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Abstract
Railways are an efficient means of transportation as they transport a large number of people and goods
simultaneously. More than 1050 million tones of fright and more than 10 billion people travel by train annually.
The modern rail network becomes busier with an increased number of trains, carrying more passengers, and
heavy axle load than ever before. Frequent frontal collision is happening for the train running on the same track.
Hence, monitoring of collision of a rail system is necessary. The efficiency of the rail monitoring system suffers as a
result of frequent accidents that occur due to the carelessness of the drivers, signal problems, and track
irregularities. To overcome these problems an automatic monitoring system is required. In this work, the frontal
collision problem is considered and it can be avoided by introducing a novel Frontal Collision Avoidance System
(FCAS) for detecting the trains on the same track using a wireless network. Wireless Monitoring Unit (WMU) called
as nodes are deployed at each end of the branch track to enable detection of the arrival and departure of the trains
for the specific branch. WMU sends the information to the central monitoring station (CMS) to keep monitoring the
status of the train. A test route has been taken for this study and the performance of the proposed system is
verified. The arrival and departure of the nodes at different speed scenarios have been carried out. Finally, the
power consumption of WMU and CMS, and the distance of the data transmission between WMU and CMS are
discussed. An experimental set up has been developed for the proposed FCAS. Alert information is sent
immediately to the drivers of both the trains on the same track. The result obtained shows that the proposed FCAS
exactly detects the trains on the same track. So the authors believe that it is an efficient method for avoiding
frontal collision avoidance.

