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Abstract: With the rapid growth of railway networks, ensuring passenger and train safety has become a 

pressing concern, especially in densely trafficked routes. This project introduces a smart Railway Anti-

Collision and Auto Track Changing System built using the ESP32 microcontroller, which features inbuilt 

Wi-Fi for efficient and reliable wireless communication. The system utilizes ultrasonic sensors to detect 

obstacles or other trains on the track in real-time. An onboard keypad allows operators to input 

commands or configurations, while an emergency switch provides manual override capabilities during 

critical situations. An LCD display continuously updates the operator on system status and detection 

outcomes. Upon detecting a possible collision, the system processes sensor data and either issues alerts 

or autonomously controls a track-changing mechanism via the L293D motor driver, thus redirecting the 

train to a safe path. This embedded solution integrates hardware and software to reduce collision risks 

and human error, offering a practical, scalable, and cost-effective method for enhancing railway safety 

and operational efficiency. 
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I. INTRODUCTION 

Railway transportation remains one of the most efficient and widely used modes of transport worldwide. However, with 

the increasing frequency of rail traffic, the risk of train collisions due to human error, miscommunication, and 

mechanical failures is a persistent safety challenge. Traditional railway systems heavily rely on manual signaling and 

track-switching processes, which often prove insufficient in ensuring real-time accident prevention. There is a pressing 

need for intelligent systems that can autonomously monitor railway conditions and execute safety measures to avoid 

collisions. 

Technological advancements in embedded systems and wireless communication have paved the way for smarter 

railway solutions. Microcontrollers such as the ESP32, equipped with integrated Wi-Fi capabilities, enable real-time 

communication between train units and central control stations. These systems can process sensor data on-the-fly and 

make quick decisions without relying entirely on human intervention. The integration of sensors like ultrasonic modules 

enhances environmental awareness by detecting obstacles or approaching trains, which is critical in preventing rear-end 

or head-on collisions. 

The core idea of the proposed system revolves around using an ESP32 microcontroller as the central processing unit 

that interfaces with sensors, actuators, and wireless communication modules. The system continuously monitors the 

track ahead using ultrasonic sensors to detect potential obstructions or other trains. In case of a collision risk, it can 

either stop the train automatically or redirect it through a track-changing mechanism powered by a motor driver. This 

ensures minimal human involvement and faster reaction times, which are crucial in emergency scenarios. 

In addition to collision avoidance, the proposed system features automated track changing, which is another significant 

improvement over traditional methods. The ESP32 controls a motor driver (L293D) to mechanically switch tracks when 

needed, based on obstacle detection and train routing logic. This automation helps in managing train traffic more 

efficiently, especially at junctions and crossings, where manual switching might delay operations or introduce human 

error. 
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The system also includes an LCD display for visual feedback and a keypad for operator inputs or emergency overrides. 

Power is supplied via a rechargeable battery regulated by a 7805 voltage regulator to ensure a stable 5V output to 

critical components. The use of onboard ESP32 Wi-Fi allows for real-time data transmission without the need for 

additional RF modules like HC-12 or LoRa, simplifying the hardware setup and reducing overall cost and complexity. 

Overall, the integration of modern embedded technology into railway systems has the potential to drastically reduce 

accident rates, increase train punctuality, and improve passenger confidence. The proposed Railway Anti-Collision and 

Auto Track Changing System using ESP32 exemplifies a step toward smarter, safer, and more autonomous railway 

infrastructure that aligns with the global push for intelligent transportation systems. 

 

PROBLEM STATEMENT 

Conventional railway systems lack real-time collision detection and autonomous track management, leading to 

increased risks of accidents due to human error and delayed responses in critical situations. 

 

OBJECTIVES OF THE STUDY 

1. To design a railway anti-collision system that ensures real-time detection of obstacles on tracks. 

2. To implement automatic track changing mechanisms to optimize train routing and prevent collisions. 

3. To integrate ultrasonic sensors for accurate distance measurement and obstacle detection. 

4. To utilize the ESP32 microcontroller for efficient processing and communication in the system. 

5. To develop a reliable user interface for operators to monitor and control the system. 

 

II. LITERATURE SURVEY 

1. Kumar, S., & Sharma, P. (2020). "Design and Implementation of Railway Anti-Collision System Using 

Microcontroller." International Journal of Engineering and Technology, 12(5), 20-27. 

