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Abstract:   

Nowadays, sensing technologies has expanded rapidly, whereas sensor devices have become cheaper. This has led to a rapid 

enhancement in condition monitoring of systems, structures, vehicles and machinery using sensor devices. Key factors are the 

recent advances in networking technologies such as wireless communication and mobile ad-hoc networking coupled with the   

technology to integrate devices. Wireless sensor Networks (WSN) can be used for condition monitoring of the railway 

infrastructure such as bridges, rail tracks, track beds, and track equipment along with vehicle health monitoring  such as wheels, 

bogies,chasis and wagons. In such a way that, WSN condition monitoring   min imizes human presence in the field side and also 

reduces maintenance through detecting faults before they become more critical and hence it improves safety and reliability. This is 

very essential for the expansion, upgrading, and development of railway networks. These wireless sensors network technology for 

monitoring in the railway industry for analyzing system, structures, vehicles and machinery. Condition monitoring detects and 

identifies progressively worse condition in structures and infrastructure before the deterioration leads to a failure or prevents rail 

operations. In simple condition monitoring, sensor devices  monitor the condition of a structure or machinery of railway. In now 

days the track information data is send to the base station. Then base station information  data is further send towards  the  train  and 

displayed on LCD.  
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INTRODUCTION 

In the railway industry, Wireless Sensor Network monitoring 

provides continuous and near real-time data acquisition and 

autonomous data acquisition, hence no manual supervision is 

required; increased frequency of monitoring compared with 

manual supervision; improved management of data , data 

accessiability, and data use compared with non-networked 

systems as all data can be collected and processed centrally  the 

ability to combine data from a wide variety of sensors. With the 

help of proposed system,  intelligent analysis of data to “predict 

and prevent” events using intelligent algorithms, the ability to 

turn data into informat ion about the status of important  railway 

structures, infrastructure and machinery  band, a global data 

view that allows trending informat ion to be determined where 

degradation is happening slowly over a relat ively long period 

of time. Integrating the advanced microcontroller with GSM 

using services as GPRS through the password secured webpage 

without the need of any special application or software, makes 

the monitoring of parameter more  friendly.  Data uploaded on 

webpage can be accessible from anywhere through internet. 

The proposed system is suggested for condition monitoring 

with the help of wireless sensor network provides continuous 

and near real-time data acquisition and autonomous data 

acquisition; human presence is avoided in the actual field.  

 

Proposed System Description: 

In the proposed system we have  the advanced and efficient 

microcontroller with the GSM SIM 800 module  and zigbee for 

communicat ion media between various sensor nodes. 
Programming for the ARM7 in this system is done in 

embedded c language and software used for the programming 

is KEIL, and the coding part for the webpage is written in html.  

 
 

Fig 1: Block diagram of wireless sensor network in Railway 

industry 

 

For the implementation of this system ARM7 development 

board is used, it uses 32-b it processor with on-chip ADC, 

timer/counter module, and UART   to interface zigbee module. 

  

In this paper, we have proposed a system which  utilizes  GSM 

technology for continuous monitoring of real time data in 

railway industry.  

1. Here we are checking the real time conditions using different 

sensors. 

2. Then sensor data is collected at base station  using zigbee 

modules . 

3.  Collected sensor data at base station is transmitted to 

personal computer/ cellphone through GPRS system. 
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4. Data uploaded on webpage can be easily accessible from 

anywhere with the help of internet.  

 

The features of the proposed system are: 

 

 We are using Arm 7 which gives faster access with 

more peripherals. 

 No need of android applicat ion. 

 GSM module is easily available in market, hence no 

need of initial set up. 

 It requires system dedicated webpage, which is 

accessible from any device like cellphone, personal 

computer which supports internet. 

 Webpage is password secured, to avoid misuse. 

 No need of human supervision in the system, similarly 

no need of dedicated PC in the system. 

