CHAPTER TWO
LITERATURE REVIEW
2.1 OVERVIEW OF RAILWAY LEVEL CROSSING SYSTEM
A railway level crossing is a point where a railway track and a road or footpath intersects at the same level, rather than using a bridge or tunnel. These crossings are essential for ensuring that trains and roads users can safely coexisting shared transport environments. Indian Ministry of Railways, 2018; UIC Level Crossing Safety Guidelines, 2019.
PURPOSE OF RAILWAY LEVEL CROSSINGS
i. Prevent accidents by separating road and rail traffic through controlled interaction.
ii. Enable safe and efficient movement of people and goods.
iii. Provide necessary infrastructure in areas where building bridges or under passes is not economically feasible. World Bank Report on Railway Safety, 2017; FRA Level Crossing Safety Overview, 2021.
TYPES OF LEVEL CROSSING SYSTEMS
i. Passive Crossings No active warning system; only signboards are present.
ii. Manually Controlled Crossings-Operated by gate keepers using signals and levers.
iii.  Semi-Automated Crossings–Sensors alert gate operators who then manually activate barriers.
iv. Fully Automated Crossings–Train activated sensors control all signals and barrier movement. Rajalakshmi M. etal., 2017, IJAREEIE; International Union of Railways (UIC), 2019.

KEY COMPONENTS OF RAILWAY LEVEL CROSSING SYSTEM
i. Boom barriers/gates: Blocks vehicular access during train passage.
ii. Flashing lights and sirens: Visual and audio alerts for road users.
iii. Sensors (IR, Ultrasonic, magnetic): Detect approaching trains.
iv. Micro controller/PLC: Coordinates system logic and operations.
v. Power source: Typically grid, with solar backup in rural areas.Vigneshk, Gowtham S., 2020, IRJET; IEEEX plore, 2021.
AUTOMATIONINRAILWAYCROSSINGS
Modern systems rely on:
i. Micro controllers (e.g., Arduino, AT mega 328) or PLCs for control logic.
ii. Sensor networks to detect train approach, speed, and direction.
iii. IoT-based monitoring and GSM modules for remote alerts. Chavan & Gharat, 2019; Zhang etal., 2019, IJRR.

WORKING PRINCIPLE OF AUTOMATED CROSSINGS
i. Train is detected by sensor (e.g., IR, magnetic 0.
ii. Warning lights and alarms activate.
iii. Barriers lower automatically before train reaches crossing.
iv. After the train passes, the system deactivates and barriers rise. Sharma & Patel, 2018, IJERT; Indian railway RDSO Guidelines, 2021.
ADVANTAGES OF AUTOMATED SYSTEMS
i. Improved safety and reduced human dependency.
ii. Faster barrier response and accurate detection of trains.
iii. Lower operational cost over time.
iv. Compatible with renewable energy (solar systems). IEEE1473-R Railway Control Systems, 2020; ISO13849 Functional Safety Standards.



2.2 AUTOMATION AND SENSOR-BASED SYSTEM
Automation refers to the users to the use of control systems (e.g., computers, micro controllers, PLCs) and sensors to operates crossing gates, lights, and alarms without human intervention. Rajalakshmi etal., 2017, International Journal of Advanced Research in Electrical, Electronics and Instrumentation Engineering.
IMPORTANCE OF SENSOR-BASED AUTOMATION
i. Enhances public safety by reducing human error.
ii. Provides real-time response to train approach.
iii. Allows 24/7 operation without manpower. K.Vignesh, S.Gowtham (2020). Sensor-Based Railway Gate Automation, International Research Journal of Engineering and Technology (IRJET).

COMMON TYPES OF SENSORS USED
	Sensor Type	
	Function
	Application

	IR Sensor
	Detects interruption by train
	For basic train presence detection

	Ultrasonic Sensor
	Measures distance to object
	For Train speed and approach detection

	Magnetic Sensor (Hall Effect)
	Detects large metal objects
	For under – track detection

	Pressure Sensor
	Detects Weight on track
	Used in rail-bed embedded systems

	RFID/GPS
	Identifies specific trainID/location
	Used in smart and IoT-enabled systems


Zhang, L. etal. (2019). Smart Railway Crossing System. IJRR.
HOW SENSOR BASED AUTOMATION WORKS
i. Sensor detects approaching train.
ii. Signal sent to micro controller or PLC.
iii. Logic Triggers:
a. LED flashing lights
b. Sound alarm
c. Boom barriers motor control
iv. After train passes and track is clear, system resets.
S. Sharma & P. Patel (2018). Smart Railway Gate System. IJERT.
SAFETYANDREGULATORYSTANDARDS
i. IEE1473-R: Railway communications and control. EN50126/50128/50129: Functional safety and system reliability.
ii. ISO13849: Safety of control systems. ISO Standards Portal; IEEE Rail Safety Standards.

2.3 MICRO CONTROLLER BASED CONTROL SYSTEM
This project presents the design and implementation of a micro controller-based control system that automates gate operations, warning signals, and train detection using sensors. The system uses an Arduino micro controller to process sensor data and control barrier movement, improving safety, efficiency, and reliability in railway-road inter sections. The implementation ensures that gates close automatically when a train is detected and open when the track is clear, with visual and audio alerts for road users. Traditionally, these crossings have been manually controlled, often leading to delays and accidents due to human negligence or slow reaction times. With advances in automation, micro controller-based systems can now monitor train movement and control the crossing gates automatically. This project aims to build such a system using affordable components such as Arduino, IR sensors, servomotors, and buzzers. Sharma, R. etal. (2020). “Automatic Railway Gate Control using Arduino,” International Journal of Engineering Research & Technology.
SYSTEMCOMPONENTS
i. Micro controller: Arduino Uno (AT mega 328P)
ii. Sensors: Infrared (IR) or ultrasonic sensors for train detection
iii. Motor Driver: L298N module for motor control
iv. Barrier System: Servomotor or DC motor-driven boom gate
v. Alert Mechanism: Buzzer and LEDs
vi. Power Supply: 9V battery or solar-powered unit
Mazidi, M.A. etal. (2010). The 8051 Micro controller and Embedded Systems. Pearson Education.

