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Abstract

Wireless sensor networks (WSNs) and their applications have received significantly interested in the last few years. In WSN, knowing an
accurate path-loss model as well as packet delivery should be taken into account for the successful distribution of several nodes in the net-
work. This paper presents a path-loss modeling and performance evaluation of the ZigBee wireless standard. Received signal strength indi-
cator (RSSI) measurements were achieved in outdoor and indoor environments to derive the path-loss based on Log-Normal Shadowing
Model (LNSM). The path-loss parameters such as standard deviation and path loss exponents were estimated over point-to-point ZigBee
WSN. In addition, the variances of received RSSI values and standard deviation for these values have been investigated. Furthermore, the
data packets received is measured practically. Results revealed that the LNSM can be estimated to reflect the channel losses in both outdoor
and indoor environments for medical application. The data delivery was achieved successfully of 100% in outdoor which better than indoor
due to multipath propagation and shadowing. Moreover, the data packets delivery of the current work outperformed previous work.
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1. Introduction

One of the most common research topic is wireless communication,
in current daily life. Wireless sensor network (WSN) have become
motivating study fields, synchronized with the production of tiny
and cheap of radio modules, and microcomputers. WSN evolved of
many wireless nodes deployed in a large area which have the capa-
bility to sense diverse events depended on the type of application.
There are large applications that can be used for WSN: e.g., moni-
toring [1] and healthcare [2], sport [3], agriculture [4], disasters,
etc.. Several wireless technology are used in WSN such as Blue-
tooth, WiFi, and ZigBee. ZigBee wireless protocol is commonly use
of in WSN because of its advantages [5, 6] which represented by
low power consumption, inexpensive, sleep mode algorithm accep-
tation for saving energy, and easily to deploy with suitable battery
life. The data rate speed of ZigBee is 250 kbps [7], the latency time
is 6 or 10 ms. ZigBee has the ability for data transition between
WSN nodes to control and monitor different systems [8], [9]. Three
main types of XBee like S1, S2, and S2C. XBee S2C has been cho-
sen in the current work because of low power consumption of 33
mA as well as communication distance (60 indoor and 1200 outdoor
[10]) when compared with XBee S1 and S2. Where, S2 and S1 con-
sume 40 and 50 mA, respectively. In addition, both of S1 and S2
has limited communication distance, especially in indoor circum-
stance, where the distance up to 30 and 40 m for S1 and S2, respec-
tively [11]. However, the communication distance is improved in
outdoor environment for S1 and S2 relative to indoor, where the
communication distance of 100 and 120 m, respectively [12]. Sev-
eral propagation characteristics have been widely studied for indoor
channels which it dedicated on precise indoor environments [13-
17].

There are various channel propagation models are used for wireless
communications that forecast received signal strength loss versus
distance path loss. There are three types are commonly employed
for WSN: (i) free space propagation model is based on the theory
that the transmitter and receiver are in the line of view, in addition
it assumes no barriers between them [18], (ii) two-Ray ground
model it is like free space propagation with addition reflection. A
receiver of two-ray ground model obtains direct communication ray
and reflected ray[18], and (iii) log-distance model has been ob-
tained from empirical and analytical methods [18] and it well
known as Long-Normal Shadowing Model (LNSM). ZigBee mod-
ules support Received Signal Strength Indicator (RSSI) for every
received data packet. The RSSI is combined with path loss and
shadowing model to produce the LNSM to estimate the distance
between network nodes [19]. As well as, known many channel pa-
rameters (i.e., path loss exponent and standard deviation) which can
measure channel environments type. The RSSI method is has some
features represented by cheap[20] which that mean it is not need
additional hardware, antenna array, and time synchronization.
However, methods based on RSSI has low distance estimation ac-
curacy.

In the current paper, the LNSM type is adopted due to common use.
The characteristics of signal propagation of wireless channels under
indoor and outdoor in Electrical Engineering Technical College en-
vironment have been investigated. The experimental results show a
new experiential path-loss model can derive based on the RSSI of
ZigBee and distance between transmitter and receiver. The LNSM
is derived by using linear regression for both indoor and outdoor.
In addition, the statistical parameters of the environments for both
models have been measured. The current work is focused for use in
medical applications, where the ZigBee mobile node (i.e., transmit-
ter) is represented a patient carrying wearable monitoring wireless
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device. Whereas, the ZigBee receiver node represents the monitor-
ing base station in the medical staff monitoring room.
The contributions of the paper can be summarized as follow:
1) Measured the RSSI in real outdoor and indoor environments.
2) The physical parameters (i.e., the path loss exponent and
standard deviation) for both indoor and outdoor surrounding
are measured which reflect the quality of transmission chan-
nel.
3) Derived a path loss model for indoor and outdoor environ-
ment based on real measurements.

