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Is makinalari sektori, gunumizdesaat kleri, tas ve mermer ocaklari, yol
calismalari, ormancilik faaliyetleri gibi her turliga is alaninda faaliyet
gOstermektedir. Ozellikle yedin yeri dsinda calgan & makinelerinin Bulundgu
calisma ortamina gore performansinin incelenmesi veopedns verilerinin kayit
altinda tutulmasi, alinan verilere gore cikan #arzatakip edebilme veya daha
sonradan cikabilecek arizalari 6nceden kontrahalalinmasi, arizalanan araca daha
erken mudahalede bulunmak trin geine yada yeni Grin tasariminda kayit altina
alinan bu bilgilerden yararlaniimasi kaybolmayaaseglinmaya kar konum bilgisi
alinarak guvenlik uygulamasi sayesinde daha katagihg alinmasigsimakinalari
saatle kiraya verilgi icin aracin cablma saatinde oynama yapilsa bile gercek
calisma saatini kayit altina alinmasi, igin uzaktanneesi cok 6nemlidir.

Bu tez cajmasinda, aracta kullanilan sensdrlerden gelenldvilge calstigi
ortam bilgilerini &renmek icin kullandiimiz sicaklik, nem ve mems titfe
sensorleri ile gps’ten gelen bilgiler gprs yarditfaiyzaktan izlenip verilerin kayit
altina alinmasi i¢in yapilmgtir.
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Construction machines are used in civil area,estamd marble sector, road
works and forest studies. Especially constructi@cimmes are used outside of urban
areas the following are of great importance: Inipacof performance due to the
media and recording the performance, tracking coosbn machines and finding
failures, early operations on the failed constarctinachines, using the recorded data
during development, making the leasing easy by epttg the construction
machines against theft, controlling the hour meflethe construction machines for
borrowing

In this thesis, the sensors are used to meassitopp temperature, humidity,
vibration, etc. in vehicles and it is importantrexord these data from the sensors.
This study aims use of sensors in vehicle, sudBRS(Global Positioning System)
and MEMS(Micro -Electro- Mechanical Systemsibration sensor and the vehicle
data are gathering a DAQ (Data Acquisition Systamg these are sent to a centre
with GPRS.
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1. INTRODUCTION Ersen PESEN

1. INTRODUCTION

The sensors are used to measure position, terapgraéumidity, vibration,
etc. in vehicles and it is important to record thdata from the sensors. This study
aims use of sensors in vehicle, such as GPS (GRdmtioning System) and MEMS
(Micro Electro- Mechanical Systems) vibration sensor and the vehddta are
gathering a DAQ ( Data Acquisition System) and ¢hase sent to a centre with
GPRS(General Packet Radio Service).

Construction machines are used in civil area,estamd marble sector, road
works and forest studies. Especially constructi@cinmes are used outside of urban
areas the following are of great importance:

* Inspection of performance due to the media and rdeog the

performance

» Tracking construction machines and finding failures

e Early operations on the failed construction machine

* Using the recorded data during development

* Making the leasing easy by protecting the constvaatnachines against

theft

« Controlling the hour meter of the construction maeh for borrowing

On the other hand, the studies of this work wélldble to be applied to other

vehicles in the automotive industry hence beingartgnt.

Material and Method: Firstly, the s ensors and their technologies used i
construction machines will be learned and the ditee will be searched for the
electrical properties of them. By using the datafrthe literature, a data acquisition
card will be designed and prototyped for suitaldenection of the sensors and GPS
module and sending them using GPRS.

Outer medium information will be read with GPS &MEMS sensors.

* The real-time position, height and velocity infotioa is read with GPS.

* The vibration of the machines will be read by MEBEhsors.



1. INTRODUCTION

The performance of the construction machines Wi measured and

Temperature and humidity will be read by tempertand humidity

Sensors.

recorded. The sensors used in machines:

Fuel level sensor

Engine water temperature
Engine oil pressure

Engine rpm

Transmission oil temperature

Transmission pressure

On the other hand, there are switch/sensors used in

Brake hydraulic level

Fuel level

Engine water temperature
Engine oil pressure
Hydraulic oil pressure

Transmission oil temperature

which operates by warning of switching sensors.

Operation of the system is given following blodlagtam (Figure 1.1). The

DAQ system gathers the data from sensors and GP<&rtd the computer with

GPRS.
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Sensors —» DAQ GPRS
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Figure 1.1. General diagram of system
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2. PREVIOUS STUDIES

Demir (2006), informed that the aim of this studyremote reading of the
information recorded by a digital meter by using tiptical port of the meter and
RS485 serial communication port with the intervemtof GPRS modem. In this
study, the details of Automatical Meter Readinghtedfogy, about which there is a
little known and in which developments are exparashvery fast, the positive and
negative sides of this technology, preparationisgidnd the probable applications in
our country is examined, a general aspect is dotsti and a sample model is
developed.

The remote meter reading system proposed in tihiy/ $s a system which is
developed with reference of Automatic Meter Readiysiem which is developed as
a sample of international network system. The psompsystem is a flexible and
expansible one. With the assistance of the syskenptocedure of the subscribers
can be done automatically by remote central comtnal

As a result, the remote meter reading processsimglGPRS modem is done

successfully and the importance and advantagdsedtudy are stated.

TelehlatnX Server

MUSTER

MERKEZ

Figure 2.1. General diagram of a gprs system (De26id6)
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Civril (2006), informed that A vehicle tracking stgm consists of mainly
three components: A GPS receiver used to deterthmgosition of the vehicle, a
communication unit used to send the positioning datthe tracking centre, and a
software package used to track the vehicle onaigitaps and to carry out the
positional analysis.For the system developed is #study, GPRS technology is
choosen to send the positioning data determinedthey GPS receiver. The
communication cost of the system is low with theshinology since the costs are
determined by the amount of the data transmittedreldver, the communication
costs can be reduced further by compressing tleelddiore transmission.

In this study, a software was developed in Micfbsdisual C# .NET
environment to display the digital maps prepareMapinfo mif and gst formats on
computer screen and track the vehicles on thess.map

Cinar (2005), in this master’s thesis, a vehideking system using GPS has
been designed and built. In addition to this tragkiability, the destination
coordinates can be sent to the vehicle and thedcan be directed to the destination
with sound messages or written instructions. Thidsaa guidance capability to our
system. Furhermore, in this master’s thesis, GR&Bsystructure and the details of
SMS reception and transmission with mobile phorea®been investigated and used
in practice to navigate the user in an unknowrnittey. Studies have been completed
on embedding several different softwares on therounantroller without any
conflicts at start up time. The softwares can bleaged using the serial channel of
the PC.Several 1/0 ports, an address bus and abdatdoetween external circuit
elements and microcontroller processor have besigred and utilized.

Moreover, the achievability of concurrent opemasian the absence of an
operating system, i.e. multi-tasking, via timeremtpts, have also been studied.
Beside these, the voice information is stored INREM and the necessary

reconstruction conversions have also been perfarmed
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Figure 2.2. System architecture (Cinar, 2005)

S

Ryu and Gerdes (2004), informed that this papenatestrates a method of
estimating several key vehicle states — sideslgieariongitudinal velocity, roll and
grade — by combining automotive grade inertial sensvith a Global Positioning
System (GPS) receiver. Kinematic Kalman filterst thiee independent of uncertain
vehicle parameters integrate the inertial sensotis @PS to provide high update
estimates of the vehicle states and the sensoediddsing a two-antenna GPS
system, the effects of pitch and roll on the mearm@nts can be quantified and are
demonstrated to be quite significant in sidesliglastimation. Employing the same
GPS system as an input to the estimator, this papeelops a method that
compensates for roll and pitch effects to imprdwve &ccuracy of the vehicle state

and sensor bias estimates. In addition, calibrghimtedures for the sensitivity and



2. PREVIOUS STUDIES Ersen PESEN

cross-coupling of inertial sensors are providedutther reduce measurement error.
The resulting state estimates compare well to ésalts from calibrated models and
Kalman filter predictions and are clean enough de in vehicle dynamics control

systems without additional filtering.

Kinsey, Eustice and Whitecomb (2008he paper surveys recent advances in
underwater vehicle navigation and identifies futuresearch challenges.
Improvements in underwater navigation sensor tdoigyo and underwater
navigation algorithms are enabling novel underwagicles and novel underwater
vehicle missions. This paper first reviews advarnnaesnderwater navigation sensor
technology. Second, advances in deterministic &mchastic underwater navigation
methodologies and algorithms are reviewed. Findlifyre challenges in underwater
vehicle navigation are articulated, including nbattom navigation, vehicle state
estimation, optimal survey, environmental estimatioultiple-vehicle navigation,
and mid-water navigation. Advances in vehicle natr@n will enable new missions
for underwater vehicle (commercial, scientific, anditary) which were previously
considered impractical or infeasible.

Medagama, Gamage, Wijesinghe, Leelaratna, Kartma@nd Dias (2008),
informed that the paper presents the combined eaimin of Geographical
Information Systems (GIS), the Global Positioningstem (GPS), the General
Packet Radio Service (GPRS) and the Internet &mking of vehicldleets. It is one
component of an enterprise solution that is desigwemanage and track a large
fleet. The key features of the system are an oparce GIS platform, real-time
location information update, and a web-based uderface.

The system consists of GPS-based vehicle trackohgyices, a
communications server, a web-server, a databaserseand a map server. The
tracking devices mounted in the vehicles collecatmn information in real-time via
the GPS. This information is transferred continlpubrough GPRS to a central
database. The users are able to view the curreatiém of each of the vehicles in the
fleet via a web-based application, and thereby manthe fleet. The vehicle
positions and other related information are dispthgn a digital map, which is made

available by a map server.
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Figure 2.3. Block Diagram of the Tracking Unit ( gama, 2008)

It is a typical example of how the advantages@fFd may be leveraged for
the efficient and effective management of a comfgargsources, particularly in the
face of sky-rocketing fuel costs

Alvares (2006), stated thete application market for vehicular tracking and
monitoring and patrimonial monitoring using monitg systems, digital video
processing, recording and transmission is nowadaysidered one of the most
promising in the security area. This paper presehis development of a
computational system made of hardware and softwatte Linux embedded for
vehicular monitoring, video processing, recordingd aransmission binded to a
vehicular tracking and monitoring system based &8®@vith tracking using Google
Maps' API. This paper describes the developmetite@product, considering all the
development parts, emphasizing the client intertawkthe hardware structure.

Hasan, Rahman, Haque, Rahman, Rahman and Ra2088] informed that
this paper proposes and implements a low obgct tracking system using GPS and
GPRS. The system allovesuser to view the present and the past positiecsrded
of a target object on Google Map through the irderiithe system reads the current
position of the object using GPS, the data is sentGPRS service from the GSM
network towards a web server using the POST mettidde HTTP protocol. The
object’s position data is then stored in the degalfar live and past tracking. A web
application is developed using PHRvaScript, Ajax and MySQL with the Google
Map embedded. The existing live tracking systenas #ine available now a days use
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SMS for the communication to the server which tdroet to be expensive. (SMS
are used for communication to device).