 
HARDWARE DES CRIPTION: 

Microcontroller: 

 

  
 

In Here we are using ARM7 LPC2148 microcontroller which is 

heart of our project, we have choosen this controller because of 

it’s advanced features. ARM is faster compared to other 

controllers when we are performing real t ime operations we 

need faster processing. In other controller like AVR, it  executes 

one instruction at time, while executing this instruction 

controller does not take other instruction simultaneously. But in 

ARM while executing one instruction simultaneously it takes 

other instruction to perform, in  this way faster execution takes 

place which is needed for real time operation.  

 32 bit ARM7 TDMI core. 

 Two ports port0 & port1, more I/O pins. More 

peripherals can be interfaced. 

 Built in10 bit ADC with 14 channels. 

 32KB on chip static RAM. 

 512KB on-chip Flash ROM with In-System 

Programming (ISP) an In-Application Programming 

(IAP). 

 Vectored Interrupt Controller.  

 Two 32-bit timers,  Watchdog Timer, PWM unit  

 CPU clock up to 60 MHz, On-chip crystal oscillator 

and On-chip PLL 

 

 128 b it wide interface enables high speed 60MHz 

operation. 

 

Selection of clock for microcontroller is important criteria, fo r 

ARM crystal is of 12MHz, using PLL mult iplier (PLL= 

2,3,4,5).  

P clock = Crystal* PLL 

If, PLL= 5, our crystal is 12MHz then  

P clock = 12*5 = 60MHz and therefore more is the speed of 

execution. 

 

GS M MODULE:  

 
GSM is digital mobile telephone system. GSM digitizes and 

compresses data then sends it down a channel with two other 

streams of user data. Each has its own time slot. It operates 

either on 900MHz or 1800MHz frequency band. 

This GSM Modem SIM 800 can accept any GSM network 

operator SIM card and act just like a mobile phone with its own 

unique phone number i.e. Subscriber Identity Module (SIM). 

GSM advantage of using this modem will be that you can use 

its RS232 port in order to communicate and develop embedded 

applications. Then such gsm modem is connected to any 

microcontroller with the help of max232, and also can be 

connected to pc serial port directly. By connecting to internet it 

can be operated in GPRS mode and can perform many 

applications for real time data monitoring. 

 

Features: 

 Modem status is indicated by LED 

 Simple to Use & Low Cost 

 On board switching type power supply regulator 

 RS232 output 

 

Piezoelectric Sensor  

 
Fig.3.11 Piezoelectric Sensor 
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Piezo-electric effect occurs in some crystalline 

substances natural quartz ,lithium sulphate, rochelle salt some 

ceramics and more. When such a crystalline substance is placed 

in an electric field it changes its size synchronously with the 

changes of the field opposite piezoelectric effect (used to 

generate audible and ultrasonic signals). When the crystal is 

deformed means changes in dimension  in an appropriate 

direction which leads to an electric charge is generated (i.e.this 

is piezoelectric effect). One of the mostly used structures for 

vibration measurement while controlling the state of the 

machine. The Piezoelectric transducer is  sticked strong at the 

one end of the bending under the forces of inertia plate and the 

free end is soldered seismic mass. Attenuation is achieved 

through the oil drops placed in the gap between the seismic 

mass and the attenuator. When the base is moving downside-up 

the inertia opposes and changes dimension of the piezoelectric 

transducer. This causes generation of an electrical charge which 

is proportional to the acceleration. Typical values of the 

sensitivity of these sensors are 0,5-50      m in the 

frequency range 0.1 Hz to 200 kHz. 

 

Features 

 Voltage range is  3.3V to 5V 

 Standard assembling structure (times of 5mm center 

distance between two 3mm mounting holes) 

 Easily recognitive interfaces of sensors ("A" for 

analog and "D" for digital) 

 High quality connector 

 Immersion gold surface 

 

Load Cell 

 
Fig 4. Load cell 

Specifications  

 Type- Single Point Load Cell 

 Material- Aluminum Alloy 

 Rated Load- 20 Kg. Max 

 Rated Output- 2.0mV/V+/- 5% 

 Input Resistance  405 +/- 6 Ohm 

 Output Resistance 350 +/- 3 Ohm 

 Excitation Voltage 5-12V DC 

 Operating Temperature- -20 °C to +65 °C 

 

A load cell is a transducer that is used to convert a force into 

electrical signal. The most common application of this sensor is 

in weighing machine at shop. Every weighing machine which 

shows measurement of  weight that has a load cell as sensing 

element. The  conversion process is indirect and completed  in 

two stages. Through a mechanical arrangement, the force being 

sensed deforms  (means changes in dimension) a strain gauge. 

