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Abstract—Locating the target nodes of indoor environment 
using the received Signal Strength Indicator (RSSI) 
measurement, often applies in several field areas. With the 
rise of location services applications, the need for 
positioning extends from indoor to outdoor areas, using 
same indicator in estimated position process. To address 
these challenges, this paper aims to propose indoor to 
outdoor positioning system using RSSI-based technique 
from Bluetooth Low Energy (BLE) transmission as a low-
cost method in localization. By combining an Extended 
Kalman Filter (EKF) with Different Distance Correction 
(DDC) as the position estimation algorithm, it shows that the
position accuracy result from the conventional multi-
lateration based four RSSI measurement references can be
significantly increased. To comprehensively evaluate the
system performance, experiments are carried out in
laboratory campus as the indoor environment and hallway
outside the laboratory as the outdoor environment. The
experimental results show that the proposed system using
EKF-DDC can achieve error estimation only in 0.34 meters
and the accuracy reaches up to 95.9% compared with only
using conventional multi-lateration reached high error
estimation up to 8.15 m at indoor to outdoor environment.            

Keywords—indoor to outdoor positioning system, Signal 
Strength Indicator (RSSI), Extended Kalman Filter- 
Different Distance Correction (EKF-DDC), multi-lateration, 
Bluetooth Low Energy (BLE)  

I. INTRODUCTION

The continued growth of ubiquitous computing system 
accompanied by the widespread integration of Internet of 
Things (IoT) into various fields has resulted in an 
increasing need for precise and reliable positioning 
systems. Location information of everything is an 
essential component in most IoT applications which has 
significant role in improving the IoT services 
performances [1].   Accurate positioning system as part of 
Location-Based Services (LBS) is critical for numerous 

applications such as patient tracking in healthcare 
monitoring, visitor navigating inside mall building, asset 
tracking, and fraud detection [2–4]. A commonly 
technology for determining location information is 
Global Positioning System which refers to Global 
Navigation Satellite System (GNSS) technique [5]. 
However, satellite signals utilized by Global Positioning 
System (GPS) can be attenuated by obstacle reflection or 
building walls diffraction, limiting their availability to 
outdoor environments. Due to this limitation, indoor 
positioning technology requires alternative methods 
beyond GPS and satellite signals [6]. Therefore, indoor 
positioning system becomes a challenging issue for many 
researchers with concern related to the accuracy, expense, 
and feasibility computational system and methods [7].  

Nevertheless, several issues were exclusively focused 
on the indoor environment as the testing location for 
positioning system. In fact, some technologies require 
seamless connectivity and communication between users 
at all environments, both indoor and outdoor.  As a result, 
many researchers have been developed technologies 
based on indoor environment as an alternative solution to 
resolve the integration of indoor to outdoor location issue 
such as infrared, A Wireless local-Area Network 
(WLAN), Bluetooth, Radio Frequency Identification 
(RFID), Ultra-Wideband (UWB) and Inertial Navigation 
System (INS) [8–10]. However, each technology still has 
limitation in positioning system. According to these 
technologies, Inertial Navigation System (INS) provides 
better positioning accuracy and also resistance to noise 
signal due to its mechanism which is integrating position, 
velocity and orientation by dead reckoning calculation. 
INS installation and maintenance involve high cost which 
is not appropriate for multi object positioning system. As 
well as INS, infrared also has high positioning accuracy, 
but it cannot pass through an obstacle, so it can only 
cover small area with line-of-sight condition [11]. 

 WLAN, Bluetooth and UWB as the wireless 
technology allow to be easily distracted by various 
disturbances such as signal interference, multipath fading 
or signal attenuator that can influence to the accuracy of 
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positioning system. Based on these three wireless 
technologies, Bluetooth Low Energy (BLE) as Bluetooth 
derivative technology is small, portable, low power 
consumption and easy to distribute widely. While, 
WLAN is highly responsive to nearby devices utilizing 
Wi-Fi signal, that also affected to the positioning 
performance. For UWB, Received Signal Strength 
Indicator (RSSI), Time of Arrival (ToA), Time 
Difference of Arrival (TDOA), and Angle of Arrival 
(AoA) are the most frequently used for determining 
position.  Usually, UWB is used in high-level tracking 
system to map position with high precision, both indoors 
and outdoors [12]. Unfortunately, UWB implementations 
tend to consume more power compared to BLE 
technology. This can be a critical factor, especially in 
battery powered devices or small sensors that require low 
power. Furthermore, BLE technology also features RSSI, 
similar to UWB, which can be utilized for predicting and 
analyzing position information [13].  

