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Abstract
This paper presents a new system for detecting the railway tracks 
and avoidance of collision in the tracks. The proposed Solution 
is based on IR Rays & Sensors. So for Significant energy has 
been expended in recent years to develop sensitive and repeatable 
crack detections. Today one of the major problems that railroads 
have faced since the earliest days is the prevention of service 
failures in track. As is the case with all modes of high-speed travel, 
Rail is manufactured in different weights; there are different rail 
conditions (wear, corrosion etc.) present; there are a significant 
number of potential defects possible; and the task has to be 
performed with some speed to reliably inspect the thousands of 
miles of track stretching across the land failures of an essential 
component can have serious consequences. The main problem 
about a railway analysis is detection of cracks in the structure. 
If these deficiencies are not controlled at early stages they might 
cause huge economical problems affecting the rail network .The 
main aim of the work is  used to find  the detection of cracks in 
the railway tracks by an IR sensor .Avoidance of collision by 
fixing the sensors in the train wheels and transmit  the rays in the 
track. Opposite train also have the same option. If two trains are 
in the same track means the rays will get collides and get reflected 
back to the respective engines and the LED or Alarm blinks we 
can stop the train.
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I. Introduction
Railway Transport is indispensable in modern day life, both for 
business and private users. Whilst in an ideal world society’s 
appetite for travel would be less, the fact remains that it is growing. 
Nowadays, rail networks across the world are getting busier with 
trains travelling at higher speeds and carrying more passengers 
and heavier axle loads than ever before. The combination of these 
factors has put considerable pressure on the existing infrastructure, 
leading to increased demands in inspection and maintenance of 
rail assets. The expenditure for inspection and maintenance has 
thus, grown steadily over the last few years without however being 
followed by a significant improvement of the industry’s safety 
records. As a direct consequence the immediate key challenges 
faced by the rail industry are: The improvement in the safety of the 
railway system, the development of new railways to accommodate 
the continued growth in demand, and Contributing to a more 
sustainable railway, in both environmental and financial terms, 
by delivering further efficiencies and exploiting technological 
innovation. High safety standards required in the management of 
railroad lines demand the inspection of railway wheels directly 
after production in order to detect the presence of surface cracks 
that could seriously affect the integrity of the railway, and 
therefore passengers’ safety. During the last one year, we have 
been developing the proposed system for the detection of cracks. 
The main goal was to develop the highly reliable system based 
on detection of cracks using IR sensor .Avoidance of collision by 

fixing the sensors in the train wheels and transmit the IR rays in 
the track. Opposite train also have the same option. If two trains 
are in the same track means the rays will get collides and get 
back to the respective engines and led or alarm will blinks and 
the driver will stop the train.

II. Detection of Cracks
The detection of Cracks can be identified using IR rays with the 
IR transmitter & receiver.IR receiver is connected to the Signal 
Lamp or Electrified lamp with the IR sensor. CAN controller is 
connected to the main node and it send the information via GSM 
and transmit the message to engine and to the nearest station. The 
detection of Cracks can be identified using IR rays and IR sensor.IR 
receiver is connected to the signal lamp and to the CAN controller. 
The electrified lamp is nothing but it sides of the tracks the electric 
lamp which is current flowing for the engines transportation.

A. IR RAYS
Infrared (IR) light is electromagnetic radiation with a wavelength 
between 0.7 and 300 micrometres, which equates to a frequency 
range between approximately 1 and 430 THz.IR wavelengths are 
longer than that of visible light, but shorter than that of terahertz 
radiation microwaves. Bright sunlight provides an irradiance of 
just over 1 kilowatt per square meter at sea level. Of this energy, 
527 watts is infrared radiation, 445 watts is visible light, and 32 
watts is ultraviolet radiation.

