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Abstract

Wireless sensor network is an emerging research field and a crucial infrastructure for Internet
of Things (1oT) applications. Sensor nodes of a wireless network may connect via different
wireless technologies like Wi-Fi, Bluetooth, ZigBee or WiMAX. In many applications, like
field monitoring or smart buildings, the location of the nodes with respect to a global or
relative coordinate system is essential information. The main focus of this work is the
localization of wireless sensor nodes, using the Received Signal Strength Indicator (RSSI)
metric of the wireless telecommunication infrastructure. We present both simulation and
measurement results of the proposed method and compare the results with similar work.
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1. Introduction

A wireless sensor network (WSN) is a network of many (sometimes thousands) of
inexpensive miniature devices, called nodes, capable of computation, communication, and
sensing [1]. WSNs have gained worldwide attention in recent years, particularly with the
improvement in both small and low power electronic application boards and sensors [2]. WSNs
are composed of nodes, which are generally identical low power devices. A WSN node is
composed of an application board, including a processor (CPU), a memory, a Sensor or sensors
and a radio transceiver as shown in Fig. 1. Sometimes this configuration may include a
positioning system module, like a GPS for outdoor applications [1].

The location of the WSN nodes depends on the application and structure of the WSN [3].
In cases like seismic data monitoring, WSN nodes are fixed to the ground and their position
change is tracked via GPS information [4]. In applications like ecosystem monitoring, the node
is fixed and its position is predefined to the system, so all calculations can be made according to
this predefined data [5].
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Figure 1. A wireless sensor node structure

Especially in applications with mobile nodes, locating the position of the node is essential,
since all the computations will rely on sensor values and the location of the nodes. In outdoor
applications, employing a satellite based outdoor positioning equipment like a GPS module or
base station signals can be used for positioning the node [6]. However, indoor applications lack
of GPS access since satellites cannot cover indoor locations.

In this paper, we propose an RSSI based localization methodology for wireless sensor
nodes without any prior information about their absolute positions. A relative coordinate
system is formed and nodes are placed according to the estimated positions by the algorithm. If
the relation between the actual coordinates and the relative coordinates could be formed the
actual positions of the nodes could also be estimated. The rest of the paper is organized as
follows: A brief literature survey is presented in section 2. In section 3, we present a brief
overview of theoretical background and the methodology. In section 4, we present both the
simulation and measurement results and conclude these results in section 5.
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2 Related Work

Several approaches have been proposed for the solution of the indoor localization
problem. Most widely used classification for localization algorithms of WSNs are range based
and range free algorithms [3]. Range-based algorithms employ distance or angle estimates
based on measurements of wireless parameters or metrics, while range-free algorithms use
connectivity information between nodes to be positioned and static wireless nodes (landmarks)
[7]. In this work a range based algorithm is proposed.

Mitilineos et. al. present experimental results for 3 range-based indoor localization
schemes of which they employed for their work. The first method is called Cricket and is based
on the wireless nodes called crickets. The nodes propagate a periodical beacon signal in the
form of an RF pulse and listen to the other nodes beacons. The distance between two nodes is
estimated by calculating the Time of Arrival (ToA) of the beacon signal. The localization is
then performed according to the relative distances between the nodes by employing
trilateration. The second method uses ultra-wideband (UWB) transmitting tags and UWB
receivers. UWB receivers are capable of estimating the distance of the UWB transmitter by
using the ToA information and the Direction of Arrival (DoA) information of the impinging
UWB signal. Location of the UWB is then estimated by employing trilateration based on the
ToA information and the DoA. The third approach, called the WAX localization, works on a
ZigBee network. First an RSSI fingerprint database for each environment is created based on
the offline RSSI measurements. Then the ZigBee RSSI measurements of the nodes are
evaluated and trilateration is used to locate the position of the node. Authors claim that among
all three methods, WAX is the most accurate one [8]. We propose an RSSI metric based
algorithm but the RSSI metric is acquired from the Wi-Fi module instead of ZigBee.

