JOURNAL OF APPLIED SCIENCE AND ENGINEERING MANAGEMENT RESEARCH
Volume 1, Number 2 (May 2025):131-139

E-ISSN: 3089-5529, https://jasemresearch.com

Research Article ‘

Design and Build an Automatic Train Portal Based on Arduino
Nano and Ultrasonic Sensors

Didik Hariyanto!", Hotijeh?

1.2 Sekolah Tinggi Teknik Malang, Indonesia

*corresponding author: kididwae@gmail.com

Abstract

Article history:
Received March 16, 2025

Revised April 15, 2025
Accepted May 27, 2025

Keywords:

arduino nano, crossing safety,
automatic portal

ultrasonic sensors, control
systems

The research aims to design and build a prototype of an automated railway
crossing portal that uses an Arduino Nano microcontroller and ultrasonic
sensor as a distance detection device. This system is designed to improve
safety at railway crossings by being able to accurately detect the presence
of trains and provide a quick control response to train arrivals. The
ultrasonic sensor works by measuring the time of the reflection of the
ultrasonic waves to determine the distance of approaching objects, while
the Arduino Nano serves as a control center that processes the sensor data
and activates the servo motor actuator to open or close the safety bar
automatically. The system is also equipped with LED light indicators and
buzzers as visual and sound warning signs to road users. Prototype testing
showed that the system is capable of performing distance detection with a
high level of accuracy and providing a timely cross-closure response,
thereby reducing manual intervention and minimizing the risk of accidents
due to human negligence. All output components function as expected,
and the integration of the ultrasonic sensor with the Arduino Nano results
in effective coordination in maintaining the safety of the crossing. This
research confirms that the application of simple, cost-effective, and
effective technology can provide practical solutions to improve the safety
of rail transportation at crossings. With its rapid response capabilities, the
system can also be further adapted to modern technologies such as the
Internet of Things (IoT) to improve remote monitoring and functionality.
This research makes an important contribution to the development of a
railway crossing automation system that can be widely used, especially in
small to medium crossings that still use many manual methods.

To cite this article: Hariyanto, D. 2025. Design and Build an Automatic Train Portal Based on Arduino Nano and Ultrasonic
Sensors. Journal of Applied Science and Engineering Management Research 1(2):131-139.

Introduction

(Kamila et al., 2023); (Lie et al., 2023); (Marsa et al.,
2023).

The development of automation technology in the
context of railway crossing safety has shown
significant progress that can reduce the risk of
accidents due to human factors and operational delays.
Traditional crossing systems that rely on manual
methods tend to face serious challenges, such as
mishandling by officers that can be fatal. In several
studies on crossings in Jakarta, high risk levels have
been identified, especially at points with heavy traffic

Automation technology, including the use of
sensors and monitoring systems, is an important step
in improving safety. The application of this technology
can be seen in the development of applications
designed to provide real-time information on rail
conditions and train activities. Although specific
studies on these applications are limited, the
development of devices that support monitoring rail
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conditions can aid the digital transformation process
and improve safety (Nugraha et al., 2023).

Education and awareness about safety at railway
crossings are also increasingly important in this era of
automation. Many drivers do not yet fully understand
the difference in braking between their vehicle and the
train, which increases the risk at the crossing point
(Marsusiadi et al., 2023). Therefore, educational
programs combined with modern technology, such as
apps that inform drivers of train arrivals in real-time,
can greatly reduce the occurrence of emergencies at
crossings (Susanto et al., 2023).

Signaling systems integrated with automation
technology have great potential in improving safety.
Interference in signaling system components can affect
the safety and operational efficiency of trains
(Sumarahardhi & Santoso, 2023). Railway authorities
must ensure that the signaling system implemented is
updated and adapted to the latest technological
developments to increase its effectiveness in
preventing accidents.

An efficient and responsive automated railway
portal system is an essential element in ensuring the
safety and smooth operation of trains. Rapid closure
and opening of safety portals based on the proximity
of the train can minimize the risk of accidents at the
train crossing. The use of the latest technology,
including automated systems combined with
microprocessor-based sensors and controls, is very
important.