Several previous studies have utilized Bluetooth Low 
Energy (BLE) technology to achieve precise location 
information, with an average error range within 2 meters, 
particularly in small spaces like rooms, ensuring high-
quality and real-time responsiveness [13–21]. Therefore, 
BLE has a potential possibility of being implemented in 
the indoor to outdoor positioning systems. However, 
another limitation still exists in BLE is that signal quality 
depends on many structures such as room layout, signal 
propagation and high risk of multipath fading which is 
the common problem in indoor environment. Hence, 
many researches develop on BLE-based positioning 
system aim to achieve high accuracy in various ways, 
including integration with technologies such as GPS for 
outdoor location detection, using INS/MEMS/UWB as a 
fusion system. Additionally, diverse algorithmic 
approaches such as tri or multi-lateration, weighted, K-
Nearest Neighbors (KNN), Principal Component 
Analysis (PCA), Fingerprinting, Kalman Filter (KF) and 
its derivatives, centroid, linear or non-linear regression 
and others, with the purpose of obtaining optimal results 
in precise location information [18–23].  

Previous work in the most of indoor and outdoor 
seamless positioning system only realize the positioning 
preference and the seamless of accuracy, ignoring the 
hardware cost, ease of use, implementation and 
deployment especially for multi object positioning system. 
Using integration from Global Navigation Satellite 
System (GNSS), INS and BLE technology have been 
proposed by [18] to build indoor and outdoor seamless 
positioning system. Several previous studies also used a 
combination of several technologies such as Wi-Fi, BLE 
for indoor area and GNSS, Inertial Measurement Unit 
(IMU) for outdoor area, which can improve accuracy and 
enable seamless of indoor and outdoor positioning system 
[24–27]. Therefore, to reduce the hardware cost but still 
ensure the positioning accuracy in transition environment 
between indoor and outdoor, this paper using only BLE 
technology as the indicator measurement of RSSI 

transmission for determining position estimation. Then, 
combining reliable algorithm for reducing the error 
estimation in non-linear condition using extended 
Kalman Filter (EKF) with different distance correction 
scheme, aims to reduce loss effect in the form of 
estimated distance result from RSSI. The initial estimated 
position was carried out using multi-lateration with four 
references nodes. The output of initial estimated position 
is weighted using a quadratic algorithm. The estimated 
results that were produced by the multi-lateration and 
quadratic algorithms will be corrected using EKF and 
Different Estimated Distance algorithm which is called as 
DDC after combining with EKF algorithm.  

The contribution of this paper is provided a new 
approach for enabling indoor to outdoor positioning 
system using one parameter as indicator for calculating 
estimated position which will be improved with DDC and 
EKF algorithm. The testing process was carried out in 
real implementation environment at University of 
Surabaya laboratory as indoor area, around lab corridor as 
outdoor area and using BLE transmission from ESP32 as 
the reference’s node. 

In order to ensure the effectiveness of this proposed 
system, this paper is organized as follows: the related 
works are discussed in Section II, which are involved the 
adopted algorithm as well as conventional multi-
lateration as the initial estimated position and quadratic 
algorithm in the form of multi-quadratic calculation. The 
proposed system for indoor to outdoor positioning 
utilizing the Extended Kalman Filter-Different Distance 
Correction (EKF-DDC) algorithm is detailed in Section 
III. The experimental results according to the real 
implementation system will be presented to verify the 
proposed system in Section IV. Finally, we draw the 
conclusion in Section V. 

II. ADOPTED ALGORITHM 

In this section, we describe the adopted algorithms 
which are used for indoor to outdoor positioning system. 
Those are multi-lateration as an initial estimated position 
and multi-quadratic as a comparative algorithm intended 
for utilization as a calculation parameter for the EKF-
DDC algorithm in the proposed system. 

A. Multi-Lateration Algorithm  
Multi-lateration as the derivative algorithm from tri-

lateration was used more than three reference distances. 
The reference distance is established from the difference 
in coordinate positions between the reference nodes and 
target node by euclidean distance calculation as in this 
following equation: 

 

  (1) 
 

There are four reference nodes (Rn) which located at 
specific coordinates as (XR1, YR1), (XR2, Yr2), (XR3, Yr3), 
(Xr3, YR3). The location of reference nodes will be used 

Journal of Communications, Vol. 19, No. 8, 2024

366



 

for calculating the target node position (XTN, YTN) as the 
central circle formed by four circle reference nodes 
intersection at Fig. 1. 

 

 
Fig. 1. Multi-lateration algorithm illustration. 