They have used the GPRS service which made otersyes low cost tracking
solution for localizing an object position and g&tThis system is very useful for car
theft situations (alarm alert, engine startingal@ng), for adolescent drivers being
watched and monitored by parents (speed limit elingeleaving a specific area), as

well as for human and pet tracking
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Figure 2.4. The n-tier Tracking System Diagram @a<009)

Kishore, Vardhan, Narayana (2010), informed thahis paper, they present
the principles of a low operational-cost but fldgibbnternet-based data-acquisition
system. The maincore of the system is an embedaletivare running a scaleddown
version of Linux: a popular choice of operatingteys for embedded applications.
The embedded device communicates through GenerekePaRadio Service
(GPRS),which makes it accessible from anywher&énworld through a web server
built into the embedded device. In addition, GPR&/les a bidirectional real-time
data transfer allowing interaction. The proposedtay eliminates the need for
server software and maintenance. A novel approsghtioduced to minimize the
operational costs while operating with a large amboaf data.The system is
demonstrated to be suitable for different embedysaications by attaching several

real-time modules through appropriate interfaces.

10
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Figure 2.5. Block diagram of the embedded systdth sample devices attached
(Kishore, 2010)

Start
1 ]
L 4 * - -

i Collecl GFPS Modules of
™ Estﬁ.#SH + - « Datainto |«  Integrated
Conneacucn RAM Units

L 4
c;w:ﬁ-:m Ng;itvﬂi GPS
: a into
tablished NO Disk
YES
cunfl:lcﬂm - NO %
NO on? '
YES
k4
b1 ] Save the
Fenailty Detail
ino Desk

Figure 2.6. Manager code operational principlesspre, 2010)
Bayzan Nowadays, traffic jams are becoming a bottleneckspecially big

cities. This situation is getting worse as the namif new cars increases. Taking
precautions about building new bridges and roadsnat usually enough to ease

11
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traffic problems in daily life. A solution could bEmploying navigation systems in
cars. These systems help drivers chose the besthanghortest path between its
current situation and destination as the one inited in this paper. The proposed
navigation system is simply based on GPRS and gmponew soft computing
approach. In short, it is aimed to determine, byamseof GPRS data, vehicle routes
and alternative routes using soft computing algorg and to test these routes by
applying them to a geographical region.

Caglar (2005) informed that In this thesis he present a systdfaring
inspection and management for the Emergency Medeavice (EMS) vehicles
(ambulances). The system integrates several teofiesl including Geographic
Information Systems (GIS), Global Positioning Sgste(GPS) and RF wireless
communication technologies. The aim of the systentoi minimize ambulances’
response time, make the management and inspectidheovehicles easier and
improve the quality of health services.

- Y = -
GPS Alici Unitesi fletisim Unitesi Merkez

Figure 2.7. General diagram of a gps and gprs sy8Baglar, 2005)

Derelicglu (2007), informed that the application developedl send
information of on the situation to hospitals whiale suitable and nearest to the
location of the traffic accident. The system cotssis a vehicle unit and a server
unit. When an accident occured, the vehicle unmmdseidentification and medical
information on the individuals and position infortioa obtained form the GPS to the
server unit using GPRS. The server unit createacaident report and sends it to
hospitals that are suitable and closet to the iocatf the accident. The results of this
study show it is possible to reach traffic accideniries in a much shorter time than
is presently possible and with the efficiency pdad with prior medical data.

12
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Figure 2.8 General diagram of a gprs system

Hernandez (2005), informed that in this paper,easer to measure the
rollover angle of a car under performance testgrésented. Basically, the sensor
consists of a dual-axis accelerometer, analog+eleictinstrumentation stages, a data
acquisition system and an adaptive filter based arcursive least-squares (RLS)
lattice algorithm. In short, the adaptive filterused to improve the performance of
the rollover sensor by carrying out an optimal prgon of the relevant signal
coming from the sensor, which is buried in a brbadd noise background where
they have little knowledge of the noise charactiess The experimental results are
satisfactory and show a significant improvementha signal-to-noise ratio at the
system output

Fleming (2001), explained that an up-to-date mevpmaper on automotive
sensors is presented. Attention is focused on sensed in production automotive
systems. The primary sensor technologies in usaytamte reviewed and are
classified according to their three major areasutofaotive systems application—
powertrain, chassis, and body. This subject isresxie. As described in this paper,
for use in automotive systems, there are six tygastational motion sensors, four
types of pressure sensors, five types of positiensars, and three types of
temperature sensors. Additionally, two types of snais flow sensors, five types of

exhaust gas oxygen sensors, one type of enginelks@tsor, four types of linear

13
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acceleration sensors, four types of angular-rates@s, four types of occupant
comfort convenience sensors, two types of neaaditst obstacle detection sensors,
four types of far-distance obstacle detection sensmd and ten types of emerging,
state-of the-art, sensors technologies are idedtifi

Prosser (2001gxplained that this paper will provide a reviewpakt, present
and future automotive sensors. Today’'s vehiclese hagcome highly complex
sophisticated electronic control systems and thpniba of innovations have been
solely achieved through electronics and the usadvlanced sensors. A range of
technologies have been used over the past twengrsyécluding silicon
microengineering, thick film, capacitive, variablkductance, optical and radar. The
automotive sensor market continues to grow witlpeesto vehicle production level
in recognition of the transition to electronicalbpntrolled electrically actuated
systems. The environment for these sensors costittube increasingly challenging
with respect to robustness, reliability, qualitylarost

Hernandez (2007¥xplained thatn this paper a survey on recent applications
of optimal signal processing techniques to imprthe performance of mechanical
sensors is made. Here, a comparison between @héliers and optimal filters for
automotive sensors is made, and the current sfatkeoart of the application of
robust and optimal control and signal processirgrigjues to the design of the
intelligent (or smart) sensors that today’s carednés presented through several
experimental results that show that the fusion réliigent sensors and optimal
signal processing techniques is the clear way tdgavever, the switch between the
traditional methods of designing automotive sensord the new ones cannot be
done overnight because there are some open reseangs that have to be solved.
This paper draws attention to one of the open reBeigsues and tries to arouse
researcher’s interest in the fusion of intelligeenhsors and optimal signal processing
techniques.

Albarbar, Mekid, Starr and Pietruszkiewicz (2008ith increasing demands
for wireless sensing nodes for assets control amdliton monitoring; needs for
alternatives to expensive conventional accelerommete vibration measurements

have been arisen. Micro-Electro Mechanical Syst@®isMS) accelerometer is one

14



2. PREVIOUS STUDIES Ersen PESEN

of the available options. The performances of thoe¢he MEMS accelerometers
from different manufacturers are investigated iis {praper and compared to a well
calibrated commercial accelerometer used as a ergfer for MEMS sensors
performance evaluation. Tests were performed oeah€NC machine in a typical

industrial environmental workshop and the achienesailts are presented.

MEMS accelerometers back to )
back with a conventional Charge amplifier
accelerometer

Signal processmg and data
Display

NI DAQ Card

.0 W N
Power amplifier s :ﬂm

Figure 2.9. Test setup (Albarbar, 2008)

MEMS Accelerometers

: o
Figure 2.10 CNC machine vibration monitoring set@fbarbar, 2008)
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Yakut (2006), informed that the aim of this stuslyo supply know-how and
experience for implementetion of humidity and gasssng in oven and refrigerator
.In the begining a literature research containitep daygrometry ( thermophysical
propertis of humunidity ) for learning sensors aechnologies for their applicability
in refrigerator and/or oven has been completed.

By using the information obtained from literatuseppe of studylimited with
humidity sensing at buil-in electric oven and readi with the determined suitable
thermal conductivity sensor (absolute humidity senBuring this study the quantity
of the food that placed in oven can be detectetdumyidity sensing. In addition it is
possibleto predict the kind of food (i.e. beverageal or pizza) and sense whether
the food is cookedor not.

At the last period of the study the innovativensipconditioning devices have
been analyzed fort the processing of sensor outpots excitation of sensors.
Regarding mentioned issue two mixed-signal integratircuits have been
scrutinized with  electronics engineering approachhictv areTEXAS
INSTRUMENTS PGA309 and PSOC THE ICS performs thenekded process on
sensor signals like as temperature drift compemsadf offset and span amplifying
filtering etc. General white goods applicationsehsors have been simulated by the
applications with both evaluation modules of PGA308® PSOC for distinguish
performances of devices. This document consisthumhidity sensor integration
especially with build-in electric oven,which is dehined by research and several
practices,including all periods including sensarggling to the control systemof the

devices.

16
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Figure 2.11. Sytem architecture (Yakut, 2006)

Sztaki (2001), explaine that the main objectivdstiee project are the
elaboration of the theory and methods of intelligesupervision, control and
communication systems installed on vehicles, andssociated information service
system for fleet management. The development oirntfleemation service as part of
the fleet management system that collects, analgsels evaluates data sent by
individual vehicles extends the utility of the iaked vehicle systems and represents
a significant added value to its application.

This system integrates the capabilities of regrabile telecommunication
and the sensory and data measurement systems owelhigle into a unified
framework and has the feature of maintaining a peent communication among
the data acquisition and control modules allocatedhe vehicles of transportation
companies. It can also supervise and control tresportation processes, assist the
driver in decision making, support the co-ordinatiof transport activities, and
provides an information database for all participgrossessing the particular unit on
the vehicle. The main tasks in cargo transportesystare to monitor the technical
conditions of the vehicle and schedule the maimtees, the fast and safe delivery of
the cargo, to increase the driving safety of velsiclto decrease the load of the
vehicle by specifying the most suitable routes bBgdhe dynamic modification of
the routes planned, and to increase the efficiesfcyll activities related to the

transportation.

17
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The system to be developed will be coordinatedragrtbree main parties as
it is illustrated in Figure 2.12. One of them ig tehicle whose states of motion and
cargo, road or traffic information can be downlchdsther off-line, either on-line,
depending on the later use of the data. The semotite fleet management center
that evaluates these data, communicates them towher and, if necessary, based
on the confirmative action of the vehicle ownergpervises the vehicle control
systems. The third party includes the users (fl@etvehicle owners) who are
interested in having the information provided Ibcain-line about certain traffic

situations or road conditions.

b
e

Ay, GSM satellite Nﬁ;

()
GSM S
-~ \@ , r
. i
- 1On-board
Internet Fleet Management controller
‘Center

Information Center

Figure 2.12. lllustration of the intelligent supesion, control and communication
system (Sztaki, 2001)

Yazici, Gilgur (2005)informed that in this article, a hardware design fo
GRPS based mobile telemedicine sys tem is intratiuthe need of effective and
low cost personal and emergency monitoring teleoneelisolutions are the main
concern of this project. The elders, chronic patsnand ambulances are common
examples of possible emergency cases.That prajgcduces continuous personal

follow-ups especiallywhen the distance play critipale. One channel ECG and

18
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0.5CO resolution thermometer for body temperatusmasurement were chosen as
bio-signals sources. Power consumtion and totalnael for hardware were tried to
be small and the usage of this device was fadlithieembedded software. The ECG
data were digitized microcontroler in 10bit resmotand 500Hz sampling frequency
and stored in EEPROM for 60s. Data is sent to &icelP in internet via a personal
mobile phone’s GPRS modem. TCP/IP protocol and Ammad set is handled by
embededly. Outgoing data is captured by a code JA8& then wrote in a database
and then the data is converted in two dimentionahfagain. Design was copleted
and sample data were stored and displayed on P€ g&heral architecture of the

system make itself available to be data storedaandssible from everywhere.

