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1. INTRODUCTION

Location-aware based services have been known to be one of the most interesting element of
localization process. And this done by computing the locations of wireless received points within the targeted
area [1]. Localization can be defined as the process of determining the absolute value of physical location of a
specific received point or target [2]. Although, global positioning system (GPS) has a capability to provide an
accurate location information. However, it shows ineffectiveness in in indoor environment due to the huge
effects of multipath propagation of wireless signal [3].

In the last past years, several researches focus on localization estimation and developed many
approaches to increases the estimated accuracy. Localization based outdoor environment could be performed
by depending on GPS and could achieve acceptance accuracy and reliability in location estimation [4].
However, moving forward indoor environments GPS has showed a weakness in estimation, due to many
reasons related with these environments such as its complexity and the presence of different walls, objects and
obstacles [5]. As a result, it is very important to perform indoor localization at a lower cost and higher
accuracy [6].
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Generally, localization schemes could be classified into two types which are range-free and
range-based schemes. In the first type, localization of the received point depends on the network connectivity
and such method don’t require extra hardware. However, its accuracy is lower and require many numbers of
access points (AP's) devices to improve its accuracy [2]. On the other hand, ranged-based method could achieve
better accuracy where several methods have been presented to measure the time of arrival (ToA), angle-of-
arrival (AoA), time difference of arrival (TDoA) and received signal strength (RSS) to obtain the distance or
angles, which in turn would be used to calculate the location coordination's [7-10]. Several types of these
measurements require extra hardware and cost. For example, ToA and TDoA shows higher sensitivity to time
error and thus require synchronized timers to synchronous the AP device. Furthermore, it sometimes requires
a special medium to handle the timing issue. On the other hand, AoA based localization method has been
utilized in widely manner. However, it requires higher cost equipment to obtain the required angles. In addition,
it would show ineffectiveness within indoor environment which include several reflections and diffractions.
Unlike all other methods, RSS based localization could be represented as the lowest cost method and the easiest
method to be performed, but with relatively lower accurate results. RSS based localization can be classified
into groups such as propagation model [11, 12], proximity [13, 14] and fingerprinting [15, 16]. In the first
group, it analyzes the relation between the RSS and the distance based on some known parameters such as path
loss exponent (PLE). In proximity-based methods the received point broadcast an initializing packet for
initialization the process. Then a measured RSS value from reference node is reported in order to nominate the
received point or target. In the group of fingerprinting, its measure the value of RSS from a static set of points
during the first phase (initialization phase) then the localization phase require matching between the fingerprint
values and estimated values [2].

In this work, a hybrid-based localization algorithm would be represented by combining both methods
of AoA and RSS measurement and by using two directional antenna type AP devices as a reference device to
localize several received points (targets) distributed within the two floors of our case study. Directional
antennas focus the RF energy in a particular direction, where increasing the gain of the directional antenna
would increase the coverage distance, but the effective coverage angle would be decrease. For directional
antennas, the lobes are pushed in a certain direction and little energy is there on the back side of the antenna,
Unlike the Omni directional AP antennas which would have a similar radiation pattern. These antennas provide
a 360-degree horizontal radiation pattern. Our presented algorithm would consider the indoor localization and
the effects of different building materials on path propagation by depending on the results obtained from
Wireless InSite (WI) software [17]. The rest of paper is formed as follow, related works is discussed in
section 2, section 3 and 4 presents the hybrid algorithm and its methodology respectively. Section 5 presents
the case study, and finally section 6 and 7 discussed the results and conclusion.