 
Therefore, according to the distances, coordinate 

position of each reference nodes and target node can be 
used to formulate multi-lateration algorithm in estimating 
position as follows: 

 
´

´

´

                    (2) 

 
                             (3) 

 

  (4) 

 
Matrix X as the output of estimated position from 

multi-lateration algorithm can be obtained using this 
following formula as follows: 
 

´ ´ ´ ´       (5) 
 

B. Multi-Quadratic 
Basically, multi-quadratic algorithm is formed by 

quadratic weighted algorithm with multi references node 
that adjusted to the multi-lateration algorithm. The 
primary idea behind quadratic weighted involves 
incorporating a multiplier factor into the references node. 
Similar to the multi-lateration algorithm, the quadratic 
weighted factors are applied to the four reference nodes. 
According to the number of reference nodes, there are 
five weighted value calculation, as follows: 

 
     (6) 

 

   (7) 
 

   (8) 

   (9) 
 

       (10) 

 
Weighted values calculation at Eqs. (6–10) are 

obtained from combination distances value (d1, d2, d3, d4) 
between the reference node and target node and also 
adding weights that are appropriate to the existing 
environmental conditions (k ⮕ 0.328). So that result of 
estimated position coordinates calculation from multi-
quadratic can be determined using this following equation: 
 

  (11) 

 
Each references node coordinate (xRn, yRn) will be 

multiplied with the weighted values that have been 
calculated before using Eqs. (6–10). 

III. PROPOSED SYSTEM 

In this section, we explain in detail the method used to 
obtain optimal estimated position result in indoor and 
outdoor environment. This process begins with the 
accurate measurement of RSSI and its subsequent 
processing to determine estimated distance data. These 
distances are then optimized for estimated position 
calculations, based on the difference in distances derived 
from multi-lateration and multi-quadratic methods, using 
EKF-DDC algorithm. 

A. Measurement Scenario 
In this paper, estimated positions are obtained from 

RSSI measurement which is transmitted from HM-10 
module as target node through BLE protocol. RSSI level 
will be received by the reference nodes using ESP32 
module via BLE protocol also. There are 15 reference 
nodes placed on 2.5 m height, and target node move to 
the specified points at 1.5 m height. All measurement 
processes are implemented on indoor laboratory of 
Surabaya University with several obstacles such as: chair, 
table, cupboard, wall and some laboratory tools, and also 
outdoor environment around outside of the laboratory hall 
way. First phase of measurement scenario as the pre-
processing system is determining Path Loss Exponent 
(PLE) value as the parameter for calculating estimated 
distance from RSSI. The Target Node (TN) serves as the 
transmitter, moving while transmitting RSSI to reference 
node (RN) in increment of 0.5 meters to adjust the size of 
the environmental dimensions under Line-of-Sight (LOS) 
conditions. In this phase, RN is only stay in one position 
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by receiving the RSSI from the TN. Therefore, the PLE 
value can be calculated using log-normal propagation loss 
model which is derivative equation from RSSI equation 
given as: 

        (12) 

           (13) 

Apart from the real objects around the lab, Wi-Fi 
signals also affected to the RSSI measurement result. The 
disturbance of RSSI is also determining in the form of 
deviation standard value ( ) as the noise variance. Then, 
the standard deviation determination is achieved from 
RSSI measurement between RN and TN in 0.5 m fixed 
distance but different position.  

The result of PLE and deviation standard ( ) value for 
each room which have been obtained from measurement 
process are listed at Table I. According the result show 
that PLE value and deviation standard value at outdoor 
area is achieved larger than indoor area due to the 
placement of RN can be attenuated by the concrete wall 
to the TN outdoor location. These values are also 

influenced to the estimated distance calculation directly 
as derived at this following equation: 

TABLE I. PLE AND DEVIATION STANDARD VALUE OF EACH ROOM 

Rooms Name PLE 
Value 

Deviation Standard 
Value ( ) 

Robotics Lab 2.85 0.84 
Final Project Lab 2.79 0.71 
Biomedical Lab 2.87 0.32 

Network Lab 2.84 0.73 
Hallway 2.84 0.67 

Outdoor 1 3.97 1.7 
Outdoor 2 4.68 0.7 
Outdoor 3 4.52 0.55 
Outdoor 4 4.16 1 

 

        (14) 
 

d0 and RSSI0 are references value that should be 
measured at the initial process from positioning system. 
These values can be derived from 1 meter, 0.5 meters or 
maybe larger than 1-meter references between TN 
locations to the RN location depend on the room size. 
The deployment distribution each node of this system is 
shown at Fig. 2.   

 
Fig. 2. Deployment distribution each node of indoor to outdoor positioning system. 

