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Abstract: The importance of electromagnetic (EM) sources in human life has been increasing with the development of technology. EM radiation triggers some problems in
our life such as EM interference and human health problems. EM radiation level which is emitted by the base station increases in proportion to the density of population in a
region. EM exposure is higher in areas where people are highly concentrated such as hospitals, military barracks, schools, shopping malls, than in any other region. It is
important to show sustained concern about the EM radiation intensity in these areas to keep the levels under the permissible limits. In this study, electric field values are
measured statically at locations where the population density is too high, to examine the electric field intensity levels throughout the campus. Besides, two different artificial
neural models (ANN) are developed to estimate the electric field values of random locations which are specific regions for electromagnetic exposure. Moreover, measurement
results and estimated results are evaluated within the limits defined by national (ICTA) and international (ICNIRP) standards. Finally, the EM exposure map is constructed

with data that is average electric field intensity versus measurement locations.
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1 INTRODUCTION

The concept of electric and magnetic fields has begun
to take place in human life with the discovery of electric
power. High-frequency work has been done in many areas
especially for mobile phone communications from the
early 20 th century to today's radio communication [1].

The intense use of Wireless Communication Wireless
LAN:S, Global System for Mobile communications (GSM),
TV-radio transmitters, base stations, etc. for personal or
commercial purposes lead scientists to research for the risk
factor of electromagnetic pollution for human health and
environment. These researches have led to the result that
the electromagnetic radiation, density, and frequency of
sources should be under control as described by the
standards [2]. The advantages of the mobile phone such as:
instant internet connections, instant communication,
instant access to data, listening to music, etc., have made it
a complementary part of our everyday life which in turn
led to an increase in mobile phone users. Despite its
advantages, mobile phones also have many harmful
aspects [3]. The number of mobile phone users has
increased by 16% since 2010 and today more than 74
million users exist in Turkey. The increase in the number
of mobile phone users triggers to raise the electromagnetic
field level in the medium [4]. The mobile phone users are
exposed to electromagnetic radiation from both mobile
phone and base stations [5].

Since it is accepted to be the fourth environmental
pollution factor, it has become the most concerning
problem for human health. Since the consequences of long-
term exposure are still unknown it is important to measure
and analyse the electromagnetic radiation levels
periodically [6].

The low power levels of WLAN (2,4 GHz)
electromagnetic coverage also has to be analysed to clarify
whether it is also a risk for electromagnetic pollution for
indoor propagation [2]. People are unintentionally exposed
to these uncontrollable/unavoidable electromagnetic fields.
Epidemiological studies show that there is a relationship
between electromagnetic exposure and cancer [7-13].
There are many studies on the effects of electromagnetic

radiation on human beings and animal health in the
literature. Experiments on mice show that the
electromagnetic field caused by 3G mobile phones causes
differences in the salivary glands of mice [14]. The
possible biological effects of low and high-frequency
electromagnetic fields about reproductive capacities, blood
levels and immune systems of living organisms were also
observed [15]. Chakrabarty and Singh numerically
modelled the human body and evaluated the safety
distances for base stations by obtaining the specific
absorption rates of different regions on the body which face
possible electromagnetic sources [16].

Although there is no conclusive evidence that shows
the harmful effects of EM waves, electromagnetic
radiation exposure limits are limited by national [17, 18]
and international [19-21] organizations, to take precautions
against possible threats. The frequency, magnitude, and
duration of exposure of electromagnetic waves are
parameters to be considered in analysing the effects of
electromagnetic radiation on living organisms [22]. In
crowded and permanent living spaces such as schools [22],
hospitals, shopping malls, crowded residential areas [23,
24], the user concentration can vary with the days of the
week and hours of the day [25]. Therefore, the electric field
intensity in the environment can change. Electromagnetic
field EMF can provide information about the diseases
caused by EMF and their regional distribution [26]. There
are many studies in the literature that have been conducted
to examine the variation of electric field intensities in
continuous and crowded living areas. For the same
purpose, several studies have been carried out to measure
the electromagnetic radiation levels of base stations in
different city centres such as Erciyes [26], Nablus [27],
Ordu [28], Black Sea Region [6], and Serbia [29]. Car-
mounted measurements are performed to measure the
radiation exposure over large geographical areas [30, 31].

