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ABSTRACT

IOT can be used to improve various aspects of the railway
system. Automation of railways can transform the current
legacy systems and help decrease the railway related accidents
significantly. This research paper proposes a system where
sets of infrared sensors are used to track the position of the
train and its direction. This information is used to close/open
the railway barrier automatically via a motor connected to a
microcontroller unit. It is also used to warn the driver about a
possible collision with a train coming from the opposite
direction via an SMS sent from the GSM module attached to
the microcontroller. The position of the train is sent to a
webpage via the GSM module for tracking.
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1. INTRODUCTION

In India, railways is one of the most commonly used mode of
transport. On an average, over 23 million passengers were
travelling in trains on any given day in 2012-13 in India. The
figure indicates the importance of Railways in Indian
Transport system.

Even though the system has been developing, railway
accidents are a common occurrence which is a risk to the
safety of passengers. As per the review of train accidents
between 2009 and 2015, the data indicates that most of the
railroad accidents occurred because of level crossing and
derailments [1]. Therefore more efforts are necessary for
improving safety of passengers and avoiding train accidents.

From Figure 1, it can be deduced that most of the accidents
happen due to level crossings and derailment. Majority of
these are caused due to failure of staff or others. So, it is fair
to imply that avoiding human failure can reduce the number
of train accidents by a large number.

With the proposed system, the number of level crossing
accidents and accidents due to human failure can be reduced
significantly. The open source IOT environments and cheap
microcontrollers along with the internet boom enable the
railway industry to employ such automated systems which
reduce the calamities caused by human failure and concentrate
on providing a better experience for the travelers.
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Fig. 1: Number of accidents by type in Indian Railways

2. LITERATURE REVIEW

K. Ajith Theja et. al. [2] focused on preventing skilled
workers to operate the railway crossing and established a
model to open and close railway gate automatically using
Wireless Sensor network (WSN) and thus avoiding accidents
caused by human errors.

Any M. Kottalil et. al. [3] proposed a tested circuit to control
the opening and closing of railway gate precisely using
ATMEGA 16 in order to reduce the problem of longer wait
time for road passengers while waiting for passage of train.

In [4], the authors proposed a model which provides the
means for real time inspection and automatic gate control
using IR sensors which lessens the manual interference to
avoid accidents occurring due to human negligence. Our paper
also proposes this as a solution and adds more safety features
with the inclusion of 10T.

Sheikh Shanawaz Mostafa et. al. [5] proposed a method for
avoiding collision by using radio links in order to transfer
identification, information of approaching and outgoing trains
faster to avoid accidents at railway crossing.

In [6], authors did a comparison of Level crossings used
across the world and aimed to embed railway crossing with
automated platform bridges in order to provide automatic
level crossing and reducing the wait time which wastes due to
opening and closing of gate irrespective of train arrival

In “Improving Railway Safety with Obstacle Detection and
Tracking System using GPS-GSM Model” [8] the authors
proposed a solution encompassing GSM and GPS
technologies to provide train tracking and pin pointing
location of obstacles using GPS.
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D. Karthiga Devi et. al.[9] implemented an autonomous
system that uses image processing techniques to identify
obstacle movement along the tracks and thus focusing on
preventing accidents caused due to obstacle collision.

3. PROPOSED SYSTEM

The proposed system is a combination of three sub systems
namely, Sensor subsystem, Control subsystem and
Actuator/Notification subsystem respectively. Figure 2 shows
the high level system design divided into the respective
subsystems.
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Fig. 2: High Level System Design

3.1 Sensor Subsystem

The sensor subsystem comprises of sets of infrared sensors
that are connected to the Renesas microcontroller board. The
transmitter and receiver of the IR sensor are fixed on opposite
sides of the track. For sensing the crossing train two pairs of
IR sensors are used instead of one to discern the direction in
which the train is travelling. When both the IR sensors do not
receive the infrared signals at some point in time, it is
assumed that a train is crossing that point. Each tracking point
has two pairs of IR sensors. Based on which sensor detects the
train first, the direction in which the train is moving is
concluded. Figure 3 shows the positioning of two pairs of
infrared sensor ‘x’ and ‘y’ at location ‘P’.

