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Abstract
A sensor node has processor, antenna, sensor and energy units. A large number of sensor nodes generates
wireless sensor network (WSN). The main problem of WSN is limited-energy. A great number of MAC
protocols are introduced to compensate the energy problem. In order to supply energy to sensor nodes, an
external solar panel, wind turbine and energy harvester are added to the architecture of the nodes. Moreover,
wireless energy transfer is used to meet the energy problem of sensor node. Position, height and operating
frequency of energy antenna is so important to charge the sensor nodes efficiently. In this study, ray theoretical
models are used to calculate the electric field and generate the coverage map. As the energy antenna is deployed
to optimum place, charging will complete in a short time.
Keywords: wireless sensor networks, wireless energy transfer, electromagnetic wave propagation, coverage
Kablosuz Şarjlı Algılayıcı Düğümler için Verimli Enerji Anten Konumlandırma
Öz
Bir sensör düğümü (SD) işlemci, anten, sensör ve enerji ünitelerine sahiptir. Çok fazla sayıdaki sensör
düğümleri kablosuz algılayıcı ağları (KAA) oluştururlar. KAA’ların en önemli sorunu kısıtlı enerjidir. Enerji
problemini azaltmak için çok sayıda ortam erişim kontrol (MAC) protokolü ileri sürüldü. Üstelik enerji
ihtiyacını karşılamak için harici güneş paneli, rüzgar türbini ve enerji hasat edici sensör düğümüne eklendi.
Dahası sensör düğümünün enerji ihtiyacını karşılamak için kablosuz enerji transferi kullanıldı. Enerji anteninin
yeri, yüksekliği ve işlem frekansı sensör düğümlerinin verimli bir şekilde şarj etmede çok önemlidir. Bu
çalışmada, elektrik alan şiddetini ve kapsama alanı haritasını çıkarmak için ışın teorisi tabanlı modeller
kullanılmıştır. Enerji anteni optimum bir yere yerleştirilirse, şarj işlemi en kısa sürede tamamlanacaktır.
Anahtar Kelimeler: kablosuz algılayıcı ağlar, kablosuz enerji transferi, elektromanyetik dalga yayılımı,
kapsama Alanı.

1. Introduction
Sensor is the main equipment of today's
technologies. One of the basic building blocks
of technologies like smart city, IoT and
Industry 4.0 is sensor. Sensors are intensively
preferred due to their flexibility, low error
rates and low costs as they detect changes in
the physical environment such as temperature,

humidity, pressure and vibration (Akyildiz et
all., 2002). A lot of applications are developed
using different type of sensor technologies
(Yalcin et all., 2013; Yalcin et all., 2014). It is
very important that the data obtained by the
sensors can be transmitted to a central point
and analyzed. The network formed by the
combination of many sensors is called
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Wireless Sensor Network (WSN). WSNs are
extensively used in military, environmental,
health and building applications. As in any
technology, there are many areas open to
improvement in WSNs. The module, which
consists of sensor, processor, antenna and
energy unit, is called Sensor Node (SN)
(Moschitta et all., 2014). Each SN in the WSN
is usually powered with battery or supercapacitor. Therefore, its energy must be used
very efficiently (Kosunalp, 2016). Many
different MAC protocols in data link layer
have been developed to ensure energy
efficiency. After a period of communication,
SNs are running out of energy and battery
replacement is very difficult due to their
location. Therefore, providing energy to SN
from external sources like solar energy or
wind power is another area of study.
The most common situation is that there is an
obstacle between the transmitter and the
receiver when transferring energy from an
external source to a SN. Due to these
obstacles, the transferred energy is weakened.
Electric field strength and so coverage map
can be generated by electromagnetic
propagation models for communication
systems. Uniform theory of diffraction
(UTD), slope diffraction (S-UTD) and slope
UTD with convex hull (S-UTD-CH) models
can be used to calculate the field strength and
generate the coverage map. It is worth
mentioning that this paper is an extended
version of our previous study (Zorlu et all.,
2002). The following sections will provide the
details of the model and performance results.
2. Propagation Models
UTD model is proposed by Kouyoumjian and
Pathak (Kouyoumjian et all., 1974). If the
scenario includes only single obstacle or
highly varied height distributed with multiple
obstacles, UTD model can be used. As the