There are 27 positions of TN consist of 12 outdoor 
locations and 15 indoor locations.  Each TN sends RSSI 
To the all RNs, then all RSSI measured data will be 
forwarded to the server included also with RNs 
coordinate. Server will be filtered the four strongest 
measured RSSI and processed with multi-lateration, 
multi-quadratic, different estimated distance and EKF-
DDC algorithm for determining estimated position, as 
shown at Fig. 3. 

B. EKF-DDC Algorithm 
According to the Fig. 3, there are four algorithms of 

indoor to outdoor positioning system. Multi-lateration as 
the initial estimated position will be weighted using 

multi-quadratic as the second estimated position. Then, 
the difference estimated results between multi-lateration 
and multi-quadratic will be calculated using different 
estimated distance algorithm which called as multi-DED 
and also as the third estimated position.  The estimated 
output from multi-DED will be corrected and improved 
using EKF which is called as EKF-DDC (different 
distance correction) algorithm. The main concept of 
multi-DED is still using weighted approach as well as 
multi-quadratic algorithm. However, the weight values of 
multi-DED are based on the results of calculating the 
difference in distance estimation produced between 
multi-lateration and multi-quadratic algorithm.  
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Fig. 3. Proposed scheme of indoor to outdoor positioning system.  

Multi-DED algorithm is adopted from previous work 
in [28] that used difference in estimated distance on 
trilateration algorithm. Whereas in this paper, proposed 
another approach using difference estimated distance 
between two kind of different algorithms that can be 
applied for multi references of positioning system which 
is not also limited with three references.  Therefore, the 
weight value calculation of multi-DED algorithm is 
derived as: 

 

´
´

  

(15) 
 

´
´

 

(16) 
 

´         

(17) 

According to the Eqs. (15–17), the value of estimated 
position from multi-DED can be calculated using this 
following equation:  
     

  (18) 
 

                   (19) 
 

i→1, 2, 3, 4, as the four strongest references node 
The reference calculation process of multi-DED 

algorithm is dependent on the calculation process from 
multi-lateration and multi-quadratic algorithm. Apart 
from estimated distance, the four strongest reference 
nodes (RNi) are also used at this multi-DED. The value of 
α and β is variable which is utilized for multiplying factor 
adjusted to the environment condition. The value of α can 
be used at less than 1, while the value of β can be used at 
range of 1 > β ≤ 2.  

Some estimated position results from multi-DED are 
still not optimal; especially at outdoor environment still 
reach up to 5 meters. Therefore, EKF is proposed for 
improving and correcting the error estimation from multi-
DED, which will produce a new approach in the form of 
EKF-DDC algorithm. EKF is one of an algorithm that 
can be implemented for non-linear system especially in 
RSSI based positioning system. Due to losses 
propagation effect of indoor to outdoor environment of 
this system, EKF algorithm will be utilized the estimation 
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position result from multi-DED algorithm (Xmulti-DED, 
Ymulti-DED) as initialization state, then it will be predicted 
and processed to the EKF gain based on its different 
distance measurement, and last the output will be updated 
with minimized error result of position estimation as 
(XEKF-DDC, YEKF-DDC).   Here, the main step of EKF-DDC 
is derived as: 
1) Initialization state 

In this phase, there are three main variables as the 
initialization state from EKF-DDC algorithm; those are 
state vector (xk) that obtained from DED algorithm 
estimated result, observation matrix (zk) as the 
measurement data of estimated distance and equipped 
with P0 as the noise matrix covariance. The initialization 
state which is formed by multi-DED algorithm result can 
be derived as follows: 

 
             (20) 

 
The value of zk is utilized estimated distance from four 

nearest references node as follows: 
 

            (21) 
 

dest (1,2,3,4) is the estimated distance of target node to the 
references node that was obtained from estimated result 
of multi-DED using Eq. (1) calculation. Then, the 
covariance matrix of P0 is determined using variance 
calculation of multi-DED coordinate estimation result 
which is described to this following matrix: 

      (22) 

The size dimension of matrix is adjusted the estimated 
distance state which is formed by four distances; 
therefore, the noise matrix is arranged to 4�4 size 
dimension.  
2) Predict state 

The purpose of prediction state is to predict the 
patterns of initialization state between one set of data and 
another, in order to understand the data distribution 
pattern. This is represented as xk for the predicted state 
data and Pk for the predicted state noise. In this system is 
assumed that the changes in the data are caused by noise 
measurement factors rather than self-generated multiplier 
factors. Therefore, the F value is set as an identity matrix, 
ensuring that its value remains unchanged. The prediction 
state can be described as follows: 

 
´  

                  (23) 

 
´ ´           (24) 

