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Abstract—Indoor positioning and tracking systems have
become enormous issue in location awareness computing due to
its improvement of location detection and positioning
identification. The locations are normally detected using
position technologies such as Global Positioning System, radio
frequency identification,  Bluetooth  Beacon,  Wi-Fi
fingerprinting, pedometer and so on. This research presents an
indoor positioning system based on Bluetooth low energy 4.0
Beacons; we have implemented Bluetooth signal strength for
tracking the specific location and detect the movement of user
through Android application platform. Bluetooth low energy
was addressed to be an experiment technique to set up into the
real environment of interior the building. The signal strength of
beacons is evaluated and measured the quality of accuracy as
well as the improvement of provide raw data from Beacons to
the system to get better performance of the direction map and
precise distance from current location to desire’s positioning. A
smartphone application detects the location-based Bluetooth
signal strength accurately and can be achieved the destination
by provided direction map and distance perfectly.

Index Terms—Location context, indoor location system,
bluetooth low energy, ubiquitous computing

I. INTRODUCTION

Location tracking systems have become essential
issues in the pervasive computing approaches to specify
positioning based indoor environment. They rely on
many technologies in order to apply real application into
real situation including Wi-Fi Fingerprinting [1],
Bluetooth low energy (BLE) Beacons [2], Machine
Learning algorithm [3], Radio Frequency ldentification
(RFID) [4] and so on. Bluetooth low energy Beacon 4.0
is one of extraordinary characteristics that play an
important role for indoor positioning specification.
Bluetooth technology for indoor localization provides
high accuracy and identifies the specific position of the
destination of user precisely; it can be applied to the real
environment with advanced benefits such as low energy
consumption, cheap, easy to adopt and high accuracy.
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BLE 4.0 Beacon has been developed to be used with
smart device to support in smart environment that
supplies short range of broadcasting. Furthermore, BLE
technology distributes the feature called received signal
strength indicator (RSSI) that can be used to predict and
analysis the position information [5]. Bluetooth BLE can
be used to work together with other indoor technologies
with the purpose of finding the exact location with the
average-range error within 2 meters with small spaces
such as rooms, high quality and real-time responding.

However, there are some challenges remain in term of
positioning service, positioning information of beacons
and an accuracy of the system when apply this system to
the real environment, the system is challenging to locate
and track BLE device in the setup environment using
smartphone [6]. Another limiting existing of BLE is that
the quality of the signal which is relies on many
structures such as the layout of the room, propagation of
the signal in indoor condition and high risk of multipath.
The complexity of the indoor environment needs to be
evaluated sensitively due to obtain high performance with
smartphone

In order to address these challenges, we introduced an
indoor positioning system based on Bluetooth low energy
4.0 Beacon to locate and provide the direction map to
users from current location to desire’s destination with
high accuracy and position information is provided in
term of being guidance for user perfectly. The system-
based Android platform is supposed to track the location
from overlapped area between outdoor and indoor
conditions by real-time supporting and provide service
continuously. BLE 4.0 Beacon is proposed to be
technology of indoor localization to detect the
environment with low energy consumption and determine
the current location to the destination accurately using
signal strength indicator.

This research is categorized as following details:
section 2 presents the related works and theoretical for
indoor positioning system, section 3 introduces the
performance and implementation of the proposed work,
section 4 has figured out the outcome of the experimental
based indoor location specification, furthermore,
conclusion has been provided in the section 5 and ends up
with the references of this research.
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Il. RELATED WORKS

Indoor localization systems [7], [8] have been
developed for a long time ago and many developers based
commercial and academia purposes have done and
provided an overview of indoor technologies [9]. They
have become critical technology to detect indoor
navigation and tracking including indoor sport stadium,
shopping centers, apartment, and business centers. Indoor
positioning systems have been implemented with ease as
point to point navigation. Users can choose the suitable
direction in the lists that they would like to visit from
current positioning to destination point together with
supporting the best route through the map of the building.
It also allows user to turn the distance measurement by
offering high accuracy and venue information precisely.