Keywords: wireless sensing unit, wireless network, frontal collision avoidance system, wireless control unit, railways, central
monitoring, power consumption
INTRODUCTION
The reliability and safety of rail transportation have drawn increasing attention due to its rapid development. Rail tracks are
periodically inspected by the maintenance department of railways for efficient and safety services. Continuous monitoring for the
rail track is required for maintaining the standard framed by the International Union of Railways (UIC). Chellaswamy et al. (2011)
developed a microcontroller-based intelligent collision avoidance system that is proposed to avoid collision between trains.
Accelerometers are used for the detection of the trains on the same track. The statuses of two trains that are at a distance within
three kilometers on the same track are intimated mutually to both drivers and sound alert is also produced. The results for different
regions are analyzed. Dhanababu et al. (2015) have proposed a sensor-based collision avoidance system for railways. The anticollision system is used for the prediction and control of the head-on and rear-ends collisions. The human negligence and human
errors are the most important reason for the collision. An automatic surveillance system can be used for avoiding train accidents.
Junfeng et al. segmented a geographical area and allotted different track numbers and interfaced with the surveillance system
(Junfeng et al. 2015). The current architecture used in the railway does not avoid human error. A next-generation monitoring
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system has been proposed by Geethanjali et al. for increasing system stability; avoid human errors, finding the level of failure,
incorrect operation, and warning information send to the maintenance staff (Geethanjali et al. 2013).
Vehicular networking based collision probability has been developed based on the real-world problem and the vehicle
collision for the rail-road intersection has been estimated (Kusano and Gabler, 2012; Joerer et al. 2014). Liang et al. have
proposed a new design to minimize wheel-rail contact failure and avoid derailment. They raised pavements at road-rail crossings
which reduce chances of derailment more than the current road-rail crossings. Stiffened edges of the recesses in the road-rail
crossing largely decrease the risk of failure of wheel-rail contact (Liang et al. 2017a). Collision Avoidance Radar (CAR) system
installed in front of the bullet train provides real-time information about the track and helps the detection of any obstacles on the
track. CAR radar systems should work for a larger range than the distance between two bullet trains to avoid collision (Aihua et
al. 2017). If a train collides with a road vehicle stuck at a road-rail crossing, the derailment of the train occurs due to the wheel-rail
contact failure. Derailment occurs mainly due to the lateral shift and yaw motion of the train vehicle which are caused by the
frontal impact force (Liang et al. 2017b). Machine learning-based intelligent system for rail track condition monitoring and
information was developed and analyzed (Chellaswamy et al. 2019).
The next-generation train control system is used for monitoring tracking interval, train route, and the speed of the train. This
improves the reliability of the system. It also compares and confirms the data between rail vehicles. If any deviation occurs in the
output of the system, ‘fail-safe’ is activated for safety purposes (Jhonghyun et al. 2014). Internet of things based frontal collision
avoidance system is introduced by Chellaswamy et al. The branch track entry of every train is updated in the cloud and access the
data for the train moving in the particular platform. Thus avoids the frontal collision. (Chellaswamy et al. 2017). Faisal Riaz
analyzed Vehicular Cyber-Physical Systems (VCPS) based on collision avoidance for rail vehicles. VCPS includes autonomous
vehicles, adaptive cruise control, and lane departure warning (Faisal et al. 2016). The brake-capacity forward-collision warning
system (B-FCW) is used for avoiding a collision. B-FCW system is connected with the adaptive cruise control system. If a vehicle
catches up with another vehicle is moving slowly and if the automatic cruise control (ACC) is unable to apply the brake at the
appropriate time, collision warning is issued to the driver so that he can apply the foot brake to slow down the speed of the
vehicle. ACC uses radar to track the vehicle ahead on the track (Claudia et al. 2013).
The wireless network is widely used in real-time monitoring systems. Various wireless applications such as road traffic
monitoring (Guevara et al. 2012), gas leakage monitoring (Ke et al. 2019), induction motor efficiency monitoring (Vladimir et al.
2019), building energy monitoring (Torfs et al. 2013), monitoring of elderly people (Dhakal et al. 2019), etc. are in vogue. Train
collisions can be avoided through continuous monitoring of the rail track. Any signaling problem may drive to two trains utilized
the same track and collision will occur. Various collisions occurring in different locations of the world in the year 2017 are listed
in Table 1. Among all the collision, the one that involved a collision in Egypt by the Alexandria train caused the worst
consequences, in which 40 people were killed and 133 were injured (Rail accident. 2016). The train moving on a branch track
should be identified initially and information should be sent to the other end. Otherwise, it will lead to creating a major r isk in life
and heavy loss (Mingyuan et al. 2017).
Considering the findings seen in literature, a new method for the Frontal Collision Avoidance System is proposed for the
railways. The proposed system detects the arrival and departure of the trains in all the branches of the route that are ident ified and
communicated to the paired node. A test route was selected in the Chennai city area and a study of the performance of the
proposed system was made. Power consumption of WMU and CMS, throughput, packet loss, and the distance of the data
transmission between WMU and CMS are discussed. The system implemented in this paper helped a significant reduction in the
frontal collision and the number of accidents. The main objectives of the proposed FCAS are as follows:
 To detect the arrival or departure of the train a vibration sensor is mounted under the track.
 Establish the communication between the paired nodes once arrival or departure is detected.
 A test route has been chosen and the arrival and departure of the nodes at different speed scenarios.
 The monitoring unit sends information about the collision to the central monitoring station.
 To study different parameters, namely, utilization of Current, maximum throughput, packet loss, and error rate.
 To develop an experimental setup for the proposed FCAS.
The rest of this paper is organized as follows: Section 2 provides an overview of the proposed system with the example of a rail
map. Section 3, describes the wireless network-based design and data processing. Simulation and hardware implementation are
presented in Section 4. The conclusions are given in section 5.
Table 1: Various collision of train at different locations in the year 2016-17 (Rail accident. 2016).
Sl. No
Date
Region
Name of the Train
Consequences
1.
24 January
United States
A Front Runner passenger
No casualties
2.
14 February
Australia
V/Line VLocity
Two injured
3.
14 February
Luxembourg
local commuter train
One person is killed and 2 are injured
4.
20 February
South Africa
Not found
more than 100 people injured
5.
8 April
Russia
passenger trains
more than 50 people injured
6.
15 April
Austria
passenger trains
nine passengers injured
7.
11 August
Egypt
Alexandria train collision
40 people were killed and 133 injured
8.
15 August
United Kingdom
passenger train
2 people received minor injuries
9.
15 November
Singapore
An inbound train
36 injuries
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Fig. 1: Test route for study.
2. PROPOSED SYSTEM
Frontal collisions on rail tracks are more common and should be avoided. In this study, the Chennai city rail route is
considered as an example and the diagram is shown in Fig. 1. There are three end stations A, J, and H separated by hundreds o f
kilometers. The starting and ending of each branch of the track consist of vibration sensors with a low power GSM module
(hereafter called the nodes, the circled letters). The train that moves from station A to J has two paths A-B-C-D-I-J and A-B-E-FI-J and station A to H has one path A-B-G-H. The vibration sensor is used for the identification of the arrival and departure of the