2. RESEARCH METHOD

The recent efforts of researcher and industry have resulted in the development of different approaches
for both accurate and low-cost localization methods for indoor environment. One of the most interesting
method was based on the use of AoA measurement, where it can be estimated by finding the maximum or
minimum signal strength, during the rotation of a directional or a non-ideal omnidirectional antenna as
in [18, 19], Other researchers in [20] proposed an alternative method for emulating the function of directional
antenna and developing an outdoor localization system. In this approach, the user would carry the measurement
device or smartphone and rotate his body by 360 degree and records groups of RSS measurement. The
estimated angular error was ranging between 30-50 degree for line-of-sight (LoS) cases and about 60 degrees
for non-line-of-sight (NLoS) cases. On the other hand, researcher in [21] uses channel state information (CSI)
instead of RSS for localization and by using four AP devices, the researchers could achieve and accuracy of
6.5 meter. While, by increasing the number of utilized AP devices such accuracy has been increased up to 5
meters. However, their method has been reported to be required many devices and the results didn’t reach the
required. Furthermore, in [22] localization based AoA has been presented by using two AP devices to estimate
the location of 10 random unknown locations. However, their method shows inaccurate results where the
estimation error for each location was about 2.5 meter. In addition, the researchers in [23] proposed AoA
localization with RSS difference (ALRD), this system is to obtain the AoA by analyzing the RSS measurement
obtained from the two directional AP devices. Such method could achieve average localization error of 1.24
m. However, this method doesn’t include the rotational function in collecting data. In addition to that, an
infrastructure for the estimation of AoA has been proposed in an indoor environment [24]. However, this
method achieve accuracy of less than 2 meter. Meanwhile, great efforts have been made by researchers in [25]
to propose system for localization and based on using both received signal strength (RSS) and AoA. Their
presented algorithm could achieve about 10 cm average in localization error for a small area. However, the
presented algorithm has not been tested for a large indoor environment.
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A new combination of localization has been adopted recently and known as hybrid localization. Such
localization has gained much attention by researchers due to its high accuracy and being used in a wide range
of applications. Range based hybrid approach is one type of such localization, which can be any combination
of ToA, TDoA, AoA and RSS [26, 27]. The most interesting combination was the RSS-AoA based hybrid
localization, which has a significant in improving the estimation accuracy at lower cost, where AoA
measurement can be utilized to achieve self-localization. While, RSS measurement could be obtained easily
with low accuracy in the harsh environment. Furthermore, such hybrid method doesn’t require a time
synchronization procedure as it required in ToA and TDoA [28].

3. METHODOLOGY OF PROPOSED ALGORITHM

In this section, we will introduce the steps and flowchart of the proposed method. The proposed
technique depends on measuring the angle of arrival and RSS at each received signal. The methodology
includes a precise description of the steps to be taken to reach an accurate determination of the target location.

3.1. AoA Based localization with 2 known AP devices

The site that was discussed in this work includes building the electricity department at the University
of Technology, the building consists of five floors taking into consideration the materials used in the
construction and their effect on the signal. In this research it has been considered two floor investigation of 2
and 3™ floors. Additionally, it has been considered the presence of 2 static and directional AP devices to
perform localization in each floor, where each AP device would calculate the RSS and AoA values for each
received point to be localize and as seen in Figure 1. AoA can be defined as the angle between the orientation
and the path propagation direction of an incident wave. AoA is measured and presented in degree and it has an
absolute value when the orientation is zero or pointing to the north. Otherwise, it would have relative
value [29]. AoA can be represented by two main values, which are (0) and (¢). The representation of these two
angles in the axis coordination can be seen in Figure 2. It is worth to mention that calculating both previous
parameters would be through the use of WI software and in a multipath scenario, where several paths of
wireless signal would be obtained. Then the results obtained would be gathered in a database as a first phase
of our proposed algorithm to be handed with second phase as described in next section.
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Figure 1. Methodology of AoA based localization Figure 2. The representation of theta and phi angle
by using two known AP devices for AoA based method

3.2. The procedure of proposed algorithm

In this work it has been designed a hybrid algorithm for the purpose of localization estimation for
indoor environments. This algorithm has been designed by using MATLAB program with a graphical user
interface (GUI) window as seen in Figure 3. The steps of this algorithm would be described in the below steps
Step 1: Prepare the database and collect the data from WI software based on both RSS and AoA parameters.
Step 2: Enter the AP coordination of XTx and YTx, which is supposed to be known for our localization
algorithm.
Step 3: By clicking on the best path calculation button, the algorithm would obtain the optimum path based on
the values of RSS of each received point and from each AP device.
Step 4: Based on the previous step the several parameters of optimum path would be selected such as distance,
theta (0) and phi (®). The algorithm would calculate the angle between the AP and the received point S4p ry
and based on (1).

Bap.rx = 0 . (1)
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where a is direction of arrival in phi (@) which has been calculated using WI software and for each received

point.
Step 5: The final step includes calculating the values of x and y coordination for the received point or target

within the indoor environment based on (2) and (3) respectively.

@
3

XRx = XTx +d x cos (B)

YRx=YTx +d x sin ()

where (XRx, YRX) represent the coordination of the targeted received point which represent the output of our
presented algorithm. The flowchart describing these steps can be seen in Figure 4.
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Figure 3. GUI window for the hybrid localization algorithm

atabase obtained from WI software
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Enter The coordination of AP device
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Obtain the Optimum path based on the RSS values
with parameters of distance (d), Theta (©) and Phi
(®) values

|

Calculate the angle () between the AP and
the received point based on equation (4)

A

Calculate the coordination of the received

point (X v, ¥ zx) based on the equation (5)
and (6) respectively

Figure 4. Flowchart of our proposed localization algorithm
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4. CASE STUDY

