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Oz

Giiniimiizde, kullanicilarin ve aygitlarin i¢ mekanlarda konumlarinin belirlenmesi gelecek vaat eden bir arastirma konusudur. Ig
mekanlar i¢in kullanicilarin konumlarinin dogru olarak belirlenmesi halk giivenligi, siiper marketler, saglik hizmetleri uygulamalari,
seyahat, sosyal aglar ve turizm gibi birgok uygulamada kullanilmaktadir. Fakat, dig mekanlar i¢in tasarlanmis kiiresel konumlandirma
sistemleri i¢ mekan konumlandirma sistemleri i¢in kullanilamaz ¢iinkii i¢ mekan konumlandirmasi i¢in hedefin kesin pozisyonunun
kestirilmesi bir problemdir. I¢ mekanlar igin, lateration, fingerprinting dead reckoning gibi cesitli konumlandirma algoritmalar
bulunmaktadir. Lateration mevcut algoritmalarla karsilagtirildiginda diisiik fiyatli ve kolay uygulanabilirdir. Bu yiizden, bu ¢aligmada,
MATLAB dan iiretilmis sentetik veri kullanan alinan sinyal giicii eash saf lateration onerilmektedir. Lateration’nin performansi
degisen erisim noktasi sayisinin etkisi, degisken Gauss giiriiltiisii ve iterasyona bagli degisim gibi ¢esitli performans metrikleri
acisindan incelenmistir. Saf lateration’ nin benzetimleri MATLAB’ da yapilmustir. Performans metriklerinin etkisi detayl bir sekilde
incelenmis ve tartisilmigtir. Sonuglara gore, alandaki erisim noktalarinin sayisi arttiginda, Lateration’min dogruluk performansi
artmaktadir fakat bu bazi donanim maliyetleri getirecektir. Beklendigi gibi, alandaki Gauss giiriiltiisii arttiginda, laterationin hata
performansi kotiilesmektedir. Bu ¢alismanin esas amaci, lateration i¢in gergek zaman uygulamalarina bir ¢6zliim saglayacak optimum
kosullarin elde edilmesidir. Gelecek ¢alismalar olarak, bu ¢alismanin gergcek zaman uygulamalar1 gergeklestirilecektir ve dogruluk
performansini arttirmak i¢in l¢iilen degerlere egri uydurma fikrinin uygulanmasi amaglanmaktadir.
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Investigating the Performance of Pure Lateration in Indoor
Environments Based On Varying Number of Access Points and
Iterations

Abstract

Nowadays, determining the location of the users and devices in indoor buildings is promising research topic. Accurate position
determination of the users for indoor environments is used for numerous applications such as public safety, supermarkets, health care
applications, travelling, social networks and tourism. However, global positioning systems created for outdoor localizations cannot be
used for indoor positioning systems (IPS) because detecting the exact position of a target is an issue for IPS. For indoor environments,
there are several positioning algorithms such as lateration, fingerprinting, dead reckoning etc. Lateration is low cost and easy to
deploy when compared to other existing algorithms. Therefore, in this study, received signal strength based pure lateration that uses
synthetic data generated from MATLAB is proposed. The performance of pure lateration is investigated in terms of several
performance metrics such as effect of varying number of the access points (AP), varying Gaussian Noise power and variations based
on iterations. The simulation of the pure lateration algorithm is conducted in MATLAB. The effect of the performance metrics is
investigated and discussed in details. According to the results, accuracy performance of lateration is increased when the number of
APs increase in the area, however this will bring some hardware costs. As expected, when the Gaussian Noise increases in the area,
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the error performance of pure lateration becomes worse. The main purpose of this study is to obtain the optimum conditions for
lateration to provide a solution for real time applications. For future work, the real time implementations of this study are performed
and to improve the accuracy performance, it is aimed to use a curve fitting idea to the measured values.

Keywords: Pure lateration, Indoor Positioning, Triangulation, GPS.