Sivakumar et. al., presented an evolutionary range free approach, to minimize the error in
indoor positioning algorithms. The proposed method uses mobile anchors that broadcast their
locations as beacon packets. Sensor nodes use this beacon signals to locate their positions.
They employ evolutionary algorithms to improve the accuracy of their location estimation [9].
In our work, we do not employ any mobile anchors, the coordinate system is therefore relative.
Another range free algorithm is proposed by Chen et. al. The algorithm is based on the RSSI
fingerprint database. The indoor environment is divided into regions according to this
information. Authors then apply K-nearest neighbour algorithm to estimate the relative
location of each node [10]. A fingerprint information based on the measurements is also used in
the algorithm presented in this paper.

A self-organizing localization algorithm is proposed by Neuwinger et. al. In their work all
nodes are mobile, while the position of the unknown node is assumed as stable during the
position estimation operation. The unknown node receives three coordinate information
packets of the reference mobile node, and then calculates its coordinates by trilateration. Their
results show that error increases with the increasing distance [11]. For the proposed algorithm
in this work, no additional package for positioning is needed. An RSSI-based localization
scheme considering the trend of the RSSI values obtained from node beacons is proposed by
Sahu et. al. Instead of using absolute RSSI values, they use trajectories that are evaluated by
applying polynomial modelling, to locate the maximum RSSI value. Authors claim that the

3 www.macrothink.org/npa



- Network Protocols and Algorithms
A\ Mac.rOtthl,:,'k ISSN 1943-3581
Institute 2018, Vol. 10, No. 1

method is favourable in dynamic domains. Simulation results of the methods show that error
ratio reduces with the number of beacons [12]. The study presented in this paper does not need
any nodes broadcasting beacon signals, since the coordinate system is relative.

Garcia et al. Proposed two methods where wireless sensors could locate their position using
Wi Fi technology. The WSN must be installed on a floor of a building for their study. They
propose adopting heuristic training measurement system and adding some fixed access point
in the triangular model so that the localization algorithm can adapt to harsh environment of
multipath, high temperature, and multibarrier [13]. According to their results, the
triangulation system gives more accurate results however, for environments with different
type of wall losses performance of the heuristic system is preferable. A hybrid localization
system utilizing deductive and inductive methods for wireless sensors inside a floor of a
building using WLAN for communication has been proposed by Lloret et al [14]. The authors
aim to combine the advantages of the methods to provide more accurate localization results in
harsh environments with few base stations and/or few trained points. Unlike the hybrid
method proposed by authors, our method does not employ any base stations since it based on
a relative coordinate system.

3. Methodology

The method is based on the received signal strength information between the nodes. This
parameter is evaluated by acquiring the Received Signal Strength Indicator (RSSI) metric
from the hardware and processing it. RSSI is defined as the power level indicator of the
impinging signal to the receiver node. Hardware manufacturers define generic values for the
RSSI information ranging between 0 and 255, while ‘0’ representing the best signal
condition.

RSSI metric is a relative power indicator and we need to process it to evaluate the
absolute power. Manufacturers usually share the RF power in dBm with the RSSI metric. In
this work, a Wi-Fi module (F23BUUM13-W2, FN-LINK) with a Realtek RTL8723BU chip
is used [15].

The received power depends on the transmitted power and losses. We have the
transmitted power information provided by the hardware vendors, so the only parameter
affecting the received power is the losses. Losses may arise from several reasons like cable
and connector losses, impedance mismatch losses, polarization losses and propagation losses.
In our study identical and matched antennas are used which lets us neglect polarization and
impedance mismatch losses. Antennas are connected directly to the board, so that we can also
neglect cable and connector losses. Therefore, the only cause for the losses is limited to the
propagation loss. Propagation loss is generally estimated by using propagation models
depending on the characteristic of the environment. Propagation models rely on several
environmental parameters including the distance. In this work, we will be using ITU Indoor
propagation model, Two-Ray propagation model, and the empirically derived Power-Distance
Function propagation model.

