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Abstract  
The continuous expansion of railway networks has 
intensified safety concerns at level crossings, 
particularly in locations where gates are manually 
operated or remain unmanned. Such crossings are 
highly vulnerable to accidents caused by human 
error, delayed responses, and inadequate 
coordination between road and rail traffic. This 
paper presents an automated railway gate control 
system that integrates Infrared (IR) sensors, an 
ESP32 microcontroller, and a real-time cloud-based 
monitoring platform using Firebase. 
The proposed system employs strategically 
positioned IR sensors to detect the arrival and 
departure of trains near a level crossing. Sensor 
signals are processed by the ESP32 controller, 
which autonomously operates a servo-driven gate 
mechanism through predefined control logic. Audio-
visual warning devices, including buzzers and LED 
indicators, provide immediate alerts to pedestrians 
and vehicles during gate transitions. In addition, the 
ESP32’s built-in Wi-Fi capability enables 
continuous transmission of operational data—such 
as train detection events and gate status—to a 
Firebase Realtime Database. This information is 
visualized through a web-based dashboard, 
allowing authorized personnel to monitor gate 
operations remotely. 
Experimental evaluation demonstrates reliable train 
detection, timely gate actuation, and accurate real-
time data updates under various test conditions. 
While challenges related to sensor reliability and 
data security remain inherent to IoT-based systems, 
the proposed solution offers a cost-effective, 
scalable, and practical approach to improving 
safety at railway level crossings. The system also 
provides a foundation for future enhancements, 
including intelligent train classification, GPS-
assisted detection, and mobile-based public alert 
systems. 
Keywords — Railway automation, IR sensors, 
ESP32, Firebase, IoT, level crossing safety. 
 
1. Introduction 
Railway transportation plays a critical role in 
supporting economic growth by enabling efficient 
movement of passengers and freight. Despite 
advancements in signaling and train control systems, 
railway level crossings continue to pose significant 
safety risks, especially in regions where gate 

operation depends on manual control or is entirely 
absent. A large number of accidents at these 
crossings are attributed to human negligence, 
delayed gate operation, and lack of real-time 
situational awareness. 
Conventional railway gate systems rely heavily on 
human operators, making them susceptible to 
operational delays, miscommunication, and 
inconsistent decision-making. In remote or high-
traffic locations, maintaining continuous human 
supervision is often impractical, further increasing 
accident probability. These limitations highlight the 
necessity for an automated gate control mechanism 
capable of operating independently with minimal 
human intervention. 
Recent developments in embedded systems and 
Internet of Things (IoT) technologies have enabled 
the design of intelligent automation solutions for 
safety-critical infrastructure. By combining sensor-
based detection, microcontroller-driven control 
logic, and cloud-based monitoring, railway gate 
systems can be transformed into reliable and 
responsive safety mechanisms. 
In this work, an automated railway gate control 
system is proposed using IR sensors for train 
detection, an ESP32 microcontroller for real-time 
control, and Firebase for cloud-based data 
visualization. The system automatically manages 
gate operation based on train movement while 
simultaneously providing audio-visual warnings to 
road users. Furthermore, real-time operational data 
is made accessible through a web dashboard, 
enabling remote supervision and fault awareness. 
The proposed solution aims to reduce accident rates 
at level crossings, eliminate human dependency, and 
improve transparency in railway gate operations. 
Owing to its low-cost hardware components and 
scalable architecture, the system is suitable for 
deployment in both urban and rural environments 
and serves as a practical example of applying IoT 
technologies to modernize conventional railway 
infrastructure. 
 