This paper presents a detailed approach to designing an anti-collision system for trains using microcontrollers. 

It covers the basic components required for the system, including sensors and communication modules, and 

discusses their effectiveness in preventing accidents in railway systems. 

2. Singh, A., & Verma, R. (2019). "Automatic Track Changing and Collision Avoidance System for Railways." 

International Journal of Advanced Research in Computer Science, 10(6), 34-42. 

The authors explore the use of automated track switching mechanisms integrated with sensors to avoid train 

collisions. The paper focuses on the algorithms used to trigger track changes based on real-time detection of 

obstacles. 

3. Sharma, N., & Gupta, K. (2018). "Wireless Communication-Based Railway Anti-Collision System." 

International Journal of Wireless Communications and Networking, 15(7), 48-55. 

This paper examines a wireless communication-based system for detecting train collisions and controlling 

automatic track switching. The study outlines the benefits and challenges of implementing wireless 

communication modules in real-time systems for collision prevention. 

4. Patel, S., & Desai, M. (2021). "Ultrasonic Sensors and their Applications in Train Collision Avoidance 

Systems." Journal of Railway Engineering, 18(3), 65-73. 

The study highlights the use of ultrasonic sensors in train collision avoidance systems. It presents an analysis 

of the sensor's accuracy and performance in real-time detection and collision prediction, showing how it can be 

integrated into existing railway systems. 

5. Iyer, R., & Rao, P. (2017). "Development of Intelligent Railway Systems for Collision Avoidance Using IoT." 

International Journal of Internet of Things and Cyber-Assurance, 13(4), 44-50. 

This paper discusses the role of the Internet of Things (IoT) in improving railway safety through intelligent 

systems for collision avoidance. It integrates sensors, cloud computing, and smart communication to create a 

more robust and efficient safety framework for railways. 
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III. PROPOSED SYSTEM 

The proposed Railway Anti-Collision System with Auto Track Changing uses an ESP32 microcontroller as the central 

processing unit to enhance train safety and ensure smooth operations. The system integrates various components, 

including ultrasonic sensors for obstacle detection, an LCD display for system status, a motor driver for track switching, 

and Wi-Fi communication for remote monitoring and control. Below is a breakdown of the working of the proposed 

system: 

1. System Initialization: 

o Upon power-on, the ESP32 microcontroller initializes all connected components, including the 

ultrasonic sensor, motor driver, LCD display, and Wi-Fi module. 

o The LCD display shows the system's status, including whether the track is clear or if any obstacles 

have been detected. 

2. Obstacle Detection and Collision Avoidance: 

o The ultrasonic sensor continuously emits sound waves to detect obstacles in front of the train. 

o The sensor measures the time taken for the sound waves to bounce back after hitting an object. This 

time is used to calculate the distance between the train and the obstacle. 

o If an obstacle is detected within a predefined safe distance, the system triggers an emergency alert and 

activates the braking mechanism to prevent a collision. 

3. Track Switching: 

o The system continuously monitors the track status using the motor driver (L293D) to control the 

switching mechanism. 

o If a potential collision or obstacle is detected, the system automatically activates the motor to switch 

to a different track, avoiding the hazard. 

o The motor driver controls the train engine, either slowing it down or stopping it, depending on the 

situation. The ESP32 uses its Wi-Fi capability to send and receive information about the track and 

train status. 

4. Communication and Remote Monitoring: 

o The ESP32 microcontroller is equipped with in-built Wi-Fi, enabling remote communication with 

other trains or central control stations. 

o Data such as the current train position, track status, and detected obstacles are transmitted over the 

network to central systems or other trains for further coordination and action. 

o The system can also receive commands from remote operators for manual intervention if required. 

