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Abstract— To provide various convenient services using
smartphone, the interests in Bluetooth or Bluetooth Low
Energy (BLE) have been increased. One of the useful
functions using Bluetooth Beacon is user position estimation
with the distance measurement. However, it is difficult to
measure the actual distance and position in a simple way,
because Bluetooth Beacon is vulnerable to interference. To
overcome this problem, we proposes two optimized distance
measurement schemes: the average distance scheme and the
prune off scheme. In each proposed scheme, we calculates the
average distance using all or some measured distance between
Bluetooth Beacon and user and uses the calculated average
distance as a distance value. Then, based on three distance
values, we can obtain the user position estimated by three
candidate schemes. From the performance analysis, we
compare three candidate schemes in terms of accuracy of
position estimation. As a result, we can see that the two
proposed schemes show better accuracy than general scheme
and prune off scheme has the best performance.

Keywords—Bluetooth Beacon, Positioning Tracking System,
Bluetooth 4.0, BLE, Android

I. INTRODUCTION

With the growth of smartphone services, the interests in
services and technologies using Bluetooth or Bluetooth Low
Energy (BLE) [1-2] have been increased. The Bluetooth
Beacon [3] using Bluetooth 4.0 is a device to provide short-
range wireless communication less than 50 meters, and it can
solve  several limitations of short-range  wireless
communication protocol such as NFC [4], GPS [5], and Wi-Fi
[6]. The Bluetooth Beacon can be used in various indoor or
outdoor environment, and also it can overcome the radio
shadow area problem of GPS. In addition, the Bluetooth
Beacon supports BLE, and thus it can reduce the power
consumption and solve the high power consumption problem
of Wi-Fi. Many related products have been developed, such as
iBeacon of Apple [7], Eddystone of Google [8], Paypal beacon
of Paypal, and etc. However, most of existing works have
focused on the development of product. There is no study on

the services to provide convenience by utilizing the Bluetooth
Beacon.

One of the useful functions of Bluetooth Beacon is to
measure distance between Bluetooth Beacon and mobile
device. For the distance measurement service using Bluetooth
Beacon, it transmits the Bluetooth signals periodically. After
that, several smartphones can receive the Bluetooth signal at
the same time. On the reception of Bluetooth signal,
smartphone sends the information, which is the Unique User
Identifier (UUID) of Bluetooth Beacons and the measured
distance to a server. To calculate the location of a user, at least
three Bluetooth Beacons are required to uses trilateration.
Then, the server sends the coordinates image resources and
positions to the smartphone. However, there are some
difficulties to measure distance using Bluetooth Beacon due to
measurement error. If the measurement error is continuously
occurred, it is hard to get the exact position of the user.

To overcome this problem, in this paper, we proposes two
optimized distance measurement schemes: the average
distance scheme and the prune off scheme. In the average
distance scheme, the accurate data is calculated by average of
all measured values in each Bluetooth Beacon. By using an
average of the all measured values, it is possible to reduce the
measurement error. On the other hand, in the prune off scheme,
the accurate data is calculated by average of selected some
values. In this scheme, we checks the distribution chart and
remove the values of both end sides. Then, we calculate the
average using remained values. By discarding some error
values, it can improve the accuracy of the calculated value.

This paper organized as follow. Section II briefly introduce
the measuring method using Bluetooth Beacon. Section III
reviews general positioning tracking system using Bluetooth
Beacon. In Section 1V, we presents two proposed schemes.
Section V analyzes and compares three candidate schemes.
Section VI concludes this paper.

II. MEASURING METHOD USING BLUETOOTH BEACON

A. Distance Measurement Using Bluetooth Beacon

To estimate a distance between smartphone and Bluetooth
Beacon, the signal level and reference level of beacon are



needed. In the case of signal level, Bluetooth Beacon provides
a RSSI (Received Signal Strength Indication) [9] value as a
signal level. For example, we assume that packets advertised
by Bluetooth Beacon are arrives with the -65dBm signal level
calibration, and the output of the reference level is -59dBm.
Since the signal level of -65dBm is weaker than -59dBm, the
Bluetooth Beacon is likely to be at a distance greater than 1
meter. Therefore, we can calculate the distance between
smartphone and Bluetooth Beacon using two values, which is
RSSI and reference level. Fig. 1 shows the distance estimation
function used in Android Beacon Library [10].
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Fig. 1. Distance estimation function used in Android beacon library

B. Position Measurement Using Bluetooth Beacon

To estimate a position of user, the most commonly used
scheme is triangulation algorithm. In this algorithm, the
position is calculated by three different point. First, it measure
the distance between the user and three different points. Then,
it draws circles with a radius, which is the distance between the
user and itself. At this time, the intersection of three circles is
the position of user.

However, if Bluetooth Beacons are used as a distance
measurement method, there is no intersection of three different
circles due to measurement error. So, in this paper, additional
calculations are added. First, we draws three straight line using
each two intersections of two circles. Then, there is one
intersection among three lines. In this paper, we assumed that
this intersection is estimated position of user. Fig. 2 shows the
modified position measurement algorithm to considering the
measurement error of Bluetooth Beacon.
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Fig. 2. Modified position measurement algorithm

III. GENERAL POSITIONING TRACKING SCHEME

In the general positioning tracking scheme, a smartphone
receives only one distance value between user and Bluetooth
Beacon at a time. Although various measurement errors can be
occurred, there is no special error correction procedures.
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Fig. 3. Example of measured data in general positioning tracking system

Fig. 3 shows the example of measured data in general
positioning tracking system. In this figure, we set the distance
between Bluetooth Beacon and user to §-meters and measured
50 times. According to the figure, it is shown that the measured
distance is very irregular due to measurement error of
Bluetooth Beacon. In addition, this incorrect distance value has
a bad effect on the positioning tracking system. Fig. 4 shows
the estimated user position with incorrect distance values.
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Fig. 4. Example of estimated user position with incorrect distance values

In the figure, the estimated position of user (red star) is so
far from actual position of user (yellow star). As mentioned
above, it is because the position estimated by each distance
between user and Bluetooth Beacon that contains the
measurement error. To provide an effective positioning
tracking service using Bluetooth Beacon, the error of
measurement error should be solved.



