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Abstract

The development of utilization of outdoor wireless access point devices has progressed very rapidly. Mitigation and control of the use of
the frequency spectrum are very important to do so that the use of the frequency spectrum can run in accordance with government
regulations. This cannot be separated from the technique of localizing the use of wireless devices. There are various localization
techniques with various methods and levels of accuracy but generally, these techniques are applied indoors. Localization techniques are
generally used to find the location of wireless users, not to search for access point localization. In this paper the distance estimation
system from the fingerprint-based outdoor wireless access point localization system is discussed, and wireless devices working in 2.4
GHz. The distance estimation system uses regression method, and this paper aims to prove that 3" order regression polynomial is the
right regression model used for the fingerprint-based wireless access point localization. Previously this technique was applied at a
distance of 0-100 meters, so this paper confirms this technique is applied at a distance of 0-1000 meters. The fingerprint is carried out in
the range of 0 to 1000 meters and is divided into eleven measurement points. DataPoint consists of received signal strength (RSSma) and
the distance of the finder to an access point that is being targeted (Did). DataPoint from the fingerprinting process is analyzed by
regression method and based on the results of the trendline and R? shows that in the range of 0-1000 meters the regression method that is
right to use for distance estimation system is the 3" order polynomial regression.
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1. Introduction

Wireless localization is very important nowadays especially for
mitigation and controlling the use of frequency spectrum. Previous
studies about localized methods use outdoor localization
techniques [1], [2], [3], it is based on triangulation or trilateration
methods. Other localization techniques apply the wireless
fingerprinting method [4],[5], localized objects are wireless
mobile users. In the application requires some reference nodes or
anchors with the localization method is trilateration.

In this paper, localized objects are locations of wireless access
points used outdoors. The application of this localization system
only requires one received signal strength (RSS) value, no longer
requires some reference nodes and can be applied under line-of-
sight (LoS) or non-line-of-sight (NLoS) conditions, this is what
distinguishes it from other wireless localization systems. This
wireless access point localization system consists of the wireless
fingerprinting, the distance estimation system and the position
estimation system [6], and in this paper only discusses the distance
estimation system. In this paper the range of measurement is 0-
1000 meters.

This paper aims to prove that the 3 order polynomial regression
model is the most precise to estimate the distance in the

system if applied at a longer distance more than 100 meters.
2. Theoretical background

2.1. Fingerprinting

The technique that records a number of data from a measurement
variable is then stored into the database. The database is used for
the comparison process on a new measurement. This technique is
called fingerprint. Three kinds of fingerprinting techniques: visual
fingerprinting, motion fingerprinting, and signal fingerprinting.
Signal fingerprinting or also called wireless fingerprinting used in
this paper for collecting the empirical data.

The main advantage of fingerprint-based localization systems is
effective and efficient because it does not have to provide many
additional devices [7].

2.2. Wireless Fingerprinting
Several methods for localizing wireless signals have been

proposed, such as angle of arrival (AoA), time of arrival (ToA),
time difference of arrival (TDoA), and signal fingerprint [8].
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Localization techniques with signal-based fingerprinting produce
higher accuracy when applied in complex radio wave propagation
environments, this is compared to other methods that are often
interfered with by multipath signals in the surrounding
environment [1].

Wireless fingerprinting has been proven as part of a localization
technique that provides effective value because of its simplicity
and practicality [5] or it can reduce excessive costs because it can
rely on existing wireless infrastructure [9]. Wireless fingerprints
can consist of RSSI and SSID values [10], sequence ID-cells [11],
or combinations of RSS values with MAC Address [12]. In this
paper wireless fingerprints consist of RSS values and the distance
between the signal receiving device and the access point.

3. Method

The method of fingerprint-based outdoor wireless access point
localization as shown in Figure 1. It consists of three main part:
wireless fingerprinting, distance estimation system and position
estimation system, in this paper the focus confirms the results of
the distance estimation system if the system is applied at a greater
distance than previous research.