In this study, electric field values in the 27 MHz - 3
GHz frequency range are measured statically for six
minutes' duration at the determined locations to evaluate
the EM variation in the central campus of the Bursa Uludag
University. This campus has more than 60 000 students as
well as a medical faculty hospital which is visited by
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thousands of people every day. Therefore, it is important to
detect the EM value and keep it below the national
standards. Prediction of the total average electric field
value is carried out by artificial neural network models and
multiple linear regression analysis considering the latitude,
longitude and frequency indexes of the measurement
locations. Besides, measured values are assessed within the
limits which are determined by national and international
standards. The resulting map is constructed utilizing the
measured electric field values.

2 MATERIAL AND METHOD
2.1 Measurement

The location and duration of measurement have
importance in terms of the accuracy of the data to be
obtained in the detection of electromagnetic exposure.
Since the entity most affected by electromagnetic exposure
is human, the measurement location of the device should
be determined considering the human body and should be
chosen according to the highest exposure point of humans.
Therefore, the antenna of the devices should be positioned
1.5m above the ground to perform the measurements
precisely [32].

In this study, measurements are performed statically
with SRM 3006 and isotropic antenna with a frequency
range of 27 MHz - 3 GHz. The measured values are
reported with position and time data simultaneously due to
the integrated GPS module in SRM 3006. The service table
of frequency values which is in the range of 27 MHz to 3
GHz is divided into 50 frequency indices and
measurements are performed.

The measurements are carried out statically for a 6
minute duration as required by the ICTA standards and for
each location, 224 measurement samples are stored. Also,
the average field values for 224 samples are calculated (Eq.
(1)) and reported for each measurement period.

224 2 2 2
E-+E;+E
Eav — Zl 7 0 %) (1)
224

For each measurement location within the central
campus, the total average electric field value, considering
the contribution of 50 frequency indices mentioned in the
service table, is calculated by Eq. (2).

50
E, =+ _E: )

The measurements are generally performed around
Wi-Fi locations and base stations. There are two base
stations on the campus and the distance between them is
approximately 1 km. Some of the measurements are carried
out at three different locations on three different arcs with
a radial distance of 120 m, 150 m and 180 m from each
base station. The arc length between measurement
locations on each arc is equal. The rest of the
measurements are carried out near buildings such as faculty
buildings, refectory, cafes, gym saloon, library, and
banking house.

2.2 National and International Standards

Electromagnetic field sources have to radiate under
certain limit-values which are determined by national and
international regulations. ICNIRP has determined these
limit values by considering the thermal effects of EM fields
on the human body. The limit values of the E permitted in
Turkey for single and multiple devices are given in Tab. 1.
The regulations published by ICTA are based on the
reference levels of ICNIRP (Tab. 2).

Table 1 Reference levels of ICTA for general public exposure to time-varying
electric field for single and multiple devices [17]

Frequency E-Field Strength E-Field Strength
Range / MHz (single device) / V/m (all devices) / V/m
0.010-0.15 19,3 65,25
0.15-1 19,3 65,25
1-10 19,3/ 03 65,25/f%3
10 - 400 6,2 21
400 - 2000 0,305 x {03 1,03 x f%°
2000 - 60000 13,5 45,75

Table 2 Reference levels of ICNIRP (1998) for general public exposure to time-
varying electric field [19]

Frequency Range / MHz E-Field Strength / V/m
0.15-1 87
1-10 87/
10 - 400 28
400 - 2 000 1.375 x {03
2 -300 61

2.3 Artificial Neural Network (ANN)

Artificial neural networks are based on neurons in the
human brain. The mathematical expression of neuron k is
given in Eq. (2).

=3 WX, 3

In Eq. (3), (x1, x2, X3, ..., X») are the input signals and
(Wk1, W2, Wi3, ..., Wim) are the respective synaptic weights
of the k™ neuron.

Vi =@ +by) 4)

In Eq. (4), by is the bias and it is an external parameter.
Also, ¢ is the activation function of the equation. When
considering Eq. (5) and Eq. (6), yx is the output signal of
neuron.

The sigmoid function is used as a common S-shaped
activation function in the structure of artificial neural
networks. The sigmoid function is given in Eq. (5).

