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Abstract— Micro Electro Mechanical Switch (MEMS) are smaltégrated devices or systems that combine electiual
mechanical components. This sensors are used byy raagineering disciplines because of their highcigien
characteristics. In addition, Global positioningst&yn (GPS) receivers and Global System for Mobdmmunication
(GSM) are widely used in geodesy. Using these &RISGSM is very popular, particularly for navigai# purposesTlhis
project discusses the technical and design aspedttail and also provides the proposed detectianning system for
railway track using Wirelessith Multi Sensor. This project also presents the ¢t the implementation results of the
utilizing simple components inclusive of a GPS med&GSM Modem, Ultrasonic Sensor and MEMS basedashes and

track detector assembly.
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1. INTRODUCTION

In railway bridges any time the bridge it's strigin immediately nearby wireless system notifies andit ale
due to weather condition floods earthquake cyclere informs to the current train on the track. The abtask
Now days system have some limitations if the leidg can achieve through microcontrollers GSM MEMS. The
track damaged that information goes to railwayarity same information can be passed to all trains cornimg
people they notifies and informs to the correspugd the track. This sensor very accurate detectioniamndl
trains it WI.|| takes more time informing thosg |muat|oq. send information immediately by using GSM. The
So to avoid delays our proposed system will immtedya introduced surveying system in this paper is opemat
notify and informs the current train comes on tfeck on both ballast and slab tracks the system carpbeated
through wireless medium in tunnels without interruption.

A vast majority of the work done in the field ofick
detection uses the infrared sensing technique sl d ROBOT SECTION
well understood technique so much so that it waglly
thought to be the best solution to the problem reick RF GSM
detection but later it was found to be prone toeml Transmit GPS Module
disturbances and hence came to be considered nadecu ter

Techniques that employ ultrasonic and tide overesom
of the problems mentioned earlier but they can only
inspect the core of the track that is it cannotckhfor
surface and near surface cracking where most fanés
usually located.

LDR sensor can't operate in slab tracks and the
system can be operated in tunnels  without lapgion
where it is not possible to work with GNSS recesvéthe
problem inherent in all these techniques is that ¢bst
incurred is high.
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2. PROPOSED SYSTEM sensor
Bridge damage status is monitored by the sensor and Fig.1.Block diagram of Robot section

wireless modules when the sensor not getting signal
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A. Embedded Control Unit

In this work we are using controller unit ARM-7idt
a generation of ARM processor designs. This geiwerat
introduced the Thumb 16-bit instruction set prowgli
improved code density compared to previous desitfins.
most widely used ARM7 designs implement the
ARMVAT architecture but some implement ARMv3 or
ARMV5TEJ. All these designs use a Von Neumann
architecture thus the few versions comprising@eado
not separate data and instruction caches.

Some ARM7 cores are obsolete. One historically
significant model the ARM7DIis notable for having
introduced JTAG based on-chip debugging the pregedi
ARMS6 cores did not support it. The "D" represented
JTAG TAP for debugging the "I' denoted an ICE
Breaker debug module supporting hardware breakpoint
and watch points and letting the system be stédibed
debugging. Subsequent cores included and enhahized t
support.

B. RF-Module

An RF Module is a small electronic circuit used to
transmit and/or receive radio signals on one ofialver
of carrier frequencies. RF Modules are widely uged
electronic design owing to the difficulty of desigg
radio circuitry. Good electronic radio design s
notoriously complex because of the sensitivity aflio
circuits and the accuracy of components and layouts
required achieving operation on a specific freqyenc

Design engineers will design a circuit for an
application which requires radio communication #meh
"drop in" a radio module rather than attempt a rditsc
design saving time and money on development.

C. Encoder

An encoder is a device circuit transducer saftwa
program algorithm or person that converts infoiamat
from one format or code to another for the purposk
standardization speed secrecy security or gasfiace
by shrinking size.

D. GSM (Global
Communications)

System for Mobile

GSM originally Groupe Spécial Mobile is a standard
set developed by the European Telecommunications

Standards Institute to describe protocols for sdcon
generation (2G) digital cellular networks used bghife
phones.