Wireless Fingerprinting
- Collecting DataPoint : RSSt, Dng in range 0-1000m
- Storing DataPoint in database

y
Distance Estimation System
- Data Analysis
- Regression Analysis
- Distance Estimation Formula (Dyegs)

A
Position Estimation System
- Calculate coordinate (Lat, Long) depend on Dyegs

Fig. 1: The method of the fingerprint-based outdoor wireless access point
localization system

3.1. Wireless fingerprinting in range 0-1000 meters

In the wireless fingerprinting section uses two main devices,
namely: access point source and finder, finder is a device used to
measure RSS from an access point, as shown in Figure 2. This
technique is no different as in previous measurements at a distance
of 0-100 meters [6]. Wireless fingerprinting is used to collect
DataPoint, DataPoint is a database consisting of: RSSta and Dnd.
RSStma is the received signal strength received by the finder device.
Drna is the real distance between the finder and the access point
source. All wireless devices work at 2.4 GHz in this wireless
fingerprinting.

High Ant.
10 meters
."'.-'
<@°>)> RSSpq | 1 |
"
Access Point Source Finder
L | | [l | | | | [l | |
I I I 1 I I I I 1 I 1
No. 1 2 3 4 5 6 7 8 9 10 11

| Dreal |
I 1000 meters !

Fig. 2: Wireless fingerprint in range 0 — 1000 meters

The RSStd measurements are at 1000m, 900m, 800m, 700m,
600m. 500m, 400m, 300m, 200m, 100m, and 0.01m; these points
are referred to as measurement points. RSSmg measurements per-
formed every 1 minute for 100 minutes, so that the amount of data
at each measurement point is 100.

3.2. Database of DataPoint

The results of wireless fingerprinting in the form of DataPoint, it
is stored in the database, the database uses the MySQL engine
with HTML and PHP5 interpreters. Furthermore, DataPoint will
be recalled at the data analysis stage and the results are used for
regression analysis.

3.3. Distance Estimation System

Distance estimation system consists of 3 stages: data analysis,
regression analysis, and distance estimation formula. This paper
focuses on regression analysis by making several confirmations of
some fingerprinting data retrieval. Data analysis is the DataPoint
processing stage from the results of fingerprinting, this analysis
aims to get values such as mean value, standard deviation value,
and standard error. The mean value of RSSma and Dtng is the main
data in the regression analysis stage.

The stages of regression analysis using three regression models:
exponential regression, 2" order polynomial regression, and 3"
order polynomial regression. At this stage as well as to confirm
the results of the previous regression analysis, the previous
regression analysis was applied at a distance of 100 meters [6] and
this paper was applied at a distance of 1000 meters. If the most
precise regression model at a distance of 100 meters and 1000
meters is the same regression model. It can be concluded that the
regression model is the most precise to apply to the distance
estimation system on wireless localization.

4. Results and discussion

4.1. Data analysis of DataPoint in range 0-1000 meters

Based on DataPoint values, especially the RSSwd value which
varies with the number of RSSmg is 100 at each measurement point
is very important to determine the mean value. It is a
representation of the measurement results at each point of
fingerprinting. Besides the mean value in this data analysis section
also determines the standard deviation and standard error. Table 1
shows the mean value, standard error value and standard deviation
value of RSStnd.

Table 1: Data analisys of RSSqg in range 0-1000 meters

Mean of
Drnd Stand.

NO- | (meters) ?dSBSg‘)’ Deviation SEhEl ETer
1 1000 -59.90 0.326 0.033
2 900 -58.70 0.506 0.051
3 800 -56.30 0.383 0.038
4 700 -53.90 0.442 0.044
5 600 -52.10 0.245 0.025
6 500 -49.30 0.264 0.026
7 400 -46.20 0.200 0.020
8 300 -42.20 0.300 0.030
9 200 -36.80 0.494 0.049
10 100 -30.93 0.332 0.033
11 0.01 -7.90 0.302 0.030

Based on the results of data analysis as shown in Table 1, the
standard deviation value and the standard error value is much
smaller than the mean value, it shows that the mean value of
RSSd is a representation of all data resulting from fingerprinting.
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4.2. Regression analysis

Regression analysis is the main part discussed in the distance
estimation system. The purpose of this stage is to determine a
precise regression model to be applied to the distance estimation
system. The mean value of RSStmd and Drna is the main data in the
regression analysis to create a regression line or also called
trendline. The regression model that produces the trendline that is
closest to the value of the results of fingerprinting is the one
chosen for the calculation of estimating distance.