Research by Golder et al. shows that automated
systems designed for railway crossings can actively
detect potential accidents by monitoring real-time
data, thus reducing the likelihood of accidents
occurring (Golder et al., 2023). An effective system
must be able to respond to signals from approaching
trains, which is one of the components of the automatic
safety design for train portals. Advances in control
technology such as the use of Arduino and infrared
sensors have also been discussed, where these systems
can accurately detect the presence of trains so that the
portal can close automatically (H.K. et al., 2023).

The implementation of this system is not only
limited to technical operation but also needs to take
into account environmental and safety factors.
Kashiwao et al. mentioned the importance of detecting
damage to the portal structure to ensure its
functionality  (Kashiwao et al.,, 2023). A
comprehensive approach to the design and
implementation of automated portal systems, which
includes structural testing and fault detection, is key to
the success of the system being built.

Such systems also allow the integration of
environmentally friendly technologies that support
sustainability, as described by Iftekharuzzaman et al.,
who propose systems that can operate using renewable
energy sources (Iftekharuzzaman et al., 2023).
Renewable energy-based systems not only reduce
environmental impact, but also extend the life of the

system by reducing dependence on conventional
electricity.

In this study, a prototype of an Arduino Nano-
based automatic train portal was developed combined
with an ultrasonic sensor as a train distance detection
tool. Ultrasonic sensors were chosen for their ability to
detect objects accurately and in real-time, allowing the
system to provide a rapid response to control the portal
mechanism. The Arduino Nano as a microcontroller is
used as a control center that receives signals from
ultrasonic sensors and operates the portal actuator
automatically.

Although  railway  crossing  automation
technology has evolved, many systems still rely on
expensive components or complex control devices,
making them less accessible for small and medium-
scale applications. Most previous studies lacked a
solution with the combination of the use of compact
microcontrollers and economical ultrasonic sensors
but capable of providing high detection accuracy in
real-time. The study fills this gap by designing a
prototype of an automated railway portal that uses the
Arduino Nano as a low-cost and compact
microcontroller, which serves as the system's control
center, and utilizes ultrasonic sensors as a distance
detection tool with sufficient precision for railway
crossing applications. The novelty of this research lies
in the implementation of a simple, efficient, and cost-
effective automatic control system, which can be
easily applied to small to medium-sized railway
crossings. The system is tested to maintain the
response speed and operational reliability of the portal
under real-world conditions, which has not been
explored in depth in similar studies before.

Research aimed at designing and testing the
effectiveness of automated railway portal systems in
improving the safety of railway crossings is of great
relevance in the context of minimizing manual
intervention and reducing the risk of accidents due to
misoperation. Many previous studies have shown that
automation systems can improve efficiency as well as
reduce human error, which is one of the leading causes
of accidents at railway crossings. One of the important
aspects of this research is the focus on the safety of
crossings. In this context, a study conducted by Kamila
et al. shows that the analysis of crossings can improve
the safety of road users by identifying potential
hazards and developing solutions as needed (Kamila et
al., 2023). Fairussihan and Setiono also underlined the
importance of risk analysis in improving safety in
high-risk work environments, including railway
crossings (Fairussihan & Setiono, 2023). The methods
used in this automated railway portal system can be
placed in the HIRARC (Hazard ldentification Risk
Assessment and Risk Control) category, which has
been tested and reported in various other studies as an
effective tool for identifying risks and carrying out
control (Prayoga et al., 2023); (Sya’bani & Herwanto,
2023); (Widya et al., 2023). By adopting this approach,
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the study is expected to minimize risky behaviors and
optimize operational procedures.

Previous research has also shown that one of the
keys to reducing accidents at railway crossings is
education and user awareness of the risks. Education
for drivers about safety when crossing railway
crossings is essential in reducing accidents
(Marsusiadi et al., 2023). The designed automation
approach can include the same educational element,
with a system that alerts users to the dangers of
approaching a railway crossing.