The strain gauge measures the deformation (i.e . changes in 

dimension strain) as an electrical signal, because the strain 

leads to changes in the effective electrical resistance of the 

wire. A load cell usually consists of 4 strain gauges in a 

Wheatstone bridge configuration. Load cells of one strain 

gauge (quarter bridge) or two strain output is typically in the 

order of a few (mv) millivolts and needs amplificat ion in order 

to give strengthen to the weaker signal by an instrumentation 

amplifier before it can be used. Output of the transducer is 

applied to an algorithm in order to calculate the force subjected 

to the transducer.   

 Here, in this proposed system, we are using Arm 7 

which is having inbuilt 10 bit ADC therefore 

resolution of ADC is 1024 and reference voltage of 

ARM7 is 3.3V. 

 With the help of above formulas, we can calculate 

temperature in degree centigrade(
o
C) 

 

       TEMP S ENSOR 

 

 
 

Temperature sensor is a device used to collect data related to 

temperature from a source and converts it to a form which can 

be understood either by an observer or another device. There 

are many various type of sensors and are used for different kind 

of purpose, sensors are used from simple home use to 

extremely accurate and precise scientific use.  They play very 

essential role where they are used . 

In this project, we are using LM 35 as a temperature sensor, 

this sensor is having less cost and it is  easy to use  compared 

with other temperature sensor. This temperature sensor is 

accurate than thermistor.  LM 35 is an integrated circu it device 

whose output voltage is linearly proportional to the degree 

centigrade temperature. Temperature sensor lm35 generates 

higher output voltage than thermocouples and may not require 

output voltage to be amplified.  

It operates on 4v to 30v supplied voltage. 

 It is having sensitivity of 10mV /  
o
C 

 Output voltage is converted into temperature by a 

simple conversion factor.     

 Operating Temperature Range (C) is, -40 to 110, -

55 to 150, 0 to 100, 0 to 70. 

 Output is in the analog form. 

 

                     
            

                 
* Vref 
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ADXL345 - Acceleration Sensor  

 
ADXL345 is from analog devices,that is having a triple-axis 

accelerometer with dig ital I2C and SPI interface. We added an 

on-board 3.3 voltage regulator and logic -level shifting circuit ry, 

making it a perfect choice for interfacing with any 3V or 5V 

microcontroller. The sensor has three axes of measurements, X 

axes ,Yaxes, Z axes and pins that can be used either as SPI o r 

I2C dig ital interfacing. You can set the sensitivity level to 

either +-2g, +-4g, +-8g or +-16g. There is  more resolution for 

low range for slow movements, whereas the higher range is 

good for high speed tracking. The ADXL345 is the latest and 

greatest accelerometer from analog devices, that is known for 

their exceptional quality MEMS devices. The VCC takes up to 

5Volt input and regulates it to 3.3Volt with an output pin.  

The ADXL345 is a complete 3-axis accelerat ion measurement 

system provided with a selectable measurement range of ±2 g, 

±4 g, ±8 g, or ±16 g. It measures both static acceleration, such 

as gravity and dynamic acceleration resulting from shock or 

motion, that allows the device to be used as a tilt sensor. The 

ADXL345 is a thin, small size, ult ralow power, 3-axis 

accelerometer with high resolution (i.e.13-bit) measurement at 

up to ±16 g. Then  digital output data is formatted as 16-bit, 2’s 

complement and it is accessible through either a SPI (3-wire or 

4-wire) or I2C d igital interface. The accelerometer ADXL345 

is well suited for mobile device applications. It gives 

measurement of the static acceleration of gravity in tilt -sensing 

applications, as well as dynamic accelerat ion resulting from 

shock or motion. It is having high resolution (3.9 mg/LSB) that 

enables measurement of inclination changes less than 1.0°. 