 
3) Update state 

The refinement and correction process are performed 
at update state by multiplying each state with Kalman 
gain (Kk). This update state is influenced by several 
variables such as: jacobian matrix Hk, updated state noise 
Pk and its covariance matrix Sk. Jacobian matrix Hk is 
expected result of estimation data to the real data. In this 
paper, the jacobian matrix is arranged based on the 
difference estimated distance between multi-lateration 
and multi-quadratic algorithm to the each coordinate 
reference node, as follows:  

 

                           (25) 

 

   (26)    

where, ⮕   
Covariance matrix value Sk is calculated by 

combination of updated state covariance matrix Pk, 
jacobian matrix Hk and also added with noise variance of 
estimated distance Rk from DED algorithm result, derived 
as: 
 

´ ´                          (27) 
 

    (28) 
 

While, the value of Kalman gain Kk can be derived as: 
 

´ ´                         (29) 
   

The value of noise P0 will be updated by measurement 
state from jacobian matrix Hk and Kalman gain Kk, as 
follows: 

´ ´                     (30) 
 

Then, the observation matrix as the measurement state 
Yk from two difference algorithm between multi-
lateration and multi-quadratic can be calculated using this 
following equation: 

                           (31) 

 
(32) 

 (33) 

Therefore, the posterior state as the estimation result 
from EKF-DDC algorithm is produced coordinate output 
(XEKF-DDC, YEKF-DDC) as follows: 
 

´                              (34) 
 

Each estimated position result from each algorithm at 
this paper will be compared to the real position Based 
Mean Square Value (MSE) calculation, which uses 
Euclidean distance calculation approach, as shown in the 
following equation: 
 

 (35) 
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IV. EXPERIMENTAL RESULTS AND DISCUSSION 

Multiple experiments were conducted to assess the 
performance of each algorithm within this 
implementation system. Here, we assess the error 
estimation result MSE of our proposed indoor to outdoor 
positioning system employing EKF-DDC, while also 
contrasting it with the results obtained solely through 
multi-DED, multi-lateration and also multi-quadratic.  

A. Experimental Parameters and Estimated Position  
In this paper, we established the system within the 

laboratory premises of Surabaya University. The 
communication between the target node and reference 
nodes operated through the BLE protocol, employing a 
broadcast and distributed scheme. Meanwhile, the 
communication between each reference node and server 
node utilized the UDP Wi-Fi protocol with a centralized 
approach. Detailed specifications and parameters of this 
experimental setup are outline in Table II.  

TABLE II. EXPERIMENTAL PARAMETERS AND SPECIFICATIONS 

Parameters Value Remarks 
Operating 
Frequency 

2.4 GHz ISM Band BLE HM-10 
(27 Target 

Nodes) RF Power 23 dBm 

Device 
Specification 

ESP32 (BLE & Wi-Fi) 
BLE → Reference Node to 
Target Node 
Wi-Fi → Reference Node to 
Server 

 
15 Reference 
Nodes 

 

Raspberry Pi 3B (Wi-Fi) 1 Server Node 
Mikrotik Hap lite RB941-
2nD (Wi-Fi) 

1 Server Node 
Extension 
Device 

 

 
Fig. 4. Estimated position result using multi-lateration algorithm. 

 
The target node will be sending RSSI to all reference 

nodes. The reference nodes will be forwarded the data to 
the server via Wi-Fi. The server will be directly sorted 
four strongest RSSI and processed for estimating distance 
using PLE and standard deviation value. The estimated 

distance will be used for calculating estimation using 
multi-lateration algorithm. The estimated positions result 
show that using multi-lateration algorithm are still out 
from coverage area. As shown at Fig. 4, outdoor 
estimated position has estimation at indoor area. This 
proves that only using multi-lateration algorithm is not 
compatible for indoor to outdoor positioning system. 

 

 
Fig. 5. Estimated position result using multi-quadratic algorithm. 
     
Then, the result estimated position resulting from 

multi-lateration will be calculated using multi-quadratic 
algorithm, which involves multiplying weighted values. 
The results at Fig. 5 show that using multi-quadratic 
algorithm still does not efficiently improve the estimated 
position. Several estimated positions have errors larger 
than 5 meters, especially in outdoor areas.    

 

 
Fig. 6. Estimated position result using multi-DED algorithm. 

 
Utilizing the Directed Energy Deposition (DED) 

algorithm, which is derived from differential estimated 
distance calculation between multi-lateration and multi-
quadratic, significantly reduces the estimated error, as 
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shown in Fig. 6. In indoor environments, the average 
estimated results have reached less than 4 meters. 
However, for outdoor environments, the average still 
exceeds 5 meters and remains beyond the expected range 
for outdoor accuracy.  