IV. PROPOSED POSITIONING TRACKING SCHEMES

To overcome the measurement error of Bluetooth Beacon,
we focus on the distribution of the measured values. Fig. 5
shows the distribution of the measured values of Bluetooth
Beacon. In the figure, we set the distance between Bluetooth
Beacon and mobile device to 8-meters and measure repeatedly
2000 times.
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Fig. 5. Distribution of the measured values of Bluetooth Beacon

According to the figure, it is shown that the frequency of a
value similar with actual distance is higher than other incorrect
value. In addition, the measurement error is greater, the
probability of occurrence is decreased. Based on this analysis,
we proposes two Bluetooth Beacon-based positioning tracking
schemes: average distance scheme and prune off scheme.

A. The Average Distance Scheme

In the average distance scheme, we measure the distance
between Bluetooth Beacon and user several times at a time and
calculate an average distance. In this paper, we set the number
of distance measurements to 30. Then we set the average
distance as a distance between Bluetooth Beacon and user. Fig.
6 shows the example of estimated distance using average
distance scheme.
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Fig. 6. Exmaple of estimated distance using average distance scheme

In the figure, we set the distance between Bluetooth Beacon
and user to 8-meters and measured 50 times using average
distance scheme. As a result, we can see that each estimated
distance using average distance scheme is similar to the actual
distance. It is because the distribution of measured distance is
similar to normal distribution and average calculating operation
offsets by large and small measurement errors. However, it still
has a tendency in which the measured distance is little shorter
than the actual distance.

B. The Prune Off Scheme

In the prune off scheme, we measure the distance between
Bluetooth Beacon and user several times at a time and draw
distribution chart. In this paper, we set the number of distance
measurements to 20. Then, we select the most gathered interval
and remove other samples, which is within other intervals. In
this scheme, the distance between Bluetooth Beacon and user is
average value of measured distance in selected intervals. Fig. 7
shows the flow diagram of prune off scheme.
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Fig. 7. Flow diagram of prune off scheme

First, in this scheme, it extracts twenty-measured distance
between Bluetooth Beacon and user at a time. Then, it displays
all measured distance value in the distribution chart. In this
case, we assume that the interval of distribution chart is 0.5-
meters. When the distribution chart is completed, it counts the
number of values in each interval and selects an interval that
has the biggest value. Then, these distance values in selected
interval are stored at selected distance. Additionally, distance
values nearby selected interval are stored at selected distance.
After that, it calculates the average value using selected
distance values and defines the average value as a distance
value.

V. PERFORMANCE ANALYSIS

For the performance analysis, we made up the experimental
model with smartphone and three Bluetooth Beacons. Each
distance between Bluetooth Beacon and smartphone is set to 8-
meters. In other words, the smartphone is located at (0, 0) and
three Bluetooth Beacons are located at (8, 0), (0, 8), and (-8, 0)
respectively in two-dimensional plane. In this experimental
environment, we measure and estimate three distances between
each Bluetooth Beacon and smartphone. Then, based on three
distances, we estimate the coordinate of smartphone and verify
the accuracy of three candidate schemes by comparing the
actual and estimated coordinates.
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Fig. 8. Measured and estimated distance of three candidate schemes

Fig. 8 shows the measured and estimated distance of three
candidate schemes. In this figure, we can see that the general
scheme has a large variation because of measuring error due to
interference. On the other hand, the variations of two proposed
schemes are smaller than general scheme. This is because the
occurred distance error processing by the averaging. In addition,
the prune off scheme can remove some large distance error
value using distribution chart. Then, it calculates an average
distance using only reliable distance values. As a result, the
prune off scheme shows best accuracy among three candidate
schemes.
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Fig. 9. Estimated user position of three candidate schemes

Fig. 9 shows the position of the user on the two-
dimensional coordinates. As mentioned above, the general
scheme has biggest distribution and worst accuracy, because it
does not consider the measurement error of Bluetooth Beacon.
On the other hand, two proposed scheme shows similar
distribution and accuracy because of the distance error
processing by using calculated average value. Comparing the
two proposed schemes, the prune off scheme has lower number
of extracted sampling distance value because of removal of
some large measurement error values using distribution chart.
As a result, despite the lower number of sample distance value,
the prune off scheme can have similar result with average
distance scheme and it means that the prune off scheme has the
best performance.

VI. COCLUSION

In this paper, we propose two optimized distance
measurement schemes: the average distance scheme and the
prune off scheme. In the average distance scheme, the accurate
data is calculated by average of all measured values in each
Bluetooth Beacon. On the other hand, in the prune off scheme,
the accurate data is calculated by average of selected some
values. In this scheme, we will check the distribution of the
measured values and remove the values of both end sides. Then,
we calculate the average using remained values.

From the performance analysis, we can see that the
proposed two optimized distance schemes show better
accuracy than general positioning tracking scheme because of
processing of measurement error. However, in case of the
prune off scheme, it reduces the number of sample distance
value compared with the average distance scheme by removing
some large measurement error values using distribution chart.
So, it can reduce the overhead of sample distance measurement.
Therefore, we can see that the prune off scheme has best
performance and accuracy among three candidate schemes.
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