1. Introduction

Determining a device's location has become a significant requirement in various applications in recent years. In 1995 Global
Positioning System ( GPS) became completely useful. The GPS is a space-based satellite navigation system that provides information
about location and time under all situations, anywhere there is an unimpeded line of sight of three or more GPS satellites [1]. The GPS
provides a method for triangulation to track the users' physical locations in outdoor environments. At the other hand, it is not useful
for accurately determining the user positions in indoor environments [2]. The concrete walls cause the signals received from satellites
to attenuate, and thus the signals do not reach the walls. Therefore, finding a target position in a building becomes unfeasible.

In recent years, thanks to the improvements in the technologies, people spend their days in indoor places thus the demand for
indoor positioning techniques increases. People can use IPS in indoor buildings such as an arrival gate in an airport, hospital patient
services, or supermarket. A variety of applications for indoor spaces can be realized with prosperous IPS updates [3]. To illustrate, IPS
can be used to perform security, social networks, and health care applications. Furthermore, as for example, indoor localization
technique can also ensure innovative and accurate ways to find out a person's position in a building in the event of a disaster.

Recently, with the above-mentioned improvements, IPS has become a popular research topic, so many researches and studies
have been implemented in the field of IPS. The authors propose several IPS studies [5]. In a Received Signal Strength (RSS)-based
localization systems [6], the location of an user can be determined by computing the distance of a target from the transmitter utilizing
triangulation or lateration scemes.

The well-known methods used for signal measurements are: Angle of Arrival (AOA), Time of Arrival (TOA), Time Difference of
Arrival (TDOA) and Received Signal Strength Indicator (RSSI) [3]. AOA [7] requires to measure the angles at which the signal
arrives to the anchor nodes from the unlocated device. This algoritm needs only two units of measurement for 2D-localization and
does not require synchronizations between the units. AOA can be used ably when LOS exists but in multi-path environments, the
accuracy decreases. TOA uses the distances between the transmitters and the receivers from the delays in transmission time and the
corresponding signal speed to determine the object positions [8, 9]. TOA ensures high accuracy, but, it causes to extra costs due to the
high hard-ware complexity. In addition, TDOA technique utilizes distance-based measurements to assess object positions [10]. They
find the transmitter relative positions based on the TOA variations in the transmitting node and multi-sensor propagation of the
signals. The difference in arrival time can be utilized when the signal arrives two reference points to measure the variations in
distances between the object and the two reference points. It is less complicated than TOA, and provides remarkable performances of
accuracy.

An RSSI value is the indicator of the RSS strength level. It is calculated by a negative number corresponding to the decibel-
milliwatt (dBm). If the received signal is powerful, the value gets closer to zero. To determine the position of a device with RSSI, the
RSSI values between the sensors attached to a target and ambient access points (APs) with default locations should be measured [11].
The combinations of these multiple RSSI values can be used to determine the approximate position of the target. Generally, at least 3
APs are required to determine an object 's position. The locations of the users are attained by using tri-angulation or trilateration
schemes to calculate object distances from sender nodes. RSSI-based positioning is simple to perform as compared with the AOA and
TDOA techniques [12]. For RSSI techniques, there is no need to use specific equipments on both mobile phones and wireless
interface cards [13].

2. Pure Lateration Technique

Location detection by the help of distance measurements using signal strengths is named as lateration [17]. This scheme is used in
IPS due to its preciseness and cheapness. The lateration techniques are based on position information of the reference points and the
distances to them.

Firstly, to find the accuracy error of pure lateration, the RSSI Matrix which includes noisy RSSI measurements of APs on each
test point in a room can be defined as shown below:

RSS[(l,l) RSSI(LT)
. * . (1)

Xpss1 = : : :
RSSI(KJ) te RSSI(K’T)

Here, T corresponds to number of test points in the measurement area and N denotes the number of APs in the field. As instance,
T can be 196 and K can be 4. The distance of an object from the transmitter can be computed by using (2) given below, after
measuring the received power at the target position given that A and n values are known:
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A-XRss1 (xy)
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In here, A value shows the power of an AP in dBm and n corresponds to the path loss exponent of the environment. By using rp
values and following two equations, Eq. (5) can be obtained:

2(x; —x1)  2(¥2 — Y1)
Cact = : : (3)
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Eq. (5) shows the estimated locations of the pure lateration method. To find the estimated error in each test point, the difference
between estimated locations and actual locations can be used as shown in (6):

Xest X
e= [yl =1l ©
3. Simulation Results of Lateration

Simulations and analyses of pure lateration are conducted in MATLAB. The results of simulations and discussions are presented
in this section. Varying number of access points (APs), varying step sizes and Gaussian Noise parameters are used to obtain several
simulation results.