The implementation of the EKF with different 
distance correction scheme has effectively reduced the 
error in estimation results, as depicted in Fig. 7. Nearly 
90 percent of the estimated errors closely approximate the 
real position in both indoor and outdoor environments. 
However, there remain several points where the estimated 
results exceed 1 meter.    

 
Fig. 7. Estimated position result using EKF-DDC algorithm. 

 
Then, the analysis dan explanasion regarding the 

estimated error values generated from each algorithm in 
both indoor and outdoor environments will be discussed 
at the next session.  

B. Discussion  
This paper MSE in an indoor to outdoor positioning 

system using four algorithms: multi-lateration, multi-
quadratic, multi-DED and EKF-DDC. These algorithms 
will be compared based on results from indoor and 
outdoor environmentes. The resulting position estimation 
outcomes will be analyzed using a CDF-based data 
distribution, as depicted in Fig. 8.  

This Cumulative Distribution Function (CDF) graph 
is utilized to identify the worst performance of MSE 
values based on cumulative probability distribution for 
each algorithm. According to result show that, the best 
performance with smallest MSE value is EKF-DDC 
algorithm, which combines correction schemes from 
multi-DED algorithm and also calculate different distance 
between multi-lateration and multi-quadratic as jacobian 
matrix in EKF algorithm. It estimated error ranges are 
from 0.34 to 2.72 meters at indoor area, while outdoor 
area from 0.73 to 3.67 meters.  

Using EKF-DDC algorithm, 20% estimated position 
are achieved smaller than 4 meter, 60% smaller than 1 

meter’s error, and 20% smaller than 2 meters error. On 
other hand, using multi-DED algorithm in error 
estimation performance ranging from 0.44 m up to 5.65 
m, 8% estimated error is larger than 4 meters. It proves 
that using EKF-DDC have been successful for reducing 
losses effect of RSSI transmission from indoor to outdoor 
environment. Therefore, the estimated errors from EKF-
DDC are significantly decreased than using only multi-
lateration and multi-quadratic algorithm. Using multi-
lateration has high estimated errors up to 13.3 meters, 
while using multi-quadratic up to 7.01 meters. Although 
using multi-quadratic is better than using multi-lateration, 
it is still not appropriate for indoor to outdoor positioning 
system.  

 
Fig. 8. CDF graph comparison of each indoor to outdoor positioning 

algorithm. 
 

TABLE III. MSE RESULT OF EACH ALGORITHM 

Algorithm MSE (in meters) Environment 
Multi-lateration 2.52 m 

Indoor Multi-quadratic 2.71 m 
DED 1.3 m 

EKF-DDC 0.96 m 
Multi-lateration 6.31 m  

 
Outdoor 

Multi-quadratic 5.24 m 
DED 2.81 m 

EKF-DDC 1.81 m 
 
Presented in a Pareto chart (Fig. 9), the average MSE 

value and its average accuracy percentage relative to each 
algorithm based its environment can be observed. When 
utilizing EKF-DDC algorithm, both accuracy percentage 
at indoor and outdoor area are larger than 90%. Then, 
using multi-DED algorithm is smaller than 90% for 
outdoor environment. It is also followed by multi-
lateration and multi-quadratic algorithm which have 
accuracy smaller than 90 % for both indoor and outdoor 
environment. While for the estimated error average as 
shown at Table III, except from EKF-DDC is still has 
average larger than 2 meters. Therefore, according to the 
estimated error and accuracy percentage analysis, EKF-
DDC is suitable for RSSI based indoor to outdoor 
positioning system, which have average estimated error 
less than 2 meter and accuracy percentage larger than 
90%.  
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Fig. 9. Pareto chart comparison of each indoor to outdoor positioning algorithm. 

Based on the experimental result of this paper, it is 
important to note some remaining limitations, particularly 
regarding the use of RSSI technique. Despite its easy and 
inexpensive for implementing this indoor to outdoor 
positioning system, RSSI measurements are influenced 
by environmental factors like signal attenuation and 
multipath propagation, requiring accurate propagation 
modeling. However, existing models may not fully 
capture real environment complexities, leading to 
discrepancies in RSSI values. Therefore, while our paper 
highlights the potential of EKF-DDC algorithm for RSSI-
based positioning system at indoor to outdoor 
environment, further this paper still needed to develop 
more robust algorithms that can address these 
environmental challenges and improve system reliability. 
Even though, this paper has been succeeded in providing 
a new approach of RSSI based indoor to outdoor 
positioning system using EKF-DDC algorithm which 
have low estimation results below 2 meters.   