Kriz et al. [10] proposed Bluetooth low energy
technology with good alternative supplementing with Wi-
Fi access points, the combination will get more accuracy
localization with the advantages of low energy
consumption, power batteries continuously from month to
year and BLE will be replaced in the spots where Wi-Fi
access points are difficult to power and setup. The
experimental was performed where the original Wi-Fi
access points and BLE were used for localization of
stationary device inside the building and with the main
walk through corridors and rectangular in the classrooms
and offices, 17 Bluetooth low energy beacons were
placed in the corridors and classroom on the floor. As the
result of that experiment figured out that the system
improved the performance and enabled light-of sight
propagation, beacon broadcasting parameters were set to
the advertising interval of 100 ms. Furthermore, the
resulting data have shown that it is possible to improve
the median accuracy by 23% and to reduce the variance.

Kumareson et al. [11] introduces a proximity
estimation model to identify the distance based on the
RSSI values of Bluetooth and light sensor data in
different environment based Android platform with
respect to accuracy and power consumption with a
several real world scenarios. The relationship between
Bluetooth RSSI and distance in real world have been
implemented to improve the accuracy and apply any
condition by face to face proximity accuracy of Bluetooth,
smoothing data and different environments. Regarded to
the result can be concluded that Bluetooth offers an
effective mechanism that is accurate and power efficient
for measuring face to face proximity to increase
Bluetooth signal strength level and the Bluetooth RSSI
values are much smaller than the indoor ones when phone
is the backpack or outdoors.

Huh et al. [12] proposed indoor localization system by
deploying the BLE under the Wireless local area network
environment, the developed system can determine the
current location of users as soon as they enter a closed
space and control household device based on location
information. The indoor location-based control system
consists of a localization server, user application, service
provision client and positioning technology. All
components have been worked together but different
tasks to operate the whole control system, the experiment
set up for the schematic of the system included android
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application, indoor location-based server and monitoring
program to provide real time data and indoor map to the
users. The experiment result showed that 199 out of 269
estimated locations fell within the margin of error when
error range was 1 meter; the accuracy of the localization
server is approximately 74%. The other 14% were found
to be far apart from the actual locations which lead to
improve the accuracy up to 88% if the system can
estimate location more precisely.

I1l.  PERFORMANCE AND IMPLEMENTATION

The system has been developed to specify indoor
positioning and location information using Bluetooth low
energy 4.0 Beacons to direct and provide indoor mapping
information with high accuracy and completed
information for users-based Android application.
Bluetooth BLE 4.0 Beacon is light device and low energy
consumption that can be used to manage indoor
information importantly. BLE 4.0 utilizes to be a
technique to measure positions indoors with the ability of
navigates indoor condition via smartphone (Samsung
Galaxy S7 Edge). Moreover, BLE can be used to be a
tracking technology that provides an information and
coverage for indoor and overlapped areas with narrow
accuracy in the installment venues.
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Fig. 1. Proposed system architecture

A basic scenario of the proposed system, 3 BLE 4.0
Beacons were located on the provided positions inside the
building (Fig. 1) with 10 meters extend network ranges
while user holds the smartphone and operate the
application then walk into the building. Several BLE 4.0
Beacons have implemented inside the building in
different position and distance in order to classify the
ability of received signals through different obstacles
such as wall, floor. The running application detects the
availability beacon signal in the nearest point of BLE
settlement, after that the location information will be
indicated on the application which is being guidance for
user to direct the route and distance until reach the
destination. In order to make BLE to be enabled the
performance of the application, user need to activate the
Bluetooth signal and accept BLE beacon to make both
interact each other and make sure that they are being
communicated and provide all needed information to user.