4 www.macrothink.org/npa



- Network Protocols and Algorithms
A\\Mac.rOtthl,;'k ISSN 1943-3581
Institute 2018, Vol. 10, No. 1

3.1 Positioning Algorithm

For the simulation, 4 WSN nodes are generated by using MATLAB®. Initially, the only
information available is the estimated distance between the nodes. The simulation procedure
uses the estimated distance data to locate the actual positions of the nodes. The localization
method requires no initial position information. The reference locations are neither fixed nor
initially known so the estimated location is a relative location with respect to the reference
locations. The first reference location is the first node, node ‘a’” which will be placed at
exactly the origin (0,0) of the relative Cartesian coordinate system as presented in Fig. 2.
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Figure 2. Creating the relative coordinate system

After creating the origin of the coordinate system, we continue with forming the x and y
axes by using the second node ‘b’. Since we have a distance estimation of node ‘b’ as Lap,
and only the origin of the coordinate system, we can place the node at any point, for
simplicity, we place it on the ‘y’ axis as can be seen in Fig. 2. By locating the node ‘b’ at the
point (0,Lap) and forming the y-axis, we also form the x-axis which is also perpendicular to it
and both are starting from the origin, namely node ‘a’. Based on these locations a relative
coordinate system is generated.

Following the formation of the relative coordinate system, we may start locate the other
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nodes, ‘c’ and “d’ on the relative coordinate system, with the use of the estimated distances in
between all the nodes. To locate a node with the estimated distances between the nodes,
trilateration method is used. Trilateration is a widely used method for estimating the location
by using at least three reference points [16,17,18]. Distance with only a single reference point
gives a circular possible position cluster and the radius equals to the distance one node from
another. However, the addition of the location of the 2" node, trilateration gives a more
precise result, 2 possible locations of the third node, because the circles intersect only twice.
The third node reduces the possible location to 1 and lets us to estimate the location of the
node in a two dimensional coordinate system. More reference points improve the accuracy
and result in more precise location estimation.

In our work, to estimate the location of the third node we still have two intersection
points and we have the opportunity to select one of them. Since we are using a relative
coordinate system depending on the references and both intersections are just mirrored
versions of each other. Our selection is the one with a positive x value for node ‘c’ without
losing generality.

Location of the 4™ node is also estimated by using the distance to ‘a’ and ‘b’ nodes and
choosing one of the two intersection points. But this time we also know its distance with node
‘c” and we choose the intersection closest to this distance. A block diagram of the algorithm is

presented in Fig 3.

RSSI
Measurement
Data

v

Distance
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Between Nodes

v

Relative
Coordinate

System Formation

v
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Figure 3. Flow chart of the algorithm
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3.2 Distance Estimation Based on Propagation Models

\\ MacrOthi“k Network Protocols and Algorithms

By using the RSSI data, it is possible to estimate the propagation loss between two nodes,
as mentioned above. However, the relation of the distance and propagation loss depends on
the environment and the path loss model employed. Since the RSSI data varies rapidly an
average value of 20 measurements is used as the RSSI measurement. In this work distance is
estimated based on four different propagation models presented below.

3.2.1 ITU Indoor Path Loss Model

ITU indoor path loss model is recommended by the International Telecommunication
Union under recommendation number P.1238-8 and it is widely recognized by the researchers
[19]. Propagation loss based on the ITU model can be estimated using (Eq. 1).

Ly, = 2010g,o( f)+ N log,o(d) + L, (n) — 28dB 1)

In the equation, Lj, is the total power loss, f is the operating frequency, d is the distance
between the source and the receiver, N is the Power Loss Coefficient and L¢(n) is the Floor
Penetration Loss Factor. The Power Loss Coefficient Value (N) and the Floor Penetration
Loss Factor (L¢(n)) depend on the environment. Several parameters have been proposed by
researchers for different environments [20,21]. We also need to estimate the best suiting
parameters for our communication environment [21]. When these values are placed in the
equation, the distance will only depend on the RSSI value.