Switch mode IC
Figure 2.13. Sytem architecture (Yazici, 2005)

Figure 2.14. ECG Circuit (Yazici, 2005)

Ratcliffe, Heider, Crane, Krauthauser, Yoon andleGpie Jr., When a
structure is damaged there is often a concomitacdlized change in structural

19
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stiffness, which may affect the dynamic charactiessf the structure. One

characteristic that has proved suitable for damédgatification and location is the

operational curvature shape which exhibits chan{gagures at locations of stiffness
change. A method that finds theses features, SID&Ryloys an algorithm that
operates on broadband operational curvature shdjpesbtain data for SIDER, a
small number of accelerometers, typically about faiinstalled on the structure and
the structure is then excited at a large arrayesf points using a ‘roving hammer’
technique. Frequency response functions are ingiigl measured between each
excitation point and the reference accelerometars] the required operating
curvature shapes are determined from the resuliingy of frequency response
functions. While setup of the experiment is reabbnquick, data acquisition can be
time consuming and it is not easily amenable tomation. This paper investigates
an alternative approach, which relies on the recity theorem. An array of

response transducers is installed on the strucaune then only a few locations are
excited. There are significant benefits to this hod{ including the possibility of

automation and remote sensing. The cost of hundredsnventional accelerometers
can be prohibitive, and therefore this project stigated using an array of low cost
MEMS accelerometers. MEMS are also attractive at they may be embedded into
a composite structure during manufacture. In thelystreported here the roving
hammer and MEMS array methods are compared byngesticomposite vertical

stabilizer (tail plane) from an Airbus A320 airdtaDespite the different test

procedures, and the lower quality of the MEMS tdarters, it is shown that an array
of low cost MEMS transducers can determine restsparable with those obtained

using high performance transducers.
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3. MATERIAL AND METHODS

3.1. Material

3.1.1 Automotive Sensors: Past, Present and Future

Today's vehicles have kind of sensors supplyirtg &t safety, performance
and comfort functions. One of the first and mostcessful automotive applications
were inlet manifold pressure measurement in eayhtion and fuelling control
systems. There are many other sensors includimdksinaft position, knock, air mass
flow, exhaust gas and temperature sensors which lihee been used to enhance
power train performance. After using electronicaltyntrolled electrically actuated
systems on vehicles, new challenges and opporsnitiave created for sensor
developers. Main sensors have completed with tligiad of new sensors for new
requirements, for example, long rage radar, tymessure monitoring and optical
steering torque sensors. One of the important fast@ensor cost in the selection
criteria of automotive system designers. In addijtisensor suppliers must provide
guality demands of this automotive market. Figure Provides some example of

sensors used on today's vehicles (Prosser, 2007).
3.1.1.1. Market Trends
During last twenty years, market studies haveinaet for increasing usage

of sensors on automotive systems. Total world ntarikie was $2.3b at 1991 and
the market has grown to $10.1b in 2006 with an efmetake it to $15.8b in 2012.
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Engine Sensors Crash Avoidance
e.g. Inlet Manifold Pressure e.g. Adaptive Cruise Control Radar
Camshaft Position Hybrid & Fuel Cell Vehicles Parking Sensors
Air Temperature e.g. Hydrogen L eak Detection Lane Departure Waming
Fuel Temperature Current Monitoring Driver Monitoring
Fuel Pressure EI'ESS‘” Vehicle Control
Knock i e.g. Hydraulic Pressure
Coolant Temperature Temperature N Lat/Long Acceleration
EGR Valve Position Motor Speed & Position Wheel Speed
Air Mass Flow Yaw Rate
Oxygen Ride Height Position

Steering Torque & Position

Passenger Comfort Passenger Convenience Safety & Security
e.g. HVAC Temperature e.g. Remote Keyless Entry e.g. Theft Prevention
Humidity Automatic Rain Wipers Occupant Airbag Systems
Air Vent Positions Automatic Headlamps Seat Belt Pre-tensioners
Seat Position Washer Fluid Level Tyre Pressure Monitoring
Window Position Headlamp Levelling Occupant Detection
Predestrian Detection

Figure 1. Examples of Automotive Sensor Applications

Figure 3.1. Examples of Automotive Sensor Applimasi (Prosser, 2007)

Although less than %4 growing expectation at pagse car production,
automotive sensor revenues are expected to inctead®.1% CAGR during the
same period as a result of OEM's responding teasing environmental and safety
rule by presenting electronically controlled innbeas. Big part of sensor demand
depends on mature established applications, fompka engine emissions control,

anti-locking braking systems and airbags.

Table 3.1. Total World sensors Market (Prosser,7200

Year Market Value
1991 $2.3b
1995 $3.8b
1997 $4.7b
2000 $7.0b
2006 $10.1b
2012 $15.8b
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Secunty
1.3%

Driver Information
0.6%

ring systems in the US.

Powertrain
57 1%

Figure 3.2. 2006 World market Value by Applicati@rosser, 2007)

There is no service to consumer aftermarket irs@ebusiness sector. The
sensors are used by the vehicle manufacturer oiotie supplier who has system
responsibility. The sensor supply chain can be geduat below three categories:

1. System suppliers with in-house sensor design amifaeturing capabilities
2. Semiconductor companies who also possess an auversensor business
3. Sensor companies who target the automotive market

The automotive sensor market has still-expandingrket characteristic
depending on high production volumes, high religbiend low cost. Existing
sensors will continue to find new application ar@osser, 2007).

3.1.1.2. Sensors & Their Applications

A simple vehicle includes over 30 electrical/elentc systems and more than
100 sensors. Although these are some sensor appiisavhich have used for one
specific technology like accelerometers and micgaoeeering. Microengineered
sensors (MEMS) have dominated the market with g@i@tions of inlet manifold
pressure sensor and airbag accelerometer. Pressugers have based on bulk and
surface micromachining techniques using reliabltetbprocesses and optimised thin

film material properties (Prosser, 2007).
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Figure 3.3 Airbag Accelerometer (Prosser, 2007)

The use of Hall Effect sensors and magnetoresistavices have impacted
the application of the traditional variable reluata sensors for speed/position
measurement, although there is a tradeoff betweguined functionality and cost.

The steering torque sensor which completes wiplosation sensor inside, is
developed for electrically power assisted steesggtems. Inductive and optical
technologies have used torque sensing technolotyiethe case of the optically-
based sensor, the electronic control unit procebsepattern of light transmitted for
determining both steering torque and position (§#02007).

L Fi i g &
LED A —-—/_/ /
Sensor A ISPl s
Ve - Ouatpn! shafl to

modne Sl rack

Figure 3.40Optical Torque and Position Sensor. (Prosser, 2007)

An inertial sensor module, which includes a yate rgensor and one or two
acceleration sensors, is used for vehicle stallitytrol systems. The yaw sensor is
used to measure vehicle rotation with a range d.%Ye acceleration sensor is used
to measure vehicle's longitudinal and lateral arediion with a range of +/-1.5 g.
(Prosser, 2007)
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Figure 3.5. Slip Control System ECU with Integrateekrtial Sensors (Prosser,
2007)

The other sensor application for vehicles is losgge radar sensor which is
used as part of cruise control systems. Radar séasocapability to scan at 77GHz
operating frequency and at 150 metres distanceicshcan be operated upper
speeds of 30 m/h by today's systems, but futuréesys will let us to operate

vehicles down to zero speed through the use ot sange radar.) (Prosser, 2007).

3.1.1.3. Future Sensor Opportunities

Future developmentt of safety systems will makeictel more smart. They
will recognize potentially dangerous situations gk support to the driver at pre-
determined level. Also, parking assistance systeith@dapt to vehicles as standard
equipment in the near future. Ultrasonic sensofsuse to measure the length and
depth of a parking space for steering the vehiafelg with the manoeuvres that are
required. Then the task will complete with a sowmdvisual instructions of driver
(Prosser, 2007).

Sensor development engineers will need to takegyless opinion for fitting
sensors functionally on vehicle. Electrical arctiitees will work on standardization
and supply same sensor output range between vebydtems. There will be
successful electronic integration when mechanigsiesns replace by electronically
controlled electrically actuated systems. Also thdk be effective to develop new

sensing technologies (Prosser, 2007).
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3.1.2. Automotive Applications for Temperature Sensrs

Temperature sensors have been commonplace inigtywaf automotive
applications, enabling the enhancement of autordixsstems. The ongoing trends
to improve the system’s performance and efficiesictee driver convenience, and
reduction of emissions continue to drive new terapge sensor applications. This
section will discuss the (EI-Awar, 1999).

Safety and envorinmental regulations have beeongér drivers for
temperature sensor applications. In addition todates by external forces, technical
advancements have had a great effect on the patlda of temperature sensors.
Also the needs of the customers have driven thé f@eelectronics and sensors
within the vehicle

There are a large number of technologies dedicatatie measurement of
temperature, from thermocouples, thermistors, sistance temperature detectors
(RTDs) to solid-state technology (Table 3.2).

Table 3.2. Most popular types of temperature tracsts and their compare
(Agilent, 2008)

Thermoeomple RTD Thermistor . G, Sensar
v :""h R R Vorl ¢
. " g
@ g g =
o £ £ S
=
» * +»7 = >
Temperature Temperature Temperature Temperature
Advaniages
= Salf-powered » Most stable + High output » Most linear
« Simpla « Most accurata « Fast « Highest output
* Rugged * More linear than * Twwa-ware ohms * |naxpensive
» [naxpensive thermacauple maasurement
* Wide variety of
physical forms
* Wite temperatura
range
Disadvaniages
& Man-Enear * Expansiva * Mon-linear TSP C
» Laowy woltage » Slow * Limited tempearatura » Pawver supply
* Raference raquirad & Currant souree Fangea racjuirad
« Lgaststable requirad = Fragile & Slow
® | sast sensitive * Small resistance * Current saurce # Sali-haating
changa raquined » Lirnitad
* Four-wire * Splf-heating configurations

measurement
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Existing Applications for Temperature Sensors:Temperature sensors provide a
key parameter to the electronic control module (ECk enable feedback of the
system’s current state of operation. The two systefithe vehicle that are primary
users of temperature sensors are the engine/paivenranagement system and the
HVAC system.

The most common applications for the automatic Véontrol are: outside
air temperature sensor, inside/cabin temperatursoseduct air temperature sensor.
The outside air temperature sensor controls thgaemture of the air external to the
vehicle. The sensor interfaces with the HVAC contmuit and/or display module to
enable automatic HVAC control or outside tempegatdisplay. The inside/cabin
temperature sensor provides the temperature witlenpassenger compartment of
the vehicle. Duct sensors of the HVAC air delivagstem are increasing due to
temperature zoning within the cabin and further H3/A&ontrol system strategy
refinements. These sensors further enhance thematite HVAC system by
providing additional measurement locations (EI-Awi99).

The engine/powertrain management system uses deruaf temperature
inputs to enhance the performance of the enginetraoemissions, and optimize
efficiency. (ElI-Awar, 1999). The most common apalions are the:

» Coolant temperature sensor

* Intake air temperature sensor

» Transmission oil temperature sensor

» Cylinder head temperature sensor
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ECT IAT
EGR Temperature

Sensor

Thermistor
Thermistor Thermistor

Figure 3.6. Temperature Sensor Types (Anonymou33)20

3.1.2.1. Engine Coolant Temperature (ECT) Sensor

The ECT is in a coolant passage just before tkentbstat. It responds to
change in Engine Coolant Temperature. The ECM $etra average temperature of
the engine, by measuring ECT. The ECT sensor ig meportant for many ECM
functions such as fuel injection, ignition timinggriable valve timing, transmission
shifting, etc Always check to see if the enginatperating temperature and that

the ECT is accurately reporting the temperatuth¢écECM (Anonymous, 2008).