The site intended for investigation in this work is the building of electrical department in university
of technology which consist of ground and 4 floors. The case study has been designed, modelled and simulated
using wireless InSite software and as seen in Figure 5. The floors selected for investigation were the 2™ and
3% floors, where it has been deployed two predefined transmitters per each floor. For the received point which
will be considered as the target points for testing our presenting localization algorithm, it has been distributed
11 and 10 points for the two investigated floors respectively. Such distribution was based on the structure
requirement of our targeted building. The distribution location of each AP and received point per each floor
can be seen in Figure 6. In addition, the properties of these devices were listed in Table 1. In context, the serious
effects of different building materials on propagation characteristics were taken into consideration by obtaining
the value of relative permittivity (¢) and conductivity (o) as listed in Table 2 and as recommended by
International Telecommunication Union (ITU) [30-32]. It is worth to mention, that the selected bandwidth is
20 MHz working with 2.4 GHz frequency.
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Figure 6. The distribution of AP's and received points per (a) 2" floor and (b) 3™ floor

Table 1. AP and receiver antenna proprieties Table 2. Material thickness, conductivity and

Antenna properties  Tx Antenna___ Rx Antenna permittivity values

Antenna type Directional ~ Directional Materials Thickness (m) € c

Input Power (dBm) 30 - Concrete 30 531 0.066
Gain (dBi) 9 2 Wood 4.5 199 0.012
E-Plane HPBW 90 90 Glass 0.3 627 0.012
Waveform Sinusoid Sinusoid Brick 28 375 0.038
Temperature (k) 293 293 Ceiling Board 0.9 3.66  0.001
VSWR 1 1 Floor Board 2.2 15 0014
Polarization v v Drywall 0.9 294  0.021

5. RESULT AND ANALYSIS

The case study described in section 4 has been modelled using WI software, the results obtained will
be formed in a database with our proposed algorithm. Results obtained for localization estimation for both 2nd
and 3rd floor has been illustrated in Figures 7 and 8 Respectively. It can be seen that the estimated coordination
from our algorithm has showed a convergence to the actual coordination for some points which in turn will

TELKOMNIKA Telecommun Comput El Control, Vol. 19, No. 2, April 2021: 454 - 462



TELKOMNIKA Telecommun Comput El Control 3 459

increase the accuracy. While, for other points it shows divergence between this two coordination and resulted
in an inaccurate result. To analyze the data in a much proper manner, the results of the two previous cases were
listed in Tables 3 and 4 for both floor respectively. The reason for the variation in coordination and accuracy
backs to the facts of using directional antenna of half power beam width (HPBW=90°) for AP devices in both
floor, where in such antenna the power is concentrated in one direction known as main lobe. While, for other
directions the power would be loser in value and knowing as side and back lobes. It is worth to mention, that
the direction of the both antenna in each investigated floor were facing each other. Hence, several point which
suffer from convergence results would fed from the main lobe and resulted in a higher accurate results in
localization estimation. On the other hand, the point located far from the directional of antenna would fed from
either the side or back lobes of the radiation pattern, where it will suffer from lower values of RSS and resulted
in a low accurate localization estimation.

Actual locations Vs. Estimated locations from both Txs of 2nd floor
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Figure 7. The actual and estimated coordinates of RXs in the 2™ floor

Actual locations Vs. Estimated locations from both Txs of 3rd floor
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Figure 8. The actual and estimated coordinates of RXs in the 3nd floor

Table 3. The Tx locations and estimated Rx locations for 2" floor

Rx's TXF2-AP2 (21.4158,16.7108) TXF2-AP1 (-1.0245,16.4809)
OP(RSS) (dBm) d(m) o° x° yo OP(RSS) (dBm) d(m) a° X yo

Rxl  -53.20 728 20030 2525 1924 -5731 31.17 34449 2506 19.82
Rx2  -36.58 396 22039 2143 1928 -57.53 2355 199.58 2117 19.37
Rx3  -41.58 643 32404 1621 2049 -55.80 18.51 20821 1529 2023
Rx4  -51.63 1347 34322 751 2060 -44.58 1207 22532 746  20.06
Rx5 5107 18.52 2669 387 839  -36.53 9.60 12141 398 829
Rx6  -47.74 1734 15001 1744 804  -39.20 2070 15534 1779 7.84
Rx7  -54.25 2465 15751 4419 728  -65.33 30.05 14897 2473 0.99
Rx8  -69.23 3044 15400 4878 337  -60.19 33.65 15593 2970  2.76
Rx9  -80.73 3462 153.80 5248 143 -83.39 3785 15850 3420 2.6l
Rx10 -119.03 5205 21398 64.58 4580 -68.74 4571 17774 4465  14.68
Rxll  -43.56 3456 34951  -12.57  23.00  -80.75 27.56 4040 2202  -1.38