If ei(t;) is the event of detection for sensor i for time t; and
(x,y) is a pair of IR sensors at a tracking location then,

if (ex(t) && ey(tr)) {

train_location = P

if (t; > t,) then train_direction = AB
if (t,>t;) then train_direction = BA }

Where, AB means the train moves from A to B, P is the
location w.r.t. sensors (X,y).
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Fig. 3: IR sensors at position P

3.2 Control Subsystem

The control subsystem is the logical entity which consists of
the Renesas RSF100LEA microcontroller which connects the
IR sensors to the motor driver for barrier and the SIM300
GSM module. It contains the programmed logic for detecting
the train and accordingly changes the barrier state, sends an
SMS to the driver and station master in case of an emergency
and updates the PHP webpage which shows the current
location of train.

Railway Tracking: If any pair of sensor detects the train,
update the specific sensor’s location on the PHP webpage.

if (train_location) {
update_webpage (train_location);

Collision Avoidance: If two trains are coming from opposite
directions, a warning SMS is sent to the driver and station
master about the possible collision. This case arises when two
pairs of sensor in proximity detect trains to be moving in
opposite direction.

if (AB && BA) {

send_warning_SMS();

}

Automatic Railway Barrier System: If a train is detected at
the sensors near the railway barrier, then open/close the
barrier and send an SMS to the driver and station master
informing about the success or failure of opening/closing of
the level crossing barrier.

if (eu(ty) && &y(t)) && (xy) €P {
barrier_toggle();
send_update_SMS();

}

Where, P is the set of sensors near the railway barriers.

3.3 Actuator/Notification Subsystem:

This subsystem consists of an Octal Peripheral Device Array
ULN2803 which connects to the motor which controls the
crossing barrier, a mobile device which receives alert
messages in case of a possible collision and a PHP webpage
that displays the current position of the train according to the
sensors. The motor is connected to the microcontroller and
messages and webpage updates are given using the GSM
module in the control section.
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4. METHODOLOGY

The pairs on infrared sensors are spread across the railway
tracks at some distance from the barriers. These sensors are
directly connected to the Renesas microcontroller. They sense
a train when there is a discontinuation in the receiving
infrared sensor. According to the sequence of detection in the
two sensors, the direction of the train according to the
algorithm given in proposed system is concluded. This
knowledge of direction can be used to detect any possibility of
train collision. It is also used to decide whether to close or
open the barrier. Figure 4 shows the flow chart of the
proposed system.
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Fig. 4: Flow chart of the system

If the sensor near the barrier senses the train, the barrier is
opened or closed. If there is a possibility of collision, a
message is sent to the responsible authorities and a webpage is
updated about the position of the train according to the input
from the sensors.

5. RESULTS AND DISCUSSION

The aforementioned system worked successfully with the
programmed logic to close/open the barrier gate and to warn
the driver and station master about a possible train collision
by sending them an SMS to their mobile numbers.

Figure 5 shows the screenshot of the SMS received on the
driver’s mobile number in case of a possible collision.
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Fig. 5: Screenshot of Collision SMS

It also immediately updates the PHP webpage about the
current location of the train according to the sensor location
using the GSM module which helps it to connect to the
internet and hence update the webpage dynamically. Figure 6
shows the snapshot of the PHP webpage used for showing the
current train location.

Automatic Railway Tracking System

Train ID 29112

Location Track Point X

Next Station Track Point Y

Track Status Clear

Fig. 6: Snapshot of PHP webpage
6. CONCLUSION

In this work, we have studied the existing railway systems,
their benefits and drawbacks to create an improved system
that can help in decreasing the number of accidents occurring
due to human negligence and failure. The proposed model
aims to make railways a more reliable source of transport by
replacing existing manual systems with automatic barrier
control systems. This prevents accidents occurred near level
crossings caused by human errors. In addition, it provides
precise train information thereby reducing the wait time for
road passengers. The features include train collision detection
which notifies train drivers and the nearest station about the
presence of another train on track which may cause collision.
This not only helps in avoiding an accident but can also help
in providing faster assistance. Real time train movement
detection using IOT makes it easier for passengers to track
their train. Also, it ensures railway stations are notified timely
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so that there is no wait time for track clearance thereby delay
before train enters the platform is avoided. With collaboration
efforts from railway staff and government, contribution of
technology in functioning of railways can be increased so that
maximum security can be provided to passengers.

6.1 Further Work

To further improve the proposed system, RFID sensors and
tags can be used instead of IR sensors as they are a better
option for saving more details like train number which can be
used for various other information to be displayed on the
webpage. The current project doesn’t uses RFID sensor
because of the small scale of the demonstration project. The
RFID tags can also be used for detecting possible train
collision similar to IR sensors if they are used in pairs of two
by checking the timestamps from the two sensors. For further
improvement, motion sensors can be deployed at the railway
crossing area and alert the driver if there is someone stuck
between the barriers so that he can stop the train in time.
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