2. Related Work 
Ensuring safety at railway level crossings has long 
been a priority for transportation authorities, leading 
to extensive research on automated gate control 
systems. Numerous studies have explored the use of 
sensor-based detection and embedded controllers to 
minimize human intervention and reduce accident 
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rates. This section reviews key contributions 
relevant to the proposed system and identifies 
limitations addressed in this work. 
Early automation approaches primarily employed 
Infrared (IR) sensors for train detection due to their 
low cost, simplicity, and effectiveness in short-range 
object sensing. By positioning IR sensors on either 
side of a railway crossing, these systems were able 
to detect approaching and departing trains and 
trigger gate operations accordingly. Such 
configurations demonstrated basic automation 
capability but were often limited to local control 
without remote supervision. 
Several studies utilized 8051 microcontrollers or 
similar low-end controllers to process sensor inputs 
and control gate motors. While these 
implementations successfully reduced reliance on 
manual gatekeepers, their limited processing power 
and lack of wireless communication restricted 
scalability and real-time monitoring. As a result, 
system status information remained unavailable to 
centralized control authorities. 
To improve detection accuracy, some researchers 
proposed multi-sensor configurations involving two 
or more IR sensors. These designs enhanced 
reliability by distinguishing between train arrival 
and departure events and reducing false triggers. 
However, most of these systems continued to 
operate in isolation, without integration into cloud 
platforms or remote dashboards. 
Recent research highlights the importance of 
integrating IoT technologies into railway safety 
systems. Cloud-enabled solutions allow real-time 
data logging, visualization, and remote access, 
significantly improving operational transparency 
and fault detection. Platforms such as Firebase and 
similar real-time databases have been increasingly 
adopted to store sensor data and display gate status 
through web or mobile dashboards. 
Studies focusing on automation for human error 
reduction emphasize that manual operation of 
safety-critical infrastructure is inherently prone to 
delays and misjudgments. Automated systems based 
on real-time sensing and predefined control logic 
provide faster response times and consistent 
operation. However, many existing solutions either 
rely on expensive components or lack 
comprehensive integration between sensing, 
actuation, and remote monitoring. 
 

2.1 Review of Existing Systems 
Venkata Prasanth et al. (2022) presented an IR-
based automatic railway gate control system that 
effectively reduced human involvement using 
sensor-driven automation. While the system 
demonstrated reliable gate control, it lacked cloud 
connectivity and remote monitoring features, 
limiting its applicability for large-scale deployment. 
Hay Man Oo et al. (2019) proposed a four-IR-
sensor-based gate control mechanism to improve 
detection accuracy. Although the design enhanced 
train position identification, it relied on basic 
microcontroller logic and did not support real-time 
data visualization or wireless communication. 
Balamurugan et al. (2018) developed an automated 
gate control system using the 8051 microcontroller. 
The solution focused on cost reduction and accident 
prevention at unmanned crossings; however, the 
outdated controller architecture restricted 
processing capability and prevented integration with 
modern IoT platforms. 
Al-Zuhairi (2013) and Shubham Shrirao (2017) 
emphasized automation as a means of reducing 
human error in safety-critical applications. While 
their conceptual frameworks underscored the 
importance of automation, they lacked detailed 
implementation strategies using modern embedded 
controllers or real-time data sharing mechanisms. 
Krishna et al. (2013) introduced a microcontroller-
based automatic railway gate system employing IR 
sensors. Although the system replaced manual gate 
operation, it operated independently without cloud 
support or centralized monitoring. 
Atul Kumar Dewangan et al. (2012) proposed an 
automated gate control system to minimize 
operational delays. Despite improved efficiency, the 
absence of cloud storage, mobile dashboards, and 
remote alerts limited its suitability for smart 
infrastructure applications.2.2 Comparative 
Analysis 
A comparative assessment of existing literature 
reveals that most earlier systems successfully 
automated gate operation but failed to address 
critical requirements such as real-time monitoring, 
scalability, and centralized supervision. Many 
designs relied on standalone controllers or lacked 
wireless connectivity, making them unsuitable for 
integration into modern smart transportation 
systems. 

 

Author / Year System Focus Key Features Limitations 

Venkata Prasanth, 
2022 

IR-based gate 
automation 

Sensor-based detection, reduced 
human intervention 

No IoT or remote 
monitoring 

Hay Man Oo, 2019 Multi-IR sensor system Improved detection accuracy No cloud connectivity 

Balamurugan, 2018 8051-based automation Cost-effective implementation 
Outdated controller, no 
IoT 
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Author / Year System Focus Key Features Limitations 

Al-Zuhairi, 2017 Error reduction Conceptual automation framework 
Limited technical 
implementation 