B. Signal Lamp
A signal is a mechanical or electrical device erected beside a 
railway line to pass information relating to the state of the line 
ahead to train drivers/engineers. The driver interprets the signal’s 
indication and acts accordingly. Typically, a signal might inform 
the driver of the speed at which the train may safely proceed, or 
it may instruct the driver to stop

Fig. 1. Signal Lamp Example

C. Application and Positioning of Signals
Originally, signals displayed simple stop/proceed indications (fig. 
1). As traffic density increased, this proved to be too limiting, and 
refinements were added. One such refinement was the addition 
of distant signals on the approach to stop signals. The distant 
signal gave the driver/engineer warning that he was approaching 
a signal which might require a stop. This allowed for an increase 
in speed, since trains no longer needed to be able to stop within 
sighting distance of the stop signal. Under timetable and train order 
operation, the signals did not directly convey orders to the train 
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crew. Instead, they directed the crew to pick up orders, possibly 
stopping to do so if the order warranted it.
Signals are used to indicate one or more of the following:

That the line ahead is clear (free of any obstruction) or 1. 
blocked.
That the driver has permission to proceed.2. 
Those points (also called switch or turnout in the US) are 3. 
set correctly.
Which way points are set?4. 
The speed the train may travel.5. 
The state of the next signal.6. 
That the train orders are to be picked up by the crew.7. 
Signals can be placed:8. 
At the start of a section of track.9. 
On the approach to a movable item of infrastructure, such as 10. 
points/switches or a swing bridge.
In advance of other signals.11. 
On the approach to a level crossing.12. 
At a switch or turnout.13. 
Ahead of platforms or other places that trains are likely to 14. 
be stopped.
At train order stations.15. 

‘Running lines’ are usually continuously signalled. Each line of a 
double track railway is normally signalled in one direction only, 
with all signals facing the same direction on either line. Where ‘bi-
directional’ signalling is installed, signals face in both directions 
on both tracks (sometimes known as ‘reversible working’ where 
lines are not normally used for bi-directional working). Signals are 
generally not provided for controlling movements within sidings 
or yard areas.

D. Signal Forms
Signals differ both in the manner in which they display aspects 
and in the manner in which they are mounted with respect to the 
track.

Fig. 2: Signal Form

E. Signal Mounting
A gantry of British semaphore signals seen from the cab of a steam 
locomotive Lineside signals need to be mounted in proximity to 
the track which they control.

1. Post Mounting
When a single track is involved, the signal is normally mounted 
on a post which displays the arm or signal head at some height 
above the track, in order to allow it to be seen at a distance. The 
signal is normally put on the engineer’s or driver’s side of the 
tracks (fig. 3).

Fig. 3: Post Mounting Signal

The purpose of the three signal levels is to stop, proceed and start.
Red signal for stop, Yellow signal is ready to start and green is 
to started.

III. Can Controller
Controller–Area Network (CAN or CAN-bus) is a vehicle bus 
standard designed to allow microcontrollers and devices to 
communicate with each other within a vehicle without a host 
computer. CAN is a message based protocol, designed specifically 
for automotive applications but now also used in other areas such 
as industrial automation and medical equipment. Development of 
the CAN-bus started originally in 1983 at Robert Bosch GmbH. 
The protocol was officially released in 1986 at the Society of 
Automotive Engineers (SAE) congress in Detroit, Michigan. The 
first CAN controller chips, produced by Intel and Philips, came on 
the market in 1987. Bosch published the CAN 2.0 specification 
in 1991.CAN is one of five protocols used in the OBD-II vehicle 
diagnostics standard. The OBD standard is mandatory for all cars 
and light trucks sold in the United States since 1996, and the EOBD 
standard, mandatory for all petrol vehicles sold in the European 
Union since 2001 and all diesel vehicles since 2004.

A. GSM
GSM (Global System for Mobile Communications: originally 
from Groupe Spécial Mobile) is the most popular standard for 
mobile telephony systems in the world. The GSM Association, 
its promoting industry trade organization of mobile phone carriers 
and manufacturers, estimates that 80% of the global mobile market 
uses the standard. GSM is used by over 1.5 billion people across 
more than 212 countries and territories. Its ubiquity enables 
international roaming arrangements between mobile network 
operators, providing subscribers the use of their phones in many 
parts of the world. GSM differs from its predecessor technologies 
in that both signalling and speech channels are digital, and thus 
GSM is considered a Second Generation (2G) mobile phone 
system. This also facilitates the wide-spread implementation of 
data communication applications into the system.

B. GSM-R USES
GSM-R permits new services and applications for mobile 
communications in several domains: 

transmission of Long Line Public Address (LLPA) • 
announcements to remote stations down the line
control and protection (Automatic Train Control/ETCS) and • 
ERTMS)
communication between train driver and regulation centre,• 
communication of on-board working people• 
information sending for ETCS• 
communication between train stations, classification yard • 
and rail tracks
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1. Main Use
It is used to transmit data between trains and railway regulation 
centres with level 2 and 3 of ETCS. When the train passes over 
a Eurobalise, it transmits its new position and its speed, and then 
it receives back agreement (or disagreement) to enter the next 
track and its new maximum speed. In addition, trackside signals 
become redundant.

