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 The tourism sector has been growing rapidly along with the decline of 

COVID-19. This sector should pay attention to safety and security, which is 

by tracking the position of tourists. In this work, we propose a tourist 

positioning tracking system. A node containing a microcontroller with LoRa 

wireless communication called unknown node (UN) is assembled as a 

wearable device. We use the received signal strength indicator (RSSI)-based 

localization technique with an additional normalization method to correct the 

error rate in position estimation. This method estimates the distance between 

the anchor node (AN) and UN to approximate the actual distance value. Three-

dimensional position tracking (longitude, latitude, altitude) of five UN 

surrounded by four AN was performed using the quadlateration method. The 

estimation process was carried out by the UN whereas receiving information 

is transmitted from the four AN. The communication between AN and UN 

used a scheduling algorithm on all AN. The position estimation error of the 

five UNs was measured using mean square error (MSE) yields 20.73 m, 50.32 

m, 32.92 m, 21.40 m, and 16.89 m respectively. The accuracy of the estimated 

distance obtained by the proposed normalization quadlateration method is 

increased up to 15.22%. 
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1. INTRODUCTION  

Advances in technology and wireless sensor network (WSN) have attracted the attention of many 

researchers because of their ease of application in many fields such as monitoring pollution conditions, forest 

fires, parking lots, tracking patients and livestock [1]-[3]. WSN is a wireless network infrastructure consisting 

of sensor nodes distributed in such area, energy-efficient, and can forward information to the base station [4]. 

The information carried by the signal on WSN infrastructure can travel long distances with various algorithms 

and methods according to their application. In this article, the existence of signal on WSN could be used to 

determine the position of tourists in the tourist areas. 

Currently, the tourism industry in Indonesia is trying to develop tourism areas and prioritize the  

safety and security of visitors. It aims to expand job opportunities, improve human living standards, and 

increase regional income. In addition, the World Tourism Organization (UNWTO) stated that the tourism 

industry must pay attention to the safety and security of tourist visitors, especially in prohibited areas [5]. For 

example, areas with dangerous electrical installations, plant nurseries in urban farming areas, forest areas, and 

mountainous areas. 

https://creativecommons.org/licenses/by-sa/4.0/
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A study on tracking tourist positions has been carried out by [6] applying bluetooth low energy. 

However, the range of bluetooth communication is short, and it is not suitable to implement it in the large area. 

Instead, a long-distance communication system is needed. Meanwhile, conducted studies on position tracking 

utilizing global positioning system (GPS) technology with applications connected to the database server [7]-[9]. 

GPS technology utilizes large resources and is not suitable to be implemented with WSN. Therefore, smaller 

resources that can reach long distances are needed, such as long range (LoRa). 

Tourist position tracking on WSN can be performed with localization. Localization determines the 

position of the node device based on information from other known node devices [10]. A node with an unknown 

position is called an unknown node or tourist node, while a node with a known position is called a reference 

node or anchor node. According to Chowdhury et al. [11], localization is divided into several parts, namely 

based on data processing method (distribution or centralization), transmission range (range free or range-

based), node mobility (static or mobile), observation environment (outdoor or indoor), density nodes (sparse 

or dense), routing, and algorithms. The application of the localization category is based on the scenario used. 

In this article, localization is used based on data processing, namely distribution, and based on the observation 

environment, namely outdoor localization. 

In general, position estimation in localization uses Trilateration and Multilateration. Trilateration 

estimates the position of a node (longitude and latitude) with three anchor nodes [12], [13]. If the position is 

detected in three dimensions, namely longitude, latitude, and altitude, then localization with Multilateration is 

used as in [14], [15]. The tourist area environment has uneven contours, so tracking is carried out in 3 dimensions 

called quadlateration, where quad represents the four reference nodes used. Quadlateration uses low computing 

power with many reference nodes [16]. Outdoor localization still requires GPS technology for position tracking. 

GPS is considered easier to implement and has an accuracy of up to five meters. However, GPS consumes a lot 

of energy, making it more expensive to use, especially for deployments with a larger number of nodes. Therefore 

in this article, GPS was only used on the anchor node [17].  

