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ABSTRACT

The path loss model and channel characteristics of wireless network system in durian
orchard at 2.4 GHz are presented. The path loss model is carried out from the received power
measurement. The path loss characteristics are modelled by using dual slope-regression
techniques. The measurement of received power as the function of time is performed. In the
measurement setup, the transmitter is setup at the trunk of a durian tree for one communication
node, and the received power by spectrum analyzer is measured for the other communication
node. These results can be used to approximate the Bit Error Rate (BER). Subsequently, the
channel modeling of wireless network system is obtained from the input signal of Monte Carlo
Method. In addition, the used modulation scheme is Frequency Shift Keying (F SIE.) with the
Rician propagation channel. Ultimately, the statistical characteristic measurements are used to
compute the Bit Error Rate. The Bit Error Rate is very useful to evaluate the performance of

wireless sensor network system. Finally, the results of the study can be used for prediction and

setup the wireless sensor network in durian orchard at 2.4 GHz.
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‘Path Loss Modeling in Durian Orchard for Wireless
Network at 5.8 GHz

K. Nuangwongsa®, K. Phaebua’, T. Lertwiriyaprapa

?_ . Phongeharoenpanich', and M. Krairiksh’

'Facu[ty of Engineering, King Mongkut's Institute of Technology Ladkrabang, Bangkok 10320, Thailand,
E-mail: kpchuwon@kmitl.ac.th
2 Department of Teacher Training in Electrical Engineering, Faculty of Technical Education,
King Mongkut’s University of Technology North Bangkok, Bangkok 10800, Thailand.

Abstract-The path loss meastrements and modeling in durian
orchard for wireless network at 5.8 GHz are presented. The path
loss model iIs important te predict and design the wireless
communication systen: in (he durian orchard. The transtittey Is
set up near the bole of a durian tree and received the signal
strength by spectrum analyzer. The communication channel is
connected between the commeunication nodes. From the
measurement vesults, it is observed that tke path loss along the
distance of 128 meters from the trmnsmitter is less than -5¢ dB.
The dual-slope modeling is employed to represent the path loss
propagation in the durian orchard at 5.8 GHz.

L INTRODUCTION

For the propagation of the electromagnetic wave in forest
scenario, the attenuation along the propagation path is
depended on the characteristic of the medium that can reduce
the communication range of the wireless communication
system [1)-[5]. Generally, fading types can be classified into
large-scale and small-scale fading {6)-[8). For the network
planning, the path loss is important in the design of rowing
network [9]-[11}. This paper focuses on the large-scale fading
and construction of the model to predict the received signal

strength in the durian crehard because this work is a part of

wireless sensor network for fruits inspection which is
supported by National Research Council of Thailand (NRCT).

The operating frequency is 5.8 GHz. The mransmitting
antenna and the receiving antenna are located at a durian tree.
The empirical models such as the single slope and dual slope
model are used to represent the path loss. The comparison
between single slope and dual slope model are also presented.

This paper is organized as follows. Section II describes the
method of measurement. The measurement results such as
single slope and dual siope regression are presanted in Section
IIL The comparison berween measurement results and the path
loss modeling are discussed. Finally, Section IV is the
conclusions.

IE MEASUREMENT SET UP

The propagation measurement in durian orchard scenario is
shown in Fig. 1. The photograph of the measurement setup
and location of measurement is shown in Fig. 2. The distance

978-1-4244-3388-9/09/525.00 2009 IEEE

between durian trees is about 8 m. The average height of
durian trees is higher than 10 m.

At the test points, the spectrum analyzer is used to receive
the signal strength. The measurements can be classified into
two cases. For the first case, the transmitting and receiving
antennas radiate vertical polarization. For the second case, the
transmitting and receiving antennas radiate horizontal
polarization. The heights of transmitting and receiving
anfennas are 30 cm. The test points are moved with the

distance of 4, 8, 12, ..., 128 meters from the transmitting

antenna as illustrated in Fig. 2.

Figure 1. Propagation measurement in durian orchard.

Figwre 2. Measurement sysfent (Tx, Rx antenna height of 50 em).

8165
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IV,

. Single slope regression model

The mean Line of Sight (LOS) path loss is a function of
distance to the power n as shown below :

PATH LOSS MODELING

™ .
Lm(d)=L,u -i'IOlugm[; ] (dB), (1)

) where I;as is the path loss at the distance 4 from the

transmitter, and L4, is the path loss at the reference distance d,
from the transmitter. »n is the path loss exponent.