Krishna et al., 2013 
Microcontroller-based 
system 

Basic automation No real-time data access 

 
2
.3 Research Gap and Motivation 
The literature review indicates a clear gap between 
traditional automated railway gate systems and 
modern IoT-enabled safety solutions. Existing 
systems either lack real-time connectivity, 
centralized monitoring, or scalability required for 
deployment across multiple locations. Additionally, 
limited fault awareness and absence of cloud-based 
data logging reduce system transparency and long-
term reliability. 
The proposed system addresses these limitations by 
integrating IR-based train detection with the ESP32 
microcontroller, which offers enhanced processing 
capability and built-in Wi-Fi support. The inclusion 
of Firebase Realtime Database enables continuous 
data synchronization and remote monitoring through 
a web dashboard. This combination results in a cost-
effective, scalable, and intelligent railway gate 
control system capable of improving safety while 
minimizing human dependency. 
 

System Architecture And Methodology 
3. System Architecture 
The proposed Manless Railway Gate Control 
System is designed as an embedded and IoT-
enabled safety solution that automates gate 
operation at railway level crossings. The 
architecture integrates sensing, processing, 
actuation, and cloud communication into a single 
cohesive framework to ensure timely and reliable 
gate control. 
At the core of the system lies the ESP32 
microcontroller, which functions as the central 
processing and communication unit. It receives real-
time inputs from sensors deployed along the railway 
track and executes predefined control logic to 
operate the gate mechanism. Simultaneously, it 
transmits system status information to a cloud 
platform for remote monitoring. 
The architecture follows a layered approach 
consisting of: 

1. Sensing Layer – Detects train presence 
and obstacles 

2. Control Layer – Processes data and makes 
control decisions 

3. Actuation Layer – Operates gate and alert 
mechanisms 

4. Communication Layer – Enables real-
time cloud updates 

This structured design ensures system reliability, 
scalability, and ease of deployment. 
3.1 Block Diagram Description 
The block diagram of the proposed system illustrates 
the interaction between hardware components and 
cloud services. Each module performs a specific 
function within the overall automation process. 
 
3.1.1 Power Supply Unit 
A regulated DC power supply provides the required 
operating voltage to the ESP32 microcontroller and 
peripheral components. A separate 12V supply is 
used for the motor system to ensure adequate torque 
and stable operation. 
3.1.2 ESP32 Microcontroller 
The ESP32 serves as the main controller responsible 
for: 

 Reading sensor inputs 
 Executing decision-making logic 
 Controlling the servo motor, LEDs, buzzer, 

and LCD 
 Transmitting real-time data to Firebase 

Its built-in Wi-Fi capability eliminates the need for 
external communication modules, reducing system 
complexity. 
3.1.3 Infrared (IR) Sensors 
Two IR sensors are positioned on either side of the 
railway crossing: 

 Sensor 1: Detects approaching trains and 
initiates gate closure 

 Sensor 2: Detects departing trains and 
triggers gate reopening 

These sensors provide fast and reliable detection 
essential for timely gate operation. 
3.1.4 Ultrasonic Sensor 
The ultrasonic sensor enhances safety by detecting 
obstacles on the track or near the gate area. Before 
gate closure, the sensor checks for vehicles or 
pedestrians, preventing accidental obstruction. 
3.1.5 Servo Motor 
A servo motor is employed to control the mechanical 
movement of the gate. It allows precise angular 
positioning, ensuring smooth and controlled 
opening and closing actions. 
3.1.6 Alert and Display Units 

 Buzzer: Provides audible alerts during 
train approach and gate movement 

 LED Indicators: Red and green LEDs 
visually indicate gate status 
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 LCD (I2C): Displays real-time messages 
such as “Train Approaching” or “Gate 
Open” 

3.1.7 Firebase Realtime Database 
Firebase acts as the cloud backend, storing and 
updating gate status, train detection events, and alert 
conditions. Data is synchronized in real time and 
displayed on a web-based dashboard. 

