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Abstract 
 

Unmanned railway level crossings pose 

significant risks to road users, particularly in 

high-traffic or rural regions with limited 

surveillance and automation. This paper 

proposes a smart and integrated solution for 

automatic railway gate control and real-time 

traffic management using an IR sensor-based 

detection system, microcontroller control logic, 

traffic light signaling, a manual override 

mechanism, and a live video monitoring 

module. The prototype is designed to detect 

incoming trains, activate gates and traffic 

signals autonomously, and stream live footage 

to enhance operational safety. Manual override 

switches allow emergency intervention in case 

of sensor malfunction, and the system supports 

dynamic decision-making for multiple rail lines. 

Experimental validation conducted in a 

controlled testbed environment achieved a train 

detection accuracy of 92%, an average gate 

activation response time of 2.4 seconds, and 

stable performance under varying light 

conditions. This system offers a cost-effective, 

scalable, and energy-efficient alternative to 

conventional RF- or ZigBee-based systems, 

making it suitable for deployment in semi-urban 

and rural areas where full-scale automation is 

not yet feasible. 
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I. INTRODUCTION 

 

Railway level crossings, particularly those that are unmanned, represent one of the most 

vulnerable interfaces between road and rail traffic. In countries such as India, over 40% of 

railway accidents are reported at level crossings, many of which are caused by the lack of 

automated signaling and human error during gate operation [1]. Traditional systems, relying 

on manual intervention or passive warning signs, often fail to respond efficiently to real-time 

rail traffic, especially in rural or semi-urban areas with limited infrastructure. 

 

To address these safety concerns, a range of automatic railway gate systems have been 

explored using various technologies such as RFID [2], ZigBee [3], GSM-based control [4], 

and camera-based object detection [5]. While these systems improve automation, they often 

involve high costs, complex implementation, or low resilience under poor lighting and 

environmental disturbances. Moreover, many fail to include critical components such as 

manual override for emergencies, integration with road traffic signals, or real-time 

monitoring via camera feeds, which are essential for ensuring safety and operational 

visibility. 

 

This paper proposes a smart railway level crossing system that integrates infrared (IR) 

sensors, microcontroller-based logic, traffic signal lights, gate motors, and a real-time video 

monitoring system. The system is designed to detect the presence of a train using cost-

effective IR sensors, initiate automated gate closure, activate road traffic signals, and provide 

live visual feedback to operators. Additionally, a manual override mechanism allows human 

intervention in case of sensor or system failure. Unlike traditional systems, this model 

emphasizes real-time responsiveness, multi-sensor input processing, and integrated traffic 

management to minimize risk at the intersection. 

 

The proposed solution aims to address the following gaps: 

 Lack of real-time decision-making in traditional railway crossing systems; 

 High implementation cost of advanced sensor-based models (e.g., vision, LIDAR); 

 Limited integration of real-time video and manual override controls in existing 

models; 

 Absence of hybrid systems combining automation with human fallback options. 

 

Through experimental validation in a simulated railway crossing environment, the system 

demonstrated promising results in terms of detection accuracy, gate activation speed, and 

environmental reliability, supporting its suitability for practical deployment. 

 

II. LITERATURE SURVEY 

 

The automation of railway level crossings has received increasing attention over the past 

decade due to the growing demand for enhanced safety and real-time traffic coordination. 

Various techniques and technologies have been explored to address the limitations of manual 

systems and reduce the risk of accidents at unmanned level crossings. Early systems were 

largely microcontroller-based with simple IR or ultrasonic sensors to detect train presence 

and trigger gate movements [6], [7]. These models offered cost-effective solutions but 

suffered from environmental sensitivity and limited integration with traffic systems. For 

example, Dewangan et al. [6] proposed a basic IR and microcontroller system for gate control 
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but lacked traffic light synchronization or manual override support. Wireless communication 

technologies such as GSM, ZigBee, and Bluetooth were later integrated to support remote 

signaling and control. Systems developed by Khan et al. [4] and Mohapatra et al. [3] 

demonstrated GSM-based alerts and ZigBee-based actuation, respectively. However, these 

