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Abstract —A railroad crossing is an intersection between a railway track and a road for motor vehicles. At guarded crossings, a flashing
unit operates the gate lights and warning speakers, while officers record train arrival and departure times. However, data from UPT
Sintelis Daop 8 Surabaya shows that this device often malfunctions, encouraging the development of a new monitoring and control
system. The proposed system consists of node and server devices. The node, installed at the PJL post, includes a LoRa Ray module,
relay, amplifier, LED light, speaker, push button, and vibration sensor. The server, installed at the Gubeng Surabaya station resort
office, uses LoRa Ray and NodeMCUS8266. When a train approaches, the push button activates the speaker and LED warning light.
After the train passes, vibration data is detected, processed by LoRa Ray RX, transmitted to the LoRa receiver, and sent to a web server
via Wi-Fi. Testing was conducted statically using vibrating objects at distances of 5-35 cm and directly at PT KAI DAOP 8 Surabaya.
LoRa testing reached a maximum range of 760 meters. The system achieved excellent TIPHON results, with packet loss of 4 and delay

of 80.38922 ms.
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I. INTRODUCTION

A railroad crossing is an intersection between a railway track
and a motorized roadway, such as a highway, or a pedestrian
path. These crossings are commonly found in urban areas,
although they may also exist in rural areas. In general, railroad
crossings can be classified into level crossings and non-level
crossings. A level crossing refers to an intersection where a
railway line and a road meet at the same elevation, while a non-
level crossing refers to a separated crossing, such as a flyover
or underpass. All types of crossings are equipped with safety
systems to prevent accidents [1].

Each railroad crossing is supported by a guard post that
operates for 24 hours. The post is equipped with a system used
to operate the crossing gate, known as the flashing unit [2]. This
device controls the crossing gate lights and warning speaker,
while the guard post officer manually records the arrival and
departure times of trains. The flashing unit consists of several
components, including SCR, TDA with cooling systems,
capacitors, relays, and VR. According to instrument damage
data from UPT Sintelis Daop 8 Surabaya, this device frequently
experiences failures [3].

Information from the head of UPT Sintelis Daop 8 Surabaya
indicates that, within one year, an average of three to four
flashing unit devices are damaged. These failures are caused by
several factors, including broken lines, dirty lines [4], damaged
components, loose component installation, and short circuits
that may require total replacement of all components [5]. Such
damage can disrupt the working process of PJL officers.

UPT Sintelis has handled flashing unit damage through
several procedures [6]. First, the device is tested to identify the
type of damage. Second, the cause of the failure is analyzed,
followed by disassembly for further inspection. Third, repair
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planning is conducted after the damaged part has been located.
Fourth, repair implementation is carried out according to the
identified damage. Fifth, evaluation is performed by
rechecking the device before testing and reassembling all
components. Sixth, the device undergoes testing and functional
observation. Finally, documentation is prepared for
recapitulation purposes [7].

Further information from the head of UPT Sintelis Daop 8
Surabaya shows that the repair process is often constrained by
the limited availability of components [8]. On average, only
two to three instruments can be repaired each month [9]. This
number is not proportional to the average number of damaged
devices received. Therefore, additional components are
required to support the repair process more effectively [10].

Previous research conducted by Electrical Engineering
student Mohamad Ilham Syafrizal and colleagues, entitled
“Monitoring System for Detection of Train Arrival Direction
Based on the Internet of Things,” discussed a similar system.
The controlled system crossing gate lights and warning
speakers, while also recording train arrival and departure times
automatically using NRF24L01 LoRa antenna media. The
study showed that the maximum antenna coverage was 250
meters, and the success of data transmission was influenced by
the antenna placement at the research location [11].

Considering the problems described above, it is necessary to
develop a new system that can simplify the repair process while
maintaining the same main functions. The proposed system can
also send information automatically to a web server, allowing
station officers and PJL officers to access train arrival and
departure data more easily. This feature is expected to support
officers in recording train movement times more efficiently.
The system uses the SW-420 vibration sensor module as a train
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arrival detector, Arduino Uno as the main controller, the LoRa
Ray module as the communication medium, and an
accumulator as the main power source. The system output
consists of lights, speakers, and train arrival and departure time
information displayed on the web server.