The model is affected by the floors of which the receiver and transmitter are located on
[21]. Nodes can be located on different floors and the parameter L¢(n) changes accordingly
[21]. However, in this study, all measurements are taken on the same floor, so the L¢(n) is
presumed as a constant value.

Total loss, L, is to be found with the difference from the transmitted signal power and the
received signal power. Since the receiver and the transmitter nodes are on the same floor and
the transmitted signal power is constant (13 dBm, [15]), the difference with the received
power gives the total loss, L. Adding the other parameters of the model gives the resulting
power-distance relation:

P, —RSSI = 20l0g,,(2.4x10°) + N log,,(d) + L, (0) — 28dB (2)

In Eq. 2, N and L¢(n) parameters vary by the frequency and the floor material. Since the
nodes are on the same floor, the floor difference n equals to ‘0’. To evaluate the optimum
value for the N and L; coefficients, the distance value corresponding to each possible
combination is compared with the actually observed distance. As can be observed in Fig. 4, N
and Ly values providing the least mean distance difference with the fingerprint data occur as
N=30 and L{=11. The coefficients are consistent with the information in the literature [21].
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Figure 4. Error Performance of the ITU Model for N and L coefficients
3.2.2 Free Space Propagation Model

Free Space Propagation Model is the most basic propagation model and does not take in
any reflections or refractions into consideration [22,23]. Received power in this model can be
evaluated as;

Pesst =R +G, +G, - L (3)
Where Ly is the free space loss and given as;
L, =20 |og($) (4)

In this method, the received power Pgrss is obtained from the RSSI metric, while the
transmitted power P; is given as 13 dBm as given in the datasheet of the hardware [15]. The
frequency is 2.4GHz hence the wavelength (1) is found 12.5 cm. The modules and the antennas
that are used are identical so G, and G; values are also even and equal to 1.7 dB for that
frequency [24].

3.2.3 Two-Ray Ground Reflection Model

Two-Ray Ground Reflection Model is similar to Free Space Propagation Model, but it
also includes a reflected wave from the nearest reflecting surface (Eq. 8) [22].

FﬂQSSI = F% + Gr + (51 - L1r (ES)

In this model, Ly represents the loss including both the ground reflected wave and the
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line of sight wave (See Eq. 9).

L, =20 Iog(hd; ) (6)

thr

In Fig. 5 the two-ray propagation model is presented including the transmitter and the
receiver antennas, and the reflected and line of sight rays. The heights of the transmitter and
the receiver antennas are equal in this work, and h is very short when compared to d. So the
equation becomes as presented in (Eq. 7).

antennas

d line of sight

h transmitter h receiver
d reflected

)

Figure 5. Line of sight and reflection rays between the antennas
d (7)
Prssi =R +G, + G, _40|Og(ﬁ)

3.2.4 Power-Distance Function

Power-Distance Function is a function derived from the experimental fingerprint data
evaluated during this study. Experimental results are fitted to an exponential function by
using MATLAB® software, and the coefficients of the function are determined. The actual
Power-Distance Function is presented in Eq. 8.

d = ae s (8)
Experimental results and the derived function are presented in Fig. 6. According to the

measurements a and b values are evaluated as 0,09878 and 0,06658 respectively. Note that
these parameters are for the test bed environment only.
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Figure 6. Power-Distance Function

According to the methodology presented above; first, MATLAB® simulation results are
evaluated, then WSN’s are placed on a testbed and several measurements have been acquired.
Results of these studies are presented below.

4.1 Simulation Results

The simulation process of the system is carried out through MATLAB® software. Four
WSN nodes are defined initially. The locations of the nodes are predefined to the system. Fig.
7 presents the location of each node in Cartesian coordinate system. The distance between each
node is evaluated according to the predefined locations of the nodes (Table 1).