Fig. 1 illustrates the error value of each test point of pure lateration under low Gaussian Noise (standart deviation of noise is 2).
Here, there are 196 test points and 4 APs which are located at the corners of measurement field. The dimensions of the field are 6m x
6m. From this figure, it is obtained that lateration error increases especially when the test points are very close to the APs. The whole
distribution of the lateration error on each point can be obtained from this figure. Note that, in here the average lateration error is
approximately 1.3321 m.
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Figure 1. Lateration error distribution of each point under low Gaussian Noise
Fig. 2 illustrates the error distribution of each test point of pure lateration under lower Gaussian Noise (standart deviation of noise

is 1). Here, there are 196 test points and 4 access points which are located at the corners of measurement field. The dimensions of the
field are 6m x 6m. From the figure, it is obtained that lateration error increases especially when the test points are very close to the
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APs. The whole distribution of the lateration error on each point can be obtained from this figure. Note that, in here the average
lateration error is approximately 0.5869 m. The average error is decreased dramatically when the noise is decreased.

Lateration Error
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Figure 2. Lateration error distribution of each point under lower Gaussian Noise

To investigate the effect of Gaussian Noise on pure lateration, the simulations are conducted for varying Gaussian Noise values.
Fig. 3 shows the average error performance of pure lateration in term of varying Gaussian Noise. The average error increases when
the noise increases in the system as expected.

Variation of Average Error in Term of Gaussian Noise
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Figure 3. Average lateration error according to different noise values
Fig. 4 shows the actual and the estimated positions of the users under lower Gaussian Noise (standart deviation of 1). From this

figure, it is obtained that lateration is successful indoor positioning algorithm for detecting the actual locations of the users in indoor
environments.
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Figure 4. Actual and Estimated Locations of the Users

Table 1 shows the variation of lateration error according to varying number of APs under 100 independent iterations. Here, there
are 196 test points and noise parameter is 2 in 6m x 6m field. According to these simulation results, it is obtained that, when the
number of APs increase in the measurement area, the error performance of pure lateration enhances. However, increasing the number
of APs brings extra computational, hardware and financial costs to the designers and researchers.
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Table 1. Average Lateration Errors According to Different Number of APs

Number of APs Average Lateration Error in meters
3 1.6925
4 1.3182
6 1.2301
8 1.1324

Table 2 shows the error performance of pure lateration for the parameters: 4 APs and 196 TPs under 100 independent iterations.
As expected and discussed above, when the noise increases in the measurement environment, the accuracy performance of pure
lateration decreases dramatically.

Table 2. Average Lateration Errors According to Varying Gaussian Noise

Standart Deviation Average Lateration Error in meters
0.05 0.0304
0.2 0.1227
0.5 0.3062
1 0.6205
2 1.3229
4 3.3409
5 4.9849

4. Conclusion

Detecting the locations of the users in buildings has been an important research topic recent years. IPS can be utilized a variety of
fields such as, shopping applications, social platforms, logistics, tourism sectors and transportation. However, GPS is designed for
outdoor places, is not proper for IPS, making certain location determination a extorsive issue for IPS. In this study, pure lateration
method that uses existing infrastructure, is proposed. By increasing the number of APs, the pure lateration technique improves the
precision of location estimations. The usage of the existing substructure turns the designed method into cheaper when comparing with
existing solutions that need pricy components. The proposed method is investigated under different performance metrics in MATLAB.
The results of the simulations are evaluated and discussed in details to determine the optimum solution of pure lateration in indoor
environments. As a future work, it is planned to use polynomial fitting algorithms to enhance the accuracies of the lateration schemes.
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