LTE average
electric field values are shown in Table 1, Table 2, Table 3 and Table 4 respectively.

Table 1. Total average E-field correlation coefficient

Method Fuzzy Measurement ANN
Fuzzy 1 0.942636 0.966254
Measurement 0.942636 1 0.921688
ANN 0.966254 0.921688 1
Table 2. GSM E-field correlation coefficient
Method Fuzzy Measurement ANN
Fuzzy 1 0.939559 0.819398
Measurement 0.939559 1 0.805687
ANN 0.819398 0.805687 1
Table 3. UMTS E-field correlation coefficient
Method Fuzzy Measurement ANN
Fuzzy 1 0.943614 0.65603
Measurement 0.943614 1 0.709447
ANN 0.65603 0.709447 1
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Table 4. LTE E-field correlation coefficient

Method Fuzzy Measurement ANN
Fuzzy 1 0.960722 0.90267
Measurement 0.960722 1 0.919899
ANN 0.90267 0.919899 1

Obtained measurement and estimated electric field values are compared with each other. The
measurement points and the electric field values obtained at these points are plotted as V/m. In
comparison, the closest prediction method has been determined with measurement values. The
estimated results are compared with the values obtained by the measurements, ANN and fuzzy logic in

Fig. 5, Fig.6, Fig. 7 and Fig. 8 respectively.
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Figure 6. GSM E-Field
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When Table 1 and Fig. 5 are analyzed, it is seen that the correlation rate between measurement
data and fuzzy logic is 94%, as well as it is 92% between measurement and ANN. When the results for
GSM are examined in Table 2, the similarity is 93% between measurement data and fuzzy logic and
80% between measurement and ANN as it is seen in Fig. 6.

For UMTS, there is a 94% correlation between measurement data and fuzzy in (Table3 and
Fig.7) and 70% between the measurement and ANN. Finally, the graph obtained for LTE shows a
correlation of 96% between measurement and fuzzy and 91% between measurement and ANN (Table
4 and Fig. 8).
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Figure 7. UMTS E-Field
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Figure 8. LTE E-Field
7. Conclusions

The average electrical field value level of the environment in clinics with medical devices
required by national standards should not exceed 3 V/m for indoor measurements. As a result of
measurements, the highest measured value was found to be 2.88 V /m in clinics and the most
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important parameter of signal attenuation was found to be due to the building materials of concrete
walls which have 75-80 cm thickness approximately.

When the estimation methods and measurement results are compared, accuracy of fuzzy logic
estimation results are higher than ANN estimation results which is determined by the average electric
field.

When the obtained data are compared with the measured average results, it is observed that the
electric field values change nonlinearly. For this reason, it is possible to obtain better learning of the
network by taking more measurements in future studies in order to increase the accuracy of
predictions.

In this study, it was determined that the average electric field value within the region can be
estimated with latitude and longitude values only in the regions with a certain amount of base stations.

Finally, the measurement and estimation of the electromagnetic pollution, which is a result of
2G, 3G and 4.5G communication infrastructure are performed and the capability of both ANN and
fuzzy logic methods are illustrated.
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