Table 1. Node coordinates and the distances in between

Lan 2,50 m

Lac 6,11 m X y
L 3,88 m a 0 0
Lag 6,39 m b 0 25
Lhd 5,09 m C 2,2 5,7
Leg 3,00 m d 4.8 4.2

Additive White Gaussian Noise (AWGN) is added to the simulated RSSI value. A
number of measurements with AWGN are simulated. The number of the simulated data
values is called the realization number, “rpum’.

10
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node a
node b [°
node ¢
node d |’

Figure 7. Predefined locations of the WSN nodes a, b, cand d

Distance estimations for node “b’ are located on the relative y-axis (black circles in Fig. 8).
Then the mean value of these values is evaluated to have an estimated value for node ‘b’ as
shown as a yellow spot in Fig. 8.

O node a
O  simulated b
mean b
2 1 0 1 2 3 6 7 8

Figure 8. Location of node 'a' and estimated location of 'b* by the distance set Ly,

The position of the 3 node, “c’, can be estimated by using the set of distance values Lac,

Ly, and Lap (Fig. 9).
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(@) O simulated ¢

i R
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Figure 9. Location of node 'a’ and estimated location of 'b' by the distance set L,.and Ly,

The position of node “c’ is estimated by, calculating the intersection of the two circles and
taking the positive one into account, as presented in Fig. 10.

locating node ¢

1

/\

¢ mirror b e

AN
\

N

Figure 10. Locating node 'c’ by triangulation

The first circle in Fig. 10 has a centre at node ‘a’, with a radius equal to L,.(n) where n is
the number of iterations, while the second circle is centred at node ‘b’ with a radius of Lyc(n).
These two circles intersect at two points in space if the centres are not located at the same point
and if the L, value is not greater than the summation of Ly, and Lyc.

By locating node “c’, we now have 3 of the nodes located on the coordinate system. When
we acquire distance information from a 4™ node, with respect to the first two nodes, all we need
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to do is to repeat the previous process that is done for node “c’. Locations of the calculated node
‘d’ positions according to the simulated data are presented with green circles in Fig. 11 while
the mean of these locations is shown as a pink spot and it is the estimated location for node “‘d’.

O node a
7 mean b
mean ¢
simulated d |}
® meand

Figure 11. Estimations and the mean value of node ‘d’ set by using Lagand Lyq

By using the distance data between the nodes, ‘rnum’ (realization number) number of noisy
simulation data is created and, the locations of nodes on the Cartesian coordinate system are
estimated. For the simulation results that are presented in Fig. 12, ‘rnym’ and Signal to Noise
Ratio (SNR) are chosen 50 and 20 respectively.

O node a
7 O simulated b |:
6 O, mean b I
% O simulated ¢
mean ¢ i
simulated d
4 £l ® meand

Figure 12. Simulation results for ‘rnum’=50, SNR=20

For the simulation with an SNR value of 20 and 50 iterations (r,,m=50), positioning
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errors with respect to the actual coordinates of nodes ‘b’, ‘c’ and *d’ occur as 0.01 cm., 4.67
cm. and 7.89 cm. respectively. No error has been defined for node ‘a’ since it is the initial
reference point and rest of the estimated positions depends on its position. The error
performance is based on the difference between the nodes’ actual locations and the mean of
simulation results.

In Fig. 13, the simulation results are presented for 10 iterations and an SNR value of 10.
The positioning errors for this case occur as 6.82 cm., 49.62 cm. and 36.75 cm. for the nodes
‘b’, “‘c’ and “d’ respectively.

8 + :
O node a
7 O simulated b
5 mean b
hr i O simulated ¢
5 o mean ¢
& simulated d
4 4 ® meand
3 o
2
1
0
-1
-2
-2 1 0 1 2 3 4 5 6 7 8

Figure 13. Simulation results for ‘rnum’=10, SNR=10

Fig. 14 demonstrates the simulation results when 30 sample values are considered with
an SNR value of 5. The error values of the system under the given conditions for the nodes
‘b’, ‘c’ and “d” are 11 cm., 97.53 cm. and 43.86 cm. respectively.

