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Abstract: 

 

 In India, most of the commercial transport is being carried out by the railway network and therefore, any problems in the same 

has the capacity to induce major damage to the economy-notwithstanding the societal impact of loss of life or limb. This paper 

proposes a cost effective yet robust solution to the problem of railway crack detection utilizing a method that is unique in the 

sense that while it is simple, the idea is completely novel and hitherto untested. The paper discusses the technical and design 

aspects in detail and also provides the proposed robust crack detection algorithm. The paper also presents the details of the 
implementation results of the RRCDS utilizing simple components inclusive of a GPS module, GSM Modem and LED-LDR 

based crack detector assembly. The proposed scheme has been modeled for robust implementation in the Indian scenario 

Track damage status is monitored by the sensor and wireless modules, when the sensor not getting signal, immediately 

notifies and alert or informs to the current train or authority people on the track. The above task can achieve through 

microcontrollers, GSM and GPS, sensors. 

BLOCK DIAGRAM: 

 

 

ARM9 CONTROLLER: 
ARM9 core: 

 

The LPC2926/2927/2929 consists of: An ARM968E-S 

processor with real-time emulation support An AMBA 

multi-layer Advanced High-performance Bus (AHB) for 

interfacing to the on-chip memory controllers 

Two DTL buses (a universal NXP interface) for 

interfacing to the interrupt controller and the Power, 

Clock and Reset Control cluster (also called subsystem). 

Three ARM Peripheral Buses (APB - a compatible 

superset of ARM's AMBA advanced peripheral bus) for 

connection to on-chip peripherals clustered in 
subsystems. One ARM Peripheral Bus for event router 

and system control. 

The LPC2926/2927/2929 configures the ARM968E-S 

processor in little-endian byte order. All peripherals run at 

their own clock frequency to optimize the total system 

power consumption. The AHB-to-APB bridge used in the 

subsystems contains a write-ahead buffer one transaction 

deep. This implies that when the ARM968E-S issues a 

buffered write action to a register located on the APB 

side of the bridge, it continues even though the actual 

write may not yet have taken place. Completion of a 

second write to the same subsystem will not be executed 

until the first write is finished. The ARM968E-S is a 

general purpose 32-bit RISC processor, which offers high 
performance and very low power consumption. The 

ARM architecture is based on Reduced Instruction Set 
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Computer (RISC) principles, and the instruction set and 

related decode mechanism are much simpler than those 

of micro programmed Complex Instruction Set 

Computers (CISC). This simplicity results in a high 
instruction throughput and impressive real-time interrupt 

response from a small and cost-effective controller core. 

Amongst the most compelling features of the ARM968E-

S are: Separate directly connected instruction and data 

Tightly Coupled Memory (TCM)interfaces Write buffers 

for the AHB and TCM buses 

 

Pipeline techniques are employed so that all parts of the 

processing and memory systems can operate 

continuously. The ARM968E-S is based on the 

ARMv5TE five-stage pipeline architecture. Typically, in 
a three-stage pipeline architecture, while one instruction 

is being executed its successor is being decoded and a 

third instruction is being fetched from memory. In the 

five-stage pipeline additional stages are added for 

memory access and write-back cycles. The ARM968E-S 

processor also employs a unique architectural strategy 

known as THUMB, which makes it ideally suited to high-

volume applications with memory restrictions or to 

applications where code density is an issue. The key idea 

behind THUMB is that of a super-reduced instruction set. 

Essentially, the ARM968E-S processor has two 

instruction sets: 
 

Standard 32-bit ARMv5TE set 16-bit THUMB set The 

THUMB set's 16-bit instruction length allows it to approach 

twice the density of standard ARM code while retaining 

most of the ARM's performance advantage over a 

traditional 16-bit controller using 16-bit registers. This is 

possible because THUMB code operates on the same 32-bit 

register set as ARM code. THUMB code can provide up to 

65 % of the code size of ARM, and 160 % of the 

performance of an equivalent ARM controller connected to 

a 16-bit memory system.The ARM968E-S processor is 
described in detail in the ARM968E-S data sheet  The 

LPC2926/2927/2929 includes a 256 kB, 512 kB or 768 kB 

flash memory system. This memory can be used for both 

code and data storage. Programming of the flash memory 

can be accomplished via the flash memory controller or the 

JTAG. The flash controller also supports a 16 kB, byte-

accessible on-chip EEPROM integrated on the 

LPC2926/2927/2929. In addition to the two 32 kB TCMs 

the LPC2926/2927/2929 includes two static RAM 

memories: one of 32 kB and one of 16 kB. Both may be 

used for code and/or data storage. In addition, 8 kB SRAM 

for the ETB can be used as static memory for code and data 
storage. However, DMA access to this memory region is 

not supported. 