obstacle blocks the previous obstacle’s
transition region, UTD model loses the
accuracy of prediction. Although the elapsed
time of UTD is short, its accuracy in
estimating the field strength is limited
(Tabakcioglu et all., 2009). In order to
calculate field strength accurately, all the
diffracted, reflected and direct rays should be
determined and added to total field strength
(Tabakcioglu et all., 2014; Tabakcioglu et all.,
2016). In the small base station conditions,
obstacles can be higher than the base station,
in these condition UTD model cannot
calculate the field strength accurately. Instead
of this model, S-UTD model proposed in
(Andersen et all., 1997; Rizk et all., 1998) is
used in radio planning. As the obstacle
number greater than 10, instead of S-UTD
model S-UTD-CH proposed in (Tabakcioglu
et all., 2017) model can be used with more
accurate results in a shorter time. Diffracted
field can be calculated (Tzaras et all., 2001)
by:
𝐸 = [𝐸𝑖 𝐷(𝛼) +

𝜕𝐸𝑖
𝜕𝑛

𝑑𝑠 (𝛼)] 𝐴(𝑠)𝑒 −𝑗𝑘𝑠

(1)

Where Ei is the incident field. D(α) is the
amplitude diffraction coefficient, n is the
normal, ds is slope diffraction coefficient, A(s)
is the spreading factor, k is the wave number
and s is the propagation distance. The
amplitude diffraction coefficient is expressed
by:
𝐷(𝛼) =

−𝑒

−𝑗𝜋⁄
4

2√2𝜋𝑘 cos(𝛼⁄2)

𝐹[2𝑘𝐿cos2 (𝛼 ⁄2)] (2)

Where, α is the diffraction angle, L is the
distance parameter for amplitude diffraction
coefficient. F is the transition function and k is
the wave number. The slope diffraction
coefficient is given by,

1628

Efficient Deployment of Energy Antenna for Sensor Nodes with RF Charging

1 𝜕𝐷(𝛼)

𝑑𝑠 (𝛼) = 𝑗𝑘

𝜕𝛼

=

−𝑒

𝐹[2𝑘𝐿cos

−𝑗𝜋⁄
4

√2𝜋𝑘
2 (𝛼 ⁄

𝐿𝑠 sin(𝛼 ⁄2)(1 −

2)])

(3)

Where, α is the diffraction angle, Ls is the
distance parameter for slope diffraction
coefficient. F is the transition function and k is
the wave number. The spreading factor is
expressed by:
𝑠

0
𝐴(𝑠) = √𝑠(𝑠+𝑠

0)

Figure 1: Electric field strength, transmitter height 10
m at (0,0) f=100 MHz

As seen in Fig.1, the path loss varies between
-10.37 dB and -25.22 dB. In the second case,
the antenna is 10 m high and placed in the
middle point of the area, 120 m X 120 m. At
100 MHz frequency, electric field strength
calculations are performed by UTD method.
The coverage map of the scenario is illustrated
in Fig. 2.

(4)

Where, s0 and s is propagation distance the
diffraction before and after, respectively.
3. Simulation Results
In order to supply energy to charge the battery
of sensor node, wireless energy transfer can be
used (Kosunalp et all., 2017). In this study,
some simulation results are given to some
base station location, height and operating
frequency. The simulation includes 625 SNs
distributed over an area of 240 m X 240 m. In
the horizontal and vertical plane, the sensor
nodes are located at a distance of 10 meters
each starting from 0 m X 0 m. The sensor
nodes are assumed to be on the ground in a flat
area. In the first case, the energy antenna is 10
m in height and placed at the starting point of
the area, 0 m X 0 m. At 100 MHz frequency,
electric field strength calculations are
performed by UTD method. The color map of
the calculations is shown in Fig. 1.

Figure 2: Electric field strength, transmitter height 10
m at (120,120) f=100 MHz

As it can be seen in Fig.2, the path loss varies
between -9.84 dB and -22.12 dB. When the
transmitter is moved from the starting point to
the midpoint at 100 MHz frequency, it is seen
that the electric field strength increases and
the path loss decreases. In the third case, the
antenna is 30 m high and placed in the middle
point of the area 120 m X 120 m. At 100 MHz
frequency, electric field strength calculations
are performed by UTD method. The coverage
map of this scenario is depicted in Fig.3.

Figure 3: Electric field strength, transmitter height 30
m at (120,120) f=100 MHz
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As it is depicted in Fig.3, the path loss varies
between -9.76 dB and -22.19 dB. When the
height of the transmitter is increased from 10
m to 30 m at the frequency of 100 MHz, the
electric field strength decreases at all points of
the transmitter and path loss increases. In the
fourth case, the antenna is 10 m high and
placed at 0 m X 0 m, the starting point of the
area. At 2400 MHz frequency, electric field
strength calculations are performed by UTD
method. The coverage map of this scenario is
demonstrated in Fig.4.

