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ABSTRACT
Radio waves Frequency (RF) propagating in vegetation environments usually facing much higher path loss
than in environments those without vegetation. Therefore, well known of the propagation path loss through
the vegetation area is critical for communication and sensing of Wireless sensor network (WSN) in such
environments. Furthermore, the well known of the elevation of the antenna of the sensor nodes is very
important for accurate measurement of the path losses in such environment. This paper presents the impact
of each part of trees on WSN signal propagation inside the mango tree greenhouse to elect the appropriate
elevation of the antennas. The empirical results show that the foliage affects is high and thus
communication losses is higher while lowest losses obtained when nodes located within trunk elevation or
less. Thus, the optimum antennas elevation must be within trunk level so that the reliable and higher
network connectivity can be achieved.
Keywords: Path Loss, RF Propagation, Vegetation models, Wireless Sensor Network,
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rate. The IEEE-ZigBee are expected to transmit
over 10-75 meters based on the RF power output,
consumption for a specific application in the
environment and operates in the unlicensed RF
worldwide 2.4 GHz with a 250 Kbps data rate. To
determine the behavior of electromagnetic waves,
a precise model of propagation must be adopted.
However
models normally used in wireless
communication might not be precise describe the
wireless sensor network. WSN nodes are spatially
located, usually near the earth's surface, thus may
induce absence of main ray between senderreceiver nodes, which is known of no line of sight
(NLOS) status occur, although WSN nodes have
spatially short distance distribution. Therefore,
WSN propagation waves may face obstacle like
trees, fence, building and dense foliage (Sabri et
al., 2013).
The propagation wave between transmit and
receive antennas of a radio link is subject to many
influences that can alter its phase, amplitude or
frequency. Such propagation influences include;
diffraction from edges and corners of terrain or
buildings, reflection from the ground or large
objects, scattering from foliage or other small
objects. Propagation effects generally have the
effect of reducing the received signal power, and

INTRODUCTION

Wireless sensor network applications are
growing exponentially and one of the most
promising applications is the precision agriculture
(PA). PA is one of the interesting domains where
WSNs could be exploited, for example, by
observing the micro-climate within a field so that,
ultimately, plant-specific farming can be realized.
Agricultural application relies on the use of a new
era of WSN to endorse monitoring and controlling
management of a field based on site conditions
(Naseer et al., 2011 ). WSNs offer a great
flexibility when deploying new systems and when
updating existing systems (Serodio et al., 2001 ).
Currently, the most promising of WSN
technology in agricultural field is ZigBee (Zigbee.,
2006, Camili et al., 2007). This protocol has been
widely adopted by WSN developer’s community;
it relies on the IEEE 802.15.4 standard (Lu et al.,
2004 ). ZigBee technology is a low rate, low cost,
low power consumption wireless node protocol
aiming to remote and automation application
systems. ZigBee is expected to provide low power
and cost connectivity for nodes that need a long
operation of battery of several years with low data
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Where f is the operating frequency (MHz) and d is
the distance between transmitter and receiver
antennas (meter).

thus limit either the usable range or maximum data
rate of a wireless system. Therefore, well known of
the propagation mechanisms through vegetation
environments is critical for communication and
sensing in such environments(Sabri et al., 2013).

2.2 Ground reflection (2-Ray) model
Ray tracing is a method that uses a geometric
approach, and examines what paths the wireless
radio signal takes from transmitter to receiver as if
each path was a ray of light (possibly reflecting off
surfaces). Ray-tracing predictions are good when
detailed information about the area is available.
But the predicted results may not be applicable to
other locations, thus making these models sitespecific. The received signal strength at a distance,
d is predicted by (3) (Rapport, 2002) ,

Most of the published work in WSN adopts one
of two simplistic path loss models: free space path
loss (FSPL) and Two-Ray path (2-Ray) loss
models (Otero et al., 2012), (Otero et al., 2009).
Both of these models are based on simplistic
approaches and are considered to be very
optimistic in near ground propagation scenarios as
the case in various outdoor applications of WSN
Otero et al., 2012).
Many researchers have studied the influences of
foliage on attenuation (Karaliopoulos and
Pavlidou., 1999), (Rogers et al., 2002), (Meng et
al., 2009), (Vougioukas et al., 2013) and other
researchers' studies the effects of tree canopies and
trunks of tree on the RF propagation (Meng et al.,
2010) , (Schubert et al., 2010). This work is part of
a larger effort to determine the effects of parts of
trees (leaves, branches, twigs, trunk and top of the
tree) on the propagation path loss and confirm that
the theoretical models (FSPL and 2-ray models)
used to predict by the path loss is inaccurate to
predict by the path loss in such environments.