Hybrid localization algorithm based on received signal strength and ... (Mahmood F. Mosleh)
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Table 4. The Tx locations and estimated Rx locations for 3" floor

TXF3-AP2 (17.1219,16.6987) TXF3-AP1 (-0.9786,16.6043)

Rxcs 0(1;%‘;?) d (m) oo x© yo 0(1:1(];1;?) d (m) o xo ye
RxI 7049 1160 19240 2445 1919 5687 2708 19350 2545 1895
Rx2 5520 800 19588 2181 1889 5556 27.06 34602 2123 1914
Rx3 3309 908 30653 1172 1899 4327 1445 20908 1164 1865
Rxd 4994 2020 33197 071 2119 4360 923 33550  -094 2043
Rx5 4513 1595 3586 419 735 3727 1023 12046 421 179
Rx6 4905 1960 15212 3444 754 4373 2818 14793 2290 764
Rx7 5763 2784 14925 4105 246 5680 3628 14714 2950 308
Rx8 7454 3170 15619 4612 390 7876 3793 15745 3405 2.06
Rx9 5802 2521 33846 632 2595 6129 1451 34580  -1505 2016
Rxl0  -4103 3089 35950  -1376 1697 7955 2814 4118 2216  -1.92

In order to analyse the localization procedure and compare the actual coordination with estimated in
much proper manner. It has been taken the average coordination value for each received point (Rx) from both
AP's in each floor and compare it with actual coordination obtained from WI software per the deployment of
our case study. These results were collected in Tables 5 and 6 for 2nd and 3rd floor respectively. It can be
deduced that some Rx's were closer to the actual coordination as the Rx in 2nd floor ranging between (1-6)
with error ranging between (0.002-0.2) m. However, points of Rx (7-11) were different in large manner due to
the utilization of direction antenna and its allocation. The error ranging in this case were up to 10 m.

Table 5. Comparison between the actual and estimated locations in the 2" floor scenario and ranging error

Rx's Actual Location Av. Estimated Location Ranging Error
X Y X Y X Y
Rx1 25.26 19.30 25.15 19.53 0.11 0.23
Rx2 21.29 19.23 21.30 19.33 0.01 0.10
Rx3 15.33 20.39 15.75 20.36 0.42 0.03
Rx4 7.49 20.28 7.49 20.33 0.00 0.05
Rx5 3.91 8.39 3.92 8.34 0.01 0.05
Rx6 17.53 7.97 17.61 7.94 0.08 0.03
Rx7 25.27 7.42 34.46 413 9.19 3.28
Rx8 29.67 3.18 39.24 3.06 9.57 0.12
Rx9 34.08 2.74 43.34 2.02 9.26 0.72
Rx10 44.60 14.22 54.61 30.24 10.01 16.02
Rx11 -13.62 17.58 -17.29 10.81 3.67 6.77

Table 6. Comparison between the actual and estimated locations in the 3™ floor scenario and ranging error

Rx's Actual Location Av. Estimated Location Ranging Error

X Y X Y X Y
Rx1 25.13 19.14 24.95 19.07 0.17745 0.0682
Rx2 2141 18.97 21.52 19.01 0.11335 0.042
Rx3 11.60 18.68 11.68 18.82 0.0778 0.14185
Rx4 -0.81 20.48 -0.82 20.81 0.018293 0.3348
Rx5 4.15 7.88 420 7.57 0.052755  0.311475
Rx6  23.10 7.45 28.67 7.59 5.56645 0.14253
Rx7  29.87 2.96 35.28 2.77 5.4012 0.191085
Rx8  34.24 2.61 40.09 298 5.84605  0.373265
Rx9 -6.57 20.09 -10.68 23.06 4.111785  2.97045
Rx10 -13.73 16.91 -17.96 7.52 423145  9.388575

6. CONCLUSION

In this work, it has been investigated the localization by using the proposed algorithm and based on
two known AP devices. These devices were considered as a directional antenna device, where it has been set
the two devices in the same pre-located coordination in our targeted building and make these devices facing
each other. It has been distributed several received points within the entire floor rooms for testing and
measuring the RSS signal. Results obtained from our proposed algorithm in localization for each of these
received points have been compared with the actual location. It has been concluded that our method achieve
significant higher accuracy for localization in indoor environment. On the other hand the accuracy should be
consider the location of these received point to be localize. Where some points as (1-6) showed high accuracy
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with lower error ranging between (0.002-0.2). While other points located in relatively dead zones has failed to
achieve the localization with high ranging error ranging upping to 10 meter.
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