The GSM standard was developed as a replacement
for first generation (1G) analog cellular networ&ad
originally described a digital circuit switched wetk
optimized for full duplex voice telephony. This was
expanded over time to include data communicatianss f
by circuit switched transport then packet data spamt
via GPRS and EDGE (Enhanced Data rates for GSM
Evolution or EGPRS).

E. Global Positioning System

GPS is a space-based satellite navigation systatn th
provides location and time information in all weath
anywhere on or near the Earth where there is an
unobstructed line of sight to four or more GPSI§ts.

It is maintained by the United States government an
is freely accessible to anyone with a GPS receiVhe
GPS program provides critical capabilities to raifjt
civil and commercial users around the world. Inidd
GPS is the backbone for modernizing the globairaffic
system.
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Fig.2. Block diagram of Train section
F. Embedded Control Unit

In this work we are using controller unit ARM-7.igt
a generation of ARM processor designs. This geioerat
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introduced the Thumb 16-bit instruction set prowgli
improved code density compared to previous desitfms.
most widely used ARM7 designs implement the
ARMVAT architecture but some implement ARMv3 or
ARMV5TEJ. All these designs use a Von Neumann
architecture thus the few versions comprising@eado
not separate data and instruction caches. Some ARM7
cores are obsolete. One historically significantdeidhe
ARMT7DI is notable for having introduced JTAG based
on-chip debugging the preceding ARM6 cores did not
support it.

The "D" represented a JTAG TAP for debugging the
"I' denoted an ICE Breaker debug module supporting
hardware breakpoints and watch points and lettirey
system be stalled for debugging. Subsequent cores
included and enhanced this support.

G. RF-Module

An RF Module is a small electronic circuit used to
transmit and/or receive radio signals on one ofialmer
of carrier frequencies. RF Modules are widely uged
electronic design owing to the difficulty of desigg
radio circuitry. Good electronic radio design is
notoriously complex because of the sensitivity aflio
circuits and the accuracy of components and layouts
required achieving operation on a specific freqyenc
Design engineers will design a circuit for an aggion
which requires radio communication and then "drgpai
radio module rather than attempt a discrete desaying
time and money on development.

H. Power Supply

A power supply is a device that supplies electric
power to an electrical load. The term is most comiyno
applied to electric power converters that conver form
of electrical energy to another though it may aksfer to
devices that convert another form of energy (meidan
chemical solar) to electrical energy. A regulateniver
supply is one that controls the output voltagelwrent to
a specific value.

I. Display Unit

LCD screen is an electronic display module and find
a wide range of applications. A 16x2 LCD displayésy
basic module and is very commonly used in various
devices and circuits. These modules are preferreat o
seven segments and other multi segment LEDs. The
reasons being LCDs are economical easily prograrffemab
have no limitation of displaying special & even wmrms
characters (unlike in seven segments) animatiodssan

on. This LCD has two registers namely Command and
Data.

The command register stores the command
instructions given to the LCD. A command is an
instruction given to LCD to do a predefined taskeli
initializing it clearing its screen setting the sor position
controlling display etc. The data register stohesdata to
be displayed on the LCD. The data is the ASCII gabfi
the character to be displayed on the LCD. Clicketarn
more about internal structure of a LCD.

J. Fuzzy Image Processing

The fuzzification and defuzzification steps are dwe
the fact that we do not possess fuzzy hardwareretdre
the coding of image data (fuzzification) and deogdof
the results (defuzzification) are steps that maéssible
to process images with fuzzy techniques. The mainep
of fuzzy image processing is in the middle stegeAthe
image data are transforemd from gray-level planthés
membership plane (fuzzification) appropriate fuzzy
techniques modify the membership values. This @@ b
fuzzy clustering a fuzzy rule-based approach a yfuzz
integration approach and so on.

expert knowledge

mput \
T iage membensip image | S
fuzzification modification defuzzification
)

fiuzzy logic
fuzzy set theory

Fig.3.The general structure of fuzzy image processi
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Fig.4. Steps of fuzzy image processing.