4.2.1 Regression analysis with the exponential regression

Figure 3 is graph of regression analysis with the exponential
regression model.
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Fig. 3: Regression analysis with the exponential regression

This regression produces the formula: y= 0.0246 e%19% where x
is RSSma and y are the distance estimation. The trendline of the
exponential regression model shows a regression line that is too
far from precision with the results of fingerprinting. This proves
that the exponential regression model is not appropriate to be used
in the distance estimation system in wireless access point
localization.

4.2.2. Regression analysis with the 2" order polynomial
regression

The next regression analysis uses the 2™ order polynomial
regression model is shown in Figure 4.

RSS (0 Bm)
. A ¢ 1080

¢ BamPomnt

e Poly. (Datalowt) | )

- | ™™

- Y =05 + IS + 1237 1 %
R = 11,9948

1

D (meters)
.

™ 40 0 o » 0 10 @

Fig. 4: Regression analysis with the 2" order polynomial regression

The formula produced when using the 2" order polynomial
regression is y= 0.5431x?+ 18.594x + 123.7. The trendline from
the 2" order polynomial regression model shows a regression line
that is closer to the results of fingerprinting. The 2" order
polynomial regression model is more precise then the exponential
regression model.

4.2.3. Regression analysis with the 3™ order polynomial
regression

The last regression analysis in this paper uses the 3 order
polynomial regression model is shown in Figure 5.
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Fig. 5: Regression analysis with the 3 order polynomial regression

The 3 order polynomial regression resulting the regression
formula y= -0.0081x3 - 0.3035x? - 6.3425x - 35.5620. Compared
to the previous 2" order polynomial regression model, the order
3 polynomial regression results the trendline that is very close to
the DataPoint. It confirmed with the R? value which is close to the
value of 1 that is = 0.9989 then it can be concluded that the 3"
order polynomial regression is the most precise then others
regression model.

4.2.4. Regression model comparison

Comparison of 3 regression models in regression analysis of
distance estimation system is shown in Figure 6.
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Fig. 6: The regression model comparison in regression analysis of
distance estimation system

From Figure 6 it can be concluded that the 3" order polynomial is
the most precise with DataPoint.

4.2.5. Comparison of the 3™ order polynomial regression in
100 meters and 1000 meters

In this section is comparing the results of the 3 order polynomial
regression at a measurement distance of 0-100 meters and 0-1000
meters. Figure 7 is the 3" order polynomial regression in the range
0-100 meters [6].
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Fig. 7: The 3 order polynomial regression in the range 0-100 meters
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Fig. 8: The 3 order polynomial regression in the range 0-1000 meters

The value of R? for range 0-100 meters is 0.9951, as shown in
Figure 7 and the value R? for range 0-1000 meters is 0.9989, as
shown in Figure 8. Both of R? values are closest to the value 1, it
proves that 3"order polynomial regression is the most precise for
distance estimation system, even though it is applied to a longer
range.

5. Conclusions

In this paper fingerprinting was carried out at a distance of 0-1000
meters using the same method of previously measured at 0-100
meters. The value of R? for range 0-100 meters is 0.9951 and the
value R? for range 0-1000 meter is 0.9989, both closest to the
value of 1. Based on the value R? and the trendline of regression
analysis shows that 3 order polynomial regression is the most
precise. It can be concluded that 3 order polynomial regression is
the most precision used for distance estimation system of the
fingerprint-based outdoor wireless access point localization
system.

Further research is to conduct fingerprinting in several areas that
have different characteristics to prove 3 order polynomial
regression remains the most precise for distance estimation
system.
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