Outdoor localization requires a transmission medium capable of reaching long distances, such as in 

LoRa [18]. There are some techniques for localization using LoRa that have been performed before, namely 

received signal strength indicators (RSSI), Fingerprints, angle of arrival (AoA), and time difference of arrivals 

(TDoA). In AoA, TDoA and Fingerprint required advanced hardware specifications to achieve high accuracy 

[12]-[14]. Unlike the RSSI technique which does not require a lot of hardware and is only based on radio signal 

transmission, Fingerprints can predict the number of obstacles, but this technique requires a radio map that 

must be updated regularly [19]. The distance error on TDoA is reached 925 m so it takes time synchronization 

from the gateway to achieve high accuracy values [20]. The RSSI technique with linear least square (LLS) has 

been applied in [21], but LLS is considered unsuitable in high-noise or outdoor environments. In Savazzi et al. [22] 

RSSI was also used with 500m localization. Based on the results of previous studies, there is a need for 

innovations with additional methods to minimize position estimation errors. 

This study will conduct a distributed localization in RSSI-based outdoor environment by adding the 

normalization process. Normalization is considered to reduce the level of position estimation error in outdoor 

localization, due to the utilization of actual distance deviation to an average the estimated distance parameter. 

The deviation is a constant or an identical value for each unknown node (UN) with anchor node (AN). The 

estimated position is calculated after the position data and RSSI from the AN is obtained. Then, the distances 

between UN and ANs are calculated to be estimated using normalization. The results of normalization are used 

to estimate the position of the unknown node. The estimation error is evaluated using the squared error (MSE). 

Localization begins when the tourist node receives information from the four reference nodes. The estimated 

position on the tourist node is calculated using an arduino due microcontroller with a 32-bit ARM processor, 

so that decimal data processing becomes more precise.  

The contributions of this paper can be listed as follows: 

a) This paper presents the formulation of quadlateration localization in detail with the addition of new 

method called normalization. The normalization method will assist the quadlateration localization to 

decrease the error rate in node position estimation. 

b) This paper proposed an estimated node position system in distributed localization based on LoRa in the outdoor 

environment. LoRa is one of the low-power communication, which provides the long-distance communication. 

In Indonesia, LoRa works on the 920 Mhz frequency. This module is sufficient to utilize in outdoor 

environment without any repeater, so the loss of signal power from Transmitter to receiver could be decreased. 

c) This paper utilizes arduino due for quadlateration computing to achieve the highly accurate localization. 

Furthermore, Arduino due has a 32-bit ARM processor that assists the process of calculating 

quadlateration from the GPS position data. 

d) This paper presents the node circuit design and the inter-node scheduling algorithms. The AN circuit 

consists of due, GPS, and LoRa. Then, the communication of each UN with four ANs is managed by a 

scheduling algorithm that determines the time of transmitting packets from each AN. 
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This paper organized as follows. In section 1, introduction is presented. Section 2 explains the proposed 

methods starting from hardware design, node position scenarios, exponent path loss, normalization, scheduling 

algorithm, and quadlateration. Section 3 describes the results and discussion. Section 4 is the conclusion. 

 

 

2. PROPOSED METHOD  

This section describes the design of hardware representing a tourist node, positioning of AN and UN 

in tourism areas, measuring path loss exponents, normalization process, scheduling algorithms on distributed 

anchor nodes in tourist areas, estimating the position of visitor nodes with quadlateration, and calculating 

position estimation error with mean MSE. In MSE calculation compares actual position with garmin GPS 

readings. 

 

2.1.  Hardware design and node position scenarios 

In this study, the hardware used was four anchor nodes and five unknown nodes. Each node had 

arduino due microcontroller and LoRa module. Meanwhile, the anchor node had a 6m Ublox Neo GPS 

component. This GPS is considered quite good at detecting longitude and latitude [23]. Arduino due has many 

serial connections for the input and output pins required by GPS and LoRa. Arduino due is also capable of 

storing and processing GPS data of more than 9 decimal digits to produce more precise position estimates. The 

wireless communication medium used to transmit GPS was LoRa data of the Hope RFM9x, an end device type 

at a frequency of 920 MHz with a dipole antenna. LoRa has a long-range, low power, and is suitable to be 

applied in outdoor environments [23]. The node layout and positioning scenario are shown in Figure 1. The 

node circuit was composed of Arduino Due to receiving the position of the node measured by the GPS module. 