Along with technological advancements, the use
of sensors and loT (Internet of Things) devices in
crossing surveys and surveillance is much more
effective than traditional manual methods. The results
of a study by IImi et al. show that the proper use of
technology can improve efficiency and safety in the
industry (IImi et al., 2023). The application of this
technology is expected to provide real-time data that is
essential for more effective decision-making.

Materials and Methods

This automated railway portal system uses several
main components as follows:

Arduino Nano as the main microcontroller that
controls the entire process and receives sensor signals.
Ultrasonic Sensor (HC-SR04) to detect the distance of
objects (trains) with real-time accuracy and response.

Servo motor as actuator of portal opening and closing
mechanism.

LED lights and buzzers as warning signal output
devices.

Other supporting components such as resistors,
breadboards, and connecting cables.

This research uses a Research and Development
(R&D) approach that begins with the design, prototype
development, and functional testing of the system. The
system workflow is as follows:

Train Detection: Ultrasonic sensors emit ultrasonic
sound waves reflected by objects (trains) and measure
travel time to determine the distance from the sensor
to the train.

Signal Processing: The Arduino Nano receives
distance data from the ultrasonic sensor. The data is
processed to determine whether the train distance is
within the predetermined threshold to activate the
system.

Portal Activation: When the train is detected
approaching within a certain distance, the Arduino
Nano sends a signal to drive the servo motor down the
safety portal automatically.

Warning Signaling: Simultaneously, LED lights and
buzzers are activated to provide visual and audio alerts
to track users.

Portal Opening: Once the train has passed the track
and the return distance is safe, the Arduino Nano

instructs the servo motor to lift the portal back to its
original position and turn off the warning signal.
Testing: Prototypes are tested repeatedly to ensure
response speed, detection accuracy, and overall system
operational performance as designed.

The study adopts an experimental approach to
design and test prototypes of automated railway
portals. The main system consists of an Arduino Nano
microcontroller that serves as a logic control center,
and an ultrasonic sensor as a train proximity detection
device. The test includes verification of sensor
function in detecting train distance, the response of the
servo motor mechanism as a door bar regulator, and
the activation of visual indicators in the form of LEDs
and buzzer alarms for safety warnings. Test data was
obtained through simulated train arrivals at a certain
distance to measure the accuracy and speed of the
system's response.

How the System Works

This automated portal system works on the principle
of distance detection using ultrasonic sensors installed
near railway crossings. The sensor sends ultrasonic
waves and measures the time of the bounce back when
there is an object (train) in range. The Arduino Nano
receives these distance signals and compares them to
the predetermined threshold distance limits. When the
train is detected to be within the predetermined safe
distance, the Arduino Nano activates the servo motor
to lower the crossing barrier bar as well as turn on the
LED lights and buzzers as a warning sign to road users.

Railway Portal Automated System

The use of the Arduino Nano gives it an advantage in
automatic control that is efficient and easy to program.
Ultrasonic sensors play an important role in the
integrity of the system because they provide real-time
data related to the proximity of the train to the crossing.
The system is designed to reduce manual intervention
and improve safety by ensuring that the operation of
the crossbar is carried out automatically and in a timely
manner. All output components such as servos, LEDs,
and buzzers are synchronized to provide a
comprehensive responsiveness function to the arrival
of the train.

Results and Discussion

The prototype of the automated train portal was
successfully designed and implemented using Arduino
Nano as the main controller and ultrasonic sensors to
detect the proximity of trains at the crossing. Tests
show that ultrasonic sensors are capable of providing
accurate distance data to detect the presence of trains
with a rapid response. The Arduino Nano then
activates the servo motor to automatically raise and
lower the portal bar according to sensor detection.
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In addition, indicators in the form of LED lights and
buzzers also function as effective visual and sound
warnings for road users. The results of material tests
and equipment tests stated that all components ran as
expected and met the research objectives, which were
to improve safety at railway crossings by minimizing

Tables 1 and 2 of the study confirm that these
automated portals operate with a high level of accuracy
and effectiveness. The integration between the
ultrasonic sensor and the Arduino Nano results in a fast
and timely response to the arrival of the train, which is
critical for safety.

manual intervention and reducing the risk of accidents.