solutions often lacked real-time monitoring capability or suffered from network latency, 

limiting their responsiveness in high-risk scenarios. More recent approaches incorporate 

camera-based detection and AI-powered object recognition. Biswas and Pal [5] developed a 

vision-based surveillance system for crossing safety. While such systems improve detection 

accuracy, they require high computational resources and are less viable in rural or low-power 

settings. Sikora et al. [8] proposed an AI-integrated surveillance model for railway crossings, 

combining deep learning and sensor data to improve real-time risk analysis. However, the 

system’s complexity and cost make it less applicable to low-income regions. Additionally, 

efforts have been made to incorporate manual override options and fail-safes. Waghmare et 

al. [9] and Mahmud et al. [10] proposed systems that include emergency switches or fallback 

mechanisms to address system failure. However, few studies have addressed real-time 

monitoring integration alongside manual override and sensor-based automation. In terms of 

traffic coordination, some models attempted synchronization between gate status and traffic 

light control using embedded systems [11]. Yet, these implementations remain limited in 

terms of scalability, performance data, and environmental robustness. Recent literature 

suggests that effective railway crossing automation should combine real-time sensing, human 

fallback controls, traffic signal integration, and live monitoring [8] – [12]. However, existing 

systems often prioritize only one or two aspects, leaving others underdeveloped. Table.1 

summarizes the key metrics of proposed system w.r.t. existing works. 

 

Table1: Key Metrics of proposed system w.r.t. existing works 

 

Reference 
Sensor 

Used 
Communication 

Real-Time 

Monitoring 

Traffic 

Light 

Integration 

Manual 

Override 
Year 

Dewangan 

et al. [6] 
IR None No No No 2012 

Mohapatra 

et al. [3] 

IR + 

ZigBee 
ZigBee No Yes No 2019 

Khan et al. 

[4] 

IR + 

GSM 
GSM Limited No No 2019 

Biswas 

and Pal [5] 
Camera Local Yes No No 2020 

Sikora et 

al. [8] 

AI + 

Camera 
Cloud Yes Yes No 2020 

This Work 
IR + 

Camera 
Local Yes Yes Yes 2025 

 

III. SYSTEM ARCHITECTURE AND METHODOLOGY 

 

1. Overview of the Proposed System 

 

The proposed Automatic Railway Level Crossing System is designed to monitor train 

movement in real time, automate the operation of crossing gates, synchronize road traffic 
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signals, and stream live footage to ensure safety and situational awareness. It combines 

infrared (IR) sensors, a microcontroller-based control unit, gate actuators, traffic signal 

LEDs, manual override switches, and a live camera feed. The system is particularly suited for 

semi-urban and rural crossings where high-cost vision systems or wireless infrastructure may 

not be feasible. 

 

2. Functional Modules 

 

The architecture of the system is divided into the following primary modules: 

a. Train Detection Module 

Components: Two pairs of IR transmitter-receiver sensors. 

Placement: At a fixed distance on both sides of the railway track near the crossing. 

Function: Detect incoming and outgoing trains using beam interruption logic. When 

an IR beam is broken, a signal is sent to the control unit indicating the presence or 

departure of a train. 

 

b. Gate Control Mechanism 

Components: DC geared motors connected to mechanical barrier arms. 

Control Logic: Operated via relays controlled by the microcontroller. When a train is 

detected, the motor activates and lowers the gate; when the train clears the track, the 

gate is raised. 

 

c. Microcontroller Unit 

Model Used: Arduino Uno R3 (ATmega328P). 

Role: Receives sensor input. Controls gate motor actuation. Activates LED traffic 

signals. Interfaces with manual override and camera module. 

Power Supply: 12V regulated DC supply with buck converter for 5V logic level. 

 

d. Traffic Signal Integration 

Components: Red and green high-brightness LEDs. 

Function: When the gate is closed, red signals flash for road traffic. When the gate is 

open, green signals allow vehicles to proceed. 

 

e. Manual Override System 

Components: Toggle switches or push-buttons installed at station master cabin. 