The information about the node position and the signal strength was sent to the server by LoRA module. The 

layout of each component in the print circuit board is illustrated in Figure 1(a). Meanwhile, the map of the 

experiment location in the front yard of Al Akbar Surabaya Mosque is depicted in Figure 1(b).  

 

 

 
(a) 

 
(b) 

 

Figure 1. Node layout and positioning scenario with (a) the node circuit layout completed with arduino 

due, LoRA module, and GPS module and (b) the nodes positioning in front of Al Akbar Surabaya Mosque 

 

 

Al Akbar Surabaya Mosque is one of the religious tourism areas in Surabaya City, Indonesia with an 

area of about 127x147 m2. Around the mosque, there is a parking lot for cars and motorbikes as well as a 

special gazebo for visitors. The first anchor node (A1) was placed on the north balcony of the mosque, the 

second anchor node (A2) was placed in the car park area, the third anchor node (A3) was placed in the gazebo, 

and the fourth anchor node (A4) was placed on the south balcony of the mosque. 

 

 

2.2. Calculation of exponent path loss 

The reference power and reference distance were obtained by measuring the power between the 

receiver and transmitter by the line of sight (LOS). The reference power of LoRa was measured several times 

with a certain distance variation until the receiver could not receive the signal information from the transmitter. 

Then, the path loss exponent (n) was calculated by (3). The path loss exponential (PLE) is derived from the 

log-normal shadowing in (1) [24], [25].  

 

𝑃𝑅𝑋 = 𝑃𝑇𝑋  𝐺𝑇𝑋 𝐺𝑅𝑋 [
𝜆

4𝜋𝑑
]

𝑛

  (1) 
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−𝑃𝑅𝑋 = −𝑃𝑅𝑋0
+ 10𝑛𝑙𝑜𝑔 [

𝑑

𝑑0
]

𝑛

+ 𝑥𝜎 (2) 

 

𝑃𝑅𝑋 represents the power received at the receiver in watts, 𝑃𝑇𝑋 represents the power transmitted in watts, 𝐺𝑇𝑋 

represents transmitter gain, 𝐺𝑅𝑋 represents receiver gain, 𝜆 represents wavelength, 𝑑 represents the distance 

between the receiver and transmitter, n represents the path loss exponent, and 𝑥𝜎  represents the Gaussian 

random distributed variable with zero mean and standard deviation in dB. 

 

𝑛 = (
𝑃𝑅𝑋0−𝑃𝑅𝑋

10𝐿𝑜𝑔(
𝑑

𝑑0
)
)  (3) 

 

With a reference distance of 10 m (𝑑0), the reference power (𝑃𝑅𝑋0) was -70.4 dB, where 𝑃𝑅𝑋 is the 

power received and 𝑑  is the distance between the receiver and transmitter. The path loss exponent was 

measured 20 times according to the position of 4 anchor nodes and 5 unknown nodes. Each measurement was 

carried out for 30 minutes to obtain the power received (𝑃𝑅𝑋). After obtaining the path loss exponent from the 

observed environment, the distance between each anchor node and unknown node was calculated  

by the (4). 

 

�̂� =  𝑑010
(

𝑃𝑅𝑋0−𝑃𝑅𝑋
10𝑛

)
  (4) 

 

2.3.  Distance estimation with normalization 

In localization, the distance parameter is very important in determining the position of a node. 

Therefore, there is a need for additional methods so that the distance value is close to the actual distance value. 

RSSI-based localization systems with three-dimensional position estimation produced large errors [20]-[22]. 

To minimize these errors, this study added the normalization method on distance estimation in (5). 

 

𝑑𝑛𝑜𝑟𝑚(𝑖,𝑗)
= (𝑑𝑐𝑎𝑙(𝑖,𝑗) −  �̅̂�(𝑖,𝑗)) + �̂�(𝑖,𝑗) (5) 

 

𝑑𝑛𝑜𝑟𝑚 represents the normalized distance, 𝑑𝑐𝑎𝑙  represents the actual distance, �̅̂�(𝑖,𝑗) is the average estimated 

distance with i being the anchor node index, while j represents the unknown node index. (𝑑𝑐𝑎𝑙(𝑖,𝑗) −   �̅̂�(𝑖,𝑗)) is 

the difference between the actual distance and the average estimated distance. The distance between Anchor 

and unknown nodes in GPS was converted into meters as in (6). Variable C is a constant of 111.32 km. The 

GPS variable is the degree value of longitude and latitude, while position and altitude are already in meters. 