Table 1 Test Material

No. Question Answer Information

1 Can an automated railway portal designed with Arduino Nano and Yes Improve safety
ultrasonic sensors improve the level of safety at railway crossings?

2 Does the use of ultrasonic sensors in an automatic train portal system detect  Yes Accurate detection
the proximity of trains with a high degree of accuracy?

3 Avre systems that use Arduino Nano in automated train portal prototypes Yes Effective operation
operating effectively?

4 Can the design of an automatic railway portal with ultrasonic sensors reduce  Yes Reduce manual
the need for manual intervention in the operation of the system? intervention

5 Does the integration between the ultrasonic sensor and the Arduino Nano  Yes Fast and accurate response
provide a fast and accurate response to the arrival of the train?

6 Does this prototype of an automatic train portal have the potential to reduce  Yes Reduces the risk of

the risk of accidents on train lines?

accidents
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Table 2 Test Tool

No. Question

Answer Information

1 Can a prototype of an automatic train portal using the Arduino Nano work  Yes

well as an automatic control tool?

Good operator function

2 Can the ultrasonic sensor on the prototype of the automatic train portal Yes

detect the proximity of the train accurately enough?

Accurate distance detection

3 Can this prototype provide a clear and timely signal to open or close the  Yes

portal based on the detected train distance?

Timely signals

4 Can the integration between the Arduino Nano and the ultrasonic sensor in ~ Yes

Reduce detection errors

the train portal prototype reduce the risk of errors in detecting the arrival of

the train?
5 Do all output components run as intended? Yes Output components work
perfectly
6 Does this tool achieve its desired purpose? Yes Goals achieved

From the results of this test, it can be concluded that
the automated portal prototype provides a practical and
efficient solution for railway crossings that have been
prone to accidents due to human negligence or manual
system errors. Based on the results of the material tests
contained in Table 1, all aspects of the test received a
"Yes" answer indicating that ultrasonic sensors have
become an important component in a wide range of
applications, including in the prototype of a security
system for object detection. In the requested context,
ultrasonic sensors can detect train-like objects with an
effective range ranging from a few centimeters to a few
meters, depending on their specifications (Wei, 2024).
When the object is within that range, the Arduino Nano
acts as a microcontroller that sends commands to the
servo motor to lower the safety bar, with a designed
response time of less than 2 seconds. This is relevant
to other studies that demonstrate the ability of
ultrasonic sensors to measure distances and detect
objects without physical contact.

Figure 2. Application of Arduino Nano

As part of the warning mechanism, the LED light
indicator and buzzer are activated simultaneously to
provide an effective visual and audio signal (Goswami
& Sahoo, 2024). This kind of warning is important in
improving the user's response to dangerous situations
in the surrounding environment (Alfigi & Sembiring,
2023). Related research also notes that warning
systems can be built using a combination of ultrasonic
sensors and a variety of other modules, as was done in
the development of systems that use Arduino and
ultrasonic sensors in a broader context, including
obstacle avoidance on robots (Goswami & Sahoo,
2024).

/

Figure 3. Application of Ultrasonic Sensor

The function of this system is not only limited to the
control mechanism of the safety bars, but also includes
monitoring the situation around the work area that may
be dangerous. The use of ultrasonic sensors has been
proven effective in a variety of automation systems,
including mobility applications that utilize similar
technologies for the detection and response of objects
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on the trail (Wei, 2024; Sabo et al., 2023; Ang & Min,
2024). By using the right sensors, these systems are
able to work efficiently, provide clear warnings, and
actively maintain safety in risky situations.

Figure 4. Servo Application

Looking at the potential of ultrasonic sensors in
safety system applications, it can be concluded that
this technology not only improves operational
efficiency but also contributes significantly to user
safety through systematic interventions designed to
reduce the risk of accidents (Pratama & Ariandi, 2024;
Wei, 2024; Goswami & Sahoo, 2024).