(3)
Where ht and hr are the transmitter and receiver
antenna heights, respectively. Path loss can be
calculated by (4).
PL2-Ray = 40 Log10(d)-20 Log10 (ht) - Log10(hr)
(4)
3.

MATERIALS AND METHODOLOGY

In order to determine the effects of leaves, twigs
,trunks and canopy of trees on the propagation
2. BACKGROUND STUDY
behavior in a protected
environment, the
experiment was performed in a mango greenhouse
2.1 Free Space (FSPL) Propagation Model
located in Perlis in the north of Malaysia. The
The free space propagation model is used to
nodes used in this work consist of two modules of
predict received signal strength when the
Jennic wireless nodes (Sabri et al., 2012, Auda
transmitter and receiver have a clear, unobstructed
Raheemah et al., 2015), one acts as coordinates
line of sight path between them (assumes the
(Receiver node) and the other acts as an end device
influence of the earth's surface to be entirely
(transmitter node) as shown in Figure-1. The
absent) (Rapport, 2002). The received power (PR)
output power of the device (Pt) is 0 dBm, the
is given by the Friis Equation (Rapport, 2002)
receiver sensitivity is -95 dBm, and the operation
which represented by (1).
frequency is 2.425 GHz. It uses Omni-directional
(1)
antenna. One wireless node was fixed (the
coordinator node) and the other one was placed
strategically along the plantation (the end-device).
Where Pt, Pr are the transmitted and received
At each point, the coordinator requests a RSSI
power. Gut, Gr are the transmitter and receiver
(Received Signal Strength Indicator) packet for the
antenna gain respectively, and λ is the wavelength.
end-device. The data are collected and saved into
The path loss is often expressed as a function of
a database for further analysis.The mango
frequency (f), distance (d), and a scaling constant
greenhouse composed of three lanes with 13
that contains all other factors of the formula.
plants of Mango trees in each row. RF Transmitter
Equation (2) shows a free-space path loss in
module (Tx) is positioned in front of the first tree
decibels (dB):
in the row and at seven various heights of 0.5 m,
1.0 m, 1.5m, 2m, 2.5m, 3m and 3.5 m. The
PLFSPL= - 27.56 + 20 log10(d) + 20 Log10(f)
transceiver module (Rx) was located at the same
(2)
heights (i.e. Tx=Rx) for each individual tree.
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Received signal strength (RSS) is computed and
used as an indicator for the propagation
performance, RSSI yields a measure of the
strength of the received signal power in dBm. To
approximate the RSSI value within the receiver
module, a 500 packets were transmitted by the
transmitter at an RF data rate of 250 kbps. The
receiving node was connected to a laptop, where
all the RSSI readings were recorded directly. The
mean value of all the RSSI measurements was
reported in laptop and then used to calculate the
total path loss.

Figure 1: Photography of WSN experimental set-up
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Figure2: Average trees geometry
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Figure 3: Path loss predicated by FSPL and 2-Ray models

Figure 4: Empirical Path Loss Measurements In Row Of Trees

Figure 5: Empirical Path Loss Measurements Without Vegetation Between Two
Lanes Of Trees
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known theoretical models (FSPL and 2-Ray) and
path loss obtain by the actual measurements. This
study shows the inaccurate of these models to
predicting by the path losses in such environment.

RESULTS AND DISCUSSION

The mean geometry of a row of trees inside
mango greenhouse shown in Figure-2 where Tx
places in front of the first tree and at seven
different heights (0.5m, 1m,1.5m, 2m, 2.5m, 3m,
3.5m). The Rx was placed at each individual tree at
the same heights.

The main aim of the study was to determine the
effects of each part of trees on the signal strength
received to pick the best elevation for antennas in
greenhouse environment.
The results explain that the path loss induced by
leaves of trees is the most path loss followed by
the path losses due to canopy tree and lastly the
path losses due to trunk of trees. Therefore, the
best elevation of antennas where the nodes location
are in trunk level.

Figure 3 illustrates the values of path losses
those predicted by the most known theoretical
models (FSPL and 2-Ray). Theoritical the values
of path losses are degraded as the heights of
transceivers increases. Although that the results
shown in Figure-4 shows different values of path
losses for each height of transceivers, this true due
to present of vegetation within a propagation path.
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