 

𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛(𝑚) =  𝐺𝑃𝑆 𝐶 1000 (6) 

 

2.4.  Scheduling algorithm 

This study used two types of algorithms namely the scheduling algorithm and the position estimation 

algorithm. The scheduling algorithm for four anchor nodes must be able to send packets to five unknown nodes, 

so to avoid packet collisions, it is necessary to set the delivery time of packets from each anchor node. The 

algorithm was designed using the timing feature of the anchor node microcontroller. The packet sent by the 

anchor node consists of identity, longitude, latitude, and altitude. The arrangement of packets is shown in 

Figure 2. A packet has a data length of 51 bytes, i represents the anchor node index, Lon and Lat are the 

longitude and latitude of the anchor node, meanwhile, alt represents the altitude, and the number between 0-50 

represents the bytes index. 

 

 

 
 

Figure 2. Packet structure 
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The unknown node will receive packets from all anchor nodes sequentially starting from anchor 1, 

anchor 2, anchor 3, and anchor 4. Unknown node will estimate its position only if packets from all anchor 

nodes have been received. After the packet and RSSI are received, normalization is then carried out to then 

estimate the position using the quadlateration equation. Algorithm 1 represents the process of Anchor’s node 

scheduling where each anchor node will create a packet to be sent to the UN in turn. Algorithm 2 represents 

the node position estimation process using RSSI data and calculates it by quadlateration localization technique. 

The algorithm of each process is shown in Figure 3. 

 

 

 
 

Figure 3. The algorithm of node scheduling, and node position estimation 

 

 

2.5.  Position estimation with quadlateration 

Quadlateration is a method for estimating three-dimensional positions. Many researchers use this 

method, with various types of localization techniques. In Podevijn et al. [20], this method is used for 

multidimensional position estimation with the time difference of arrival localization technique with a fairly 

large estimation error rate. The quadlateration method requires 4 anchor nodes as a reference for sending 

information to unknown nodes. Unknown node is the intersection of the four circle anchor node as illustrated 

in Figure 4.  

 

 

 
 

Figure 4. Localization with quadlateration 

 

 

Quadlateration is calculated starting by finding the distance between the anchor node and unknown 

node as in (7). 

 

𝑑𝑖 = √(𝑥𝑢 − 𝑥𝑖)
2 + (𝑦𝑢 − 𝑦𝑖)2 + (𝑧𝑢 − 𝑧𝑖)2 (7) 

 

In (7) is a distance formula as many as the number of anchor nodes to be eliminated by linear algebra and 

convert into a matrix as in (8). Each matrix variable is defined in (8)-(11).  
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𝑋 = 𝐵−1𝐴 (8) 

 

𝑿 = [

𝑥𝑢

𝑦𝑢

𝑧𝑢

] (9) 

 

𝑩 = [

2(𝑥1 − 𝑥2) 2(𝑦1 − 𝑦2) 2(𝑧1 − 𝑧2)
2(𝑥2 − 𝑥3) 2(𝑦2 − 𝑦3) 2(𝑧2 − 𝑧3)

2(𝑥2 − 𝑥4) 2(𝑦2 − 𝑦4) 2(𝑧2 − 𝑧4)
] (10) 

 

𝑨 = [

(x1
2 − x2

2) + (y1
2 − y2

2) + (z1
2 − z2

2) + (d2
2 − d1

2)

(x2
2 − x3

2) + (y2
2 − y3

2) + (z2
2 − z3

2) + (d3
2 − d2

2)

(x2
2 − x4

2) + (y2
2 − y4

2) + (z2
2 − z4

2) + (d4
2 − d2

2)

] (11) 

 

X is a 3x1 matrix representing the estimated position of the unknown node, B is a 3x3 matrix 

representing the position of the anchor node, and A is a 3x1 matrix representing the position and distance 

between the anchor node and the unknown node. The unknown node position was calculated using MSE as in 

(12). MSE calculates the difference between actual positions (𝑥𝑟 𝑦𝑟, 𝑧𝑟) and estimated positions(𝑥𝑢 𝑦𝑢 , 𝑧𝑢). 
Low MSE value indicates an accurate localization method [26], [27]. 