train while the analog to digital converter (ADC) converts the analog signal into a digital signal. Further processing of the digital
signal is done by ARM LPC2148. Each node sends the information to the corresponding pair node if the vehicle enters or leaves
the track. Table 2 shows the paired node and the corresponding code word for both the normal and the emergencies. For example,
if a train starts from station-A then the controller at node A sends the codeword (1101) to its corresponding pair node B. The
controller at node B switches ON the RED signal and does not any train to pass through node B. The controller deactivates it once
the train crosses the node B.
Suppose any train passes through the node B after receiving the information from A, the controller at node B sends an
emergency code word to the train for alerting that a train is opposite on the same track. The controller always watches the arrival
or departure of the train through the detecting unit and sends the coded signal to its corresponding pair node. Each node has four
units, namely, the detecting unit, the processing unit, a transceiver, and a power unit.
Table 2: Transmitter and receiver nodes and the corresponding code words.
Transmitter side
Receiver side
Node
Node ID
Code word
Node
Node ID
Code word
A
TON011
1101
B
SPM114
1101
C
TAM010
1011
D
CKT007
1011
E
SAIP110
1001
F
PAL108
1001
I
PTR110
0101
J
GUI009
0101
G
MEN100
1010
H
VEL006
1010
Detecting unit: The branch tracks, namely, A-B, C-D, E-F, G-H, and I-J lie between the end stations A-J and A-H. At the start and
the end of each branch track, a vibration sensor is placed under the track for detecting the train (arrival or departure) and the
corresponding signal is sent to the controller. The controller performs based on the signal received from the paired node. For
example, the vehicle that entered from C and moves to D, the vibration sensor in node C enable a signal and the controller sends
the information to its pair D about the arrival of train and node D does not allow any vehicle to C. The controller of node D
displays a RED signal up indicating that no vehicle is allowed from the node D-C. The controller of each node can manage the
normal/abnormal situation between nodes. Fig. 2 is the block diagram of the node.
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Fig. 2: Block diagram of the node.
Processing Unit: The controller contains all the peripherals that include CPU, program and data memory, inputs and output ports,
timers, counters, ADC, etc on a single silicon chip. LPC2148 INTEL processor has been used in this study. A Global System for
Mobile communication (GSM) module is interfaced with the processor for sending the status (arrival and departure) of the train.
This module uses batteries and can run up to two years since the low power version of GSM and LPC2148 are used.
Wireless Monitoring Unit: In this paper, the GSM is used for the communication of the nodes through a Short Message Service
(SMS) method. The advantages are as follows: 1) The low power consumption, the use of GSM is a good choice as most of the
branch nodes are located in remote areas with no power. 2) GSM covers a wide range of areas. 3) If any node is not working
properly, an alert message is sent to the control room. 4) An emergency can be managed through group messaging services.
Power Unit: Two AAA alkaline batteries are used in the sensor node. The lifetime of the batteries is about 3 years and the
operating voltage is between 2.2 V and 3.6 V. Voltage regulators are not needed for the existing design thus avoiding unwanted
power consumption. Sensor nodes use 65 mA current for communication.
In this paper, a wireless network based frontal collision avoidance system is proposed for trains. It monitors the signal level of the
branch sensor and updates the database simultaneously. Each node has a small database for maintaining the data up to one year for
future purposes. The novel features of the proposed method are given below:
 The controller automatically identifies the arrival and departure of the train through the vibration sensor.
 Details of arrival and departure status of the train are sent to the paired node when the train enters or leaves the branch track.
 Accuracy and reliability of the FCAS are increased through the use of the wireless network.
 Any critical situation like more than one train passing the same track can be efficiently handled by the proposed system.
3. ARCHITECTURE OF FCAS
3.1 Structure of Wireless Network
At the start and end of each branch, a vibration sensor is installed under the track. Data collected from each node is
transferred to its database. The sensor nodes communicate with each other through the base station. All the nodes have high
calculation capability and no energy issues (Ali et al. 2015; Dener, 2016). These sensor nodes detect the arrival of the train and
send details of the status to its pair nodes. The structure of FCAS linked with the base station is shown in Fig. 3. The detecting
unit measures the signal from the vibration sensor which is installed beneath the track. The detector generates an analog signal and
it is converted to a digital signal by the ADC. The digitized signal is then sent to the processing unit for further analysis.
The processing unit requires memory to perform its work and hence it minimizes its repeated messages to be sent by using
local processing and data collection. The three main communication channels are optical communication (Laser), Radio
Frequency (RF) and Infrared. The advantage of using a laser rather than RF is that it consumes less power and is more secure. But
laser requires a line of sight and is more sensitive to atmospheric conditions. No antenna is needed for infrared but it has limited
broadcasting capabilities. RF is easily usable but needs an antenna (Vieira et al. 2003). Wireless nodes consume more power;
hence power-saving techniques are needed for extending the life of the sensor nodes. Batteries used in the wireless nodes can be
charged through an automatic charging system or a solar charging technique is used for batteries in the outdoor environment
(Lima-Filho et al. 2012).
GSM network is used for sharing information between a pair of nodes. The proposed method increases the coverage area,
battery lifetime, without any need for the access point, and minimizes the cost. Other salient features are:
 This technology can be operated in a tight spectrum allocation of 910 MHz. GSM network can be deployed in such a small
spectrum allocation.
 Increases the (Long Term Evolution) LTE/4G grade security level when compared to the current GSM network.
 A large number of devices can be supported in this system.
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Fig. 3: Architecture of FCAS.
3.2 Monitoring of FCAS
.Net architecture has been used for this application. All other classes in the .Net architecture use system class as the base
class. C# programming language has been used for monitoring FCAS and developed based on the .Net architecture. Using a serial
port the central hub which is connected to the CMS has provided the input to the program. All the sensor inputs are mapped into a
single packet and given to the program through the serial port. Input ports are initialized using the ports class. GetPortNames() is
used for getting a list of open serial ports. After identifying the port used for sending, the data port is initialized and other
attributes like input size, baud rate, parity, etc were set for proper data transfer. Readline() is used for reading the port data and it
determines the end of each packet. The program divides the input based on the number of nodes interfaced with the control room
and stores it in a hierarchical array. Data from the nodes are used for the identification of the arrival and departure of the train.
Processing of data is done using the Main_Thread(). The main thread is executed every second using the Thread sleep() method so
that data is received properly through the serial port .
Simulation is carried out for FCAS using Matlab 2018 and executed in Intel Core i5, 16 GB RAM computer. Initially, the
measurement is taken from two different branches (J-I and A-B) and feed it in the software. Various characteristics of the
accelerometer used in this study are listed in Table 3. The measurement is taken under three different speed scenarios such as 0-25
km, 25-50 km, and 50-75 km for the simulation. The program has been developed using Matlab and feeds the measured signal for
analysis. Further, the current utilization, expected life of the Wireless Monitoring Unit (WMU), maximum throughput, and packet
loss has been carried out. Finally, the hardware implementation is discussed.
Table 3: Technical specifications of MPU6050 accelerometer.
Parameter
Values
Type
MPU6050