 
 

 
Figure 4.2 Block Diagram 

 
3.2 Working Methodology 
The operational flow of the manless railway gate 
system follows a sequential and event-driven 
process to ensure safety and efficiency. 
Step 1: System Initialization 
Upon power-up, the ESP32 initializes all connected 
sensors, actuators, and communication modules. 
The system establishes a Wi-Fi connection and 
authenticates with the Firebase database. 
Step 2: Train Detection 
When a train approaches the crossing, the first IR 
sensor detects its presence and sends a signal to the 
ESP32. The controller immediately prepares for gate 
closure. 
Step 3: Obstacle Verification 
Before closing the gate, the ultrasonic sensor checks 
for obstacles near the crossing. If an obstruction is 
detected, gate closure is temporarily delayed, and an 
alert is issued. 
Step 4: Gate Operation 
Once the path is clear, the ESP32 activates the servo 
motor to close the gate. After the train passes and the 

second IR sensor confirms departure, the gate is 
reopened. 
Step 5: Alert Mechanisms 
During gate transitions: 

 The buzzer generates warning sounds 
 LEDs provide visual alerts to road users 
 The LCD displays real-time system 

messages 
Step 6: Real-Time Cloud Update 
All events, including sensor triggers and gate status 
changes, are uploaded to Firebase. This data is 
instantly reflected on the monitoring dashboard for 
remote supervision. 
 
3.3 Advantages of the Proposed Architecture 

 Eliminates dependence on manual 
gatekeepers 

 Provides real-time monitoring through 
cloud integration 

 Ensures fast and accurate gate operation 
 Scalable and suitable for multiple crossings 
 Cost-effective and energy efficient 
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Implementation And Experimental Setup 
4. Implementation of the Proposed System 
The implementation of the Manless Railway Gate 
Control System was carried out by integrating 
hardware components with embedded firmware and 
cloud-based monitoring services. The system was 
designed to operate autonomously with minimal 
human intervention, ensuring reliability and safety 
at railway level crossings. 
The implementation process involved three primary 
stages: 

1. Hardware integration 
2. Firmware development 
3. Cloud and dashboard configuration 

Each stage was carefully executed to ensure 
seamless coordination between sensing, control, and 
communication modules. 
 
4.1 Hardware Implementation 
The hardware setup consists of sensors, actuators, 
display units, and a central microcontroller mounted 
on a test platform that simulates a railway crossing 
environment. 
4.1.1 ESP32 Microcontroller Unit 
The ESP32 development board was used as the core 
processing unit. It was selected for its: 

 Dual-core processing capability 
 Built-in Wi-Fi connectivity 
 Support for multiple GPIO interfaces 

The ESP32 was programmed to continuously 
monitor sensor inputs and execute gate control logic 
in real time. 
4.1.2 Sensor Integration 
Two Infrared (IR) sensors were installed on either 
side of the railway track to detect train arrival and 
departure. These sensors were connected to the 
digital input pins of the ESP32. 
An ultrasonic sensor was positioned near the 
crossing to detect obstacles. The trigger and echo 
pins were interfaced with the ESP32 to measure 
distance accurately. 
4.1.3 Gate Actuation System 
A servo motor was employed to control the 
mechanical movement of the gate. The motor was 
driven using PWM signals generated by the ESP32. 
A separate 12V power supply ensured sufficient 
torque and stable operation. 
4.1.4 Alert and Display Modules 

 Buzzer: Connected to a digital output pin 
to generate warning alerts 

 LED Indicators: Red and green LEDs 
indicate gate status 

 LCD (I2C): Displays system messages 
such as train detection and gate movement 

These components provide both visual and auditory 
feedback to nearby users. 
 
4.2 Software Implementation 

The firmware for the system was developed using 
Embedded C/C++ and uploaded to the ESP32 using 
the Arduino IDE. The program logic was structured 
into modular functions for improved readability and 
maintenance. 
4.2.1 Control Logic 
The ESP32 firmware continuously performs the 
following tasks: 

 Reads data from IR and ultrasonic sensors 
 Determines train presence and movement 

direction 
 Controls servo motor operation 
 Activates buzzer and LEDs 
 Updates LCD display 
 Sends data to Firebase 

Decision-making is event-driven, ensuring fast 
response to sensor inputs. 
4.2.2 Cloud Integration using Firebase 
The ESP32 connects to a Wi-Fi network and 
communicates with the Firebase Realtime 
Database using secure authentication credentials. 
Key parameters uploaded include: 

 Train detection status 
 Gate position (open/closed) 
 Alert conditions 

This data is instantly synchronized and accessible 
through a web-based dashboard. 
4.2.3 Dashboard Visualization 
A custom dashboard was developed to visualize 
system data in real time. The dashboard displays: 

 Gate status indicators 
 Train detection alerts 
 System activity logs 

This enables railway authorities to remotely monitor 
the crossing without physical presence. 
 
