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Abstract- Railway accidents are quite common on the news these days. Analysis of the factors that cause these rail 
accidents, recent statistics reveal that approximately 60% of all the rail accidents have derailments as their cause, of which 
about 90% is due to cracks on the rails either due to natural causes (like excessive expansion due to heat) or due to anti- 
social elements. These cracks and other problems with the rails generally go unnoticed due to improper maintenance, and the 
currently irregular and manual track line monitoring that is being carried out is the current solution for this situation. Manual 
detection is nearly unreliable and impossible in remote and inaccessible locations. This proposal aims to automate this fault 
and crack detection process by making use of ultrasonic waves, propagating through the length of the track, enabling the 
detection of cracks, jumps of faults along the railway tracks. The system also provides a notification mechanism with the use 
of GSM modules to notify the control stations when irregularities in the railway tracks are detected, and accidents averted. It 
is cost effective, simple in design and accurate.  
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I. INTRODUCTION 
 
Existing methods include the naïve manual detection 
by the human eye. This is not very efficient as on the 
outside, the human eye may be fooled, and a simple 
crack in the railway track may go unnoticed. This 
simple overlook may be the cause of catastrophic 
railway accidents. Rail inspection cars were 
specifically built for this purpose and had to traverse 
along the complete length of the track for inspection. 
Magnetic induction was the method used on the first 
rail inspection cars. This was done by passing large 
amounts of magnetic field through the rail and 
detecting flux leakage with search coils. Since then, 
many other inspection cars have traversed the rails in 
search of flaws. All these methods are fairly accurate, 
but cumbersome and expensive.  
 
The proposed paper aims to achieve the same goal by 
being a stationary process, cost effective and very 
accurate, without hindering normal railway operation 
and with provision of a warning mechanism.  
 
The Figures 1 and 2 show the problem that is being 
addressed in this paper and the Figure 3 addresses the 
consequence. 

 
Figure 1 - Discontinuity in railway track 

 
Figure 2 - Cracks in railway track 

 

 
Figure 3 - Derailed train 

 
II. PROPOSED SOLUITON 
 
The proposal aims at using off the shelf materials to 
build a simple system that uses ultrasonic waves, 
made to travel through the length of the railway track.  
On one end, the ultrasonic transducer of frequency 40 
KHz facilitates wave transmission and at fixed 
intervals, an ultrasonic transducer acts as a receptor.  
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This Ultrasonic Sensor Circuit consists of a set of 
ultrasonic receiver and transmitter which operate at 
the same frequency. When something moves or a 
disturbance occurs in the area covered, the circuit’s 
fine balance is disturbed and the alarm is triggered. 
The ultrasonic circuit is very sensitive and can be 
adjusted to reset itself automatically or to stay 
triggered till it is reset manually after an alarm.  
 
If the material of the railway track is continuous, 
without any breaks, the frequency of the transmitted 
wave and that of the received wave remains the same, 
and hence no alarm is triggered. If there are cracks 
present in the railway track, or breaks in the 
continuity, the frequency of the received wave is 
different due to interaction with the crack. Hence, an 
alarm is raised as a notification.  
 
The Ultrasonic circuit is interfaced to a 
microprocessor, to acknowledge this warning 
signal/alarm and is in turn interfaced to a GSM 
module, to enable a warning text to be sent to control 
station, enabling the authorities to respond and fix the 
cracks and faults in the tracks appropriately and avoid 
derailment or accidents. Figure 4 shows the working 
mechanism of the proposed solution.  
 

 
Figure 4 - Working procedure of detection of a crack 

 

 
Figure 5 – Block diagram 

 
Figure 5 shows the block diagram of the proposed 
solution. The setup consists of an ultrasonic circuit, 
whose transmitter and a receiver, both operating at a 
matched frequency of 40 KHz, a microcontroller and 
a GSM module.  

1. The transmitter and receiver are attached to the 
metal of the railway tracks. The transmitter 
transmits ultrasonic waves at a periodic interval.  

2. If the received wave is of the same frequency of 
the transmitted, it indicates that the railway 
track is homogeneous and continuous in nature, 
without any cracks of breaks.  

3. If the received wave interacts with a crack 
present in the railway track, there is a change in 
the received frequency and the sensitive balance 
of the Ultrasonic circuit is disturbed, thereby 
raising an alarm. Hence we can deduce that 
there is discontinuity in the path of the railway 
track. An alarm is raised.  

4. The detection is processed by the 
microcontroller. The microcontroller 
communicates this to the control room by a 
communication interface by a GSM module.  

5. The GSM module transmits the alert message to 
the control room, notifying the authorities and 
appropriate action is taken. 

 
III. SIMULATION RESULTS 
 
Programming is done on the Energia platform for a 
code that continuously monitors the balance in the 
frequency setting of the ultrasonic circuit. If the 
balance is disturbed, the microcontroller recognizes 
this and interacts with the GSM module to transmit a 
notification to the control station. The Simulation 
results from the figures give support for the viability 
of the solution.   
 
Figure 6 shows the effect of cracks and breaks, in the 
rails, on the frequency of the transmitted ultrasonic 
wave. 

 

 
Figure 6 - wave - crack illustration 

 
Figure 7 shows the plot of a smooth curve with no 
disruptions since the rail is continuous and 
homogenous. If, in case, there is any disruption due to 
the breaks or cracks in the track, the resultant 
waveform is as shown in the Figure 8. 
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Figure 7 - Plot of wave propagation 

 

 
Figure 8 - Plot of wave - crack interaction 

 

CONCLUSION 
 

In countries like India, the most widely used and 
common mode of transport for the commoner is the 
railways. Millions of people travel by trains every 
day. Accidents that occur due to simple cracks or 
faults in the railway tracks leads to derailment and 
loss of hundreds of lives. By developing an 
automated standalone system as illustrated by the 
proposal, specifically for detection of such anomalies 
in the track, such accidents can be avoided.  
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