Image
Manufacturer
Axis
Voltage (V)
Current (µA)
Interface
Precision
Temperature (o C)
Price ($)

3
2.3 - 3.4
400-500
I2C, SPI
2g
85
5
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Fig. 6: Expected days of operation of a WMU.
(1)
where ISEN represents the idle current of the vibration sensor, I M is the idle current of the microprocessor, IC is the idle current
of the GSM, TS is the transmission period, and ET is the execution time of the application. The idle values are I SEN=2 µA, IM=11
µA, IC=0.9 mA, TS=60 s, ET=3.143 ms. Now substituting the idle values in (1) we get I S=54.777 mA*s. The active mode current
(Iact) contribution depends on the current consumed by the sensor (I SEN), the current consumed by the MSP430 (I RF), and time
executed. The current contribution under active mode can be expressed as:
(2)
The idle values are IM=2 µA*s, IRF= 30 nA*s, IC=7.5 µA. Now substituting the idle values in (1), we get I act=9.53 µA*s.
The average current consumption can be expressed as:
(3)
where Tp represents the period of transmission. For example, T p=60 s, Iacvg=0.9131 mA.
To estimate the expected lifetime of WMU, a AAA battery with 10,100 mAh is considered in this study. The voltage of the
battery is considered ideal until its drain condition. The total hour of operation (H T) of the WMU is expressed as:
(4)
So the total hour of operation of WMU for the given battery capacity of 10100 mAh is 460 days 21 hours. The expected days
of operation due to power consumption of a WMU with different transmission periods are plotted in Fig.6. As the sensor is in the
sleep mode after 45s, there is a slight deviation in the number of the expected days of operation.
4.3 Utilization of Current and Expected Life of CMS
The sleep current contribution of CMS depends on the ideal current of the MSP430 (I MSP) and the transceiver (IC). The sleep
current contribution (Isl) of CMS is needed for estimating the average current consumption (I avg_w) of CMS. Now Isl can be
expressed as:
(5)
For example, the idle values are IMSP=11 µA, IC=0.9 mA, TS=60 s, ET=3.143 ms. Now substituting the idle values in (5), we
get ISl= 54.657 µA*s.
The active mode current (Iact_w) contribution of CMS depends on the current consumed by the MSP430 (I RF), and current
consumed by the GSM multiplied by the execution time taken (T exe). The current contribution of CMS under active mode can be
expressed as:
(6)
The idle values are IRF= 30 nA*s, IC= 0.9 mA. Now substitute the idle values in (6) and we get Iact_w=930 µA*s.
The average current consumption of CMS can be expressed as:
(7)
where Tp represents the period of transmission. For example, T p=60 s, Iavg_w=16.412µA.
An AAA battery with 10,300 mAh has been considered in this study for estimating the expected lifetime of CMS. The
voltage of the battery is considered ideal until its drain condition. The total hour of operation (H TW) of the CMS is expressed as:
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(8)
So the total hour of operation of WMU for the given battery capacity of 10,300 mAh is 26149 days 13 hours. Expected days
of operation due to power consumption of a CMS with different transmission periods are plotted in Fig 7. From Fig. 7 one can
easily understand that the lifetime of CMS decreases if the amount of current consumption increases.