V. CONCLUSION 

In this paper, we propose RSSI based indoor to 
outdoor positioning system based on EKF-DDC 
algorithm, which is formed by different distance 
calculation between multi-lateration and multi-quadratic 
algorithm, then it is corrected using EKF algorithm. The 
estimated position is determined using four strongest 
RSSI transmission of BLE module. Indoor to outdoor 
communication links are represented as transmission 
between reference nodes placed at indoor area, while the 
target node placed both at indoor and outdoor area. The 
comparative analysis show that using EKF-DDC 
algorithm could improve MSE of estimated position up to 
6 times better for indoor environment and 3 times better 
for outdoor environment than using multi-lateration 
algorithm as the conventional algorithm of positioning 
system. According to the 95 % accuracy percentage 
results, using EKF-DDC algorithm are compatible for 
RSSI based indoor to outdoor positioning system. 

In the future work, we will utilize RSSI based LoRA 
protocol for expanding the coverage area of indoor to 

outdoor positioning system, moreover it can be 
implemented to the wide area location, and also reduce 
the propagation losses effect by the other derivatives of 
Kalman Filter algorithm followed by adaptive schemes 
for all environment without determining propagation 
environment characteristics. We also recognize several 
opportunities in implementing the RSSI based LoRA 
protocol, including enhanced coverage, improved battery 
efficiency and the potential for seamless integration with 
existing IoT infrastructure. 

CONFLICT OF INTEREST 

The authors declare no conflict of interest. 

AUTHOR CONTRIBUTIONS 

Ronal Tandiawan had programmed the system, data 
collection, data validation; Rafina Destiarti Ainul had 
modeling the system, analyzed the data, wrote the paper; 
Susilo Wibowo had conceptualization, hardware selection, 
PIC research grant, proofread and error correction; All 
authors had approved the final version. 

ACKNOWLEDGMENT 

This research was fully supported by research grant of 
LPPM Universitas Surabaya.    

REFERENCES 
[1] S. M. Asaad and H. S Maghdid, “A comprehensive review of 

indoor/outdoor localization solutions in IoT era: Research 
challenges and future perspectives,” Computer Networks, vol. 212, 
2022.  

[2] Y. C. Pu and P. C. You, “Indoor positioning system based on BLE 
location fingerprinting with classification approach,” Applied 
Mathematical Modelling, vol. 62, pp. 654–663, 2018. 

[3] M. Karmy, S. ElSayed, and A. Zekry, “Performance enhancement 
of an indoor localization system based on visible light 
communication using RSSI /TDOA hybrid technique,” Journal of 
Communications, vol. 15, no. 5, pp. 379–389, May 2020. 

[4] M. H. Dwiputranto, D. J. Suroso, and N. A. Siddiq, “Kalman filter 
for RSSI-based indoor positioning system with min-max 
technique,” in Proc. the 5th International Conference on 
Computational Intelligence in Information Systems (CIIS 2022), p. 
2968, 2023. 

Journal of Communications, Vol. 19, No. 8, 2024

373



 

[5] J. Luomala and I. Hakala, “Adaptive range-based localization 
algorithm based on trilateration and reference node selection for 
outdoor wireless sensor networks,” Computer Network, vol. 210, 
2022. 

[6] B. Jang, H. J. Kim, and J. W. Kim, “Survey of landmark-based 
indoor positioning technologies,” Information Fusion, vol. 89, pp. 
166–188, 2023.  

[7] X. Niu, T. Liu, J. Kuang and Y. Li, “A novel position and 
orientation system for pedestrian indoor mobile mapping system,” 
IEEE Sensors Journal, vol. 21, no. 2, pp. 2104–2114, 2021. 

[8] K. N. Alinsavath et al., “The seamlessness of outdoor and indoor 
localization approaches based on a ubiquitous computing 
environment: A survey,” in Proc. 2nd International Conference on 
Information Science and Systems (ICISS '19), Association for 
Computing Machinery, pp. 316–324, 2019.  

[9] Y. Liu, S. Wang, W. Zuo, and M. Cen, “Indoor and outdoor 
seamless positioning method for open environment,” in Proc. 
2021 33rd Chinese Control and Decision Conference (CCDC), 
Kunming, China, 2021, pp. 3206–3211. 

[10] N. Li, L. Guan, Y. Gao, S. Du, M. Wu, X. Guang, and X. Cong, 
“Indoor and outdoor low-cost seamless integrated navigation 
system based on the integration of INS/GNSS/LIDAR system,” 
Remote Sensing, no. 19, p. 3271, 2020. 

[11] W. Jiang, Z. Cao, B. Cai, B. Li, and J. Wang, “Indoor and outdoor 
seamless positioning method using UWB enhanced multi-sensor 
tightly-coupled integration,” in Proc. IEEE Transactions on 
Vehicular Technology, vol. 70, no. 10, pp. 10633–10645, Oct. 
2021. 