2. Railways Using GSM-R
Operation with GSM-R voice being used as the only means of 
communication between the driver and the signaller

C. Types of Detects

1. Types of Corrosion and its Prevention
There are different types of corrosion. Appropriate reasons are 
described. Corrosion is a natural phenomenon. Eminent scientists, 
engineers, and researchers have been successful over the years 
in overcoming this menacing problem. Nevertheless, periodical 
assessments are done to achieve the current level of protection.

Galvanic Corrosion• 
Intergranular Corrosion• 
Uniform Corrosion• 
Localized Corrosion• 
Stress Corrosion• 
Hydrogen Embrittlement• 
Anodizing• 
Powder Coating• 

IV. Avoidance of Collision 
Avoidance of collision by fixing the sensors in the train wheels 
and transmits the IR rays in the track. Opposite train also have 
the same option. If two trains are in the same track means the rays 
will get collides and get back to the respective engines and led or 
alarm will alerts and the driver will stop the train.

A. IR Rays
Infrared (IR) light is electromagnetic radiation with a wavelength 
between 0.7 and 300 micrometres, which equates to a frequency 
range between approximately 1 and 430 THz.IR wavelengths are 
longer than that of visible light, but shorter than that of terahertz 
radiation microwaves. Bright sunlight provides an irradiance of 
just over 1 kilowatt per square meter at sea level. Of this energy, 
527 watts is infrared radiation, 445 watts is visible light, and 32 
watts is ultraviolet radiation.

Fig. 4: IR Rays

1. Different Regions in the Infrared
Objects generally emit infrared radiation across a spectrum of 
wavelengths, but only a specific region of the spectrum is of 
interest because sensors are usually designed only to collect 

radiation within a specific bandwidth. As a result, the infrared 
band is often subdivided into smaller sections.

2. CIE Division Scheme
The International Commission on Illumination (CIE) recommended 
the division of infrared radiation into the following three bands:
IR-A: 700 nm–1400 nm (0.7 µm – 1.4 µm)
IR-B: 1400 nm–3000 nm (1.4 µm – 3 µm)
IR-C: 3000 nm–1 mm (3 µm – 1000 µm)

B. Communications
IR data transmission is also employed in short-range communi-
cation among computer peripherals and personal digital assistants. 
These devices usually conform to standards published by IrDA, the 
Infrared Data Association. Remote controls and IrDA devices use 
infrared Light-Emitting Diodes (LEDs) to emit infrared radiation 
which is focused by a plastic lens into a narrow beam. The beam 
is modulated, i.e. switched on and off, to encode the data. The 
receiver uses a silicon photodiode to convert the infrared radiation 
to an electric current. It responds only to the rapidly pulsing 
signal created by the transmitter, and filters out slowly changing 
infrared radiation from ambient light. Infrared communications 
are useful for indoor use in areas of high population density. 
IR does not penetrate walls and so does not interfere with other 
devices in adjoining rooms. Infrared is the most common way 
for remote controls to command appliances. Free space optical 
communication using infrared lasers can be a relatively inexpensive 
way to install a communications link in an urban area operating 
at up to 4 gigabit/s, compared to the cost of burying fibre optic 
cable. Infrared lasers are used to provide the light for optical fiber 
communications systems. Infrared light with a wavelength around 
1,330 nm (least dispersion) or 1,550 nm (best transmission) are 
the best choices for standard silica fibers.IR data transmission of 
encoded audio versions of printed signs is being researched as 
an aid for visually impaired people through the RIAS (Remote 
Infrared Audible Signage) project.

C. Transmitted Rays
In optics, a ray is an idealized narrow beam of light. Rays are 
used to model the propagation of light through an optical system, 
by dividing the real light field up into discrete rays that can be 
computationally propagated through the system by the techniques 
of ray tracing. This allows even very complex optical systems to 
be analyzed mathematically or simulated by computer. Ray tracing 
uses approximate solutions to Maxwell’s equations that are valid 
as long as the light waves propagate through and around objects 
whose dimensions are much greater than the light’s wavelength. 
Ray theory does not describe phenomena such as interference 
and diffraction, which require wave theory (involving the phase 
of the wave).