To ensure a comprehensive evaluation of communication
reliability, this research also incorporates Quality of Service
(QoS) analysis. As a standardized framework for measuring
network performance, QoS is used to evaluate how effectively
the system delivers data by examining critical parameters such
as speed, reliability, and latency [13]. The main objective of
this testing is to assess network stability through systematic
calculations and observations [14]. Since environmental
conditions and network traffic may vary throughout the day,
data collection is conducted across four different time intervals:
morning, afternoon, evening, and night. This multi-temporal
testing approach is important to identify possible degradation
in network quality caused by atmospheric conditions or daily
interference patterns [15]. By observing system performance
across different periods, this study provides a more robust and
holistic representation of LoRa network consistency and its
ability to maintain data integrity under various operational
conditions.

II. METHODS

A. Research Stages

This research will discuss the Development of Long Range
Based Railway Crossing Security Tools (PJL) (Case Study PT.
KAI DAOP 8 Surabaya, Gubeng Station). The first thing to do
is a literature study of some of the archives of PT. KAI DAOP
8 Surabaya Gubeng stations, supporting journals, related books
or articles that have been published by various sources
regarding security tools maintenance, and LoRa
Communication that will be used in designing this system. In
the second stage, system planning was carried out including
hardware design with a system for reading time of train as well
as application web design with real-time monitoring. The third
stage is to design the system according to the concept. The
fourth stage is system integration, namely connecting hardware
devices with application web, so monitoring can be done in real
time. The fifth stage is testing the system by trying the system
that has been made. Then analyze the results of testing the tool.
The next stage is the conclusions and suggestions of the
research that has been done. The final stage is preparing a
report that is used as evidence that this research has been
carried out.

B. Block Diagrams

The diagram illustrates the sequential flow of data, starting
from the sensor input to the final output notification. The
system is divided into two primary nodes: the transmitter node,
which is responsible for detecting vibrations and broadcasting
data, and the receiver node, which processes the incoming
signals to trigger the warning system. This architecture ensures
that information is transmitted over long distances reliably
using the LoRa protocol, while the Wi-Fi integration allows for
seamless data management and monitoring, shown in Fig. 1.
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Figure 1. Diagram System

C. Materials and Methods

The research was conducted using a specific set of
hardware components designed to meet the system
requirements. These components were integrated to ensure the
reliability and functionality of the proposed system, as detailed
in the Table I below.

TABLE I
MATERIALS WITH THEIR FUNCTION

No. Component Brief Description
1. LoRa Ray Module System controller and RF transceiver
(Tx/Rx)
2. SW-420 Vibration Detects object presence via
Sensor mechanical vibrations
3. Power Supply 24V DC voltage source for the system

4. Audio Amplifier Amplifies audio signals for the output

system

5. Node MCU ESP8266 Wi-Fi gateway for loT/Internet
connectivity

6. 2-Channel Relay Switches and controls high-power
peripherals

7. LED Indicator Provides visual status output

8. Loudspeaker Provides audio notification output

9. Push Button Manual input trigger for system

activation

The materials utilized in this study consist of an integrated
hardware-software framework. Key hardware components
include a LoRa Ray module for long-range communication, an
SW-420 sensor for vibration detection, and a Node MCU
ESP8266 for internet connectivity. The complete technical
specifications for system implementation are summarized in
Table 1. The complete system architectures are illustrated in
Fig. 2 and Fig. 3, that showing the integration between the
Level Crossing (JPL) as the transmitter and the PT. KAI DAOP
8 Surabaya Resort Office as the receiver. The figure also details
the power source points and the overall circuit configuration.
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No. Source Pin Destination Pin
i \ 10 Vibration Sensor 2 DO Pin LoRa Ray (TX) D5