8 i f
O node a
7 O simulated b |
mean b
6 © ° o O  simulated c [’
5 0o O mean c
o loe simulated d
4 ® meand
D [)

w
Oo
o)

Figure 14. Simulation results for 'rnum'=30, SNR=5
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4.2 Experimental Results

In the content of this work, a testbed is constructed in an indoor environment by using
communication modules and single board computers forming simple WSN communication
nodes. Each WSN node consists of a Raspberry Pi 2 single board computer and a Realtek
RTL8723BU USB Wi-Fi module.

These WSN communication nodes are placed at the same positions accordingly with the
simulated data. The RSSI metric of the Wi-Fi chip is acquired via the driver on the SBC.
Three propagation models and the power function based model are used to estimate the
distance values and place the WSN nodes on a relative Cartesian coordinate system.

During the measurement process, Automatic Gain Control (AGC) of the Wi-Fi chip is
disabled to acquire a reading that depends only on the distance and the environmental
conditions.

For all the power-distance relation methods that are presented to derive the distance
values between the nodes, a number of measurements are acquired and the mean of the RSSI
values are used to estimate the distance values. All three path loss models and the derived
power distance function have been compared, and the results are presented in Fig. 15. In this
figure, an offset has been added to both the Free Space Propagation Model and the Two-Ray
Propagation Model to make them comply with the measurement results. The offset value for
the Free Space case is 24 dB while for the Two-Ray case it is 7 dB. These offset values are
based on the measurement values and may change depending on the environment.

Result Comparison
15 T T T T

—%— Actual Distance

ITU Model

Free Space P. Model
Two-Ray Model (without loss)
Two-Ray Model (with loss)
10 H — Power-Distance Function

g

: 7
=

7
A

Distance (meter)

(] 2 4 6 8 10 12 14 16
Measuring Point
Figure 15. Performance Comparison of the estimations of different propagation models with actual
measurement values

The RSSI measurements, recorded in between 2-12 m. are observed and the difference
between the actual positions and the ITU model results are compared for all the N and L;
values between 10 and 40. Error performance of the ITU model by the constant parameters
can be seen in Fig. 4. The least mean error (0.8318m) occurs when N=30 and L=11 and for
all the distance estimations made with ITU model these values were used.
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We used these parameters to estimate the distance between the WSN nodes. For 4 nodes,
there are 6 distance values in between the nodes, that are Lap, Lac, Lo, Lady Lod, @and Leg.  AS
for the acquirement of the RSSI values, corresponding distances are estimated. Localization
results of the nodes based on the procedure which is presented in section 3 is shown in Fig.
16.

ITU Indoor Path Loss Model Estimations

O node a
7 O estimated b |
C O estimated ¢
0 estimated d |
mean b
U‘)Oo : mean ¢
mean d
actual a
actual b
actual ¢
actual d

w
@ o0o0ee

Figure 16. ITU Model experimental results

The estimations exhibit the positioning errors of 49.14 cm., 123.03 cm. and 184.06 cm.
for the nodes ‘b, ‘c’ and “d’ respectively. The mean error of the ITU Model is 118.74 cm.
and it is similar to the error performance of the simulation results for the same number of
iterations when SNR value is approximately 0.2.

The results of the localization procedure using the Free Space Propagation Model are
presented in Fig. 17.

16 www.macrothink.org/npa



- Network Protocols and Algorithms
A\\ Mac.rOth ITl,:,'k ISSN 1943-3581
Institute 2018, Vol. 10, No. 1

Free Space Propagation Model Estimations
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Figure 17. Free Space Propagation Model localization results

Free Space Propagation Model does not seem appropriate to estimate the distance under
these conditions. The nodes ‘c’ and ‘d’ could not be estimated by using the results of Free
Space Propagation Model in spite of the fact that an additional offset value of 24 dB is used
in the formula.

Experimental positioning results of the Two-Ray Ground Reflection Model can be seen
in Fig. 18. As mentioned in Section 2, an extra power offset value of 7 dB is used to increase
the accuracy of the model.