D. Reflected Rays
In optics, a ray is an idealized narrow beam of light. Rays are 
used to model the propagation of light through an optical system, 
by dividing the real light field up into discrete rays that can be 
computationally propagated through the system by the techniques 
of ray tracing. This allows even very complex optical systems to 
be analyzed mathematically or simulated by computer. Ray tracing 
uses approximate solutions to Maxwell’s equations that are valid 
as long as the light waves propagate through and around objects 
whose dimensions are much greater than the light’s wavelength. 
Ray theory does not describe phenomena such as interference 
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and diffraction, which require wave theory (involving the phase 
of the wave).

E. Time And Distance Calculation
The Time and distance can be calculated by using the following 
ways.
If energy get not waste means,
An incident ray is equal to reflected rays.
If energy get waste means,
An incident ray is not equal to reflected rays.
After the two rays get collides we can calculate the distance of 
reflected rays to the respective engines from this  we can set the 
time and stop the train.

V. IR Rays Sensing
Almost everything emits, reflects, or transmits some kind of light. 
The Electromagnetic (EM) Spectrum is the measurement of the 
frequency range of EM radiation of an object. The frequency 
is measured in wavelengths. The wavelength ranges can extend 
from the size of an atom to thousands of kilometres. The long 
wavelengths are low frequency and are the Radio, Microwave, 
and Infrared waves. The short wavelengths are the high frequency 
Ultraviolet, X-ray and Gamma Rays. The Visible Spectrum, or 
Optical Spectrum, is the range of the Electromagnetic Spectrum 
that is visible by the human eye.

Fig. 5: Spectrum Waves

VI. Nature of Work
Here we are going to discuss about the proposed model for Detection 
and Avoidance of collision in the railway network. The detection 
can be done by IR rays and IR sensor i.e., IR transmitter & receiver. 
Avoidance can be done by the IR rays and IR Sensors.

A. Detection of Cracks
The detection of Cracks can be identified using IR rays with the 
IR transmitter & receiver. IR receiver is connected to the Signal 
Lamp with the IR sensor. CAN controller is connected to the 
main node and it send the information via GSM and transmit 
the message to engine and to the nearest station.IR receiver is 
connected to the CAN controller. 

B. Avoidance of Collision
Avoidance of collision by fixing the sensors in the train wheels 
and transmits the IR rays in the track. Opposite train also have 
the same option. If two trains are in the same track means the rays 
will get collides and get back to the respective engines and led or 
alarm will get alerts and the driver will stop the train. 

Fig. 5. This is the Model Figure to Fix the IR Sensor on the 
Wheel

VII. Results and Discussions
The main result for this paper is to avoid the detection of cracks 
and avoidance of collision between the rails. The sample output 
for detection and avoidance of collision is given below.

    
     (a)       (b)

     (c)
Fig. 6. Shows the Sample Outputs

The two trains simulated three scenarios: 
One where the two were running alongside each other, • 
simultaneously approaching a section of single-track line. 
In the second, one train headed for a set of points beyond • 
which one route was occupied and the other clear, but the 
setting of the points was unclear. 
In a third test run, a train was left stationary near a set of points • 
but did not constitute a hazard, and the system successfully 
recognised this. In all cases, RCAS assesses the situation 
automatically. 

In order to avoid these types of cracks we are used the proposed 
model of IR rays with CAN controller. Anyway, the presented 
results, which also can be considered as preliminary results, are 
very encouraging and they suggest the possibility of increasing and 
generalizing the IR rays set up.i.e, IR transmitter & receiver.

VIII. Conclusions
Our proposed model is facing a new challenge to further improve 
the reliability of rail testing techniques, while seeking for new 
and emerging technologies in IR rays or that aid the detection 
of rail defects. With the IR rays test equipment, focus has been 
on better understanding of the IR receiver at the signal lamp 
and the interaction of with the can controller with the defects 
through the main CAN node to the GSM. Further results, such 
as the crack location, depth, type etc. can be deduced through 
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the analysis of the GSM Ongoing work is under way to develop 
improved automated rail testing techniques, mostly in the field of 
employing the proposed model for detection of cracks. In most 
cases, data recording capability of the rail testing equipment allows 
the inspector to download the data for off-line signal analysis. 
But our concept is mainly to detects the cracks and avoid the 
collision in the tracks. Both will be completed successfully in 
our proposed model.
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