2. Path loss model based on LNSM

The signal is affected by the channel environments during transmis-
sion in wireless channel. Consequently, to estimate parameters that
affect the strength of the received signal, the channel must be mod-
elled by using a particular model. The most popular propagation
model, namely [21] LNSM. LNSM is the most appropriate model
for WSN uses because of its general nature and environment-based
setting [22]. Many impairments will be attenuated or affected on the
strength of the transmitted signal such as reflection, diffraction, and
scattering. These impairments are deliberated the main three mech-
anisms that effect the propagation on the wireless channel. Most
wireless channel models are derived on the basis of a combination
of experimental and analytical methods. The experimental method
is based on curve fitting, while the analytical method be depending
on measured data. This has the benefit of taking into consideration
the indirectly of all propagation features in the channel through the
actual area measurements. While, the related research works evalu-
ate both outdoor and indoor environments based on ZigBee wireless
technology [2], [23-27], these works did not truthfully fit to our ap-
plication (i.e. medical application).

Most wireless ZigBee elements support RSSI, which that means the
received power can be determined for each received packet. The
power of a signal moving between two nodes is the signal parame-
ters, which include the information that reveals the distance be-
tween those nodes. These parameters can be also used for distance
estimation along with LNSM and path loss.

Therefore, the LNSM can be given as [28]:

WL()dBm = Wo(ly) + 10Blog10(l/1y) + x 1)

where WL(I)dBm is the path loss at a distance d in meters, Wo(ly)
is the path loss power at a reference distance do (i.e., 1 meter, which
is considered in this study); it can be acquired from field measure-
ments or by calculating using the Friis equation; B is the path loss
exponent that shows the rate at which the RSS decreases with dis-
tance, and o is standard deviation (in decibels). The RSSI at the
movable node can be calculated from (2) as follows [29].

RSSI (dBm) = Wt (dBm) — WL(I)dBm @)

Where Wt is the node transmitted power in dBm. Then, the RSSI at
the movable node will be [30-32].

RSSI (dBm) = Wt (dBm) — Wy — 10B1ogl0 (<) + o 3)

Your paper must be in two column format with a space of 0.5cm
between columns.

3. Experiments setup and configuration for
outdoor and indoor

ZigBee wireless protocol is a technical created for controlling and
sensor networks established on the IEEE 802.15.4 standard. It can
be used universally, authoritative and secure. ZigBee supports a big
number of nodes about 65,000 [11]. Path loss model which consist
of the path loss exponent and standard deviation parameters can be

determined based on WSN using two ZigBee. First one as a trans-
mitter node and the second one as the receiver node. The experi-
ment was executed in Electrical Engineering Technical College for
both outdoor and indoor environments. Both of transmitter and re-
ceiver nodes are in over the surface of the ground about 1.5 m to
prevent interference caused by Fresnel zone. The transmitter node
is fixed in a specific position in the tested area, whereas the receiver
is moving away from the transmitter in pre-planning positions. The
data packets were received by the receiver node from the transmitter
node. The receiver node receives the data packets of the transmitter
node and the RSSI values will be recorded by X-CTU software pro-
gram in the laptop. The X-CTU software program is used to con-
figure and control ZigBee module (i.e., XBee S2) [33]. The trans-
mitted power of ZigBee is set at 4 level (i.e.,5 dBm) [10]. The Setup
configuration of ZigBee transmitter node and receiver node was
shown in Figure 1. The adopted WSN is consist of two nodes, (i)
transmitter node which it involves of battery (3.7 \V, 1300 mAh) and
XBee (SC2). (ii) Receiver node which consists of XBee (Series 2)
connected to the laptop to measure the RSSI values. The RSSI value
can be used to estimate the path loss model with its physical param-
eters. The path loss model is measured in two environments outdoor
and indoor based on two experiments as explained in the next sec-
tion.
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Fig. 1: Setup Configuration of Zigbee Transmitter Node and Receiver
Nodes.
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The outdoor experiment was conducted in car parking of Electrical
Engineering Technical College, where it has the area of 120x12 m?
as shown in Figure 2a. Transmitter node was located in the border
of the parking as shown in Figure 2b, where Figure 2c show the
movable receiver node which contains ZigBee and laptop supported
by data acquisition software to record the RSSI values. The Re-
ceiver node moved on a regular path every 5 m and received the
beacons from the transmitter node. A total of 2,300 samples are col-
lected from 23 locations, a hundred samples are collected for each
location.