ECia
)
- THW s A "’:l
E2 =
Voltage
E1 { Tesmps. |
Signal

A

ECT

Figure 3.7. ECT Circuit (Anonymous, 2008)
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3.1.2.2. Intake Air Temperature (IAT) Sensor

The IAT monitors the temperature of the incomimgséream. The IAT is
connected to the THA terminal on the ECM and iused for detecting ambient
temperature on a cold start and intake air temperathen the engine heats up the
incoming air (Anonymous, 2008).

3.1.2.3. Exhaust Gas Recirculation (EGR) Temperat@ Sensor
The EGR Temperature Sensor, measures the temqeddtine exhaust gases
is located in the EGR passage. The EGR Temp sessavnnected to the THG

terminal. When the EGR valve opens, temperatuneases. So, the ECM knows the

EGR valve is open and that exhaust gases are fip@@inonymous, 2008).

EGR Gas Temperzture Sensor

EGR: Valve —_—
e {
—— THG
l EGR Gas
|_| Tenmperature
Sensor
E%
\ -
\¥ : i _H
EGR Gas
Exhaust o
Manifeld Fig. 217

TEI A A 1A D

Figure 3.8. EGR Circuit (Anonymous, 2008)
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Figure 3.9. NTC Thermistor

3.1.3. Automotive Applications for Pressure Sensors

Automotive requirements for pressure measurenarge from the basic-oil
pressure-to sophisticated -air pressure differkatia side of the vehicle to the other.

This section elaborates on some kind of possdslifor the measurement of
the pressure that may exist in the developmengrédbry, or pilot phases of the
vehicle, to actual volume production. Table 3.8tslia number of potential pressure
measurements versus vehicle system and providesli@ation of the pressure range

and type of measurement (Frank, 1999).
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Table 3.3. Pressure sensing Requirements for Va@hicle systems (Frank, 1999)

Syitem Parameter Pressure range Type
Engine control Manifold absolute pressure 100 kPa Absolute
Turbo boost pressure 200 kPa Absolute
Barometric pressure (altitude) 100 kPa Absolute
EGR pressure 7.5 psi Gage
Fuel pressure 15 psi—450 kPa (13.5 MPa peak)  Gage
Fuel vapor pressure 15 in H,O Gage
Mass air flow - Differential
Combustion pressure 100 Bar (16.7 MPa peak) Differential
Exhaust gas pressure 100 kPa Giage
Secondary air pressure 100 kPa Gage
Elect transmission Transmission oil pressure 80 psi Gage
{continuously variable  Vacuum modulation 100 kPa Absolute
transmisgion)
[dle speed control AC clutch sensor/switch 300-500 psi Absolute®
Power steering pressure 500 psi Absolute*
Elect power stecring Hydraulic pressure 500 psi Absolute*
(also elect assisted)
Antiskid brakes/ Brake pressure 500 psi Absolute*
traction control Fluid level 12 in HyO Gage
Air bags Bag pressure 7.5 pai Gage
Suspension Pneumatic spring pressure 1 MPa Absolute*
Security/keyless entry Passenger compartment pressure 100 kPa Absolute
HVAC (climate controd ) Adr flow (PC) Compressor pressure 300500 psi Absolute®
Driver information Oil pressure 80 psi Gage
Fuel level 15 in H:O Gage
Ol level 15in H;O Gage
Coolant pressure 200 kPa Gage
Coolant level 24 in H;O Gage
Windshield washer level 12in H;O Gage
Transmission oil level 12in H,O Gage
Tire pressure 50 psi Gage/absolute
Battery fluid level 1-2 in below Optical
Memory seat Lumbar pressure 7.5 psi Gage

Multiplex/diagnostics

Multiple usage of sensors

3.1.3.1. Existing Applications for Pressure Sensors

A late twentieth century production vehicle maywéa number of pressure
for measurement. For example; atmospheric pressuarifold pressure, engine oil
pressure, tire pressure, vapor pressure in the faek and other pressure
measurements. Despite the difference of the lacatiod changing measures, the

operating principal are similar.

Ll Barometric Vapor Turbocharger
Absolute

Pressure Pressure Pressure
Pressure

Sensor Sensor Sensor
Sensor
Intake Atmospheric Evaporative Intake

Manifold P System Manifold

Pressure
Pressure Pressure Pressure

Figure 3.10. Applications for Pressure Sensors (d&nwus, 2008)
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3.1.3.2. Manifold Absolute Pressure (MAP)

In the Manifold Absolute Pressure (MAP) sensorréhes a silicon chip
mounted inside a reference chamber. On one sitleeathip is a reference pressure.
On the other side is the pressure to be measureel. silicon chip changes its
resistance with the changes in pressure. Wheniltbenschip flexes with the change
in pressure, the electrical resistance of the chignges. This change in resistance
alters the voltage signal and any change in théagel signal means there was a

change in pressure (Anonymous, 2008).

Nl L]
lnl=lnl

Intake Manifold Pressure Intake: Manifold Presaure
High Pressure
Wide Open Throttle Low Pressure Hdie riake Marifo'd Pressure

Figure 3.11. Manifold Absolute Pressure (Anonym@g€)8)

Intake manifold pressure is a directly relateeéngine load. The ECM needs
to know intake manifold pressure to calculate howcimfuel to inject, when to ignite
the cylinder, and other functions. The MAP sensolotated either directly on the
intake manifold or it is mounted high in the engooenpartment and connected to the
intake manifold with vacuum hose. It is criticabtilacuum hose not have any kinks
for proper operation (Anonymous, 2008).

The MAP sensor uses a perfect vacuum as a reteprassure. The difference
in pressure between the vacuum pressure and intakéfold pressure changes the
voltage signal. The MAP sensor converts the intakmifold pressure into a voltage

signal (Anonymous, 2008).
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V . . .
V) As intake manifold pressure rises, the

voltage signal increases.

Qutput Voltage (Pim)

20 60 100 kPa (abs)
(760, 29.9) (610, 24.0) (310, 12.2) (10,0.4)

IDLE WOT
Intake Manifold Pressure

{mmHg, inHg [vacuum])

Figure 3.12. MAP voltage signal (Anonymous, 2008)

The MAP sensor voltage signal is highest whenketaanifold pressure is
highest (ignition key ON, engine off or when theottle is suddenly opened). The
MAP sensor voltage signal is lowest when intake ifolth pressure is lowest on
deceleration with throttle closed (Anonymous, 2008)

i J MAP ECM
MAP Sensor Circuit Sensor

The ECM measures this voltage signal at I
the PIM terminal. This sensor receives 5
Volts from the ECM on the VC (or VCC)
line. The ground for the sensor is
through a ground wire to the

ECM (usually terminal E2).

The PIM signal will be 5 Volts if the PIM C
wire is disconnected. =

Figure 3.13. MAP sensor Circuit (Anonymous, 2008)

3.1.3.3. Barometric Pressure Sensor

The Barometric Pressure Sensor, sometimes calledHigh Altitude

Compensator (HAC), measures the atmospheric pees@tmospheric pressure
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varies with weather and altitude. This sensor dpsrthe same as the MAP sensor
except that it measures atmospheric pressureloitased inside the ECM.

Silicon Chi
: Vacuum Chamber

3
V;i/:f ARl

Atmospheric Pressure Atmospheric Pressure
At Sea Level At High Altitude

Figure 3.14. Barometric Pressure Sensor (Anonynmz(g)

3.1.3.4. Turbocharging Pressure Sensor

The turbocharging pressure sensor operates idéntio the MAP sensor and
is used to measure intake manifold pressure. Thediiference is that when there is
boost pressure, the voltage signal goes higher ¢dimaa naturally aspirated engine
(Anonymous, 2008).

o
|

Cutpul Voltage

Callow
0 | | o
13 100 200 kPa
1100.3.9} 1750, 20.5; (1500, 59.1) mmHg, in.Hg
Turbocharging Pressure [Abacite Pressre)

Figure 3.15. Turbocharging pressure sensor outgtage (Anonymous, 2008)
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3.1.3.5. Vapor Pressure Sensor

The Vapor Pressure Sensor (VPS), measures ther yapssure in the
evaporative emission control system and it maydeated on the fuel tank or in a
remote control. This sensor uses a silicon chipntemlinside a reference chamber.
On one side of the chip is a calibrated referen@sgure. On the other side is
thevapor pressure to be measured Changes in vagssupe cause the chip to flex
and vary the voltage signal to the ECM. The signal depends on the difference
between atmospheric pressure and vapor pressurgaps pressure increases the
voltage signal increases. This sensor is sendiiweery small pressure changes (1.0
psi = 51.7 mmHg).(Anonymous, 2008).

Vapor Pressure Sensor (Type B)
Vapor Pressure Sensor (Type A)

Vacuum Hose
Vapor Pressure

Connector

Reference Chamber
Vacume Hose

Fuel Hose

Vapor Pressure

Figure 3.16. Vapor Pressure Sensor (Anonymous,)2008
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Atmospheric Pressure

' Diaphragm

Silicon Chip Reference
( \ Chamber
Vapor Pressure
s 5y
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3
> .
= 92 b Atmospheric Pressure
3
5 1 F
o]
0 i 1
-3.5 0 +15 kPa
(-26) 0) (+11) (mmHg)

Pressure

Figure 3.17. Vapor Pressure Sensor voltage oufpudr(ymous, 2008)

3.1.3.6. Engine and Transmission Oil Pressure

Oil pressure on automobiles and construction nmeshhas traditionally been
measured by deflection of a rubber diaphragm wtoldses a set of contacts
(switches) providing a lamp indication with low ojpressure of moves a

potentiometer to provide analog signal for a gagartk, 1999).

Figure 3.18. Engine Oil Pressure Sensor and Gauge

Transmission pressure is required as an inpub4€ontrolled transmission

shift points. This pressure can be measured witisa@s similar to those developed
for engine oil pressure.
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3.1.3.7. Tire Pressure

The continuous monitoring of tire pressure offergeased fuel economy and
safety to passenger cars or construction machibeglerinflated tires create
excessive rolling friction and therefore devreadmdl economy. Available tire
pressure system consist of a tire pressure sens@witch) at each wheel, wheel
speed and indicator, temperature sensor, a radoguéncy transmitter, electronic
receiver/controller, and a display unit. The dasttiadisplay provides an indication
to the driver that the tires are improperly infthtelire pressure increases with
temperature approximately 1.5 psi for 10 °C of éiirtemperature rise, so the system
must provide correction for this effect. Aburptrieases in temperature and pressure
can be sensed by these system and provide a wadfirgminent tire failure

providing an additional safety factor (Frank, 1999)

3.1.3.8. Other Pressure Measurements

Special construction machines truck measuremermguine pressure
measurements that are quite different from thosedeman passenger cars.
Accumulator-type fuel injection systems for dir@gection diesel engines have fuel
pressurized to 20 to 100 MPa in the accumulatombyigh-pressure pump. The
accumulator pressure is monitored in this apprdacheduce particulates. Direct
injection in spark ignition engines will extend sleehigher pres sures into passenger
cars. Another method to reduce diesel particulatdéiges a ceramic fiber as a filter
in a canister. A pressure sensor monitors the yaskpre and allows the full filter to
be regenerated by burning off the accumulated quaaties in the filter. A heater
element in the trap has power supplied from the greswitching module. A
temperature approaching 1300 °F (700 °C) is reaamgde the filter cartridge to
incinerate the particles. Lumbar support systenigzeita pressurized system with a
pressure sensor (<=7.5 psig) as the feedback etecoatrolling the air pump to
provide additional support to the driver's lowerckan luxury vehicles. Pressure-

sensitive grids have been used in the developnreceps to automatically measure
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up to 3600 contact points for visual display andghedistribution analyises (Frank,

1999).