1
p(v)=—73
1+e

®)

a" is the slope parameter of the sigmoid function.
Sigmoid functions of different slopes can be obtained by
varying the parameter a. The sigmoid activation function
range is (0.0 + 1.0). However, in some cases, this range can
be needed to be extended as (—1, 1). In this case, the general
hyperbolic tangent function which is defined in Eq. (6) can
be used.
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¢(v)=tanh(v) (6)

The Levenberg-Marquardt is the most commonly used
training algorithm that allows calculating the training
speed of the network independently of the Hessian matrix
calculation. The Hessian matrix calculated in typical feed
forward network training is expressed in Eq. (7).

H=J"J (7)
The gradient is calculated as:
g=J'e (®)

In Eq. (8), J is the Jacobian matrix consisting of first
derivatives of network errors with respect to weights and
biases. The Jacobian matrix is computed by a standard
backpropagation technique. The Levenberg-Marquardt
algorithm can be expressed as in Eq. (9) with the Hessian
matrix approach, as the Newton method.

-1
xk_lzxk—(JTJ+,uI) J'e )

When damping parameter u is zero, Eq. (9) is the
Newton method. Besides, when u increases, it becomes
gradient descent. The performance of the function is
increased by decreasing the damping factor after each step
and by increasing after every ambiguous step [33].

The learning process of the neural network involves
adjusting network weights and bias values to optimize
network performance. The default network performance
function is the mean square error (MSE), which calculates
the square of the difference between output y (estimated
value) and target t (target value) as in Eq. (10).

1 n 2 1 N 2
MSE =226 = 20 (ti =) (10)

2.4 Multiple Linear Regression Analysis (MLRA)

The main purpose of multiple linear regression
analysis is to determine the relationship between the
dependent variable and multiple independent variables.
MLRA allows investigating the effect of other independent
variables on the dependent variable. The general
expression of regression is shown in Eq. (11) where ¢ is the
random error, (x1, x2, X3, ..., X,) are the independent
variables, and (51, B2, B3, ..., Bn) are the estimated regression
coefficients that represent the change in the output
(dependent) variable y relative to a change in the
corresponding independent variable.

y=PBy+ P+ Py + Bixs +.+ fox, + & (1)
The general matrix form of MLRA is expressed as:

1 ... x 5o &
X=|... ... ..|,B=|...l,e=]... (12)

1 ... x, B, &,

The coefficient matrix in Eq. (12) is calculated by [34].

_sz;z%' _zxi in Vi ]
" —\2
X —x

_1XY: szl(_ ) 3 (13)
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3 DATA ANALYSIS

When measured electric field values are considered, it
is observed that the electric field values at 47 locations are
below 0.5 V/m, at 8 locations are between 0.5 V/m and 1
V/m, at 11 locations are between 1 V/m and 2 V/m, at 11
locations are between 2 V/m and 3 V/m, at 4 locations are
between 3 V/m and 4 V/m and at 2 locations are above 4
V/m.

The measurement results, relative to 50 different
frequency indices, are calculated by classifying them into
7 frequency bands as given in Tab. 3 for MLRA method.

The MLRA method is used to analyze the measured
data to determine the effect of the measured values of each
frequency band on the total EM level (Eq. (14)).

Eu=FM- B +VHF - B, +UHF - p; + GSM - 3, +

o, 13
+UMTS - s + LTE - B + WLAN - 3, + OTHERS - 3, (13)

Table 3 Frequency bands and the corresponding MLRA coefficients

Coefficient Coefficient
Frequency | Frequency Band / MHz Notation Value
FM 87-108 b —0,52002
VHF 140 - 300 b -1,59637
UHF 400 - 790 b -1,65938
GSM 791 - 959,9 Pa 0,764872
UMTS 1710,1 - 2170 s 0,640741
WIFI 2400 - 2499 Bg 0,04468
LTE 2500 - 2670 B, 0,510623
OTHERS | Other from above Bg 2,385177

For instance, FM refers to the measured electric field
value at FM band (V/m) and S, the MLRA coefficient for
FM contribution, is equal to 0,52002.

Latitude
Longitute

FM

Average E Field Value
GSM
UMTS
LTE

WLAN

Figure 1 The layers of artificial neural network model-1 (ANN-1).

In this study, two different models are also created for
the estimation. In ANN-1 model there are nine inputs in the
input layer which are latitude, longitude of measurement
locations and the measured electric field values of the
classified frequency bands (Tab. 3). The estimation takes
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place in the hidden layer and the average total electric field
value is estimated in the output layer (Fig. 1). In the ANN-
2 model, shown in Fig. 2, there are two data in the input
layer which are only latitude and longitude of the
measurement location and the average total electric field
value is estimated in the output layer. In ANN-2 model,
only the total average electric field is estimated.