Fig. 7: Expected days of operation of a CMS
4.4MaximumThroughput
SimpliciTi protocol transmits the data over the air medium at the rate of 250Kbits/sec. The maximum throughput (Ts) is
estimated based on the formula given in (Oliveira et al. 2011) and can be expressed as:
(9)
where n represents the number of MAC payload bytes in a single frame, N pre is the length of the preamble, Dr is the data rate,
Ns is the synchronization words in bytes, and T xb and Txa represent the time required to process then a byte of data frame before
transmission and after reception respectively. By substituting various values from the datasheet of GSM in the Eq. (9) maximum
mathematical throughput can be calculated. The throughput testing tool determines the experimental data. A comparison between
the maximum throughput by a mathematical model and the experimental validation are shown in Fig. 8. An average deviation of
42.79% between them is seen. This deviation is due to the time needed for the generation of a frame, write to the memory and to
perform all essential service operation before transmitting the frame.

Fig. 8: Maximum throughput and payload of the proposed protocol.
4.5 Packet Loss Rate Versus Packet Error Rate
Packet loss is due to the number of factors that lead to corruption or loss of a packet in transit. The theoretical packet loss rate
(Ploss) is calculated using the formula given in (10). The maximum packet retransmission value which is the default value of the
SimpliciTi protocol is set to four (T m=4) to determine the theoretical Ploss.
(10)
where Pe is the packet error rate. An error element firmware has been used in WMU for the determination of a fixed packet
error rate. This element is arranged in the minimal RF interface of the RF network end device board. 12500 packets are
transmitted from WMU to CMS for the determination of the experimented packet error rate. Fig. 9 that makes a comparison of the
theoretical and experimental values shows experimental value is closely matching with the theoretical value and the packet error
rate as less than 30%.
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Fig. 9: Packet loss and the packet error rate of FCAS
4.6 Evaluation of Maximum Distance Transmission of Data between CMS and WMU
The maximum distance of data transmission between the WMU and CMS is calculated by keeping CMS as static and mo ving
the WMU at various distances. Metrics Ratio of Packet Delivery (RPD) and P loss are estimated. Ploss is the ratio of a total number
of packets lost during the transmission from WMU to CMS to the total number of packets sent from WMU to CMS in a wireless
link. The Ploss values for various distances are shown in Fig. 10 and P loss are seen as less than 5% for the distances below 27 m.

Fig. 10: Loss rate of the packet and distance of FCAS
RPD is the ratio of the total number of packets successfully delivered to CMS from WMU to the total number of packets sent
from WMU to CMS in a wireless link. At each distance, 2500 packets have been sent from WMU to CMS. The values of RPD for
various distances are shown in Fig. 11 which shows the RPD as more than 95 for the distances below 27 m. This clearly shows
that by keeping the WMU at a distance below 27 m from CMS the trains on the same track from the central monitoring station can
be successfully monitored without any signaling problem. The maximum distance of data communication between WMU and
CMS can be kept as 27 m.