Many colleagues (not only the opponents of fuzzy
logic) ask why we should use fuzzy techniques iagm
processing. There are many reasons to do this.nidst
important of them are as follows

1. Fuzzy techniques are powerful tools for

knowledge representation and processing
2. Fuzzy techniques can manage the vagueness and

ambiguity efficiently

In many image processing applications we have to
use expert knowledge to overcome the difficulty
3. RESULT
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Fig.5. Selecting the Input Image
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Fig.8. Obstacle Detected Image
4. DATA PROCESSING

Outlier detection is the first phase afata
processing. The median absolute deviation (MAD)
filtering technique is used for outlier detectiowhen
the possible outliers on MEMS and Ultrasonic sensor
data are removed, the super- elevation, gradiestkt
gauge, and track axis coordinates are determineten
second phase. This phase is called as the detdionina
of railway geometrical parameters. These determined
parameters are stored in a database by combinitig wi
Coordinated Universal Time (UTC). Thus, time
synchronization of data is possible. If the priailway
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project exists, synchronized data can be compaitd w
prior project data of the railway by using the Kamm
filtering technique.

A. Determining the Track Axis Coordinates

Track axis coordinates are determined with the
MEMS receivers and total station. A survey polet tha
carries the MEMS receiver antenna and reflector is
mounted on the surveying system superposed with the
track axis. Thus, if the super-elevation and gnatdiaf
the railway is zero, track axis coordinates camlipectly
determined. In curves or inclined railways, traoks
coordinates cannot be determined from the MEMS and
total station measurement directly. Because ofateral
and longitudinal inclination, measured values dd no
reflect the projected track axis coordinates.

If the lateral inclination angle isp and the
longitudinal inclination angle is, which are obtained
from the inclinometer, deviations from the projecte
track axis are defined by

AE =hG-sing 1)
AB=hG-sina. 2

pand o angles are obtained from inclinometer

measurements.

Angle values onX (=X, +X) and Y (=Y,+Y )
directions are determined by the biaxial inclinoenet
The Y -axis of the inclinometer is oriented toward the
railway track axis direction so that the angle ealwon
the Y -axis of the inclinometer reflects the gradien
values of the railway. Th&-axis of the inclinometer is
perpendicular to th& -axis and oriented toward the
lateral direction of the track axis to determine guper
elevation. While operating with the surveying systen
the railway, four different conditions occurred.

The track axis elevation is defined by

HOE =HA - hG-co$ A3)

B. Time Synchronization of Data Collected by
Different Sensors

The designed surveying system can operate while
moving on a railway. During the operation, data
collected by different sensors are stored in aldesa in
of data has to be done to determine the superatelay
gradient, and track axis coordinates on a certaimtp
Kinematic multi sensor systems such abe t
surveying system designed in this paper needfutare
time treatment. Depending on the speefd the
surveying system, the accuracy of time
synchronization between data collected by déffie
sensors affects the calculated position accuracy .

To store all the sensor data in the dataheisle

a time tag, a time source is needed. If GPS receive
are used for positioning, UTC derived frorhet
National Marine Electronics Association sentendes
GPS data can be wused for synchronization. By
using this UTC, data collected by different senszas

be stored in a database with a time tag. MEMS
inclinometer data. For the shown example, GPS data
are sampled with 1 Hz, whereas MEMS and
inclinometer data are sampled with 10 Hz.

If only the total station is used for positioning,
UTC cannot be derived. In this case, a data adiprisi
card connected to the MEMS inclinometer can be
triggered by computer time. In this case, UTC repth
with personal computer time. Thus, it is possilbe
store all sensor data in a database with time tag

5. CONCLUSION

Depending on the UIC standards the tolerance values
for the horizontal track axis geometry on ballasd alab
tracks are +25 and +15 mm respectively. The tolezan
value for the vertical track axis geometry is +18-+hm
for both types of tracks. It can be said that tHeN\& can
be used to determine the horizontal and vertieadktiaxis
geometry. Moreover using the total station instefithe
RTK method enhances the accuracy of the track axis
geometry. Depending on the UIC standards the
uncertainty values for the super-elevation andktgauge
cannot exceed +5 and +1 mm respectively. The dedign
surveying system can be used to determine the super
elevation track gauge and gradient values. Theeying
system can be further improved by integrating déffe
sensors. Integrating the inertial navigation systenu
odometers (distance measure) the surveying systenfi i
be possible to dead reckoning when the mems amdl tot
station signals interrupt.
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