Latitude
»a& Awerage E Field Value
Longitute

Figure 2 The layers of aniicial neural network model-2 (ANN-2)
4 RESULTS AND DISCUSSION

Each frequency band in Tab. 3 is estimated according
to ANN-1 model. The input layers are latitude, longitude
and the electric field contribution of other frequency values
except for the estimated frequency. For instance, to
estimate the electrical field value radiated at FM as in Fig.
3, the input layer of the ANN-1 model has latitude,
longitude, and the measured electric field values at VHF,
UHF, GSM, UMTS, LTE and WLAN frequency bands, as
inputs. Fig. 4, Fig.5, Fig.6, Fig.7, Fig.8 and Fig. 9 show the
comparison of the estimated and the measured values at
GSM, LTE, UHF, UMTS, VHF, and WiFi frequency bands
with ANN-1 estimation method, respectively.

0.07
- ¢ -Measurement
0.06 } ~+—ANN-1 Prediction

0.05}

FM Electrical Field [V/m]
o
®

Measurement Locations

Figure 3 The comparison of measured and estimated E field values at FM band
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Figure 4 The comparison of measured and estimated E field values at GSM
band
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Figure 5 The comparison of measured and estimated E field values at LTE
band
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Figure 6 The comparison of measured and estimated E field values at UHF
band
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Figure 7 The comparison of measured and estimated E field values at UMTS
band
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Figure 8 The comparison of measured and estimated E field values at VHF

band
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Figure 9 The comparison of measured and estimated E field values at WiFi
band
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Figure 10 The comparison of measured total E-field values with the values

estimated by ANN-1 and MLRA methods
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Figure 11 The comparison of measured total E-field values with the values
estimated by ANN-2 and MLRA methods.

The estimated electric field values obtained by ANN-
1 and MLRA methods are compared with the measured
values (Fig. 10). In Fig.11 the estimation results obtained
by the ANN-2 method are compared with the measured
ones and the MLRA results.

Table 4 The correlation coefficients between ANN-1, MLRA and Measured data.

ANN-1 MLRA Measurement
ANN-1 1 0,999233 0,999443
MLRA 0,999233 1 0,99937
Measurement 0,999443 0,99937 1

Table 5 The correlation coefficients between ANN-2, MLRA and Measured data.

ANN-2 MLRA Measurement
ANN-2 1 0,926735 0,924468
MLRA 0,926735 1 0,99937
Measurement 0,924468 0,99937 1

As shown in Tab. 4, the correlation coefficients
between ANN-1, MLRA, and measured values are
approximately 99%. The correlation coefficients between
ANN-2, MLRA, and measurement are approximately 92%
in Tab. 5.

5 CONCLUSION

In this study, two different prediction structures that
have different input layers are created and the estimation
results are compared with the measured values. The
accuracy of the results obtained by the ANN-1 method is
7.5% better than the accuracy of the results obtained by the
ANN-2 method.

Measurements in the campus show that the maximum
EMF value is 4.314 V/m while the minimum is 0.084 V/m.
Also, the standard deviation value of the EMF level is
1,157 V/m while the average EMF level is 1,024 V/m.

The average electric value measured around two base
stations on the campus is 3.85 V/m while the average
electric field value of other locations is 1.153 V/m.
According to these data, it is determined that the
contribution of locations, which are near the base station is
approximately 300% higher than the other locations. The
measured values of the electric field within the Bursa
Uludag University Goriikle campus are below the national
and international standards and the maximum value is
equal to 31.95% of the maximum limit value of ICTA (Fig.
12). As well as the base stations, the contributions of other
electromagnetic radiation sources such as TV, FM, WIFI
are also under required limit values.

Although the measurement results show that the
electromagnetic field levels in Bursa Uludag University
campus are below the national permitted limits, it is
important to regularly measure the radiation levels of base
stations to avoid the possible harmful effects of
electromagnetic radiation on human in the long term
exposure. As a result, sustainable measurement strategies
should be developed to reduce the health risks of
electromagnetic fields

Ulundag University Gorakle Campus
Average Electrical Field Map (Vim)
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