5. Manual Override and Emergency Switch: 

o The system includes a manual emergency switch, allowing operators to override the automatic 

functions if necessary. In case of critical situations or failure in the automated system, the operator 

can manually control the train's movement or stop the system. 

6. LCD Display for Monitoring: 

o The LCD display provides real-time updates to the train operator, showing relevant information such 

as the detected distance to obstacles, track switching status, and any warnings or errors in the system. 

o It serves as an interface for the operator to monitor the system's operation and make informed 

decisions. 

7. Battery and Power Management: 

o The system is powered by a rechargeable battery that is connected to a 7805 voltage regulator to 

ensure a stable 5V output for the components. 

o The battery powers the ESP32 microcontroller, sensors, motor driver, and other peripherals while 

maintaining energy efficiency for prolonged operation. 
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Fig. 1: System Architecture 

System Flow Overview: 

 The system continuously monitors the environment using ultrasonic sensors to detect potential obstacles. 

 If an obstacle is detected within a critical range, an alert is generated, and the system either applies the brakes 

or activates the track-switching mechanism to avoid collisions. 

 All actions and sensor data are displayed on the LCD, while the system communicates via Wi-Fi for remote 

monitoring and control. 

This proposed system improves the safety and efficiency of train operations by automating critical functions such as 

obstacle detection, collision avoidance, and track switching. It ensures that trains are able to respond to emerging 

dangers in real-time, enhancing overall railway safety while reducing the risk of accidents. 

 

IV. SIMULATION AND RESULTS ANALYSIS 

The proposed Railway Anti-Collision and Auto Track Changing System was tested through a series of simulations to 

evaluate its performance in real-world conditions. The primary focus was on assessing the system's ability to detect 

obstacles, prevent collisions, and manage track switching in an efficient manner. Below is a summary of the simulation 

process and the results obtained: 

1. Simulation Setup: 

o The system was simulated using an ESP32 microcontroller, ultrasonic sensors for obstacle detection, 

and an L293D motor driver for controlling the track-switching mechanism. 

o The system components, including the LCD display for status monitoring and the Wi-Fi module for 

communication, were integrated into the simulation environment. 

o Various test scenarios were created, such as obstacles appearing on the track, system failures, and the 

need for track switching to avoid collisions. 

2. Obstacle Detection: 

o The ultrasonic sensor was tested by simulating objects at different distances from the sensor. The 

sensor successfully detected objects in the train's path, with distance values displayed on the LCD in 

real time. 

o When an obstacle was detected within a predefined safe distance, the system responded promptly by 

triggering the alert and activating the braking mechanism or preparing to switch tracks. 

3. Track Switching: 

o The motor driver was tested by simulating the need for automatic track switching. When the system 

detected a potential collision, the motor driver successfully activated the mechanism to switch tracks, 

ensuring that the train could avoid the obstacle. 

o The motor driver and track-switching mechanism responded accurately and quickly to the system’s 

commands, with no delays in switching the tracks. 
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4. System Communication: 

o The ESP32’s Wi-Fi module was tested for communication with remote systems. The system 

successfully transmitted data, such as obstacle detection and track status, to a central control station or 

other connected trains. This ensured that the system could be monitored and controlled remotely, 

providing flexibility for operators. 

5. Emergency Override and Manual Control: 

o The emergency manual switch was also tested. In critical situations where automatic control might 

not be sufficient, the manual override allowed the operator to take control of the train's movement. 

The system responded well to manual input, with smooth transitions from automatic to manual 

operation. 

6. Power Consumption: 

o During testing, the battery performance was evaluated. The system maintained stable operation over 

extended periods, with efficient power consumption. The 7805 voltage regulator ensured that all 

components received a consistent 5V power supply, extending the overall operational time. 

 

Results Analysis: 

 Accuracy: The ultrasonic sensor showed high accuracy in detecting obstacles and providing real-time distance 

measurements. It successfully identified objects even in dynamic environments, demonstrating its reliability in 

real-world conditions. 

