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Abstract. This paper presents and evaluates one approach to the prob-
lems of automatic control of a vehicle movement in a large outdoor area.
The positioning of the vehicle in the area is provided by iBeacons, lo-
cated at the edges of the given surface. The iBeacon is a small and low-
power device which periodically transmits its UUID (Universally Unique
Identifier) number through the interface of a Bluetooth 4.x. The vehicle
should be able to calculate its position according to the power of the
signal, considering the location of the iBeacons. To be more specific, the
triangulation method is applied to determine the position. According to
the set of experiments presented at the end of the paper, the position
error of a robotic vehicle is mostly less then 1m.

Keywords: iBeacon, Trilateration, LLS, RSSI, Bluetooth, Kalman Es-
timator

1 Introduction

Positioning is an essential part navigation projects either for single vehicle or for
a group of subjects. Despite of being a very well examined phenomenon [1], [2],
it is still useful to explore new possibilities of positioning, especially concerning
modern electronic elements.

Generally speaking, localization means a process of setting the position of
a given subject. Triangulation [3] belongs to the most-known methods, where
having the knowledge of two solid points will define the position. The solution
presented in this contribution uses trilateration, which includes three points and
their locations. Furthermore, multilateration is a generalized term of trilatera-
tion, where four or more solid points are used and compared. The solid points
are, in our case, iBeacons, i.e. transmitters based on the technology of Blue-
tooth Low Energy (BLE). When considering the measured power of a signal,
called RSSI (Received Signal Strength Indicator) [4], a distance from the trans-
mitter can be estimated. In addition, a more accurate value of distance can be
determined using various filtration methods.

Although this approach has already been explored by several project teams,
the literature sources have provided very heterogeneous results [5], [6], [7], [8],
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[9]. Thus, one of the aims of this contribution is to reproduce and either prove
or disprove those findings.

2 iBeacon

The presented approach is based on iBeacons used as the main component. The
iBeacon is a small and low cost device which uses a protocol developed by Apple
[10]. The iBeacon periodically transmits its Universally Unique Identifier (UUID)
through the interface of Bluetooth Low Energy. For the experiments presented
at the end of the paper, a nRF51822 chip [11] and RPi (Raspberry Pi) version
3 were used. Both devices provided similar measurement results.

Apart from the fact that the iBeacon transmits its UUID regularly, a vehicle
is also able to measure the iBeacon signal strength (referred to as Received Signal
Strength Indicator (RSSI)). Using this information, the robotic vehicle should
estimate the distance from the iBeacon.

3 2D trilateration

As mentioned above, trilateration is examined in this contribution. Therefore,
the group of ”solid points” represented by iBeacons is distributed on the vertices
and square edges. Although the issue of the exact position of solid points may
seem attractive to solve, in fact, the different locations of individual iBeacons
have very little effect on the accuracy of position determination, see experiment
[12]. Then, the receiver inside the vehicle periodically scans the iBeacons around,
and it also estimates the distances from each individual transmitter. The distance
is estimated using the power of the signal [4]. The dependence of the signal power
on the distance from the iBeacon is calculated by the following relation

RSSI = −20log10r + A, (1)

where RSSI means the received signal strength, r is the distance and A is the
signal power at a distance of 1 m.

A set of circles is prepared from the gained data, as shown in Fig. 1. The
localization of the vehicle - intersections - is determined from circle equation

(x−m)2 + (y − n)2 = r2, (2)

having S = [m,n] the circle center and r its radius. This equation can be trans-
formed into a basic circle equation, as follows

x2 − 2xm + y2 − 2yn = r2 −m2 − n2. (3)

For i found iBeacons, a set of i equations is obtained. Under ideal conditions,
this set of equations can be solved by a classic method for getting the circle
intersection.
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Fig. 1. Sample 2D trilateration.

x2 − 2xm1 + y2 − 2yn1 = r21 −m2
1 − n2

1,

x2 − 2xm2 + y2 − 2yn2 = r22 −m2
2 − n2

2,

... (4)

x2 − 2xmi−1 + y2 − 2yni−1 = r2i−1 −m2
i−1 − n2

i−1,

x2 − 2xmi + y2 − 2yni = r2i −m2
i − n2

i .

The equations are transformed into linear ones by subtraction of the second
line from the first line in each corresponding pair. This operation provides a set
of i− 1 equations

−2x(m1 −m2) − 2y(n1 − n2) = r21 −m2
1 − n2

1 − r22 + m2
2 + n2

2,

−2x(m2 −m3) − 2y(n2 − n3) = r22 −m2
2 − n2

2 − r23 + m2
3 + n2

3,

... (5)

−2x(mi−1 −mi) − 2y(ni−1 − ni) = r2i−1 −m2
i−1 − n2

i−1 − r2i + m2
i + n2

i .

The equations are then rewritten into a matrix form Ax = b and solved by
common operations of linear algebra, the matrix x indicates the coordinates of
the intersection.

A = −2


m1 −m2 n1 − n2

m2 −m3 n2 − n3

...
...

mi−1 + mi ni−1 − ni

 ,
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x =

(
x
y

)
,

b =


r21 −m2

1 − n2
1 − r22 + m2

2 + n2
2

r22 −m2
2 − n2

2 − r23 + m2
3 + n2

3
...

r2i−1 −m2
i−1 − n2

i−1 − r2i + m2
i + n2

i

 .