4.3 Experimental Setup 
The experimental setup was designed to validate the 
functionality and reliability of the proposed system. 
4.3.1 Test Conditions 
The system was tested under multiple scenarios: 

 Train approaching the crossing 
 Train departing the crossing 
 Obstacle presence during gate closure 
 Continuous operation cycles 

Artificial objects were used to simulate train 
movement and obstacles during testing. 
4.3.2 Performance Parameters 
The system was evaluated based on: 

 Sensor detection accuracy 
 Gate response time 
 Reliability of alerts 
 Consistency of cloud updates 

 
4.4 Observations 
During testing, the system demonstrated: 
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 Accurate detection of train arrival and 
departure 

 Smooth and timely gate operation 
 Effective alert generation 
 Reliable real-time data synchronization 

with Firebase 
No significant delay or malfunction was observed 
during continuous operation. 
 

 
Results And Discussion 

5. Results 
The proposed Manless Railway Gate Control 
System was tested under controlled experimental 
conditions to evaluate its effectiveness, reliability, 
and real-time performance. The system 
demonstrated consistent and accurate operation 
across multiple test scenarios involving simulated 
train movements and obstacle detection. 

 
 
 

 
Fig 5.1 Closed Gates as train passes Fig 5.2 Open Gates After train passes 
 
 

                                       
 
  

 Fig 5.3 Realtime dashboard when gate closed    Fig 5.4 Dashboard when gate opens 
 

When a train was detected by the first IR sensor, the 
ESP32 immediately triggered the gate-closing 
sequence. The servo motor responded within a few 
seconds, ensuring timely closure of the gate before 
the train reached the crossing. After the train passed 

and was detected by the second IR sensor, the 
system reopened the gate smoothly. 
This sequence was repeated multiple times, and the 
gate operation remained stable and precise 
throughout all test cycles. 
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5.2 Sensor Response Accuracy 
The IR sensors reliably detected both approaching 
and departing trains without false triggering. The 
ultrasonic sensor successfully identified obstacles 
near the gate area and prevented gate closure when 
an obstruction was present. This additional 
verification step significantly enhanced operational 
safety. 
5.3 Alert System Performance 
During train detection and gate operation: 

 The buzzer produced clear audible alerts 
 Red and green LEDs provided immediate 

visual indication of gate status 
 The LCD I2C display accurately 

displayed messages such as “Train 
Approaching”, “Gate Closing”, and “Gate 
Open” 

These alerts were synchronized with the gate 
movement, effectively informing pedestrians and 
road users. 
5.4 Real-Time Dashboard Results 
All system events were successfully transmitted to 
the Firebase Realtime Database. The web-based 
dashboard displayed live updates including: 

 Gate status (open/closed) 
 Train detection events 
 Alert activation 

Figures showing the gate in closed and open 
positions, along with corresponding dashboard 
screenshots, confirm real-time synchronization and 
accurate data representation. 
 
6. Discussion 
The experimental results validate the effectiveness 
of the proposed manless railway gate system as a 
practical and scalable solution for railway crossing 
safety. 
The integration of IR sensors with the ESP32 
microcontroller enabled fast and accurate detection 
of train movement, ensuring timely gate control. The 
servo motor demonstrated precise angular 
positioning, allowing smooth and reliable 
mechanical operation. 
The use of an ultrasonic sensor added an important 
safety layer by preventing gate closure in the 
presence of obstacles. This feature significantly 
reduces the risk of accidents involving pedestrians 
or vehicles trapped on the track. 
One of the key strengths of the system is its real-time 
cloud connectivity. The Firebase-based dashboard 
provided continuous visibility of gate operations, 
which can be extended for centralized monitoring of 
multiple crossings. This capability aligns with 
modern smart infrastructure requirements. 
The alert mechanisms—including buzzer, LEDs, 
and LCD display—proved effective in 
communicating system status locally. Together, 
these features create a multi-layered safety approach 

combining automation, sensing, and 
communication. 
Although the system performed reliably during 
testing, long-term deployment would require 
additional considerations such as weather-resistant 
enclosures, power backup, and redundancy in 
sensing mechanisms. 
 