The described system demonstrates a fast and
timely response capability, which plays an important
role in improving safety at train crossings. By using
ultrasonic sensors that are able to detect the proximity
of trains with high accuracy, the system is able to
provide notifications with better response to avoid
possible accidents (Arbiyani, 2024; Wei, 2024,
(Kharisma et al., 2023). Ultrasonic sensors work by
emitting ultrasonic waves and measuring distances
based on the reflection of those waves, allowing for
efficient detection even under limited visual
conditions.

Figure 5. Application of Buzzer

The Arduino Nano serves as an automatic system
controller, allowing the integration of various sensors
for easier operation and autonomy. The use of Arduino
in this system is an effective measure as it provides a
flexible and easy-to-program platform to interact with
hardware such as ultrasonic sensors and servo motors
(Ragavi et al., 2023; Kharisma et al., 2023). The design

of this automated portal significantly reduces the need
for manual intervention, making it a more practical and
reliable solution for the management of railway
Crossings.

The integration between the ultrasonic sensor and
the Arduino provides a fast and accurate response,
which is especially important in emergency situations.
With this system, train proximity detection can be
carried out in real-time, allowing precautions to be
taken before a dangerous situation occurs. Research on
ultrasonic sensors shows that they are not only
effective in measuring distance, but also in preventing
accidents by providing timely warnings (Wei, 2024;
Kharisma et al., 2023). This prototype has real
potential in reducing the risk of accidents by providing
the right information for quick decision-making.

Figure 6. Pengaplikasian LED

Thus, the system not only improves safety but
also demonstrates efficiency in running automated
systems at train crossings. The integration of this
technology shows significant development towards the
use of automated systems in improving transportation
safety.

Then, from Table 2 of the test tool, which also
received a complete "Yes" answer, it can be
ascertained that an automatic control system that
integrates ultrasonic sensors to accurately detect train
distances is an important solution at railway crossings.
Ultrasonic sensors, as described by Anyuca and Ismail,
have the ability to detect objects with high efficiency,
helping in reducing the likelihood of accidents in the
work area, although the context of their application is
more focused on excavators (Anyuca & Ismail, 2024).
In the implementation of the system, precise distance
detection is crucial in providing a timely open/close
signal of the portal, according to the detected distance
between the train and the portal.

The integration of control system components
can minimize detection errors, which was highlighted
in a study by Zuhair et al., where the automation
system they designed with ultrasonic sensors and servo
motors managed to maintain a level of safety at train
crossings. Thus, effectiveness in detecting objects at
the crossing can be achieved, and optimal results are
seen from the tests performed, even if the tests do not
include explicit percentage figures (Zuhair et al.,
2024).
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Output systems such as servo motors, LEDs, and
buzzers play an important role in ensuring that all
components function as expected. Apriyanto noted
that DC motor control systems and sensors can be
combined to increase effectiveness in automation
systems (Apriyanto, 2023). However, the study did not
focus on train crossings, so its application may be
limited. Similarly, the automated control system
described by Hazrina et al. involves real-time control
that facilitates a quick and accurate response in the
operation of the system, although the context of the
application is more appropriate for oil refueling and
not railway crossings (Hazrina et al., 2024).

The purpose of the tool can be achieved
according to the design, showing that the system works
quickly and precisely, contributing to safety at the
railway crossing. Validation of all measured
operational parameters shows peak performance in the
test phase, supporting the claim that the system is
effective in carrying out the task in question (Zuhair et
al., 2024).

Conclusion

This research succeeded in developing a prototype of
an Arduino Nano-based automatic railway portal and
ultrasonic sensor that is able to improve the level of
safety at railway crossings. The results of the material
test and equipment test showed that the system
operated effectively and provided a fast and accurate
response to the arrival of the train. The use of
ultrasonic sensors is proven to detect the proximity of
trains with a high degree of precision, so that the
control of the door bars can be carried out in a timely
manner. The integration between the hardware and
software in this prototype is able to reduce the risk of
accidents by minimizing manual intervention. Thus,
this automated railway portal has great potential to be
widely applied as a reliable and efficient railway
crossing safety solution.
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