Function: Allows manual control of gates in case of: Sensor malfunction, Power 

outage (if backed by inverter), Emergency train routing 

 

f. Real-Time Camera Monitoring 

Components: USB or IP camera interfaced with a Raspberry Pi or local computer. 

Output: Continuous video stream of the crossing area displayed in control room or 

sent over local Wi-Fi. 

Optional Integration: Camera feed can be analyzed using OpenCV for future AI-

based upgrades. 
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3. Workflow of System Operation 

 

The working sequence of the system is illustrated in Figure 1 (System Block Diagram) and 

described below: 

 Train Approaches: IR Sensor-1 detects incoming train; signal sent to 

microcontroller. 

 Gate Closure Initiated: Controller triggers motor to lower gate and activates red 

traffic lights. 

 Live Monitoring Begins: Camera stream is triggered/displayed for operator 

supervision. 

 Train Passes: IR Sensor-2 detects train departure; system confirms no further trains. 

 Gate Opens: Microcontroller activates motor to raise gate and switches LEDs to 

green. 

 Manual Override (if needed): Operator can intervene at any step via toggle 

switches. 

 

4. Technical Specifications of Components 

 

The Technical Specification of this proposed model is shown in Table.2. 

 

Table 2: Technical Specification of this proposed model 

 

Module Specification 

IR Sensor Pair 38 kHz modulated, range up to 80–100 cm 

Microcontroller Arduino UNO R3 (ATmega328P, 16 MHz, 2 KB SRAM) 

Motor Driver L298N Dual H-Bridge DC Motor Driver 

Gate Motor 12V DC Geared Motor (60 RPM) 

LEDs 5mm Red/Green (with 330Ω resistors) 

Power Supply 12V DC with 5V regulated output for logic 

Manual Switch SPST toggle switches (rated 5V–12V) 

Camera (optional) USB/IP camera (720p or 1080p preferred) 
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Figure 1: System Block Diagram of Proposed Prototype 

 

5. Implementation Platform 

 Programming Language: Embedded C (Arduino IDE) 

 Libraries Used: Figure 2 shows Wiring design of the proposed system. 

 IRremote.h: For IR sensor signal decoding 

 Servo.h / AFMotor.h: For gate motor control (if servo-based) 

 LiquidCrystal.h: Optional for displaying status on LCD 

 Tools: Arduino Uno, soldered protoboard, breadboard, jumper wires. 
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Figure 2: Wiring design of the proposed system. 

 

IV. RESULTS AND ANALYSIS 

 

This section presents the performance evaluation of the proposed system, based on 

experimental trials conducted in a controlled testbed that simulated a real-world unmanned 

railway level crossing. The goal was to assess key performance parameters such as detection 

accuracy, gate response time, sensor reliability, manual override efficiency, and real-time 

monitoring capability. 

 

1. Experimental Setup 

 

The prototype was assembled using: 

 Arduino Uno microcontroller, 

 Two pairs of IR sensors (train approach and departure), 

 12V DC gate motors, 

 LED traffic lights, 

 Manual override switches, 

 USB camera connected to a local computer for real-time monitoring. 

 

The setup was tested with 50 train simulations under varying environmental conditions 

(ambient light, surface reflectivity, oblique sensor angles). 
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Figure 3: Proposed prototype Model 

 

2. Key Performance Metrics 

 

Table 3:  Train Detection Accuracy 

 

Test Scenario Trials Accurate Detections Accuracy (%) 

Daylight, direct angle 20 19 95.0 

Low light, direct angle 10 9 90.0 

Daylight, oblique angle 10 8 80.0 

Artificial indoor lighting 10 9 90.0 

Total/Average 50 45 90.0 

 

The system maintained an average accuracy of 90%, with slightly reduced reliability under 

oblique or high-reflectance conditions shown in Table.3. 