O 3. Dual slope regression model

Figure 3. Measuremnent setup for the receivad power measureinent.

The measurement is performed by using -10 dBm
transmitted power, and the spectrum apalyzer is used for
monitering the received signal strength, The dipole antennas
are used as trapsmitting and receiving antennas. The
measurament system is fllustrated in Fig. 3.

1L MEASUREMENT RESULTS AND PATH LOSS MODELING
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Figure 4. Comparisou of received power ¢, = 50 ciny,

The measurement results of the signal strength in the durian
orchard are shown in Fig. 4. The path loss along the distance
of 128 meters from the transmitter is less than -50 dB (relative
to the maximwn value), The wends of path less of two cases
are same.
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Propagation luss as a function of distance has

nwvo distinet
regions as follows - :

Lm+lﬂlog,o[%]l Jord<Rb  (dB) o))

Lygsld)=
4\
LpyaHO Ioglg(—m) Jor d>Rb.

The parameter R, is the break point distance that measured
from the transmitting antenna. The Lg,; and La,, aze the
initial field strengths. The », and n, are the path loss
exponents on the first region and the second region,
respectively,

The single slope regression model is used to construct the
model of path loss propagation. However, for the propagation
in the intermediate near zone region, the attenuation tendency
is not agreed well with the single slope regression model. This
is due to the fact that the complication of the attenuation
occurs in the intermediate near zone region, which can be
verified by finding the correlation berween the measured data
and the regression model. The correlation factor is used to
describe the relation between curve fitting and experimental
results, Note that if the two results are perfectly matched, the
comelation factor becomes unity. Tt is found that the
correlation factor benween the measurement and the single
slope regression model is lower than 0.92. To improve the
correlation factor, it is of interest to apply the dual slope
regression model. It is also necessary to separate the measured
data 1o be two groups. The separation can be done by finding
the break poimt distance (interchange point of path loss
exponent). The break point is obtained by varying the break
point that achieves the optimal correlation factor (¢toss point)
of two regions (beyond break point and behind break point).
Therefore, the dual slope regression model is more flexible
than the single slope regression model and it is also found
later that the dual slope regression model provides a better
correlation factor than the single slope one. This leads ones to
have a better model to predict the path loss in the durian
orchard.
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The measured data and single regression line for the vertical
polarization of transmitting and receiving antennas are shown
in Fig, 5. The path loss exponent n is equal w 3.5344. The
correlation factor of single slope regression model is lower
than 0.92. The measured data and the dual slope regression are
shown in Fig. 6. The path loss exponent of first region mand
second region #, are equal 10 2.5619 and 3.9184, respectively.
Fig. 7 illuswates the optimal  corelation factor that is

_¢aleulated from measvred data and regression data of upper
and lower break points. The optimal distance of break point is
about 20 tm from transmitting anfenna. The correlation factor
of dual slope regression is better than 0.97 and more than
single slope regression as shown in Fig, 7.

The measured data and single regression line in case of
horizontal polarization of transmitting and receiving antennas
are shown in Fig. 8. The breakpoint distance is oprimum at 20
m. The path loss exponent n is equal to 3.0675. The
correlation factor between single slope regression model and
received power measurement is lower than 0.92. The dual
slope regression model is shown in Fig. 9. The path loss
exponent of the first region #; and the second region na are
equal to 2.010 and 3.1384, respectively. Fig. 10 iilustrates the
optimal correlation factor, The correlation factor of dual slope
regression is better than 0.97 and more than single slope
regression as shown in Fig. 10.

V. CONCLUSIONS

This paper presents the path loss modeling in durian orchard
for wireless network. The measurement was performed at 5.8
GHz. The resuits shown the measured received signal sirength
comparing with the single slope regression model and the dual
slope regression model. It is observed that the path loss within
128 m from the transmiwer is less than -50 dB. For the
regression models, it is found that the dual slope regression
model has correlation factor higher than the single slope
regression model. The dual slope model can be used to predict
the signal strength at the desired distance that is calculated
from the path loss exponent #; and n, The measured results
and propagation model in this paper is benefit to set up the
wireless network in durian orchard.
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