Smartphone (Samsung Galaxy S7 Edge) with
Bluetooth signal is used to collect information of signal
strength of beacons signals. Android application has been
developed in order to be a media for user to collect signal
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data and detect the specific location. The scanned signal
which was the strongest value will be detected by
application and then all required information is provided
such as indoor map, direction guide and distance data.
Furthermore, the existing signals are applied in the
application and indicate the value of signals as the table
to compare the received value with the distance of each
beacon.
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Fig. 2. Flow diagram of the proposed system

IV. RESULF AND DISCUSSION

The concept of indoor positioning system has been
proposed based on Bluetooth low energy Beacon
technology. The tracked location is identified and
initialized using signal strength method where beacons
have detected from user through smartphone in order to
evaluate the accuracy in an indoor current location, the
distance and direction map have been initialized while
user starts moving to the destination. The application can
be tracked, managed automatically when user supplies
positioning and location information, and then system
will automatically switch to the nearest available signal.

In proposed scenarios, tracking and mapping provide
significant value of real environment through provided
application to continuously guide user via beacon signals,
when the signal has tagged nearby BLE set up place, this
information will be collected in the database to make sure
that the received information is corrected and matched to
the input data from the real space, the beacon identifiers
detected location through several BLEs to estimate the
distance between the installment place of each beacons
by triangulation which classified the different absolute
location information.
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Fig. 3. The availability signal strength of Beacons

The signal strength of beacons (Fig. 3) indicated 3
different patterns of each signal which were regarded to
the distance of Beacons installment places. All values and
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plotters have been adjusted by the movement of user
through smartphone that can be received directly from the
placing of beacons. The signal will be detected by every 5
seconds of time to make sure that the location keeps
update and not to complicate detecting.

The system detects the signals not just only Bluetooth,
but also Wi-Fi signal has been detected (Fig. 4) through
this system in order to have multi-choices to users when
have other obstacles while operating and searching the
available signals. This helps them a lot when one device
or one application can detect multi-signals to obtain
better performance and full service using proposed
system and application.
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Fig. 4. Distance measurement of current point to another positioning of
the first floor
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Fig. 5. Distance measurement of current point to another positioning of
the second floor

In order to evaluate how the beacons performed. Three
different beacons have been implemented and the
beacons value corresponding are able to achieve from the
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lowest to the highest values which depend on the signal

strength of the different distances from smartphone (user).

The measured distance (Fig. 4) between user and the
beacons can be estimated from 1 m, 3m, 5m and 10m
from the movement of user to the destination.
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Fig. 6. Pathway recording for indoor environment
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The other interesting things of the measurement can be
explained by the fact that the Bluetooth beacons signal
can be affected by multipath and path loss between base
stations to an end device, without obstacles between them
the system will be performed well, but the room of
measurement however quite small and thick wall so that
the propagation problems of multipath can be happened.
On the other hand, an indoor environment (Fig. 6)
identified the direction while user is moving from current
location to final destination; the system detects the
beacon signals from the installment place then sends to
system to classify the strength signal that used to estimate
the distance in the building. Experiments are recorded the
pathway of the user by providing an accuracy and satisfy
of the position based indoor condition, the complexity of
the direction can be improved. However, this system can
handle and adapt to other indoor environment when
applying this application user needs to have indoor
mapping to input to the system and the experiment can
detect many signal in the meantime, new input maps will
generate theirs mapping and when starts operate the
application, pathway will be recorded to the database
whenever user is moving to the other positioning.

V. CONCLUSIONS

There are numerous of different entities are related to
system such as location context, user context and
application. Also, some technologies have been attached
to the system such as Bluetooth Low Energy beacons,
smart phone. They have affected to each other using an
approach to merge that technology to become more
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precise distance positioning. We have implemented a
system to test in the different indoor environment based
on Android application in indoor and overlapped
conditions, the received signal can be analyzed to identify
how the signals are affected to each condition and
obstacles for indoor location. The system chooses the
shortest direction to achieve the destination using
smartphone platform, it is also able to provide sub-
location in the small space by detecting the strongest
beacons signal. For the experimental, we found out that
the combination between Bluetooth low energy,
positioning technique and developed application is
increased the improvement and able to provide through
small specific localization. In the future works, we will
apply this scenario to integrate with other positioning
technologies such as Wi-Fi fingerprint, pedometer and
RFID in order to obtain more alternative and better
performance of the localization based indoor and outdoor
environments.
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