As shown in Fig.5, the path loss varies
between -9.99 dB and -22.12 dB. When the
transmitter is moved from the starting point to
the midpoint at 2400 MHz, it is seen that the
electric field strength increases and the path
loss decreases. Similar to the condition of the
transmitter at the starting point, when the
frequency rises from 100 MHz to 2400 MHz,
it is seen that the electric field strength
reaching all points decreases and path loss
increases. In the sixth case, the antenna is 30
m high and located at the midpoint of the area
120 m X 120 m. Electric field strength
calculations are performed by UTD method at
2400 MHz frequency. The coverage map of
this scenario is illustrated in Fig.6.

Figure 4: Electric field strength, transmitter height 10
m at (0,0) f=2400 MHz

As it is demonstrated in Fig.4, the path loss
varies between -11.51 dB and -25.22 dB.
When the frequency increases from 100 MHz
to 2400 MHz, it is seen that the electric field
strength reaching all points decreases and path
loss increases. In the fifth case, the antenna is
10 m high and located at the midpoint of the
area, 120 m X 120 m. Electric field strength
calculations are performed by UTD method at
2400 MHz frequency. The coverage map of
this scenario is shown in Fig.5.

Figure 5: Electric field strength, transmitter height 10
m at (120,120) f=2400 MHz

Figure 6: Electric field strength, transmitter height 30
m at (120,120) f=2400 MHz

As it is shown in Fig.6, the path loss varies
between -9.96 dB and -22.96 dB. When the
height of the transmitter is increased from
10m to 30m at 2400 MHz frequency, the
electric field strength decreases at all points
and the path loss increases. In addition, when
the frequency is increased from 100 MHz to
2400 MHz, the distance from the transmitter
decreases the electric field strength and the
path loss increases. According to the results
obtained in the second simulation, the
transmitter used as an Energy Station should
be 10 m high and placed at the midpoint of the
area. In this case, the highest electric field
strength and the lowest path loss were
observed in the receiver sensor nodes.
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In the second simulation scenario optimum
base station location is determined for 400 m
X 400 m area. In order to generate coverage
map, UTD, S-UTD and S-UTD-CH models
are used. Locations of sensor nodes in xdirection is [0 20 30 60 80 120 150 180 200
225 250 300 320 350 400] and y-direction [0
20 30 60 80 120 150 180 200 225 250 300 320
350 400]. Firstly UTD model is preformed
and coverage map is generated as shown in
Fig. 7.

Figure 7: Coverage map of UTD Model.

As it is shown in Fig.7, energy antenna should
be deployed in the point (300 m, 20 m).
Minimum path loss value is -54.61 dB.
Secondly, S-UTD model is preformed and
coverage map is generated as shown in Fig. 8.

Figure 8: Coverage map of S-UTD Model.

Figure 9: Coverage map of S-UTD-CH Model.

As it is shown in Fig.8, energy antenna should
be deployed in the point (225 m, 180 m).
Minimum path loss value is -51.75 dB. At
third, S-UTD-CH model is preformed and
coverage map is generated as shown in Fig. 9.
As it is shown in Fig.9, energy antenna should
be deployed in the point (225 m, 180 m).
Minimum path loss value is -131.1 dB. SUTD-CH model gives almost the same results
in shorter time.

4. Conclusions
In this study, application areas and importance
of WSN are mentioned. Energy consumption,
which is the most important problem in
WSNs, is discussed and solutions suggested.
In addition to providing energy efficiency,
Wireless Energy Transfer with RF from a
fixed source is emphasized so that it can be
supplied wirelessly with external energy
sources. It has been determined that
Electromagnetic Wave Propagation Models
used in mobile network base station
positioning can also be used in energy
transmission calculations. UTD, S-UTD and
S-UTD-CH models are ray tracing based
electromagnetic wave propagation models. In
the simulations performed by using
propagation models, energy transmission tests
are performed on 625 sensor nodes at the
ground level by changing the position and
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height of the transmitter station by changing
the frequency as 100 MHz and 2400 MHz.
When the transmitter is moved from the start
point to the midpoint of the field at 100 MHz,
the path loss is reduced and higher energy
transmission to more SN is observed. When
the height of the transmitter is increased from
10 m to 30 m, it is observed that the path loss
increased. According to these results, the
transmitter should be positioned at the
optimum height for receiving SN. By
increasing the frequency from 100 MHz to
2400 MHz, the electric field at all points
decreases and the path loss increases.
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