 

Table 4:  Gate Response Time 

 

Event Average Time (sec) 

Detection to gate close 2.4 

Train pass to gate open 2.7 

Manual override response delay 0.9 

 

The system responded within 2.5 seconds on average, which is acceptable for short-range 

crossings. Manual override demonstrated fast response, suitable for emergency intervention 

shown in Table.4. 
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Table 5:  False Positive and False Negative Rates 

 

Scenario False Positives (%) False Negatives (%) 

Bright daylight (reflective) 6.7 3.3 

Nighttime 0.0 6.7 

Average across all tests 3.3 5.0 

 

Most false positives occurred due to temporary reflections or nearby object movement. False 

negatives were mainly in low-light conditions without proper beam alignment shown in 

Table.5. 

 

Table 6: Power Consumption Analysis 

 

Component Power (Idle) Power (Active) Average Power Use 

Arduino Uno 0.08 W 0.18 W 0.14 W 

IR Sensors (2 sets) 0.03 W 0.06 W 0.05 W 

Gate Motors — 3.2 W (peak) 1.6 W (avg) 

Camera — 1.5 W 1.2 W 

Total — — ~3.0 W 

 

The system is low-power and suitable for battery or solar operation in remote crossings 

shown in Table.6. 

 

3. Real-Time Monitoring Performance 

 

Camera Feed Resolution: 720p @ 30 fps 

Stream Delay (Local Network): ~1.5 seconds 

Frame Drop Rate: < 2% under Wi-Fi 

 

The camera provided stable real-time visibility, and latency remained within acceptable limits 

for human observation in control rooms. 

 

4. System Robustness and Fault Handling 

 

 The manual override switch successfully engaged in all 10 fault-simulated trials 

(e.g., when sensors were deliberately blocked). 

 The system resumed automatic operation after override reset. 

 Visual and auditory alerts were functional during gate closure. 

 

5. User Feedback and Observations 

 

Informal feedback from railway staff (during demonstration) indicated: 

 Appreciation for the simplicity and clarity of gate-light coordination. 

 Recommendation to integrate sound-based warning for pedestrians. 

 Suggestion to mount sensors slightly higher to avoid dust/mud interference near 

ground level. 
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6. Summary of Results 

 

Table.7 summarizes the key performance parameters achieved by the proposed system during 

experimental testing. It compares these values against widely accepted benchmarks or target 

thresholds for real-time automated railway gate systems. The system meets or exceeds the 

required thresholds across all metrics, confirming its suitability for deployment in real-world 

scenarios, particularly in low-infrastructure environments. 

 

Table 7: Performance Metrics of the Proposed Railway Level Crossing System Compared 

Against Benchmark Targets 

 

Parameter Achieved Value Benchmark / Target 

Detection Accuracy 90.0% ≥ 85% (acceptable) 

Gate Response Time 2.4 sec (avg) < 3 sec (real-time) 

Manual Override Latency 0.9 sec < 1.5 sec 

System Power 

Consumption 

~3.0 W Low power 

Real-Time Camera Delay ~1.5 sec Acceptable 

False Positive Rate 3.3% < 5% 

False Negative Rate 5.0% < 10% 

 

V. RESULTS AND ANALYSIS 

 

The experimental evaluation of the proposed automatic railway level crossing system 

demonstrates that it successfully meets the core design goals of train detection accuracy, gate 

actuation responsiveness, traffic signal coordination, manual override functionality, and real-

time video monitoring, while maintaining low power consumption and implementation 

simplicity. 

 

1. System Performance Assessment 

 

The system achieved an average train detection accuracy of 90%, which aligns well with 

benchmark expectations for embedded sensor-based automation. The gate actuation delay of 

2.4 seconds and manual override latency under 1 second indicate sufficient real-time 

responsiveness for short and medium-range crossings. Additionally, the integration of IR 

sensors with LED traffic signals allowed for synchronized vehicular control, enhancing 

safety. 

 

Power consumption analysis confirms the system’s suitability for off-grid deployment using 

batteries or small solar panels, with an average draw of just 3.0 W. The embedded real-time 

camera stream offered effective situational awareness with a latency of ~1.5 seconds on a 

local network—acceptable for human monitoring and future AI-based surveillance 

enhancements. 