3.1.3.9. Pressure Sensing Technology

There are two basic categories of analog pressemeors-orce Collector

Types These types of electronic pressure sensors ggnersg a force collector

(such a diaphragm, piston, bourdon tube, or be)ldwseasure strain (or deflection)

due to applied force (pressure) over an area (Amauyg, 2010Db).

Piezoresistive Strain Gage; Uses the piezoresisfieet of bonded or formed
strain gages to detect strain due to applied presstommon technology
types are Silicon (Monocrystalline), Polysilicon ifhFilm, Bonded Metal
Foil, Thick Film, and Sputtered Thin Film. Geneyalthe strain gauges are
connected to form a Wheatstone bridge circuit taimee the output of the
sensor. This is the most commonly employed serisicignology for general
purpose pressure measurement. Generally, theseotegies are suited to
measure absolute, gauge, vacuum, and differenmabkpres.

Capacitive; Uses a diaphragm and pressure cavitgréate a variable
capacitor to detect strain due to applied presstommon technologies use
metal, ceramic, and silicon diaphragms. Generdhgse technologies are
most applied to low pressures (Absolute, Differalirdind Gauge)
Electromagnetic; Measures the displacement of ahdegm by means of
changes in inductance (reluctance), LVDT, Hall Efffeor by eddy current
principal.

Piezoelectric; Uses the piezoelectric effect irtasermaterials such as quartz
to measure the strain upon the sensing mechanigmtalypressure. This
technology is commonly employed for the measurenoéritighly dynamic
pressures.

Optical; Uses the physical change of an opticatrfitn detect strain due to

applied pressure. A common example of this typdéizes Fiber Bragg
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Gratings. This technology is employed in challeggapplications where the
measurement may be highly remote, under high tesyoe;, or may benefit
from technologies inherently immune to electromaignaterference.

Potentiometric; Uses the motion of a wiper alongesistive mechanism to

detect the strain caused by applied pressure.

Other Types These types of electronic pressure sensors U ptoperties (such

as density) to infer pressure of a gas, or lig@idonymous, 2010b).

Resonant Uses the changes in resonant frequency in arggnséchanism to
measure stress, or changes in gas density, caysadpbed pressure. This
technology may be used in conjunction with a fatolector, such as those
in the category above. Alternatively, resonant tetbgy may be employed
by expose the resonating element itself to the aeadhereby the resonant
frequency is dependent upon the density of the aneBensors have been
made out of vibrating wire, vibrating cylinders,agtz, and silicon MEMS.
Generally, this technology is considered to prowdey stable readings over
time.

Thermal; Uses the changes in thermal conductivity of a dyzes to density
changes to measure pressure. A common examplasofyfie is the Pirani
gauge.

lonization; Measures the flow of charged gas particles (iamsich varies
due to density changes to measure pressure. Coraranples are the Hot
and Cold Cathode gages.
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3.1.4. Air Flow Sensors

3.1.4.1. Mass Air Flow (MAF) Sensors

The MAF sensor adjusts incoming air volume inte &mgine into a voltage
signal for calculating engine load. This is impattéo determine how much fuel to
inject at time of cylinder ignition and transmissishifting. The air flow sensor is
mounted in the intake air stream for measuring nmog air easily. There are
different different type of MAss Air Flow sensoms industry applications. More

commons are Vane air flow meter and Karmen Vorieflav meter (Anonymous,

2008).
Air
Cleaner %

Air
Flow
Sensor

Throttle
Body

p

intake
Air
Chamber

p

Intake
Manifold

F

Cylinders

Figure 3.19. Air Flow Sensor (Anonymous, 2008)

Thermistor, platinum hot wire and electronic cohtircuit are main parts of
MAF sensor. The thermistor measures air flow temjpee with hot wire which is
maintained a constant temperature by the electromndrol circuit. The electronic
control circuit gives a voltage signal when measuhe current flow (Anonymous,
2008).

Hot Wire MAF Sensor

p—» Output Voltage

Thermistor

Figure 3.20. Hot Wire MAF Sensor (Anonymous, 2008)
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3.1.4.2. Vane Air Flow Meter

The ECM is provided by the Vane Air Flow Meter lwdn accurate measure
of the load placed for calculating basic injectauration and basic ignition advance
angle. It occurs from below components:

* Measuring Plate.

» Compensation Plate.

* Return Spring.

* Potentiometer.

» Bypass Air Passage.

« Idle Adjusting Screw (factory adjusted).

* Fuel Pump Switch.

* Intake Air Temperature (IAT) Sensor.

Slider

Return Spring

To Air Intake
Chamber via
' Throttle Valve
Intake Air
Temperature
(IAT) Sensor Idle Mixture

Adjusting Screw

By-Pass Passage

From Air Cleaner ‘ '
Measuring Plate

Figure 3.21. Vane Air Flow Meter (Anonymous, 2008)

3.1.4.3. Karmen Vortex Air Flow Meter

It supplies the same type of data with Vane Aowmeter. It consists of the

following components:
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* Vortex Generator.
* Mirror (metal foil).

» Photo Coupler (LED and photo transistor).

Karmen Vortex
Air Flow Meter Photocoupler

To
Intake
o Chamber

Uses a moveable mirror
and phototransistor to
measure intake air flow.
This type of meter
operates without
restricting air flow.

Intake Air
Temperature

From Air Cleaner Sensor

Fig. 2-46

Pressure Directing Hole

Figure 3.22. Karmen Vortex Air Flow Meter (Anonyns2008)

3.1.5. Position / Speed Sensor

The ECM takes data concerning the position of campg the speed of
component and the change in speed of componentdosition/speed sensors.

The following sensors provide this data:

» Camshaft Position Sensor (also called G sensor).

» Crankshaft Position Sensor (also called NE sensor).

* Vehicle Speed Sensor.
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Position/Speed
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Figure 3.23. Position/Speed Sensors (Anonymous3)200

3.1.5.1. Pick-Up Caoil (Variable Reluctance) Type $sors

This sensor is used for generating camshafts spegtisan AC signal
according to frequency increases. Also it can bedu®r V-type engines with
variable timing. On distributor ignition systenisig called as G sensor (Anonymous,

2008).

-y
Speed Sensor
Rotor ‘Ll ot | Magnet T T,

‘ig) e . -_J;L,-——Magnet

ECM

el Pick-up Coil
+V Low Speed (Variable Reluctance) Sensor

Rotor speed determines the signal
frequiency. The faster the rotor revolves
the higher the frequency.

Figure 3.24. Pick-up Coil Sensor (Anonymous, 2008)
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3.1.5.2. Camshaft Position Sensor (G Sensor)

The camshaft position sensor is a magnetic ordftdct sensor, this sensor
reads information about the engine, camshafts aeéd It sends a signal to the
computer relaying information about shaft speedsitmm and acceleration or
deceleration. The function of the camshaft positsamsor is important for the
vehicle to run at its best, and maintaining a highel of performance and fuel

economy (Anonymous, 2008).

Camshaft Position Sensor

Timing Rotor

Camshaft Position Sensor

Figure 3.25. Camshaft Position Sensor (Anonymo083®

3.1.5.3. Crankshaft Position Sensor (NE Sensor)
The crankshaft position signal, which combineshwihe G signal for

displaying the compression on cylinder, is usedEM to determine engine RPM,

crankshaft position and engine misfire from itsgreonming.
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Timing Rotor

Crankshaft Position Sensor

Engine Front
e Oil Pump Body

Figure 3.26. Camshaft Position Sensor (Anonymod@g8p

3.1.5.4. Vehicle Speed Sensor (VSS)

The Vehicle Speed Sensor VSS signal, which occursm

transmission/transaxle output speed or wheel spgedsed by ECM to modify

engine functions and begin diagnostic routines (Amaoous, 2008).

V5SS Mounted in Transaxle

4 - Pulse 4 - Pulae

Speed _H_n_n_n_ _ﬂ_ﬂ_ﬂﬂ_
[ 3

Caombination
DBty

Figure 3.27. Vss mounted in transaxle (AnonymoQ0882
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V5SS Mounted in Transmission

Speed Sensor

Figure 3.28. Vehicle Speed Sensor mounted in treassom (Anonymous, 2008)

3.1.6. Knock Sensors

The knock sensor is used for measuring enginekkndich occurs within a

specific frequency range.It sends a signal to EGMbntrolling timing.

The knock sensor is mounted on engine block, dglinhead or intake

manifold.

There is a piezoelectric element inside the knseksor which generate a

voltage when vibration is applied to them.The pedeotric element is adjusted

according to engine knock frequency (Anonymous 8200

(o)

D__.—___

Knock Sensor

To ECM

Figure 3.29. Knock Sensor Location (Anonymous, 2008
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3.1.7. MEMS Sensor

Microelectromechanical systems (MEMS) are smalégrated devices or
systems that combine electrical and mechanical coepts. They range in size from
the sub micrometer (or sub micron) level to thdiméter level, and there can be any
number, from a few to millions, in a particular ®&m. MEMS extend the fabrication
techniques developed for the integrated circuiugid/ to add mechanical elements

such as beams, gears, diaphragms, and springsitesle

. P . Cenftral
Outside — b&g:;‘-ﬂf Processing Unit
World ~y—— sl

or
Actuator :
Microprocessor

GDH’HT'I'.J! nGatian
Intarface

Power Supply

Figure 3.30. Components of MEMS (Castro, 2005)

Examples of MEMS device applications include imganter cartridges,
accelerometers, miniature robots, microengines, ksloc inertial sensors,
microtransmissions, micromirrors, micro actuataptical scanners, fluid pumps,
transducers, and chemical, pressure and flow sen¥ew applications are emerging
as the existing technology is applied to the miriaation and integration of
conventional devices. These systems can sensepkoamd activate mechanical
processes on the micro scale, and function indallguor in arrays to generate
effects on the macro scale. The micro fabricatErhbology enables fabrication of
large amount of devices, These devices can accsmmomplicated functions.
MEMS are not about any one application or device,are they defined by a single

fabrication process or limited to a few materidlsey are a fabrication approach that
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conveys the advantages of miniaturization, multiplgomponents, and
microelectronics to the design and constructionindégrated electromechanical
systems (Vittorio, 2001).

Making cars cleaner and safer, not to mention noorafortable, has long
been an attractive proposition for MEMS sensorgpbers. Today’s vehicles have
100 different sensors, about 30 of which are MEM®se sensors measure high and
low g acceleration, turn rate and dead reckonimgsgure and flow in engine
management and chassis control applications. kiotin sensors are also used for
parking brakes and theft alarms vehicle dynamicgroh and navigation; networked
accelerometers for airbag deployment; and tire gumes monitoring, and infrared

sensors offer night vision and regulate AC systébison, 2008).