Fig. 11: Packet delivery of FCAS and distance
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Fig. 12: Experimental setup of FCAS. top: the exterior of the train under test. bottom left: a picture of a vibration sensor
connected in the branch track, bottom right: hardware arrangement of FCAS.
4.7 Experimental Result
Between the two end stations X and Y various branch tracks such as A-B, C-E, D-F, and G-H available (refer Fig. 2). The
experiment has been carried out in the A-B and H-J branches. The prototype of the track measurement system is shown in Fig 12.
ARM processor (LPC2148) is used in this prototype and deployed on the super-fast train with ID number 22820. The rail track
monitoring server shares the secret key to the track sensing unit and the sensing unit generates a sequence number to avoid the
repeated frames. These data are stored in the track monitoring unit and sensing for updating and validation process. The
monitoring unit verifies the new updating values of the database and discards them if any mismatch is present. Moreover, the
monitoring unit recognizes the request enabled by the sensing unit.
The accelerometer present on each node generates a signal when the train crosses a particular branch. The signal generated by
nodes A and B received by the proposed FCAS is shown in Fig. 13.Fig. 13(a) indicates the signal generated by the node A during
departure from node A and the controller immediately alerts the paired node B. The accelerometer reading for the corresponding
node B is shown in Fig. 13(b). Figs. 13(a) and (b) show changes in the accelerometer value from low to high if the train is passing
on the track.

Fig. 13: Accelerometer value received by two nodes (a) node and (b) node B.
Initially, there has been no data in the database. Once acceleration is detected, the corresponding node transmits the status to
the CMS. These data from different nodes are stored in the database of CMS as a table. When CMS receives the information on
the arrival of the train it waits until it receives the departure information from the corresponding pair node. No other train is
allowed by the paired node till the same train leaves that track.
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Fig. 14: Communication between node-A and node-B while the train is passing (a) Node-A sends an alert to node-B (b)
information is send to node-B to A after crossed the train.
When a train is present on the track, the vibration sensor produces a signal and the transmitter gets into the ON state
otherwise it is in OFF state. For example, if a train M travels from X and passes through the A-B branch, the node sends
information immediately to its opposite pair through CMS. The response sent to node B by node A and the status received by
node B is shown in Fig. 14. CMS always observes the arrival/departure status of each node. Fig. 14(a) illustrates the arrival of the
train and information sent to node-B. The information received by node-B is shown in Fig. 14(b). Node-B switches ON the red
light and it never allows any other train to pass until the train M leaves.

Fig. 15: Communication between two trains (a) Train A sends an alert to train B (b) to slow down the speed of the train.
The alert information sharing and the corresponding action enabled by the node are shown in Fog. 15. If any two nodes have
the arrival status, CMS immediately senses the arrival of the trains in the same track in opposite direction and sends an emergency
message to both the trains as shown in Fig. 15(a). After receiving the alert information, the controller automatically slows down
the speed of the vehicle is shown in Fig. 15(b). All the trains are linked with CMS for communication between them. Thus the
frontal collision can be avoided.
The comparison is performed with seven years of data that have been taken in the year 2012-2018 from Wikipedia. The
comparison of the proposed FCAS is performed with the conventional system and the reference Liang et al. 2017a is shown in
Fig.16. From Fig. 16 it is observed that the proposed FCAS introduces no collision and reduces the accident in the average rate by
7.85% followed by the Liang method 6.23%. Finally, it is concluded that the proposed method exactly identifies the frontal
collision and reduce the accident rate higher than other methods.

Fig. 16: Performance comparison in accident reduction.
5. CONCLUSION
In this paper, a new technique FCAS has been proposed to avoid any collision between two trains running on the same track.
The proposed method is fast in processing, accurate and there is a balance between exploration and exploitation. Simulation is
performed using MATLAB and an 8-second continuous vibration signal is taken to identify the moving train. The conclusion
from the simulation result is that the proposed system is identified as the arrival and departure of the train in a particular branch
track. The life expectancy of WSN is determined by calculating the current consumption of each unit. Maximum throughput,
packet error rate, and delay are used for the analysis of the performance of WSN and they are compared with those of the
mathematical model. With an increase in the maximum distance data transmission between WMU and CMS, additional CMS can
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be used. Experimental verification of the proposed method has been done. The results have proved the efficiency of the proposed
system.

WMU
CMS
CA
VCPS
ACC
FCAS
ADC
SMS
GSM
WMU
Ts
Ploss
RPD

Nomenclature
Wireless Monitoring Unit
Central Monitoring Station
Collision Avoidance
Vehicular Cyber-Physical Systems
Automatic Cruise Control
Frontal Collision Avoidance System
Analog to Digital Converter
Short Message Service
Global System for Mobile Communication
Wireless Monitoring Unit
Maximum Throughput
Packet Loss Rate
Ratio of Packet Delivery
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