Same transmitter and receiver are used in the indoor experiment.
The indoor experiment is achieved in the corridor of the LABs
building in the Electrical Engineering Technical College as shown
in Figure 3a. Because of area limitations, the total number of points
was decreased to 16 points. A total of 1,600 samples are collected

from 16 locations, a hundred samples are collected for each location.

The measurements are performed in the normal working hours stu-
dents in LABs to take into account the effect of the signal propaga-
tion. The corridor had an area of 33x6 m? as shown in Figure 3b.
The maximum distances between the transmitter and the receiver
node were 30 m.
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Fig. 2: Configuration of Outdoor Experiment (A) Teste Area, (B) Photo of
Transmitter and Receiver Nodes, and (C) Photo of Transmitter Node.
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Fig. 3: Configuration of Indoor Experiment (A) Tested Area, (B) Photo of
Transmitter and Receiver Nodes Inside Tested Area.

4. RSSI measurements

In the outdoor environment, 23 predefined positions are measured
RSSI values. At each position, One- hundred samples were rec-
orded, as a one sample per second. Each sample comprises one data
packet; each data packet includes 20 bytes. The One- hundred RSSI
values were averaged for each location. Figure 4 shows the meas-
ured RSSI in outdoor and indoor environments.

In the indoor environment, 16 predefined positions are measured
RSSI values. At each position, One- hundred samples were rec-
orded, as a one sample per second. Each sample contains one data
packet; each data packet involves 20 bytes. The RSSI values are
averaged for each location. All received RSSI for outdoor and in-
door are greater than the receiver sensitivity as shown in Figure 4.
Therefore, the data packets delivery may be received without pack-
ets losses.

—@— Outdoor

0 10 20 30 40 50 60 70 80 90 100 110 120
Distance (m)

Fig. 4: RSSI Measurements with Respect to Distance in Outdoor and indoor
Environments.

5. Results evaluation

5.1. Path loss modelling

The LNSM parameters were estimated based on the measurements
of the averaged RSSI for predefined outdoor and indoor locations.
To get the LNSM and related parameters, the relationship between
the measured averaged RSSI and the logarithmic scale of the pre-
defined positions is plotted for each outdoors and indoors, as shown
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in Figures 5 and 6, respectively. The path loss exponents § and
standard deviation x can be gotten by using the linear fit line over
the curves in both figures. Consequently, the estimated regression
line for each outdoors and indoors can be formed by the following
equations 4 and 5, respectively.

y1 = —17.435x, — 35.149 (outdoor) 4)
y, = —16.168x, — 36.768 (indoor) (5)
Where y denotes the mean of RSSI in dBm, x1, and x2 is the loga-
rithmic scale of the distance d in meters.

Subsequently, Equations 4 and 5 will become

RSSI (dBm) = —17.435log(l/1,) — 35.149 ®)

RSSI (dBm) = —16.168log(1/1,) — 36.768 @

"
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Comparing Equations 6 and 7 with Equation 3. Equation 8 and 9
for outdoor and indoor, respectively can be used to compute the
path loss exponent and standard deviation.

108 = 17.435 and W, — W, + o = —35.149 ®)

108 = 16.168 and W, — W, + 0 = —36.768 9)
Which W; is 5 dBm for indoor and outdoor and W, is 36.85 dBm
for outdoor and 40.33 for indoor (obtained from real measurement
at l,= 1m). Then, the parameters of the LNSM can be computed as
shown in Table 1.

-30
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’E\_ SSIS
5 50
z
N
‘&70 RSSI =-17.435Log(d) - 35.149
-90
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Log (d)
Fig. 5: The Fitting Curve for Outdoor Environments.
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Fig. 6:.The Fitting Curve for Indoor Environments.

5.2. Variances of RSSI

Because of one hundred RSSI samples were recorded at each 23
positions in outdoor environment, the variances of RSSI values is
expected due to signal path-loss, multipath propagation and shad-
owing. Figure 7 shows the measured RSSI are fluctuated at each
position as illustrated in blue circles and the averaged RSSI as a red
diamond points. The figure shows that the RSSI values have low
fluctuation in some locations (e.g., 1, 5, 25, 30, 65, 75 m) and high
fluctuation in another positions (e.g., 10, 35, 55, 60, 80-95 m). Fig-
ure 8 shows the fluctuations at each position as demonstrated in
blue circles and the averaged RSSI as a red diamond points. The
figure illustrates that the RSSI values have low fluctuation in some
locations (e.g., 2, 6, 10, 16, 20, 22 m) and high fluctuation in an-
other positions (e.g., 1, 4, 8, 12, 14, 18, 22-32 m). Obviously, more
fluctuations are occur in the indoor environments relative to out-
door due to the reflected signal from roof, wall, windows and doors
which causes multi-path effect.