Two-Ray Ground Reflected Model Estimations
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Figure 18. Two-Ray Ground Reflection Model Results

This model exhibits a considerably better error performance than the results of previous
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models. Two-Ray Ground Reflected Model exhibits a mean positioning error of 96.14 cm. in
average and 14.27 cm., 159.72 cm., 114.45 cm. for the nodes ‘b’, ‘c’ and “‘d’ respectively. It
is also observed that when the SNR value is approximately 1.5, the mean error performance
of Two-Ray model and simulation results seem to be similar.

The last method that is used to estimate the distance is the experimentally derived
Power-Distance Function. With the use of this function, the distances between the nodes are
estimated by using the mean value of the RSSI measurements. The locations of the nodes are
found via the set of these distance values. The results are presented in Fig. 19.

Power-Distance Function Estimations

8 :
O node a
7 O estimated b [°
o o o .
[e) [e) O estimated c
6 Q .
o @ocbq: estimated d
5 A mean b
) mean ¢
4 %% ..... (°} ® meand
® @® actual a
3 ] O  actual b
O  actual ¢
2 @ actuald
1
0 Q@
-1
-2
-2 0 2 4 6 8 10

Figure 19. Power-Distance Function Estimations

The error performance of the last method is barely better than the previous models. The
mean error value of this method is 90.12 cm. and this result of error is similar to the error
performance of the simulation when SNR is approximately 1.9 for the same number of
iterations. The mean relative positioning errors of the nodes ‘b’, ‘c’ and ‘d” are 9.32 cm.,
159.18 cm. and 101.85 cm. respectively.

4.2.1 Comparison of the Results

The methods of power-distance relation are all observed and compared with the
simulation results. All results and the simulation results for SNR=2 can be seen in Fig. 20.
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Comparison of the Results
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Figure 20. Comparison of the Results

For all the methods that are used, the mean and the individual positioning errors of all the
nodes are presented in Table 2. For the simulation process, SNR is 2.

Table 2. Comparison of error values

Errors (m) node b node ¢ node d mean
simulation 0,0034 1,9151 0,6625 0,8603
itu model 0,4914 1,2303 1,8406 1,1874
free space 1,5170 - - -

two-ray 0,1427 1,5972 1,1445 0,9614
pow-dis func. 0,0932 1,5918 1,0185 0,9012

As a result, it is observed that for some positions, different models yield better results,
but overall, the best result is given by the Power-Distance Function. Additionally, Two-Ray
Ground Reflection Model results are very close to the Power-Distance Function.

5. Conclusion

In this work, the locations of 4 WSNs are estimated by using both the simulation data
and the experimental results. The four propagation models; ITU Indoor Propagation Model,
Free Space Propagation Model, Two-Ray Propagation Model and experimentally derived
Power-Distance Function are used to estimate the distance between the nodes. By using these
distance values, every node is set on a map and located on the relative Cartesian coordinate
system by using the proposed localization algorithm. The results and the error performances
of the corresponding propagation models are observed and compared with the simulation
results and alternative propagation models covered in this paper. It is observed that different
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propagation models yield different results for different distance ranges. At distances close to
the limits of the test bench, best results are observed with the Power-distance Function, as
well as Two-Ray Ground Reflection Model; but for the midrange distances, ITU Indoor Path
Loss Model presents the best outcomes.

It is considered to employ all of the models except the Free Space model for estimating
the distance between nodes, and weight the outputs according to the region of the receiver
and related environmental conditions to improve the performance.

Also the Wi-Fi operating frequency is 2.4 GHz, which is a very common wireless
communication frequency and there esixt many interfering devices at this frequency band.
Operating the system at 5 GHz frequency band interference will be reduced and the
performance of the system will increase. Other Wi Fi metrics, like ToA and TDoA will also
be employed for triangulation as a future work and the results will be compared. According to
the results, an adaptive algorithm weighting the localization results of different metrics can
also be employed.
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