[12] K. Paszek et al., “UWB Positioning system with the support of 
MEMS sensors for indoor and outdoor environment,” Journal of 
Communications, vol. 15, no. 6, pp. 511–518, June 2020. 

[13] K. N. Alinsavath et al., “Indoor location tracking system based on 
android application using bluetooth low energy beacons for 
ubiquitous computing environment,” Journal of Communications, 
vol. 15, no. 7, pp. 572–576, July 2020. 

[14] A. M. Sawaby et al., “A smart indoor navigation system over 
BLE,” in Proc. 2019 8th International Conference on Modern 
Circuits and Systems Technologies (MOCAST), pp. 1–4, 2019. 

[15] L. Yu, Y. Liu, T. Chi, and L. Peng, “An iBeacon-based indoor and 
outdoor positioning system for the fire emergency command,” in 
Proc. 2017 Forum on Cooperative Positioning and Service 
(CPGPS, 2017, pp. 326–329 

[16] S. Sophia et al., “Bluetooth low energy based indoor positioning 
system using ESP32,” in Proc. 2021 Third International 
Conference on Inventive Research in Computing Applications 
(ICIRCA), 2021, pp. 1698–1702. 

[17] G. Ariante, S. Ponte, and G. D. Core, “Bluetooth low energy-
based technology for small UAS indoor positioning,” in Proc. 
2022 IEEE 9th International Workshop on Metrology for 
AeroSpace, 2022, pp. 113–118. 

[18] Q. Liu et al., “Environment perception Based seamless indoor and 
outdoor positioning system of smartphone,” in Proc. IEEE 
Sensors Journal, vol. 22, no. 17, pp. 17205–17215, 2022. 

[19] J. Xia et al., “Research on Uwb/BLE-based fusion indoor 
positioning algorithm and System application,” in Proc. 2021 
International Symposium on Computer Technology and 
Information Science (ISCTIS), 2021, pp. 50–54 

[20] T. L. N. Nguyen et al., “Smartphone-based indoor tracking in 
multiple-floor scenarios,” IEEE Access, vol. 9, pp. 141048–
141063, 2021. 

[21] G. Guo, K. Yan, Z. Liu, L. Chen, and R. Chen, “Virtual wireless 
device-constrained robust extended kalman filters for smartphone 
positioning in indoor corridor environment,” IEEE Sensors 
Journal, vol. 23, no. 3, pp. 2815–2822, 2023. 

[22] R. D. Ainul et al., “An improved indoor RSSI based positioning 
system using kalman filter and multiquad algorithm,” in Proc. 
2021 International Electronics Symposium (IES), 2021, pp. 558–
564. 

[23] T. H. Duong, A. V. Trinh, and M. K. Hoang, “Efficient and 
accurate indoor positioning system: A hybrid approach Integrating 
PCA, WKNN, and linear regression,” Journal of Communications, 
vol. 19, no. 1, pp. 37–43, 2024. 

[24] N. Zhu, M. Ortiz, and V. Renaudin, “Seamless indoor-outdoor 
infrastructure-free navigation for pedestrians and vehicles with 
GNSS-aided foot-mounted IMU,” in Proc. 2019 International 
Conference on Indoor Positioning and Indoor Navigation (IPIN), 
2019, pp. 1–8. 

[25] H. Huang et al., “Seamless navigation methodology optimized for 
indoor/outdoor detection based on WIFI,” in Proc. 2018 
Ubiquitous Positioning, Indoor Navigation and Location-Based 
Services (UPINLBS), 2018, pp. 1–7. 

[26] Z. Li et al., “SoiCP: A seamless outdoor–indoor crowdsensing 
positioning system,” IEEE Internet of Things Journal, vol. 6, no. 5, 
pp. 8626–8644, Oct. 2019. 

[27] Z. Shi et al., “Campus indoor and outdoor positioning system 
based on GPS and Wi-Fi,” in Proc. 2022 9th International 
Conference on Dependable Systems and Their Applications (DSA), 
2022, pp. 903–908. 

[28] J. Zhao et al., “An improved Weighted Centroid Localization 
algorithm based on difference of estimated distances for wireless 
sensor networks” Telecommun Syst., vol. 53, pp. 25–31, 2013. 
 

 
Copyright © 2024 by the authors. This is an open access article 
distributed under the Creative Commons Attribution License (CC BY-
NC-ND 4.0), which permits use, distribution and reproduction in any 
medium, provided that the article is properly cited, the use is non-
commercial and no modifications or adaptations are made. 

 

Journal of Communications, Vol. 19, No. 8, 2024

374


	JCM-13439-final-周尤-3