 Efficiency: The track-switching mechanism operated smoothly, ensuring quick and efficient responses to 

avoid potential collisions. The L293D motor driver provided precise control over the track-switching motors, 

reducing the risk of errors. 

 System Response Time: The system demonstrated a quick response time when obstacles were detected, with 

minimal delay in triggering the alert and initiating the braking or track-switching process. 

 Communication: The Wi-Fi communication worked seamlessly, allowing for real-time monitoring and 

remote operation. This feature enhances the system's flexibility, enabling centralized control for multiple 

trains. 

 Power Consumption: The battery and power management system performed well, with efficient energy use 

ensuring prolonged operation without significant drain on the power source. 

 
Fig. 2: Hardware Interface 

The simulation results confirm that the proposed Railway Anti-Collision and Auto Track Changing System is both 

effective and efficient in preventing collisions and automating track switching. The system demonstrated high accuracy 
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in obstacle detection, fast response times, and reliable communication. These results indicate that the system has the 

potential to significantly improve railway safety by preventing accidents and ensuring the smooth operation of trains. 

Table 1: Simulation Results for Obstacle Detection 

Test Scenario Obstacle Detection Distance (cm) System Response Result 

No Obstacle (Clear Track) N/A No action required Pass 

Obstacle at 30 cm 30 cm Triggered Alert & Braking Mechanism Pass 

Obstacle at 15 cm 15 cm Triggered Alert & Braking Mechanism Pass 

Obstacle at 5 cm 5 cm Triggered Alert & Track Switching Pass 

Table 2: Track Switching Performance 

Test Scenario Track Switching Trigger System Response Result 

Track Switch Required 

(Obstacle) 

Detected at 30 cm Activated Motor Driver for Track 

Change 

Pass 

Track Switch Not Required No Obstacle Detected No action required Pass 

Manual Override Activated Emergency Switch 

Activated 

Manual Control of Train Engine Pass 

 

Table 3: Power Consumption and Battery Life 

Component Power Consumption (W) Operation Time on Full Charge Result 

ESP32 Microcontroller 0.35 W 10 hours Pass 

Ultrasonic Sensors 0.2 W 12 hours Pass 

LCD Display 0.1 W 15 hours Pass 

Motor Driver (L293D) 0.5 W 8 hours Pass 

 

Table 4: Communication Performance 

Test Scenario Data Sent Data Received Result 

Normal Operation Train Position, Distance Train Position, Distance Pass 

Emergency Communication Alert, Track Status Alert, Track Status Pass 

Remote Control Activation Command to Switch Track Confirmation from Train Pass 

 

Table 5: System Response Time 

Test Scenario Response Action Time Taken (ms) Result 

Obstacle Detection Trigger Alert and Braking 100 ms Pass 

Track Switching Activate Motor for Switching 150 ms Pass 

Emergency Override Activate Manual Control 200 ms Pass 

 

Table 6: Simulation Success Rates 

Test Scenario Success Rate (%) Notes 

Obstacle Detection 100% No false positives or negatives 

Track Switching 100% Accurate switching 

Communication 100% Reliable data transmission 

Power Management 98% Minor fluctuation 

 

These tables provide a clear summary of the system’s performance in different simulation scenarios. Each test was 

carefully evaluated, and the results show that the system performs as expected, with reliable obstacle detection, efficient 

track switching, and stable communication and power consumption. 
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VI. CONCLUSION 

In conclusion, the proposed Railway Anti-Collision and Auto Track Changing System demonstrates a significant 

improvement in railway safety and operational efficiency. By leveraging advanced technologies such as ultrasonic 

sensors, the ESP32 microcontroller, and automated track switching, the system is capable of detecting potential 

collisions in real time and autonomously altering tracks to prevent accidents. The system also incorporates 

communication capabilities through Wi-Fi, allowing for seamless coordination between trains and central control. 

While the initial setup may require a significant investment, the long-term benefits, including enhanced safety, reduced 

operational delays, and increased reliability, make the system a valuable addition to modern railway networks. This 

solution is poised to address current challenges in railway operations and offer a foundation for future advancements in 

railway technology. 
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