 

MSE = √(𝑥𝑟 − 𝑥𝑢)2 + (𝑦𝑟 − 𝑦𝑢)2 + (𝑧𝑟 − 𝑧𝑢)2 (12) 

 

The proposed system is divided into two stages, as depicted in Figure 5. The first stage is to determine the PLE 

and estimate the distance between anchor and unknown node as shown in Figure 5(a). The PLE was calculated 

using (3) followed by the normalization method of the measured distance. The normalization of position 

estimation was computed in the second stage, by implementing the normalized distance and the anchor 

position, as shown in Figure 5(b).  

 

 

 
(a) 

 
(b) 

 

Figure 5. The flowchart of the proposed system with (a) the first stage and (b) the second stage 

 

 

3. RESULTS AND DISCUSSION  

This section shows the MSE value from the position estimation results and compares the estimated 

distance without and with normalization. Three-dimensional poition estimation from unknown node using 

quadlateration used distance that must be normalized first. The actual position of the 5 unknown nodes is 

presented in Table 1 and the estimated position is shown in Tables 2-6.  

 

 

Table 1. The actual positions of unknown node 
Node Xr (m) Yr (m) Zr(m) 

Unknown 1 547551.35 816751.93 13.50 

Unknown 2 547555.47 816712.10 16.06 
Unknown 3 547566.38 816702.84 14.70 

Unknown 4 547558.48 816762.68 14.89 

Unknown 5 547537.22 816760.40 12.78 
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Table 2. The estimated positions of unknown 1 
Xu (m) Yu (m) Zu(m) MSE (m) 

547551.47 816759.58 12.06 7.78 
547561.56 816761.86 17.05 14.67 

547552.77 816757.15 27.39 14.91 

547565.37 816756.45 26.16 19.42 
547547.38 816730.64 12.67 21.68 

547570.97 816759.56 5.61 22.48 

547551.45 816757.03 -10.98 25.01 
547554.61 816749.40 39.36 26.18 

547526.80 816756.57 5.10 26.36 

547533.11 816752.35 -8.85 28.85 
MSE Average 20.73 

 

Table 3. The estimated positions of unknown 2 
Xu (m) Yu (m) Zu(m) MSE (m) 

547536.85 816748.80 -5.44 46.43 
547544.14 816749.42 42.56 47.16 

547532.11 816753.19 15.33 47.27 

547547.13 816758.20 1.35 49.11 
547540.37 816747.95 47.13 49.78 

547545.49 816755.57 40.38 50.80 

547537.87 816756.29 -4.06 51.65 
547529.79 816756.62 1.84 53.33 

547551.71 816765.07 10.72 53.37 

547542.19 816761.94 -0.84 54.28 
MSE Average 50.32 

 

 

 

The position estimation was performed 30 times by calculating the average MSE. The average MSE 

for unknown 1 was 20.73 m, unknown 2 was 50.32 m, unknown 3 was 32.92 m, unknown 4 was 21.40 m, and 

unknown 5 was 16.89 m. The position estimation on localization is close to accurate if the error ≤ 10% of the 

observation area [4]. MSE estimation ranged from 16.89 m to 50.32 m or ≤ 10% of the observation area of 

1867 m2. Thus, this localization system can be considered accurate in determining the estimated position of a 

node.  

The novelty of this study is the application of normalization for distance estimation. Normalization is 

the process of obtaining a certain distance value so that the value is close to the actual distance value. The 

actual distance between unknown node 1 and anchor node 1 is 73.75 m, denoted by 𝑑1̂, with anchor node 2 or 

𝑑2̂ of 35.46, with anchor node 3 or 𝑑3̂ of 54.61 m, and anchor node 4 or 𝑑4̂ of 92.26 m. Table 7 shows the 

results of distance estimation before and after the normalization process. 
 