/Opefatmg System at JPL 11 Vibration Sensor 3 DO Pin LoRa Ray (TX) D7

12 Vibration Sensor 4 DO Pin LoRa Ray (TX) D8

13 Push Button (+) LoRa Ray (TX) D3

14 Push Button (-) LoRa Ray (TX) GND

15 Relay Pin COM1 LED 1 Cathode (-)

16 Relay Pin COM2 LED 2 Cathode (-)

17 Relay Pin NO1 LED 1 Anode (+)

18 Relay Pin NO2 LED 2 Anode (+)

19 LoRa Ray (RX) D3 ESP8266 D4

20 LoRa Ray (RX) D4 ESP8266 D3

21 LoRa Ray 5V Pin ESP8266 Vin

22 LoRa Ray (RX) GND ESP8266 GND

23 5V Power Supply LoRa Ray (RX) USB Pin

III. RESULTS AND DISCUSSION

A. Result of Tool Design

Detection node is a critical component of the level crossing
safety system, designed to detect and provide early notification
regarding train arrivals and departures. Strategically positioned
at the nearest Level Crossing (JPL) post, this node serves as the
primary field sensing unit. The next stage involved testing the
LoRa communication performance between the node and the
server. This testing was conducted at Surabaya Gubeng Station,
which served as the primary site for data collection and
research. The test scenario focused on evaluating the impact of
distance on data transmission efficiency. The final hardware
implementation of the detection node and the server circuit are
illustrated in Fig. 4 and Fig. 5.

Figure 2. Circuit Schematic Transmitter
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Figure 3. Circuit Schematic Receiver

The specific pin assignments and hardware configurations for
the system components are detailed in Table II. This table
outlines the electrical interconnections necessary for the
integrated functionality of the entire system.

Power supply
connector

Figure 4. Detection Node Circuitry

TABLE II
SOURCE AND DESTINATION

No. Source Pin Destination Pin
1 12V Power Supply (+) Amplifier (+12V)
2 12V Power Supply (-) Amplifier (-12V)
3 Amplifier Speaker Out (+) Speaker Terminal (+)
4 Amplifier Speaker Out (-) Speaker Terminal (-)
5 LoRa Ray Digital Pin A2 Amplifier Input Pin
6 5V Power Supply LoRa Ray USB Pin
7 Vibration Sensors GND (1, 2,3, LoRa Ray (TX) GND

4)
8 Vibration Sensors VCC (1, 2, 3, LoRa Ray (TX) 5V

4)
9 Vibration Sensor 1 DO Pin LoRa Ray (TX) D4 Figure 5. Server Node Circuitry
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Circuitry component installation is shown in figure 4 and
figure 5. For detection consists module LoRa Ray TX, a
connector, a LED 12 Volt DC, a relay 2 channels, a speaker, a
vibration sensor SW-420, and Amplifier. The sensor consists 4
sensors for difference place. For server circuit consists module
Lora Ray RX and Nodemcu ESP8266. The system architecture
consists of a transmitter node and a receiver node, both
utilizing the LoRa Ray module, which integrates an ATmega-
based microcontroller with a LoRa antenna for streamlined
hardware implementation.

On the transmitter side, the microcontroller manages four
vibration sensors, a 2-channel relay, and an audio amplifier.
When a vibration sensor detects a train's arrival or departure on
a specific track, the system triggers the 2-channel relay to
activate constant flip-flop LED indicators and powers the
amplifier to drive a loudspeaker, emitting tones generated via
the Arduino IDE. Simultaneously, the transmitter broadcasts
time-stamped arrival or departure data wirelessly to the
receiver node. Upon receiving the signal, the receiver-side
LoRa Ray module transfers the data to a NodeMCU ESP8266,
which acts as a Wi-Fi gateway to upload the information to a
web server. This data is then stored and displayed on a web
application, allowing authorized station personnel and crossing
guards to monitor train movements in real-time through a
secure login interface.

B. Web Server

Based on the test results, the web application for the
crossing safety system development is designed with two
primary user access levels: Admin and Staff. The platform
provides essential features, including a secure login gateway, a
dashboard for a general system overview, and a user
management module. Furthermore, it records real-time data on
train arrival and departure times, all of which can be exported
and downloaded to support reporting and administrative
requirements.