2.4 INTEGRATION OF TRAFFIC SIGNALS AND SAFETY FEATURES
a) To Minimize Human Error and Manual Intervention: Automate the control of railway level crossing barriers and traffic signals to eliminate reliance on manual gate keepers, reducing delays and increasing reliability. (Jain etal., 2019; RDSO, 2021).
b) To Synchronize Road Traffic and Train Movements: Coordinate traffic lights near the railway crossing with the arrival and departure of trains to ensure smooth vehicular flow and prevent vehicles from getting stuck on tracks. (Deshmukh etal.,2020).
c) To implement Real-Time Train Detection: Use sensors (IR, Ultrasonic, or RFID) to detect train presence and motion in real-time, triggering automatic signal and barrier responses. (Vignesh and Gowtham, 2021).
d) To Improve Road and Rail User Safety: Integrate safety features such as sensors, alarms, and light to warn both drivers and pedestrians well in advance of approaching trains, minimizing accidents. (Bhoyaretal., 2022; Choudhury etal.,2018).
e) To Reduce Traffic Congestion Near Level Crossings: Ensure efficient flow of vehicles by managing the duration of gate closures and integrating traffic light phases with minimal disruption. (Deshmukh etal.,2020).
f) To Provide a Scalable and Low-Cost Model for Wider Implementation: Develop a solution that can be deployed in both urban and rural areas, using affordable hardware like Arduino, making it suitable for developing regions. (Jainetal.,2019).
g) To Promote Sustainable, Energy-Efficient Operations: Utilizesolar-powered components where feasible to ensure uninterrupted operation and environmental sustainability. (Bhoyar etal.,2022).
SYSTEM ARCHITECTURE
i. Obstacle Detection Sensors: IR or LIDAR for checking if vehicle is on the track (Choudbury, D. etal. (2018). “Railway Safety System with Obstacles Detection,” IEEE Sensors Journal.)
ii. Traffic Signal Interface: Red/Green LEDs or actual traffic lights
iii. Power Supply: Battery or solar powered for continuity
iv. Emergency Manual Override: Push–button for manual gate control
v. Audio-Visual Warning Units: Buzzers and flashing beacons
ADVANTAGES OF INTEGRATION
i. Reduces vehicles collisions by synchronizing traffic flow and rail activity.
ii. Improves pedestrians and driver awareness through multimedia alerts.
iii. Enhances safety and system reliability during emergencies.
iv. Reduce traffic build up at crossings in high-traffic urban areas.

2.5	GAPS IN EXISTING RESEARCH
a. Insufficient Real World Testing: Many proposed systems are tested only in controlled laboratory environments or simulations, with few real-world deployments to validate long-term reliability, performance in varying weather and user behavior. Jain etal., IJERT (2019)
b. Neglect of Pedestrian Safety: Research tends to emphasize vehicle detection and control, while pedestrian safety measures, like dedicated alerts, smart crosswalks, and accessibility for disabled individuals, are often under developed. Bhoyar etal., IJITEE (2022)
c. Lack of Obstacles Detection Systems: Most model slack real-time obstacles detection for vehicles or objects stuck on the railway track, which is a major cause of collisions. Choudhury etal, IEEE Sensors Journal (2018)
d. Inadequate Power Backup and Fail-Safe Systems: Many systems do not include uninterruptible power supplies (UPS) or solar power solutions, leading to reliability issues during lack outs, or equipment failure. Indian Railways RDSO Manual (2021)
e. No Consideration for Cyber security in Smart Systems: Security threats in micro controller or IoT-based systems (e.g., signal spoofing, hacking, are rarely addressed in research, leaving systems vulnerable. IEEE Transaction on ITS (2021).

2.6 SUMMARY OF LITERATURE INSIGHTS
	Author (s) & Year
	Title/Focus Area
	Key Contributions
	Technology Used
	Identified Gaps

	Jain etal. (2019)
	Automated Railway Gate with Safety Features
	Proposed a micro controller-based system for gate automation with sensors and alarms
	Arduino, IR sensors
	No integration with traffic signals or IoT for remote monitoring

	Deshmukh etal. (2020)
	Traffic Signal Coordination with Railway Gate Automation
	Coordinated road traffic lights with train detection
	Micro controller, timing logic
	No real-time train detection, lacked pedestrian safety mechanisms

	Choudhury etal. (2018)
	Obstacle Detection at Level Crossings
	Included ultrasonic sensors to detect vehicles/objects stuck on tracks
	Ultrasonic sensors,relays
	Limited field testing and no backup system for failures

	Bhoyaretal. (2022)
	IoT-Based Smart Railway Crossing with Mobile Alerts
	Designed an IoT-Enabled system with mobile alert notifications to users
	ESP8266,GSMModule
	No discussion on cyber security and large-scale deployment challenges

	Manvi&Venkataram
	Intelligent Transportation Systems (ITS)
	Reviewed ITS frameworks and highlighted need for smart infrastructure integration
	IoT, Wireless communication
	Lacked case studies on railway systems; very high-level approach