 

B) ULTRASONIC SENSOR: 

INTRODUCTION 

Our ultrasonic rangefinder is capable of allowing the user 

to determine his or her distance from an object or wall. 

When deciding on what type of project to design and 

construct, we decided that we wanted to create something 

that would have some practical use in life. Many groups in 

the past created video games, but we wanted to be different. 
We considered issues such as safety, user interface, and ease 

of use, and came up with the idea of making an ultrasonic 

rangefinder. A rangefinder can be used in various 

applications such as a measuring device or an obstacle 

detection device. 

HARDWARE DESIGN 

The hardware for the rangefinder can be broken down into 

three functional units, the receiving circuit, the transmitting 

circuit, and the MCU circuit. The receiver and transmitter 

circuits can work independently of the MCU, which made 

testing with a signal generator quite useful. This allowed 
one of us to work on the hardware while the other worked 

on the software independently and not require one to be 

dependent on the other for testing. 

 

C) LDR SENSOR: 

                          Although the M1 has a Sunrise / Sunset 

clock built in that will determine when the sunrises and 

sets, hence if it is Dark or Light outside, often inside light 

is a totally different subject. The system needs to know 

what the light level is in a particular room so when 

automating internal lighting it needs to know if the lights 

should be activated or not. Otherwise it defeats the purpose 
of energy saving by automating the lights for cost savings. 

                      One way of doing this is with a $5.00 item 

from Ness with our Ness-LDR. This LDR wires directly 

into a M1 Zone Input (Any Zone). The Zone need to be 

programmed as a Analog Zone. The more light the LDR 

sensor has on it the lower the voltage the zone will read and 

the lower the light level, the higher the zone voltage. The 

following table will provide a summary of the type of 

voltages v’s light (Lux) you could expect to read. 

 

 
 

 

 

 

 

 

 

 

 

 

As the Ness LDR is very small (approx 5 mm x 4mm x 2 

mm) it can be installed anywhere. Although it can be 
installed on a PIR detector consideration must be given as 

to the amount of light near the ceiling in a corner compared 

to lower near the floor. As a suggestion you could mount it 

on a blank electrical plate attached to the wall near the floor 

/ power point level where the light is more even. This 

would change from site to site, room by room The LDR 
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Sensor is wired directly to any Zone input. (Even the 

Keypad Zone input (where a good location for the LDR 

could be on the keypad.)) It does not need power 

D) GSM MODEM: 

Global system for mobile communication (GSM) is a 

globally accepted standard for digital cellular 

communication. GSM is the name of a standardization 

group established in 1982 to create a common European 

mobile telephone standard that would formulate 

specifications for a pan-European mobile cellular radio 

system operating at 900 MHz. 

THE GSM NETWORK 

 GSM provides recommendations, not requirements. 

The GSM specifications define the functions and interface 
requirements in detail but do not address the hardware. The 

reason for this is to limit the designers as little as possible 

but still to make it possible for the operators to buy 

equipment from different suppliers. The GSM network is 

divided into three major systems: the switching system 

(SS), the base station system (BSS), and the operation and 

support system (OSS). The basic GSM network elements 

are shown in below figure  

 

 

  

 
 

 

 

 

 

                                  GSM Network Elements 

 

 

 

 

 

GSM MODEM: 

 A GSM modem is a wireless modem that works 

with a GSM wireless network. A wireless modem behaves 

like a dial-up modem. The main difference between them is 

that a dial-up modem sends and receives data through a 

fixed telephone line while a wireless modem sends and 

receives data through radio waves. 

 A GSM modem can be an external device or a PC 

Card / PCMCIA Card. Typically, an external GSM modem 

is connected to a computer through a serial cable or a USB 

cable. A GSM modem in the form of a PC Card / PCMCIA 

Card is designed for use with a laptop computer. It should 
be inserted into one of the PC Card / PCMCIA Card slots 

of a laptop computer. Like a GSM mobile phone, a GSM 

modem requires a SIM card from a wireless carrier in order 

to operate. 