Under real conditions, there is usually no exact intersection of circles due to
imprecise RSSI acquisition. Thus, the position of the robotic vehicle has to be
calculated approximately using the least squares method.

4 Linear Least Squares method

A linear least squares method (LLS) is used for estimation of the best-fitting
position of the vehicle by minimizing the sum of the squares of the offsets (”the
residuals”) between the curves [13]. An overdetermined set of the equations
Ax ≈ b is then solved. As one approach to solution, QR decomposition is
recommended. Thus, the aim is to decompose the matrix A to the product of
matrices Q and R, where Q is the orthogonal and R is the upper triangle matrix.

A = QR, (6)

Rx = QTb. (7)

An estimated position of the vehicle is given by the solution. The precision
of the provided solution should increase with the number of iBeacons.

x = R−1QTb. (8)

The calculation of the position of the vehicle using LLS is illustrated in Fig. 2.

5 RSSI values filtration

Since the variance of the signal power received through time is significantly
high, it is necessary to implement some type of filtering (refer to measured RSSI
values at a distance of 1m in Fig. 3). Three types of filtering are considered in
this contribution: arithmetic mean [15], median [15], and Kalman estimator [16].
A comparison of experimental results provided by the selected filtering methods
is presented in Fig. 4.
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Fig. 2. Linear Least Squares method.
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Fig. 3. Measured RSSI values at distance 1m.
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Fig. 4. Filtered measured of RSSI values at distance 1m.

6 Experiment

A set of experiments is presented here to consider the possibility of RSSI mea-
surement for position estimation. In the following paragraphs, the precision of
the distance measurement related to the received RSSI is presented.

Data acqusition was performed within the range of distances 0.5 to 2m with
an increment of 15cm. The experimental conditions are described in Table 1.
The filtering methods described in Section 5 were applied to measured RSSI
values, the results are shown in Table 2.

In addition, RSSI values received from iBeacons from different distances are
shown in Fig. 5. These values should have a decreasing trend with an increasing
distance from the iBeacon.

The aim of the experiment was to prove the position precision using BLE
technology. Fig. 6 captures these deviations within a given experiment range.

An example of trilateration and RSSI as tools for robotic vehicle positioning
is shown in Fig 7. Measured RSSI values for each iBeacon are represented as
circles. The current position as well as the calculated position are shown as a
ring and an asterisk, respectively. The position difference is indicated in the
graph legend.

7 Conclusion

The possibility of robotic vehicle positioning using iBeacons is discussed in this
contribution. The experiment deals with the determination of the precision of po-
sitioning. Selection of a suitable filter of measured RSSI values was also discussed.
The experiments were performed in an outdoor environment and, as iBeacon de-
vice, RPI3 with 100ms transmit period was used. The Kalman estimator and
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Table 1. Description of used equipment

iBeacon Measuring device

device Raspberry v3 Raspberry v3

OS Raspbian Nov 2017 Raspbian Nov 2017

kernel 4.9 4.9

package bluetooth, bluez bluetooth, bluez

using commands hciconfig, hcitool hciconfig, hcitool

period transmit [ms] 100 -

Table 2. Comparison of experimental result for filters RSSI values

Real distance (m) Type of filter
Error (m)

Min Max Average

0.50
Kalman estimator 0.00 0.22 0.07
Mean 0.00 0.13 0.07
Median 0.04 0.16 0.12

0.65
Kalman estimator 0.42 0.46 0.45
Mean 0.43 0.46 0.44
Median 0.40 0.47 0.44

0.80
Kalman estimator 0.01 0.58 0.53
Mean 0.04 0.58 0.52
Median 0.06 0.58 0.54

0.95
Kalman estimator 0.08 0.31 0.21
Mean 0.09 0.27 0.19
Median 0.05 0.21 0.15

1.10
Kalman estimator 0.02 0.46 0.24
Mean 0.00 0.43 0.24
Median 0.24 0.64 0.43

1.25
Kalman estimator 0.24 0.52 0.38
Mean 0.31 0.53 0.41
Median 0.39 0.62 0.51

1.40
Kalman estimator 0.01 1.05 0.26
Mean 0.04 0.53 0.26
Median 0.32 0.54 0.40

1.55
Kalman estimator 0.07 0.60 0.20
Mean 0.00 0.41 0.15
Median 0.19 0.55 0.47

1.70
Kalman estimator 0.48 0.93 0.81
Mean 0.63 0.90 0.81
Median 0.70 0.91 0.83

1.85
Kalman estimator 0.77 1.24 0.90
Mean 0.73 1.39 0.93
Median 0.81 1.66 1.20

2.00
Kalman estimator 0.15 1.69 0.84
Mean 0.71 1.65 0.86
Median 0.63 1.78 0.96
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Fig. 5. Filtered measured of RSSI values dependence on the iBeacon distance.
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Fig. 6. Computed distance dependence on the iBeacon distance.
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Fig. 7. Experiment with trilateration.

aritmetic mean appear to provide more appropriate filtering. Expectedly, the
overall accuracy of the position of the robotic vehicle was approximately 0.2m.
Therefore, without proper improvement, this approach is not able to provide
data for precise positioning. However, our future work within this project will
consider these prelimiraly results and will include other possibilities of low energy
positioning, where RSSI values will provide rather supplementary information.
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