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Abstract-Due to the lack of accuracy and robustness, Indoor Positioning System has now become a major 
with huge concerns worldwide especially with the rapid increase in multimedia services and data. 
Therefore, there is a need to enhance the accuracy of indoor localization by exploiting the capability of 
the available technologies. In this paper, a hybrid indoor localization system that is based on Wi-Fi and 
Bluetooth Low Energy (BLE) communication technologies is proposed. The main infrastructure of the 
proposed system is to use Wi-Fi tritleration method to determine the position of users at indoor areas 
based on Wi-Fi signal strengths. Then, the position obtained by the Wi-Fi tritleration method is used to 
check whether the user exists within one of the indoor locations supported by BLE or not. This enables 
the localization process with beacons to get higher indoor positioning accuracy than Wi-Fi. Experimental 
results show that the proposed system can achieve average error of less than one meter compared with 
the existing indoor positioning systems. This vindicates the suitability and reliability of the proposed 
system. 
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I. Introduction 

Indoor spatial awareness attracts attention from both industry and academia. The contribution of indoor based 
localization services is of particular importance as many of us spend considerable portions of their daily lives at 
indoor spaces. As an example, the indoor navigation service can help in guiding users in large shopping areas to 
provide them with better shopping services by required time needed. Moreover it can be used as alert service in 
airports to notify passengers of their flights and boarding gates to avoid any departure delays or missing. Indoor 
localization services are getting benefit from the availability of low cost and reliable technologies available such 
as ZigBee, Wi-Fi, Bluetooth, RFID and Ultra-Wide Band(UWB) and other types of technology [1]. Among 
these technologies the targeting of both Wi-Fi and Bluetooth has major advantages because of their high 
efficiency [2][3]. Due to the signal attenuation when using Wi-Fi technology at indoor localizing, the shows 
primitive results of accuracy and requires high complex technology in order to improve the accuracy [4]. Due to 
the high cost of deploying beacons in large indoor spaces, Bluetooth low energy devices are only located in 
small areas in order to partition areas where Wi-Fi signals are weak due to the building infrastructures such as 
doors and walls. In this research we propose a hybrid indoor positioning system that employs both Wi-Fi and 
Bluetooth communication technologies. In this context, the proposed system uses Wi-Fi tritleration method to 
get the relative users location and further this result is used to check if the user is ranged within a BLE scope 
where beacons is used to enhance the accuracy of indoor localization [5]. 

The paper is organized as follows: section II describes the related work in indoor positioning, section III 
describes the system architecture of the proposed system along with the implementation details, while section IV 
discusses the conducted experiments and shows the results obtained. Finally the paper is concluded in section V. 

II. Related Works 

Indoor Positioning System Using Wi-Fi Bluetooth Low Energy Technology [6] exploited the feature of Wi-Fi 
signal detection using android smart-phones, where an applicationis built for user positioning in indoor 
environments. For testing purposes, pre-installed Wi-Fi access points and Beacon devices based on Bluetooth 
Low Energy (BLE) technology are used for indoor positioning using classical RSSI based trilateration 
algorithm. In this context, a developed Android applications is used for indoor positioning. It is based on RSSI 
measurements for the pre-installed Wi-Fi access points which export to BLE based technology using Estimote 
beacon devices (or Eddystones). Eventually, a comparative study is carried out to examine the reliability and 
applicability of using Wi-Fi and BLE technology for indoor positioning. Experiments show that the use of Wi-Fi 
gives average accuracy of 77.59% and 88.41% for x-coordinate and y-coordinate respectively. When BLE 
technology is used, two different scan results are obtained; the first with average accuracy of 96.61% for x-
coordinate and 66.10% for y-coordinate, while and the second scan with accuracy 81.5% for x-coordinate and 
80.5% for y-coordinate. On average, the overall accuracy is 89.10% for x-coordinate and73.3% for y-coordinate. 
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Figure 2: A map with Beacons installed 

• Broadcasting Power: Broadcasting Power (or Transmit Power) is the power with which the beacon 
broadcasts its signal. In Estimote Beacons, one can change the power with the Estimote Software 
Development Kit (SDK), the Cloud interface, or a developed application. The power value ranges from -
40 dBm to +4 dBm. 

• Advertising Interval: Beacons do not broadcast constantly and blinking instead. Advertising Interval 
describes the time between each blink. Just as with Broadcasting Power, Advertising Interval on beacons 
can be adjusted with Estimote SDK, Cloud, and the app. 

• RSSI: RSSI stands for Received Signal Strength Indicator. It is the strength of the beacon’s signal as seen 
on the receiving device, e.g. a smartphone. The signal strength depends on distance and Broadcasting 
Power value. At maximum Broadcasting Power (+4 dBm) the RSSI ranges from -26 (a few inches) to -100 
(40-50 m distance). 