 As mentioned in earlier sections of this SMS 

tutorial, computers use AT commands to control modems. 

Both GSM modems and dial-up modems support a 

common set of standard AT commands. You can use a 

GSM modem just like a dial-up modem. 

 

E) GPS MODEM: 
 GPS MODULE: 

 The Global Positioning System (GPS) comprises 

three segments:  

 The space segment (all functional satellites) 

 The control segment (all ground stations involved 

in the monitoring of the system master control 

station, Monitor stations, and ground control 
stations) 

 The user segment (all civil and military GPS 

users). 

 GPS Was developed by the U.S. Department of 
Defense (DOD) and can be used both by civilians and 

military Personnel. The civil signal SPS (Standard 

Positioning Service) can be used freely by the general 

public, whilst the Military signal PPS (Precise 

Positioning Service) can only is used by authorized 

government agencies. The first Satellite was placed in 

orbit  on 22nd February 1978, and there are currently 28 

operational satellites orbiting the Earth  at a height  of  

20,180 km on  6  different  orbital  planes.  Their orbits 

are inclined at 55° to the equator, ensuring that at least 4 

satellites are in radio communication with any point on 
the planet.   

 During the development of the GPS system, 

particular emphasis was placed on the following three 

aspects:  

a) It had to provide users with the capability of 

determining position, speed and time, whether in 

motion at rest.   

b) It had to have a continuous, global, 3-dimensional 

positioning capability with a high degree of 

accuracy, Irrespective of the weather.  

 

c) It had to offer potential for civilian use  

 

GPS SEGMENTS:  

 

 

 

 

 

 

 

 

 
 

 

 

 

                               GPS segments 
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 SPACE SEGMENT: 

SATELLITE MOVEMENT: 

 The space segment currently consists of 

28_operational_ satellites orbiting the Earth on 6 different 
Orbital planes (four to five satellites per plane).They orbit 

at a height of 20,180 km above the Earth’s surface and   

Are inclined at 55° to the equator. Any one satellite 

completes its orbit in around 12 hours. Due to the rotation 

Of the Earth, a satellite will be at its initial starting position 

after approx. 24 hours (23_ hours_ 56_Minutes to be 

precise. 

F) LCD MODULE: 

Liquid crystal displays (LCDs) have materials 

which combine the properties of both liquids and crystals. 

Rather than having a melting point, they have a temperature 
range within which the molecules are almost as mobile as 

they would be in a liquid, but are grouped together in an 

ordered form similar to a crystal. An LCD consists of two 

glass panels, with the liquid crystal material sand witched 

in between them. The inner surface of the glass plates are 

coated with transparent electrodes which define the 

character, symbols or patterns to be displayed polymeric 

layers are present in between the electrodes and the liquid 

crystal, which makes the liquid crystal molecules to 

maintain a defined orientation angle. One each polarisers 

are pasted outside the two glass panels. These polarisers 

would rotate the light rays passing through them to a 
definite angle, in a particular direction. When the LCD is in 

the off state, light rays are rotated by the two polarisers and 

the liquid crystal, such that the light rays come out of the 

LCD without any orientation, and hence the LCD appears 

transparent. When sufficient voltage is applied to the 

electrodes, the liquid crystal molecules would be aligned in 

a specific direction. The light rays passing through the LCD 

would be rotated by the polarisers, which would result in 

activating / highlighting the desired characters. The LCD’s 

are lightweight with only a few millimeters thickness. 

Since the LCD’s consume less power, they are compatible 
with low power electronic circuits, and can be powered for 

long durations. 

 

G) CONCLUSION: 

The method that has been proposed in this paper is a 

topology-based technique for the specification, 

development, and verification of safety critical train control 

systems. The application of this methodology will 

contribute to achieving ever higher levels of integrity in the 

design and implementation of such systems. Essentially, 

this method provides topology based operational semantics 

for modelling railway networks that 
can be used for train control system specification. 

Particular aspects of the train control logic can be described 

and implemented with a formal method-based MA space 

calculation. Consequently, safety proofs of the system can 

be automatically generated using this mathematical 

method. The methodology has significant advantages in 

terms of mathematical certainty, as compared with manual 

system validation and verification, using conventional test 

cases. 
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