Here several special sensing functions are provided.  

               

Features  

 Main Chipset: ADXL345 

 

 Its communication protocol: IIC/SPI  

 

 It’s measuring range is ±2g±16g 

 

 Its Digital Output: SPI/ IIC 

 

 Having 3-axis, ±2g/±4g/±8g/±16g 

 

 Compact Accelemotor/Inclinometer 

 

 Its working voltage is: 3V to 5V 

 

 Its working temperature is -40° to 85°. 

 

 It’s working Current is  30uA. 

 

 There is low power consumption. 

        Flowchart for proposed system: 

 

 
 

               Fig 5: Flow chart for transmitter node 

 

 
Fig 6: Flow chart for base station 

Here flowchart for base station and transmitter node is 

provided. 

 

Result and discussion  

 

In this section we will discuss about the results of our proposed 

system. This system is designed for condition monitoring of 

diff parameters like temp, weight, vibrations , bending angle of 

rail track and also monitor current status from remote location 

using GSM technology. 

http://www.analog.com/en/sensors/inertial-sensors/adxl345/products/product.html
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All the time we can continuously monitor current status of our 

system with the dedicated webpage.   

In the proposed system, there are two transmitter node and a 

base station. Here base station acts as receiver and zigbee is the 

communicat ion media between various transmitter node. Base 

station contents an advanced  efficient microcontroller lpc 2148 

with GSM SIM 800 module  

 
Fig 7- system implementation 

 

Here sensors on transmitter nodes  are continuously reads values 

and sends data to microcontroller at base station. After 

processing, microcontroller  will update data on webpage. With 

the help of data uploaded on webpage we can easily access real 

time data using cellphone or personal computer . Wireless 

sensor network provides continuous and near  real-time data 

acquisition and autonomous data acquisition; no supervision is 

required.  

 

 
                         Fig  8- webpage of the system  

 

Data uploaded on webpage provide present situation of train 

chasis, tracks structures, infrastructure global data view that 

allows trending information to be determined where 

degradation is happening slowly over a relat ively long period 

of time. The global data view that allows trending information 

to be determined where degradation is happening slowly over a 

relatively long period of time.  In such a way, we can monitor 

the conditions of railway industry with real time data. 

In the webpage, there are 2 sensor nodes. In first node, first 3 

sensor indicates value of accelerometers x axis, y axis and z 

axis resp and temperature value indicated by sensor 4.  

 Whereas in second node, weight measured by load cell that 

indicated by sensor1 and vibration signal measured by 

piezoelectric p lates indicated by sensor 2 and sensor 3.   

 

 

Conclusion:  

Here we are using wireless sensor network concept as 

automation system in railway industry. The proposed system 

used to detect faults in various railway structures hence avoids 

accidents, provide safety and also reduce maintenance cost of 

overall railway industry. 

 

References: 

[1] Wireless network for condition monitoring in railway 

industry”, IEEE trans. Vol.16. No.3,June 2015 Victoria J. 

Hodge, Simon O’Keefe, Michael Weeks, and Anthony 

Moulds,”  

 

[2] Kalpana Sharma, Jagdish Kumawat, Saurabh Maheshwar, 

Neeti Jain,” Railway security system using WSN”, 

International journal, vol.96.No.25, June 2014.i 

 

[3] Automatic Railway System using wireless sensor network, 

International Journal for Research in Applied Science & 

Engineering Technology (IJRASET) Volume 3 issue 11 Nov 

2015. 

 

[4] Clustering in Wireless Sensor Networks: a survey 

International Journal of Computer Trends and Technology 

(IJCTT) – volume 17 number 3 – Nov 2014 

 

[5] Monitoring the Railway Industry Zigbee Technology of 

Wireless Sensor Network International Journal o f Innovative 

Research in Computer and Communication Engineering Vol.3, 

Special Issue 8, October 2015 

 

 

 

 

 

 

 

 

  

 