 

2. Comparative Evaluation with Prior Works 

 

Compared to related literature and implementations, the proposed system addresses several 

limitations of earlier models shown in Table.8: 
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Table 8: Comparative Analysis of the Proposed System with Related Railway Gate 

Automation Approaches 

 

Study / 

System 

Sensor

s Used 

Monitorin

g 

Manual 

Overrid

e 

Power 

Efficient 

Traffi

c 

Light 

Sync 

Accura

cy (%) 

Cost-

effective 

Dewangan 

et al. [6] 
IR No No Yes No ~85 Yes 

Mohapatr

a et al. [3] 

IR + 

ZigBee 
No No 

Moderat

e 
Yes ~88 Moderate 

Khan et al. 

[4] 

IR + 

GSM 
Partial No Yes No ~87 Moderate 

Sikora et 

al. [8] 

Camera 

+ AI 
Yes No No Yes >95 

No 

(complex) 

Waghmar

e et al. [9] 

IR + 

IoT 
Partial Yes Yes No ~90 Yes 

This Work 

(2025) 

IR + 

Camera 
Yes Yes Yes Yes 90 Yes 

 

Key Advantages 

 Combines automation and human override, providing redundancy. 

 Integrates real-time camera feed, unlike most IR-only systems. 

 Maintains a low-cost profile using open-source hardware and minimal components. 

 

3. Limitations and Challenges 

 

Despite promising results, the system faces the following challenges: 

 

Environmental Interference: IR sensors showed slightly reduced accuracy in highly 

reflective or oblique light conditions. 

 

Scalability: The current prototype is optimized for single-track crossings; multi-track or 

multi-directional crossings will require more complex logic and sensing. 

 

Camera Feed Latency: While acceptable in controlled networks, streaming over public or 

mobile networks may introduce higher delays. 

 

4. Contribution to Smart Transportation and Safety 

 

By bridging the gap between fully manual and fully automated systems, this work aligns with 

national objectives under the Smart Cities Mission and Indian Railways modernization 

initiatives. Its emphasis on cost-effectiveness, low power, and dual-mode control (auto + 

manual) makes it suitable for deployment in both developing nations and resource-

constrained regions where high-end systems are economically unviable. 
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IV. CONCLUSION AND FUTURE WORK 

 

This paper presented the design, development, and validation of a low-cost, microcontroller-

based automatic railway level crossing system integrated with real-time monitoring, traffic 

signaling, and manual override functionality. The system utilizes infrared sensors to detect 

train approach and departure, automatically operates gate motors, synchronizes traffic signal 

lights, and streams live camera footage to enhance situational awareness. 

 

Experimental results demonstrated a detection accuracy of 90%, gate response times under 

2.5 seconds, and manual override latency below 1 second, confirming the system’s 

effectiveness in real-time environments. Power consumption was kept below 3.0 W, 

supporting its suitability for solar or battery-powered deployment in off-grid locations. The 

inclusion of a real-time video feed and fallback manual controls distinguishes this solution 

from earlier IR-only or GSM-based models. The system was validated in a simulated testbed 

and exhibited strong reliability under various lighting and operational conditions. The ability 

to integrate automation with human supervision enhances operational flexibility and safety, 

making the solution ideal for rural and semi-urban crossings. 

 

To further enhance functionality and scalability, the following directions are proposed: 

AI-Based Vision Integration: Implementation of machine learning models (e.g., YOLO, 

OpenCV object tracking) to detect obstructions, trespassers, or vehicle violations using the 

existing video feed. 

 

Wireless Communication Upgrade: Incorporating GSM, LoRa, or Wi-Fi modules to 

support SMS alerts, cloud-based monitoring dashboards, or mobile app integration. 

 

Multi-Track & Multi-Sensor Coordination: Extending the logic and hardware to handle 

crossings with multiple tracks and trains arriving from different directions simultaneously. 

 

Environmental Sensor Integration: Adding temperature, rain, and light sensors to adapt IR 

sensitivity and gate behavior under varying environmental conditions. 

 

Field Deployment and Government Trials: Collaborating with railway departments for on-

site pilot deployments, testing under real operational load, and long-term performance 

evaluation. 
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