Fuel Injector GPS and Inertial Accelerometer for
Silicon Nozzlesfor PressureSensor  Navigation System  Airbag Deployment
Fuel Injection " = ==
jem_ . = - — _ Microphones for
- ' \ N\, Noise Cancellation

Air Conditioning
Pressure Sensor

Mass Air Flow % o
Pressure Sensor : 5’ ) Exhaust Gas
\ Sensor
Accelerometer for _ Corrosion
Suspension Control Sensor

Brake Pressure 7 Tire Pressure
Sensor and Control Sensors

Figure 3.31. Automotive applications of Mems (CasB005 )
These applications exemplify trends for the futureluding multi-sensor

clusters with wireline communication to a centr&UE and wireless microsystems
(Monk, 2002).
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Figure 3.32. MEMS 3 axis accelerometers (Fijutsi(B0

Acceleration: Acceleration measurement is used for airbag, actiuspension
systems, ride control systems and antilock brakesiis. Airbag activation control is
the most important application between them. Airlsggtems are connected with
crash sensors for providing a trigger signal overedectronic control unit that
inflates the bag if a crash occurs. The crash ssrae positioned at differen points
of the vehicle. It is important to see differenclestween crash sensors and
accelerometers according to their utilization. Bibiaccelerometers are more
sensitive when their output is active for upperitifevel of acceleration (Canteli,
2005).

Airbag Control Unit with

e integrated roll rate sensor

® combined low-g-sensor
in y- & z-direction

Figure 3.33. Modern airbag with rollover detectiafso rely on MEMS inertial
sensors (gyroscopes and low-g accelerometers) KEREG@S )
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3.1.8. Other Sensors

There are other sensor technologies for automapications which are
limited in classical, electric cars or constructroachines ;

1- Headlamp Leveling Control / Interior Lighting Cools / Infotainment
Controls / Instrument Panel Dimming Controls / Ti@t Control / HVAC
Controls / Airbag enable-disable / Tachograph M&gtch / Navigation
System Function Select

2- Mirror Memory

3- Door Position Sensor

4- Seat:

» Seat heating control

* Recliner position sensor

e Head restraint position sensor

e Lumbar position sensor

e Seat memory position sensor (linear& rotary

5- Headlamp Leveling Sensor / Adaptive Front lighting

6- HVAC Air Flap Position Sensor

7- Steering Angle Position Sensor / Windshield Wipetdy Control

8- Gear Select Position Sensor

9- Window Position Sensor

10-Pedal Position Sensor

11-Suspension & Chassis Height

12-Throttle Position / Air-intake Valve

13-Swirl System / EGR

14-Liquid Level Sensor

15-Power Sunroof Control / Convertible Hood Control

16-Rear-view Mirror Actuator Feedback Sensor

17-Anti-collision Radar

18-Anti-pinch Sensor / Aided Parking
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Figure 3.34. Automotive Sensors (Anonymous, 2009)

3.1.9. The Global Positioning System

The Global Positioning System (GPS) is a basitesyso find ,search or
locate human or devices. With this system correickintify where it has been, is,
and will be. The result of this struggle was toibdguilding maps. The earliest maps
were simple mental pictures of the terrain arourgt@up’s camp or hunting area.
The first maps produced date to more than 5,006syago, and are found on clay
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tablets from the middle east. The Greeks and Rorbegan surveying for roads and
new settlements using methods that differed litgeo last century (Tennant, 2009).

Then, in the 18th century, the French began usiaggulation to create maps
of their country. Later, this was combined witHatration to map entire continents
and was referenced to stars. These maps were loftaireds of meters off even for
the most painstaking surveys conducted (Tennaf9)20

These problems of using line of sight surveyinghteques were first
addressed during and after WWII. The idea of usatdjo waves to locate and track
ships was introduced in an attempt to coordinateefo during the war effort. This
gave birth to the precursors of GPS, the OMEGA BGIWIRAN systems, each of
which had major problems. The main problem was ¢a@h of these systems were
ground base, and to be used successfully, one aetidect line of sight with a
transmitter (OMEGA does provide global coverage tth low accuracy and
LORAN has accuracy of 450m but only covers 10%hefglanet) (Tennant, 2009).

The next step was to take the above ideas intoesgée first space based
navigation system was called TRANSIT, it is stilluse today. However, this system
used Doppler shift to calculate position, and aacyrwas only attainable if the
receiver sat in one position for a couple of hoargj thus was only good for large-
scale navigation (Tennant, 2009).

TRANSIT had some majors problems that GPS wasifsgmly designed to
overcome. These included the large gaps in covetiage due to TRANSIT only
having 6 satellites in near circular polar orbigich meant only a few minutes of
coverage for every 90 minutes. Also, this earligstam did not give accurate
measurements when the receiver only sat still féeva minutes, it needed much
longer to calculate positions (Tennant, 2009).

Today, GPS is a fully functioning worldwide systesed for everything from
real-time navigation to mapping your hometown! Talier appreciate the time and
resources that built this system, let’s take a labthe specifications.

Actually, today’s GPS system grew out of two USlitamy projects run
during the 1970s. These resulted in the first germr of satellites being launched
during the late 70s. The 1980s saw another wagatellites being built and the US
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government guaranteeing the ability of civilian udde system reached Initial
Operation Capability (IOC) in 1993 with 24 first rgration (Block 1) satellites
deployed, and in 1995 reached Full Operation CéipalfFOC) with 24 second
generation (Block 11) satellites deployed.

GPS is:

» A space based positioning system used for naviggatiacking and

mapping

« It is designed and maintained by the US Military

* Truly global in scope

 Available every hour of every day all year longdas cheap to use!

Now that we have a basic idea of what GPS is,valmg it was developed,
let’s look at how it actually works. Basically, wirere the actual components (human

and machine) that allow this amazing utility towloat it doegTennant, 2009).

3.1.9.1. The Science of GPS

GPS gives us, a unique set of coordinates for iat g location. These
coordinates are usually referred to as GPS addgesEhat means, for any point on
the planet have a unique address, or a uniquefsaiondinates for locating. The
possibilities are endless! GPS developed 5 basts,ghese are

1. Receiver uses triangulation based on signals fluensatellites to figure
positions.

2. To do this, the GPS calculates the distance fraiellgas by measuring
travel time of a radio message.

3. To measure the travel time, the satellites use iatalacks to accurately
measure time.

4. Then, the travel time is used to calculate distafnoen the receiver,
which gives the satellites position in space.

5. Techniques to compensate for time delay while rasignal travels

through the atmosphere.
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Figure 3.35. How GPS works (Tennant, 2009)
3.1.9.2. Satellite Ranging

The basic idea behind GPS is to measure our distéiom a group of
satellites in space, this is accomplished by simpdasuring the amount of time that
it takes for a radio signal to reach us. Theresarable complications in this system
to work out, mainly compensating for errors causgdravel of the signals through
the atmosphere, but we will explore this later. ®e, know that we are 10,000km
from a satellite. That means that we are somewberthe surface of an imaginary
sphere with a diameter of 10,000km surrounding gatellite. Now the receiver
figures its distance from another satellite, are réssulting sphere will form a circle
where it intersects the other sphere. We can dowith a third circle and it will
narrow down the number of intersections to two f®inThese two points are
technically all we need to know to accurately fggaur place on the surface of the
planet as only one of the points will be on thefae while the other point will be
either out in space or outside of our current nedre-set into the GPS unit when it

Is initialized). However, most receivers will jusse the point formed from a forth
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intersecting sphere to give us one point, and gingenometry tells us that we need
four ranges to unambiguously locate ourselves rieetlilimensions, it is best to take
eadings with at least that many satellites. Thalfsthe receiver uses satellites as
reference points for triangulating position. Now wan examine some of the

problems that make this easy to understand praoess complicated in the real

world (Tennant, 2009).

two satellites provide an oval three satellites provide two four satellites provide a
of possible locations possible locations single location

Figure 3.36. Satellites locations (Tennant, 2009)

3.1.9.3. Measuring Distance to a Satellite

However, when using this equation for calculattchgtance from satellites,
two main considerations must be taken into accoS8pecifically, very accurate
clocks must be used and a way to compensate fatish@rtion caused by the radio
signals traveling through the atmosphere needs tddressed (Tennant, 2009).

First, the problem of accurate clocks has beewesoby the advent of other
technologies (like your quartz wristwatch). The nsig from a satellite directly
overhead will reach a receiver in about 6/100tha sécond, and most GPS receivers
available are able to measure time very accurafefien to a nanosecond, or
.000000001 of a second). However, this still does@mpletely eliminate the
possibilities of error. After all, if the satellignd receiver were out of sync by only
1/10th of a second, our distance measurement wbaldoff by nearly 3,000

kilometers. The clocks on the satellites are indilgdaccurate, each satellite has four

55



3. MATERIAL AND METHODS Ersen PESEN

$100,000 atomic clocks onboard. Unfortunately, fhats the availability of having
an atomic clock in our handheld units a little oftitnost people’s reach.

There is a solution to the problem, and this i€mwhrigonometry comes in.
When we add a forth satellite, using a set of sempyonometric equation (which is
referred to as four equations to solve four vaaapWill eliminate any possible clock
error that occurs, and each receiver that we useta equation hardwired into it
(Tennant, 2009).

In addition to measuring the distance accuratet/need to know where the
satellite was when it sent the signal. This is aggeshed by a complicated
“pseudorandom” code that is generated by both ¢keiver and satellites. It is the
same idea as if you stood at one end of a fieldsain@nd stood at the other end, and
then you both started counting. When you said &firgou might only then hear
your friend say “one.” This way, you could tell hdeng ago the number was said
(or in the case of GPS, the signal left the s&@)liand use that time-stamp to
calculate the time difference, and use that toutale the exact position. This is
combined with another code that is constantly nowed by the US Department of
Defense which has true location information encaddealit (Tennant, 2009).

The idea is simple, but the implementation of ¢héeeories is a bit complex.
However, they have been well thought out, makingSGPwonderfully accurate

utility for us to use in measuring distance (i.eints on the Earth’s surface).

3.1.9.4. Atmospheric Disturbances to the Signals

The radio signals that are transmitted by thellgate are not extremely
powerful, for instance, they cannot penetrate lngjsl like FM signals. Also, the
waves slow down ever so slightly when they passutin the atmosphere, which
means that our distance equation (time x velocitgistance) may not accurately
reveal the true distance (Tennant, 2009).

Now, we could try to predict the average delayseauby the changing
atmosphere, but each day is obviously not averéige.other way is to use a very

sophisticated GPS unit that can compare the sigrais two satellites to calculate
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the variation caused by the upper atmosphere ¢th@sphere), and some of the units
tha twe use may very well have this capability (Tamt, 2009).

The resulting variation caused when the signakgmgshrough weather is
harder to correct, but it usually causes less 2hatmeters of error. That amount of
error is fine for mapping large areas (where igyaat) or general points (where is a
car park). However, this amount of error is un$ati®ry for many types of data

collection, and can be corrected using Differer@iatrection (Tennant, 2009).