 

Table 4. The estimated positions of unknown 3 
Xu (m) Yu (m) Zu(m) MSE (m) 

547553.66 816701.86 4.83 16.13 
547569.18 816716.98 1.73 19.39 

547590.10 816702.36 17.17 23.85 

547549.81 816690.23 2.36 24.21 
547560.47 816706.40 40.35 26.57 

547571.49 816714.65 37.94 26.57 

547583.09 816728.95 48.31 45.73 
547573.85 816747.71 20.14 45.81 

547579.27 816703.84 63.03 50.03 

547572.51 816748.69 35.88 50.88 
MSE Average 32.92 

 

Table 5. The estimated positions of unknown 4 
Xu (m) Yu (m) Zu(m) MSE (m) 

547575.54 816745.57 13.57 24.20 
547540.59 816745.06 -4.65 31.82 

547546.48 816750.74 7.95 18.30 

547552.31 816748.87 37.90 27.54 
547542.34 816743.28 9.45 25.82 

547551.40 816761.29 1.38 15.32 

547542.04 816749.05 2.63 24.62 
547533.92 816744.91 10.29 30.66 

547549.14 816752.03 17.96 14.50 

547559.57 816763.15 14.46 1.27 
MSE Average 21.40 

 

 

 

Table 7 shows the result of position estimation unknown node with normalization and without 

normalization. It could be shown that normalization overcomes better results in estimating distances in RSSI-

based localization. The experiment was carried out 30 times where the estimated distance depended on the 

RSSI value received by the unknown node. However, the RSSI value was influenced by the experimental 

environmental conditions causing scattering. Scattering is an event caused by the presence of an object whose 

size is greater than or equal to the signal wavelength. This scattering usually occurs due to the presence of trees 

and tall buildings. Therefore, using normalization, the scattering data could be minimized. 

 

 

Table 6. The estimated positions of unknown 5 
Xu (m) Yu (m) Zu(m) MSE (m) 

547537.78 816762.81 3.06 10.03 

547529.47 816756.37 3.67 12.61 
547530.31 816751.68 19.97 13.25 

547525.24 816758.61 23.25 16.01 

547528.18 816759.95 -0.69 16.23 
547526.06 816757.46 24.33 16.33 

547522.53 816753.63 16.06 16.50 

547555.92 816764.38 4.00 21.04 
547552.76 816771.55 1.43 22.24 

547521.50 816745.54 0.73 24.75 

MSE Average 16.89 
 

Table 7. The estimated distance with and without 

normalization in meters 
𝒅�̂� 𝒅𝒏𝒐𝒓𝒎(𝟏,𝟏)

 𝒅�̂� 𝒅𝒏𝒐𝒓𝒎(𝟐,𝟏)
 

28.90 71.30 31.94 33.68 

31.94 74.34 21.40 23.14 
28.90 71.30 28.90 30.64 

35.30 77.70 35.30 37.05 

21.40 63.80 47.67 49.42 
43.13 85.53 26.15 27.89 

28.90 71.30 23.65 25.40 

17.52 59.91 31.94 33.68 
31.94 74.34 58.24 59.98 

28.90 71.30 47.67 49.42 
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According to the graph in Figure 6, the proposed normalization method provides preferable accuracy 

for outdoor localization. Moreover, the average error of distance estimation in the outdoor environment is 

approximately 44.17% [21], and the proposed normalization method yields an average error of 15.22%. 

Therefore, normalization contributes to the accuracy of about 28.95%.  

 

 

 
 

Figure 6. Effect of normalization on distance estimation 

 

 

4. CONCLUSION  

A distributed localization with quadlateration for three-dimensional position estimation has been 

proposed. By implementing the normalization method, the error accuracy of distance estimation will be 

decreased significantly. Based on the analysis, the position estimation results were more accurate with an 

average of 20.73 m, 50.32 m, for UN 1; 50.32 m for UN 2; 32.92 m for UN 3; 21.40 m for UN 4, and 16.99 m 

for UN 5. Without implementing the normalization method, the error of distance estimation was 44.17%, and 

after adding the normalization method, the error was decrease up to 15.22%. Hereinafter, the accuracy of 

positioning is increased up to 28.95%. 

The other method to improve the accuracy of error estimation in localization technique is employing 

machine learning on distance estimation, for example using fuzzy logic. This method leads to the provide the 

selection process on variations of possible errors using the membership function. In addition, to reduce hardware 

costs and power consumption of a node, it is possible to use a method without GPS for the localization process. 
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