Figure 6. Login Page

The login page shown in Fig. 6 ensures secure access to the
system. Users must input their credentials to proceed. A
successful login grants access to the home dashboard, while
invalid entries trigger an error notification to inform the user of
the failed attempt.
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Figure 7. Landing Page

The dashboard shown in Fig. 7 is the main landing page after
authentication. It features the company logo as a brand identity
and provides a brief profile of the company, including its
geographical location.
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Figure 8. User Management Page

Fig. 8 illustrates the User Management page, which functions
to manage registered user data within the system. This interface
displays comprehensive user information, including full
names, email addresses, access levels, and profile pictures.
Additionally, it provides administrative controls for user data
management, such as adding new users, viewing detailed
profiles, editing existing information, and removing users from
the system.
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Figure 9. Add User Page

Fig. 9 illustrates the 'Add User' feature, which provides a
dedicated interface for registering new personnel into the
system. This form includes several essential input fields that
must be completed to ensure a valid registration. Required
information includes the user's full name, a valid email address
for account identification, a profile photograph for visual
recognition, and a secure password for system authentication.
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Figure 10. Detail User

The detailed view of user data is shown in Fig. 10. It retrieves
and displays all registered account attributes, such as name,
email, profile image, and user roles. This feature allows
administrators to verify the complete profile of each user
within the system efficiently.
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Figure 11. Arrival Monitoring Page

The Arrival Data interface is illustrated in Fig. 11. This page
captures and visualizes the arrival timestamps transmitted from
the detection nodes.
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Figure 12. Departure Monitoring Page

Fig. 12 illustrates the Train Departure interface, which displays
a detailed log of detected activities. The information provided
includes the specific rail track, the precise date and time of the
event, and the activity status triggered upon train detection.
Furthermore, this menu is equipped with a data export feature,
allowing users to download activity files
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C. Tool Test Results

The testing phase of this research utilized a digital vibration
meter as a reference tool to measure the vibration intensity
generated by train movements. This measurement process was
conducted to validate the data acquired by the sensor nodes, as
illustrated in Fig. 13 below.
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Figure 13. Testing with Vibration Meter

The measurement procedure followed strict protocols for
safety and accuracy: the vibration meter was set to velocity
mode and operated under the supervision of PT KAI personnel.
For safety, a 2-meter clearance was maintained while recording
vibrations from trains passing over the instrumented rails
(Table III)

TABLE III
VIBRATION METER TESTING

No Distance Vibration Vibration
M Meter Meter
™D (kHz) Conversion % Error
(kHz)
1 2 0,16 0,129748 1,89%
2 2 0,19 0,130582 3,12%
3 2 0,2 0,13086 3,45%
4 2 0,22 0,131416 4,02%
5 2 0,28 0,133084 5,24%
6 2 0,26 0,132528 4,90%
7 2 0,33 0,134474 5,92%
8 2 0,38 0,135864 6,42%
9 2 0,35 0,13503 6,14%
10 2 0,41 0,136698 6,66%
Average Percentage Error 4,78%
Percentage Accuracy 95,22%

Field testing was conducted at Surabaya Gubeng Station by
varying the distance between the transmitter and receiver to
obtain accurate experimental data. The receiver coordinates
were determined using Google Earth, with the detailed
mapping points illustrated in Fig. 14.
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Figure 14. Mapping Point in Google Earth

To test the LoRa transmission range, 11 sample points were
mapped and recorded, the details of which are presented in
Table I'V.

TABLE IV
RESULT TESTING IN FIELD
Tx Rx Distan
No Latitu Longit Latitude Longitu ce (m) Status
de (1) ude Q) de
| 7.29386 116247751 7267036 1127.;518 1877&59 Succes
5 7.29386 1 16247751 1266772 | 12415 19 2177.93 Succes
3 7.29386 1 16247751 22662 | 1261520 28(%35 Succes
g 7280 HEDL gaesmis 12752 P00 sucees
; 7.29386 11 6247751 7261878 | 12(.)76522 432619 Succes
] 7.29386 11 6247751 726207 | 121.1525 5012;6 Succes
; 7.29386 1 16247751 7263736 | 122.;526 56;30 Succes
o 7.29386 1 1624775 U ey | 123.73527 62;1309 Succes
. 7.29386 11 6247751 7262561 | 12671528 70&52 Succes
10 7'29386 i 6247751 7262033 ! 125';5 » 763 i66 Succes
i TR ML gaeiaag M7 8IAS gy

The testing results indicate that the maximum effective range
achieved by the LoRa system is 760 meters. This limitation is
due to the inverse relationship between distance and signal
strength; as the distance between the transmitter and receiver
increases, the received signal strength weakens. Several factors
contributed to the transmission failure beyond this point,
specifically the increased distance and the presence of
numerous physical obstacles at the testing site. These obstacles
interfered with the signal propagation quality, leading to data
loss at longer ranges.
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D. Quality of Service

Quality of Service (QoS) testing is a systematic process
used to evaluate the service quality provided by a system to
ensure optimal performance. QoS refers to the system’s
capability to meet specific requirements and expectations
regarding service quality, reliability, and responsiveness. In
accordance with the methodology outlined in Chapter III, this
research requires a rigorous QoS evaluation. The testing was
conducted over a single day across four distinct time intervals:
morning, afternoon, evening, and night.