Table 1: The Parameters of the LNSM
Theoretical val-

Parameters Eym- unit  Measuredval- o outdoor
ol ues -
and indoor
Out- In-
door door

Reference ! m 1 1 0.1-10
distance 0 (1 mis used)
Path loss at WL ) 37
a distance (L) dBm -36.85 4033 (from Friis equa-
d, ° ’ tion)

2 outdoor [34,
Path loss ex- =l

B - 1.74 1.62 1.6 -1.8 indoor

P (1.8 is used for

indoor)

2-14 [36]
Standard de- dB 3.299 1438  2is used for out-
viation d "

oor and indoor
-30

° CoIIected RSSI

-40
. °®

# Average RSSI values
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&
o
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Fig. 7: Variances of RSSI Values with Respect to the Distance for Outdoor.
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Fig. 8: Variances of RSSI Values with Respect to the Distance for Indoor.
5.3. Packets losses

Figure 9 shows the data packets percentage received by the receiver
node with different distances for the outdoor and indoor environ-
ments. For outdoor, all the received packets are 100%, whereas it is
95% on 10 m because there are some cars and students are moved
in the tested area during real experiment which it makes attenuation
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in the signal. In addition, the path loss increases with distance. For
indoor, all the received packets are 100%, whereas it is 96.67% on
2 m because students movement in the tested area which it makes
more reflection from ground, roof, and walls in the signal. In the all
locations, the received data packets in indoor is better than outdoor
because of aforementioned reason above in indoor environments.
The Packet loss can be compared with previous work such as [32]
which used the ZigBee wireless protocol to evaluated the adopted
WSN for outdoor and indoor environments as shown in Figure 9.
The figure shows the percentage of data packets received by the
movable node for both indoor and outdoor surroundings versus dis-
tance between the movable node and anchor node (located at the
center of track cycling application) [32].

The figure disclosed that our measurements outperformed that pre-
vious work for both indoor and outdoor. The received data packets
of the ref. [32] is varied between 88%-96% (indoor) and 80%-100%
(outdoor), whereas for the current work have 100% for all distances
value except 95% at 10 m (outdoor) and 96.67% at 2 m (indoor).
However, the data packets received is 100% at high distance of 110
m for outdoor. This superiority for current work is attributed to the
fact that the using of XBeeS2C which have high communication
distance with low power consumption than XBee S2 (which used
in [32]).

---@--- Packet recived (outdoor) [32]
---m--- Packet received (outdoor)-this work
—@— Packet received (indoor) [32]
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Fig. 9: Received Data Packet Against Distance for Indoor and Outdoor En-
vironments.

5.4. Standard deviation

The examined standard deviation of RSSI measurement for outdoor
environment with taking into consideration to the distance of each
location is shown in Figure 10. The figure demonstrates that the
RSSI values are more diverged in location 10 and 35 m due to the
same reason mentioned for outdoor environment. In addition, the
RSSI values are more deviated at 60 and 95 m because the far dis-
tance when the transmitter node go away from receiver node.
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Fig. 10: The Standard Deviation of the RSSI Values with Respect to the
Distance for Outdoor Readings.
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Fig. 11: The Standard Deviation of the RSSI Values With Respect to the
Distance for Indoor Readings.

The investigated standard deviation of RSSI measurement for in-
door environment with taking into consideration to the distance of
each location as shown in Figure 11. The figure illustrates that the
RSSI values are more diverged with distance increasing due to the
same reason mentioned for indoor environment.

6. Conclusion

The main objective of this paper is to measure the path loss model
with its parameters between transmitter node and receiver node us-
ing ZigBee wireless protocol in outdoor and indoor environments.
The path loss model is derived based on LNSM by linear fit rela-
tionship between the RSSI values in each position and the distance.
In addition, the standard deviation and the path loss exponent were
also measured. Moreover, the variances, standard deviations, and
packets loss of RSSI have been investigated. This study was used
XBee S2 wireless technology because it can measure RSSI without
addition hardware, cheap, easy, efficient power consumption, and
long communication coverage area. This study disclosed that the
current work overcome the previous work in terms of data packet
received. The current work can be extended in future by using an
artificial intelligent techniques (such as neural network) or optimi-
zation algorithm (such as Particle Swarm Optimization) for accu-
rate distance estimation between transmitter and receiver.
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