• Measured Power: Measured Power is a factory-calibrated, read-only constant which indicates the expected 
RSSI at a distance of 1 meter to the beacon. By combining with RSSI, it allows you to estimate the 
distance between the device and the beacon. 

• Proximity Zone: It allows the establishment of customized proximity zones with a code and enablethe 
interaction when a user is gettinginside or outside each zone. 

IV. Experiments and Results 

A. Data collection and Localization using Wi-Fi Tritleration 

In our experiments, a smartphone with Android operating system (version 6) is used as a positioning terminal 
and an experimental indoor site of area 171 m2. The site has three WiFi access points (AP1, AP2, and AP3) in 
which the access points AP1 and AP2 are installed in different rooms, while the access point AP3 is placed in 
the corridor as shown in Figure 3. As shown, the access points coordinates are (4.8 , 7.5), (5 , 2.5), and (0 , 0) 
respectively. It should be noted that a Wi-Fi analyzer is used to monitor and record the signal strength of the 
access points. The localization error obtained by the tritlateration technique is ranging from 2 to 4 meters. These 
results are affected by the indoor surroundings such as walls, obstacles, and gates between the access points. The 
red dots in Figure 4 show the actual position while the green dots show the experimental results, where the 
average error is 2.411m. 
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Figure 3: Access Points Coordinates  

Table 1: Experimental Results with Tritleration Technique 

Test Points Actual coordinates Estimated coordinates Error 

1 (2.50 ,1.10) (1.60 , 2.60) 1.74 

2 (4.25 , 4.20) (6.60 , 5.50) 2.68 

3 (5.50 , 6.30) (6.70 , 7.90) 1.84 

4 (6.40 , 9.10) (7.20 , 12.7) 3.67 

5 (7.90 , 11.1) (10.2 , 13.0) 1.91 

6 (8.80 , 10.2) (9.70 , 11.4) 2.34 

7 (9.20 , 12.5) (8.10 , 11.7) 2.77 

8 (9.50 , 14.7) (8.60 , 13.1) 2.38 

9 (9.80 , 11.1) (10.5 , 11.9) 2.73 

10 (9.60 , 15.3) (9.00 , 14.8) 2.11 

 
Figure 4: Tritleration Results 
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B. Proposed Data collection and Localization 

Similar experiments are carried out with the same setup for a room with area of 12 m2 covered with beacons as 
shown in Figure 5. The results collected from the previous test has helped in detecting the region in which the 
beacons are placed inside the room and the below test compares between localization of Wi-Fi Tritleration and 
Bluetooth inside the room. 

Table 2: Testing results using Wi-Fi with two meter average error 

Test Points Actual coordinates Estimated coordinates Error 

1 (0.0 , 1.0) (1.80 , 1.60) 1.99 

2 (2.0 , 2.0) (3.8 , 3.1) 2.11 

3 (2.5 , 3.0) (3.5 , 4.8) 2.05 

4 (3.5 , 2.7) (5.0 , 3.9) 1.92 

5 (4.0 , 3.3) (6.0 , 4.5) 2.33 

 
Figure 5: A room with Beacons installed  

Table 3: Testing results using Beacons with one meter average error 

Test Point Actual coordinates test coordinates actual error 

1 (0.0 , 1.0) (1.2 , 2.0) 1.5 

2 (2.0 , 2.0) (2.8 , 3.1) 1.3 

3 (2.5 , 3.3) (3.5 , 4.5) 1.6 

4 (3.5 , 2.7) (4.8 , 3.9) 1.7 

5 (4.0 , 3.3) (4.9 , 3.5) 1.0 

V. Conclusion 

Due to the shortage of accuracy and strength, Indoor Positioning System has been suffered from severe 
worldwide issues especially with the fast increase in transmission services and information. The goal is to boost 
the accuracy of indoor localization by exploiting the potential of various technologies offered. As demonstrated, 
we have proposed a hybrid indoor localization system that uses Wi-Fi and BLE communication technologies. As 
shown, the infrastructure of the proposed system uses s partitioning criterion that combine low power 
communication technologies to achieve accurate indoor positioning. In this context, Wi-Fi tritleration method is 
used to get the position of users at indoor areas supported by wireless fidelity signal strengths. This is employed 
to ascertain if the user exists within one of the indoor locations supported by BLE. This enabled the beacons to 
start the localization to achieve higher indoor positioning ac curacies. Experimental results show that the 
proposed system is inevitably provided lower average errors compared with other competitive indoor 
positioning systems. 
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