1) Packet Loss: Packet loss is a network performance
metric used to assess the quality of a network by identifying the
number of data packets that fail to reach their destination
during the transmission process. A high percentage of packet
loss indicates poor network quality, which can be attributed to
several factors such as hardware malfunctions in network
devices or network overloading (congestion).

Captured Displaved
Packets 1915 2(0.1%)
Time span, & 56.906 6,755
Average pps 220 0.3
Average packet size, B 472 754
Bytes 904562 1508 (0.2%)
Average bytesfs 10k 223
Average bits/s 83k 1785

Figure 15. Detail Packet Loss

The percentage of packet loss is calculated using the following
Equation (1):

ackage sent — package received
p g p g )x 100 (1)

Packet Loss = (
package sent

Based on the previously mentioned equation, the calculation of
the Packet Loss value for each time interval is as follows:

package sent — package received
package sent

Packet Loss = ( )x 100

3 (1915 - 1913) 00
- 1915

=0,00104 x 100
=0,104%

The experimental results yielded an average packet loss of
0.104%. According to the TIPHON standardization, this
performance is classified under the 'Very Good' category. The
classification is based on the TIPHON scale, which defines
0%—3% as 'Very Good' (with sub-categories often refined as
0% for ideal and 1%-3% for good), 4%—15% as 'Fair'
(Moderate), and values exceeding 25% as 'Poor’.

2) Throughput: is a network performance metric that
measures the actual volume of data successfully transmitted or
processed over a network within a specific period. It is
quantified by calculating the amount of data sent or received
per unit of time, typically measured in megabits per second
(Mbps) or kilobits per second (kbps). A higher throughput
value indicates faster data transmission and superior network
performance. The following data represents the transmission
and reception results, as illustrated in Fig. 16.
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peasurement Captured
ackets 1915
Time span, s 86.906 86.906
javerage pps 2,0 220
jAverage packet size, B 472
ytes 904562
Javerage bytes/s 10k
jrverage bits/s &3k 83k

Displayed
1915 (100.0%)

904562 (100.0%)
10k

Figure 16. Network Technical Details

using the following Equation (2):

2

packages received (bytes)
Troughput = ( — - >
transmission time (s)

Based on the network technical details illustrated in Fig. 16, the
total number of packets received is 904,562. The following is
the calculation for the throughput value:

packages received (bytes)
troughput = ( — - )x 8
transmission time (s)
(904562)
= x

~\86.902

83,27191549101287 bits x 1000000

=83 Mb
In conclusion, the network quality falls into the 'Very Good'
throughput category, achieving an index of 4. It’s refers to the
TIPHON standardization, which categorizes performance into
five levels: Very Good (Index 4), Good (Index 3), Fair (Index
2), Poor (Index 1), and Bad (Index 0).

3) Delay (also known as latency): is the measurement and
evaluation of the time required for data to travel through the
network from the transmitter to the receiver. The objective of
delay testing is to ensure that the system's performance aligns
with the specified timing requirements. Monitoring delay is
critical, as it directly reflects the overall efficiency and impact
of network performance on real-time data delivery. The delay
value is obtained by calculating the difference between Time 2
and Time 1, as illustrated in Fig. 17 below.

The delay is obtained by subtracting Time 1 from Time 2. As
illustrated in Figure 4.22, this calculation was performed using
the spreadsheet formula =E2-D2, resulting in a value of
86.905595 s. Following this, the average delay must be
calculated using the Equation 3 below:

total delay 3)

A delay =
verage aetay total packet receivd

_86,905595
1915

= 0,045381512 s

= 45,38 ms

The calculated average delay of 45.38 ms is classified as "Very
Good' with an index of 4, as it is below the 150 ms threshold.
According to the TIPHON standardization, the delay categories
are defined as follows: Very Good (Index 4) for delays less than
150 ms, Good (Index 3) for delays between 150 ms and 300
ms, Fair (Index 2) for delays between 300 ms and 450 ms, and
Poor (Index 1) for delays exceeding 450 ms.