6.1 Key Observations 

 Fast and reliable gate operation 
 Accurate train and obstacle detection 
 Effective audio-visual alerts 
 Real-time cloud synchronization 
 Minimal latency and stable performance 

 
 

Conclusion And Future Scope 
6. Conclusion 
The proposed Manless Railway Gate Control 
System presents a reliable and intelligent solution to 
improve safety at railway level crossings. 
Traditional gate systems, particularly in unmanned 
or semi-manned locations, are highly vulnerable to 
accidents caused by human error, delayed response, 
or lack of coordination. This project effectively 
addresses these challenges by introducing a fully 
automated, sensor-based control mechanism 
supported by real-time cloud monitoring. 
The system utilizes IR sensors to accurately detect 
the arrival and departure of trains, while an 
ultrasonic sensor enhances safety by identifying 
obstacles near the crossing. The ESP32 
microcontroller serves as the central processing 
unit, efficiently managing sensor data, gate 
operation through a servo motor, and alert 
mechanisms including LEDs, a buzzer, and an LCD 
display. 
A major highlight of the system is the integration of 
the Firebase Realtime Database, which enables 
continuous data transmission and remote 
monitoring. This feature allows railway authorities 
to supervise gate operations in real time, improving 
transparency, accountability, and response 
capability. Experimental results confirm that the 
system operates with minimal latency, high 
reliability, and consistent performance under 
different test conditions. 
Overall, the proposed system demonstrates that the 
combination of embedded systems and IoT 
technologies can significantly enhance railway 
crossing safety. The design is cost-effective, 
scalable, and suitable for deployment in both urban 
and rural environments, making it a practical 
solution for modernizing railway infrastructure. 
 
7. Future Scope 
While the current implementation delivers effective 
automation and monitoring, several enhancements 
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can further improve system robustness, intelligence, 
and usability. 
7.1 Advanced Sensing Technologies 
Future versions can replace IR sensors with more 
advanced detection methods such as LiDAR, vision-
based cameras, or AI-assisted image processing to 
improve detection accuracy in adverse weather 
conditions. 
7.2 GPS-Based Train Tracking 
Integrating GPS modules on trains would allow 
early and precise detection of train location, 
reducing dependency on fixed sensors and 
improving response time. 
7.3 Mobile Notification System 
A dedicated mobile application can be developed to 
notify nearby pedestrians and drivers about 
approaching trains and gate status, enhancing public 
safety. 
7.4 Voice-Based Warning System 
Adding voice alerts at crossings can assist visually 
impaired individuals and provide clearer warnings in 
crowded environments. 
7.5 Renewable Power Integration 
The system can be powered using solar panels with 
battery backup, making it suitable for remote areas 
with unreliable power supply. 
7.6 CCTV and Surveillance Integration 
Incorporating camera modules would allow real-
time visual monitoring and incident recording for 
security and investigation purposes. 
7.7 Emergency Override and Fail-Safe Mechanisms 
Future designs may include manual or remote 
override options to handle emergencies or system 
malfunctions effectively. 
7.8 Multi-Gate Synchronization 
Multiple gates in close proximity can be 
synchronized through a centralized control system to 
manage complex railway networks efficiently. 
7.9 AI-Based Predictive Control 
Machine learning models can be applied to historical 
and real-time data to predict train schedules and 
optimize gate operation, reducing unnecessary 
traffic congestion. 
 
8. Final Remarks 
The successful implementation of the manless 
railway gate system confirms its potential as a smart, 
safe, and scalable solution for railway crossings. 
With further enhancements and real-world 
deployment, this system can contribute significantly 
to reducing accidents and advancing intelligent 
transportation infrastructure. 
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