3.1.9.5. Angles Matter

Another aspect of the GPS system that can causes as the angles of the
satellites in relation to the horizon. The lowee thingle, the more atmosphere the
signal has to travel through, and the greater tra ereated. Telling the GPS unit to
only use signals from satellites above a certagieafusually 15 degrees or more)
above the horizon is the normal method of compergsé#br this type of error. At the
same time increasing this limit to narrow the scopeisible is also detrimental. It is
better to use a wider array of satellites then @omaer cluster. The narrower the
array of satellites used results in the signalgelrag closer to parallel to each other
rather than skewed. Intersecting skewed lines eseatpoint, while parallel lines

create an ambiguous area (Tennant, 2009).

3.1.9.6. GPS Segments

GPS has 3 parts: the space segment, the user rsegamel the control

segment.
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Figure 3.37. GPS consists of three major segmehts:space segment, the user
segment, and the control segment. (The Aerospageo@tion, 1997)

The Control Segment is that part of GPS that augd based and monitors
the satellites. It was constructed and is mainthlmethe US Department of Defense.
It monitors the change in the satellites orbitsh@peris) and transmits signals to
correct for it. There is one master control bas€atorado Springs, Colorado, USA,
and four monitoring stations located on the Paddicean islands of Ascension
Island, Diego Garcia, Kwajalein and Hawaii. An dgigial monitoring station is
located in Cape Canaveral, Florida (Tennant, 2009).

The Space Segment is compo sed of the 24 satdlhige orbit the planet at 55
degrees across the equator twice a day. The sadeflre called NAVSTAR, were
constructed by Rockwell International, have thrisster course correction
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Figure 3.38. The 24-satellite constellation orldiisO00 nautical miles above Earth.
Each satellite completes its orbit every 12 holufke( Aerospace
Corporation, 1997)

The final segment is the User Segment, that'sAgtlially, its us and the US
military. The fact that this system was designednfditary applications has serious
affects on its use. In the beginning, the US mijitatroduced an artificial error into
the signals, and this selective availability cotlitbw measurements off by as much
as 70 meters. However, this selective availabilis turned off in 2000, and is only
briefly turned on now when the US goes to war. €uily, the plan is to have
selective availability turned off completely by Z(0rennant, 2009).

One trip around the Earth in space equals one.drbe GPS satellites each
take 12 hours to orbit the Earth. Each satellitegsipped with an accurate clock to
let it broadcast signals coupled with a preciseetimessage. The ground unit
receives the satellite signal, which travels atgpeed of light. Even at this speed, the
signal takes a measurable amount of time to rebehréceiver. The difference
between the time the signal is sent and the tinserdceived, multiplied by the speed
of light, enables the receiver to calculate thdatise to the satellite. To measure
precise latitude, longitude, and altitude, the inemremeasures the time it took for the
signals from four separate satellites to get to tkeeiver (The Aerospace
Corporation, 1997).
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3.1.10. General Packet Radio Service (GPRS)

GPRS (General Packet Radio Service) is a packstdo@ommunication

service for mobile devices that allows data to d&et &nd received across a mobile

telephone network. GPRS is a step towards 3G araftesn referred to as 2.5G.
(MorganDoyle Limited, 2004) Here are some key biénef GPRS.:

Speed ;GPRS is packet switched. Higher connection speedattainable at
around 56-118 kbps, a vast improvement on cireuiched networks of 9.6
kbps. By combining standard GSM time slots theoaétspeeds of 171.2
kbps are attainable. However in the very short (apeeds of 20-50 kbps are
more realistic.

Always on connectivity; GPRS is an always-on service. There is no need to
dial up like you have to on a home PC for instafites feature is not unique
to GPRS but is an important standard that will nald be a key feature for
migration to 3G. It makes services instantaneoasgajlable to a device.

New and Better applications ;Due to its high-speed connection and always-
on connectivity GPRS enables full Internet appilaa and services such as
video conferencing straight to your desktop or rebevice. Users are able
to explore the Internet or their own corporate roeks more efficiently than
they could when using GSM. There is often no needetevelop existing
applications.

GSM operator Costs ; GSM network providers do not have to start from
scratch to deploy GPRS. GPRS is an upgrade toxikgng network that sits
along side the GSM network. This makes it easieteqploy, there is little or
no downtime of the existing GSM network whilst iraplentation takes
place, most updates are software so they can benmtiened remotely and it
allows GSM providers to add value to their busiresslatively small costs.
The GSM network still provides voice and the GPR8mork handles data,
because of this voice and data can be sent andedca the same time.
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3.1.10.1. Simple GPRS Technical Overview
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Figure 3.39. GPRS Architectural Components (Morgayi® Limited, 2004)

As mentioned earlier GPRS is not a completely sg¢panetwork to GSM.
Many of the devices such as the base transceiagors$ and base transceiver station
controllers are still used. Often devices needeajpgraded be it software, hardware
or both. When deploying GPRS many of the softwainges can be made remotely.
There are however two new functional elements wiplely a major role in how
GPRS works. The Serving GPRS Support Node (SGSH)tlam Gateway GPRS
support node (GGSN). These 2 nodes are new toetiweork with the other changes
being small if any. Before explaining what theseefv members of our network do it
is important to ask how does the network differsietibetween GSM (circuit) and
GPRS (packet)? In simple terms there are in prattwo different networks working
in parallel, GSM and GPRS. In any GSM network theilebe several BSC'’s (Base
Station Controllers). When implementing GPRS avearfé and hardware upgrade of
this unit is required. The hardware upgrade cosigsibtadding a Packet Control Unit
(PCU). This extra piece of hardware differentiatieda destined for the standard
GSM network or Circuit Switched Data and data daestifor the GPRS network or
Packet Switched Data. In some cases a PCU can deparate entity. From the
upgraded BSC there is a fast frame relay connedhah connects directly to the
newly introduced SGSN (MorganDoyle Limited, 2004).
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3.1.10.1.(1). SGSN

The Serving GPRS Support Node, or SGSN for shiakies care of some
important tasks, including routing, handover andatliress assignment. The SGSN
has a logical connection to the GPRS device. Aexample, if you where in a car
travelling up the M1 on a long journey and werewsimg the Internet on a GPRS
device, you will pass through many different celme job of the SGSN is to make
sure the connection is not interrupted as you nyake journey passing from cell to
cell. The SGSN works out which BSC to “route” yamannection through. If the user
moves into a segment of the network that is manduyed different SGSN it will
perform a handoff of to the new SGSN, this is dexgemely quickly and generally
the user will not notice this has happened. Anykptthat are lost during this
process are retransmitted. The SGSN converts mdhatke into IP and is connected
to the GGSN via a tunnelling protocol (Morgan Dollmited, 2004).

3.1.10.1.(2). GGSN

The Gateway GPRS Support Node is the “last portadf’ in the GPRS
network before a connection between an ISP or catpaetwork’s router occurs.
The GGSN is basically a gateway, router and firewalled into one. It also
confirms user details with RADIUS servers for ségumwhich are usually situated in
the IP network and outside of the GPRS network (Moboyle Limited, 2004).

3.1.10.1.(3). Connectivity Between the SGSN & GGSN

The connection between the two GPRS Support Naslemade with a
protocol called GPRS Tunnelling Protocol (GTP). GSi® on top of TCP/IP and is
also responsible for the collection of mediatiord dilling information. GPRS is
billed on per megabyte basis unlike GSM. In practie two GSN devices may be a
single unit (MorganDoyle Limited, 2004).
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3.1.10.1.(4). HLR

The HLR or Home Location Register is a databasg ¢bntains subscriber
information, when a device connects to the netwiréir MSISDN number is
associated with services, account status informapoeferences and sometimes IP
addresses (MorganDoyle Limited, 2004).

3.1.10.2. IP Addressing
3.1.10.2.(1). Allocating Addresses
There are 3 different ways in which a device cam$signed an IP address.
1. The fist means of addressing is Fixed IP address$tnged IP ddresses for

mobile devices are not widely used due to shortamfe$pv4 addresses
(Figure 3.40). This information is stored in theRIL
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Figure 3.40. Fixed IP addressing (MorganDoyle L&djt2004)

2. The second means of addressing is dynamic addgesshs is where a
mobile device does not have its own IP addresgdtiorthe HLR. Instead the
IP address is assigned to the GGSN domain.

3. The third method is also a type of dynamic IP askireg in which the IP
address isassigned by RADIUS servers normally teitbanside an IP
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network outside the mobile network, an examplehef being when you dial
up to an ISP from your home PC.
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Figure 3.41. Dynamic IP addressing (MorganDoyleiteoh 2004)

3.1.10.2.(2). How Does the SGSN Know Which GGSN forect You To?

A mobile device is programmed with one or more é@sscPoint Names which
are commonly referred to as the APN’s. An APN csissof a fully qualified DNS
name e.g. ersenpesen.info. When a GPRS device watdtk to ersenpesen.info’s
network, the SGSN does a DNS lookup and resohes@me to the correct GGSN.
You could have multiple APN’s programmed into ygone so you are not limited

to a single service or GGSN (MorganDoyle Limite@02).

3.1.10.2.(3). IP Version 6

This new version of IP corrects unanticipated lglebign issues that have
come about because of the popularity of the Inteineshort we are running out of
addresses.

IP version 4 is a 32-bit address that allows aimam of around 4 billion IP
addresses. It is estimated that by 2005 all theesdds in IP 4 will run out. Some say
this will happen sooner - introduce millions of daeld devices all requiring IP
addresses and suddenly there are none left.
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To truly enable the Internet to such devices there to be more addresses.
This is where IP version 6 comes in. Instead o2-#i8 address, IP6 is 128 bit with a
maximum number of:

340, 232, 366, 920, 938, 463, 463, 374, 607, 488, 211, 456 possible IP
addresses. This amount of address space is angléuce foreseeable growth.

At the moment there are around 1 billion addressigor IP v 4 but many
manufacturers of mobile devices especially in As®&involving themselves heavily
in IP v 6. This is mainly due to places like Japaving a fraction of the addresses

allocated in comparison with other places like Aiceer

3.1.10.3. GPRS Handset Classes

GPRS devices are not as straightforward as youtmial. There are in fact 3
different classes of device (MorganDoyle Limite602).

1. Class A; Class A terminals have 2 transceivers which allbent to send /
receive data and voice at tlsame time. This class of device takes full
advantage of GPRS and GSM. You can be takiogllaand receiving data all
at the same time.

2. Class B;Class B devices can send / receive data or voitediwoth at the
same time. Generally if yoare using GPRS and you receive a voice call you
will get an option to answer the call or carry on.

3. Class C; This device only allows one means of connectivAn. example
would be a GPRS PCMCIA cand a laptop.

3.1.10.4. GPRS QoS

Just because GPRS uses many of the componenttasfdard GSM network
it would be foolhardy to assume that the same stasdshould apply. Things to be
taken into account include provider general netwardhitecture, radio interface and
throughput. Here are some of the key elements lpprifplained (MorganDoyle
Limited, 2004).
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3.1.10.4.(1). Network Architecture

Provider networks have to be upgraded. As menticelier the GSN's are
new to the Standard GSM network. If GPRS is todt#m to customer expectations
network performance will be vital (MorganDoyle Lited, 2004).