4) Jitter: is the measurement and evaluation of delay
variation caused by network congestion or queuing delays,
which can lead to an unresponsive transmission process. The
measurement of jitter is similar to delay; however, it
specifically focuses on the difference between the first delay
value and the second delay value in a sequence of packets.

= L 1
Iitter

Delayl Delay2

m—

e B I U~ Hiv &v Av| ===

Clipboard 1] Font 1]
Al - fe No.

A B C D E F

1 [No. Jime et Tmez ey
2 1 0 0 0,000402 §.000402
3 2 0,000402 0,000402 0,000805 8000403
4 3 0,000805 0,000805 0,028963 |§.028158
5 4 0,028963 0,028963 0,029419 §.000456
6 5 0,029419 0,029419 0,029568 [§,000149
7 6 0,029568 0,029568 0,029568 0
8 7 0,029568 0,029568 0,029568 o
9 8 0,029568 0,029568 0,029727 §.000159
10 9 0,029727 0,029727 0,029852 §,000125
" 10 0,029852 0,029852 0,05545 §.025598
12 11  0,05545 0,05545 0,081015 N.025565
13 12 0,081015 0,081015 0,081279 §,000264
14 13 0,081279 0,081279 0,081439 M0,00016
13 14 0,081439 0,081439 0,106634 §,025195
16 15 0,106634 0,106634 0,106547 §.000313
17 16 0,106947 0,106947 1,330761 §,223814
18 17 1,330761 1,330761 2,040675 703914
19 18 2,040675 2,040675 2,142903 102228
20 13 2,142903 2,142903 4,067732 §.924829
21 20 4,067732 4,067732 4,068026 @§.000294
22 21 4,068026 4,068026 4,076179 §,008153
23 22 4.076179 4.076179 4.077737 B.001558

Figure 17. First and Second Time Stamps
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0,093786
-2,43029
3,747136
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-0,00574
-nnNN179

Figure 18. First and Second Delay

Jitter is obtained by calculating the difference between Delay 2
and Delay 1. As shown in Figure 18, this was performed using
the formula =[2-H2, resulting in a jitter value of 0.05086 s
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between the two delays. Subsequently, the average jitter must
be determined using the following equation:

A tter — total jitter
verage jiter = packet received — 1
_ 005086 _, 6572622 5 = 0,026
= Tiots % § = 0026ms

The calculated average jitter of 0.026 ms is classified as
'Good' with an index of 3, as the value falls within the 0 ms —
75 ms range. According to the TIPHON standardization, the
jitter categories are defined as follows: Very Good (Index 4)
for a jitter of 0 ms, Good (Index 3) for jitter between 0 ms and
75 ms, Fair (Index 2) for jitter between 75 ms and 125 ms, and
Poor (Index 1) for jitter between 125 ms and 225 ms.

The descriptions provided above outline the calculation
methods for Quality of Service (QoS) for each parameter,
specifically Packet Loss, Throughput, Delay, and Jitter. The
following results present the comprehensive QoS evaluation
obtained from the experimental testing, in Table V.

TABLE V
SUMMARY OF QOS EVALUATION RESULTS

Parameter Value Quality
Packet Loss (%) 0,1 Very Good
Throughput (Mbps) 83 Very Good
Delay (ms) 45,38 Very Good
Jitter (ms) 0,026 Good

IV.CONCLUSION

This research successfully developed a vibration-based
train monitoring system integrated with a functional web-based
management interface. Experimental results demonstrate that
the web application effectively manages user credentials and
provides real-time monitoring of train activities with an
automated reporting feature. Furthermore, field testing at
Surabaya Gubeng Station established that the LoRa-based
communication system maintains a reliable transmission range
up to 760 meters, though performance is eventually limited by
signal propagation issues and physical obstacles at greater
distances. Ultimately, this system offers a practical and
efficient solution for enhancing level-crossing safety and
streamlining administrative reporting for railway personnel.
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