3.1.10.4.(2). Radio Interface

The ETSI (European Telecommunications Standartiutes) has defined 3
new coding schemes for Radio Interface. When th&&Hevice talks to the base
station they can use 1 of the 4 schemes. The schameCS — 1 through CS — 3
where CS — 1 is the same as standard GSM. In sitephes CS — 1 is highly
redundant but because of this is slow, 2 and 3 lesgeredundancy, whilst 4 has the
least - removing all forward error control - butcegpable of maximum throughput. If
radio quality is bad then coding scheme 1 is uasdhe quality improves less error

control is needed (MorganDoyle Limited, 2004).

3.1.10.4.(3). Classes of GPRS services

Mobile devices can request different types of icafd be prioritised in an
attempt to give the user their desired level ofnamtivity. There are 4 types of class:

1. Precedence Classin application can be assigned a Precedence Cl&serl
3 If an application has a higher precedence () #vether (3) then its traffic
will be given a higher priority.

2. Delay Class; Applications can request predictive delay classdschv
guarantee an average and 95- percentile delayeTdrer 4 classes, 1 being
the fastest.

3. Reliability class; Applications can request differing levels of relld for
its data depending on its tolerance to data loss.

4. Throughput Class; Applications can choose different profiles for

throughput. There are 2 distinctions in class, meakmean. Peak throughput
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class is used mainly for bursty transmissions waitkariable in octets per
second describing the throughput required for bofrspecified size. Mean is
the average data transfer rate over a period cf imeasured in octets per
hour. Other factors can affect QoS. Things like iRaguality, basic LAN /
WAN and Internet congestion, faults on GSM and GRRS/ork’ etc.

3.1.10.5. Problems With GPRS

Although GPRS has many benefits there have beefewa problems.
Connection speeds until the end of last year paddr badly on some networks
running at around 12Kbps, a far cry from the exgecihis year however there do
not seem to be as many problems, probably due dofdbt that operators are
improving due to trial and error. GPRS is afteraafpretty new technology. Another
problem sometimes encountered is customer expactallany companies have
applications running on a 10 megabyte LAN and ekpex same performance from
their GPRS devices. Although the connection spdleelse days are pretty good it
still is not as fast as ISDN or Local Area Network® a certain extent operators
have themselves to blame for this, since in the fhesr marketing has tended to
promote the speed aspects of 2.5 and 3G. Today,ateeworking hard to reduce
expectation in this respect. Earlier problems whihgs like mail servers not sending
mail because of latency problems to GPRS device® ladl been pretty much
eradicated through optimization programs. Peopiaing Citrix Thin Client have
also encountered problems with latency althougava Thin Client forums suggest
that Citrix are addressing the issue. Deploymensame networks has been slow.
There still is a major UK network provider who daast offer the service. GPRS
roaming has not been implemented in many countimes lot of networks as yet.
This is where a user can use the GPRS service &rmymetwork operator. At the
moment although your GSM mobile will work, GPRS nmmy¢ work at all. Accesses
by third party application providers are havingoadf difficulty obtaining an APN
from providers to offer their own GPRS servicesisTsomewhat limits services to
that provided by the GPRS operator (MorganDoyleitad) 2004).
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3.2. Methods

The application that has been carried out, has Ipeesented in a detailed

way. Firstly, hardware and software and then semage been explained.

Laptop/
desktdp with Web derver
intefnet
Get gps location
Show location in map
E@)
GRS . . Databasp server
End
User Send location
(p)
——Connect to gprs
GPRS
GPS Device

Figure 3.42. System diagram (Hasan, 2009)

3.2.1. General Specifications of Vehicle Unit

Vehicle Unit has been composed of sensors thedbid&lLIT EZ10-GPS
GPS/GPRS modem and the brand Mikroelektronika aamydevelopment board.

The communication with the modem by the help ofyEarm development
board is obtained with serial port RS232.1t alsppsuts data transmission whose
speed is 300 bps — 115.200 bps It works with Moddhcommand set. It includes
GPS and GPRS modules. GPS module that it inclidestions as GPS receiver.
GPS Location information can be supplied with ATneoands. As for GSM/GPRS
module, it provides GPRS connection. It collectsitiformation coming from sensor
by the help of the programme which has been deedlap Easy arm development
board. And the modem is controlled with AT commarnitdsends GPS and sensor

information to the remote server.
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MICROCONTROLLER

Figure 3.43. The block diagram of the vehicle unit

3.2.1.1 Operating The GPS/GPRS Modem

Some information has been obtained by examining tiechnical
specifications of Telit brand gps/gprs modem. ThAf, commands have been
searched and the commands which will be used insylséeem have been learnt.
Firstly, modem has been connected to the computen fRS232 port and the
computer has been checked with AT commands. GR®8niation has been read
from the computer. By this way, the infrastructofethe programme of the system
has been formed and data transfers for controliegnodem have been carried out.
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3.2.1.1.(1). Product Features of Modem

Quad-band EGSM 850 /900 / 1800 / 1900 MHz
Output Power

Class 4 (2W) @ 850/900 MHz

Class 1 (W) @ 1800/1900 MHz

Control via AT commands according to GSM 07.050@7and Telit
enhancements

Supply voltage range : 9 — 36 VDC

TCP/IP stack Access via AT commands
Extended temperature range: -20° / +70° C
GPS receiver

Support 20- channel GPS L1 1575,42 MHz
Dedicated GPS AT commands

GPS NMEA 0183 output format

GPRS Data

GPRS class 10

Mobile station class B

Embedded TCP/IP stack , including TCP,IP,UDP, SMhB FTP protocols
Interfaces

D-Type 9 pin RS232 connector

Baud rate: 300 — 115.200 bps

Autobauding: 2.400 — 38.400 bps

3.2.1.1.(2). Read Acquired GPS Position

The GM862-GPS module is equipped with a SIRFIt&PS receiver that is

controllable by the GSM modem using a set of AT o@ands or dedicated NMEA

sentences

The NMEA 0183 is a specification created by thetidweal Marine

Electronics Association (NMEA) that defines theenfiace between other marine
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electronic equipment. The access permits maringreld@cs to send information to
computers and to other marine equipment. GPS recemmunication is defined
within this specification.

The provided NMEA sentences are:

Table 3.4. NMEA sentences

GGA | Time, position and fix type data

GLL | Latitude, longitude, UTC time of position find status

GSA | GPS receiver operating mode, satellites uséukiposition solution and
DOP values

GSV | The number of GPS satellites in view satellitenumbers, elevation,

azimuth and SNR values

VTG | Course and speed information relative to treugd

RMC | Time, date, position, course and speed data

Explanations of the above sentences (Table 3.4.ridy read all these
sentences at the same time, or we may get requsstgdnce or sentences at the
same time. Picture (Figure 3.44.) related to repdinall data by connected to hyper

terminal is following:
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“& read acquired gps position - HyperTerminal
File Edit Wiew Call Transfer Help

e 5 DB

$GPSNMUN: $GPRMC,110859.000,A,3647.9481,N,03437.2611,E,0.03,43.30,040910,, ,A*54

SGPSNMUN: SGPVTG,43.30,T,,M,0.03,N,0.07,K,A*0D

SGPSNMUN: $GPGSV,3,1,09,04,36,066,39,15,03,193,16,25,32,300,26,02,50,120,45%76

SGPSNMUN: $GPGSV,3,2,09,12,60,330,20,09,66,178,32,14,14,307,22%44

$GPSNMUN: $GPGSV,3,3,09,27,56,168,24%4F

$CPSNMUN: $GPGSA,A,3,04,25,27,30,09,12,02,,,,,,,1.4,%34

SGPSNMUN: S$GPGGA,110900.000,3647.9480,N,03437.2609,E,1,07,1.4,17.5,M,31.5,M,,000
0*6E

$GPSNMUN: $GPGLL,3647.9480,N,03437.2609,E,110900.000,A,A%5D

SGPSNMUN: $GPRMC,110900.000,A,3647.9480,N,03437.2609,E,0.21,136.71,040910,, ,A*67

SGPSNMUN: $GPVTG,136.71,T,,M,0.21,N,0.39,K,A*36

Digconnected Auto detect 115200 8-N-1 CAPS

e P : = — -
iy Start & & G 7 ielit. | 05 ieiii. % RSTer.. = Devic... ‘g read ..

Figure 3.44. Example for NMAE sentences

We don’t need to get all data for this projecs @nough to get needed data
for us. We may get our needed data with ATSGPSAG@Rneand.

This command allows reading the acquired posiiothe GPS receiver

Syntax of the command:

T$GPSACP

The response sintax is:

$GPSACP:<UTC> <latitude>,<longitude>,<hdop>,<alfi¢>,<fix>,<cog>,<
spkm>, <spkn>,<date>,<nsat>

Table 3.5. contains the values access followiragrgte
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Table 3.5GPSACP data format

<UTC>: (referred to GGA sentence)

hhmmss UTC of Position

values | hh (hour) 00 to 23

mm (minutes) 00 to 59

ss (seconds) 00 to 59

<latitude>: (referred to GGA sentence)

ddmm.mmmm N/S value | dd (degrees) 00 to 90

mm.mmmm (minutes) 00,0000 to 59.9999

N/S: North / South

<longitude>: (referred to GGA sentence)

dddmm.mmmm E/W | valuess| ddd (degrees) 00 to 180

mm.mmmm (minutes) 00,0000 to 59.9999

E/W: East / West

<hdop>: (referred to GGA sentence)
X.X Horizontal Diluition of Precision
<altitude>: (referred to GGA sentence)
XXXX.X mean-sea-level (geoid) meters
<fix>: 0 — Invalid Fix
2 — 2D fix
3 — 3D fix
<cog>: (referred to VTG sentence)
ddd.mm Course over Ground (degrees, True)

values | ddd: 000 to 360 degrees

mm 00 to 59 minutes

<spkm> (referred toVTG sentence)
XXXX.X Speed over ground (Km/hr)
<spkn>: (referred toVTG sentence)
XXXX.X Speed over ground (knots)
<date>: (referred to RMC sentence)

values | dd (day) 01 to 31

mm (month) 01 to 12

yy (year) 00 to 99 (2000 to 2099)

<nsat> : nn Number of satellites in Use (refereGGA
sentence)

00-12 (may be different from the number in view)
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On the project, sample (Figure 3.45) related torgeessary data for GPS
informations and the definitions (Table 3.6) rethte meanings of these data are
following:

‘& GPSAPC - HyperTerminal

File Edit Wiew Call Tranzsfer Help

#AT ]
0K
HAT+IPC=115200

0K
#NT$GPSACP?
$GPSACP: 113348.000,3647.9501N,03437.2587E,1.4,5.9,3,152.09,0.75,0.40,040910, 06

1]4
#NT$GPSACP?
$GPSACP: 114122.000,3647.9491N,083437.2574E,1.2,28.2,3,169.85,0.14,0.07,040910,07

1] 4

Connected 00:08:24 Auto detect 115200 8-N-1 CAPS

Figure 3.45. Read information from the GPS

Table 3.6. Definitions of the gps data samples

<UTC> 11:38:48
<latitude> 3647.9501N
<longitude>| 3437.2587E
<hdop> 1,4
<altitude> 59m

<fix>: 3

<cog> 152,09
<spkm> 0,75 km
<spkn> 0,40 knot
<date> 04.09.10
<nsat> 6

3.2.1.2. GPRS Connection
For GPRS connection ,it needs IP address ,port euoflithe connection and

socket protocol type (TCP/UDP). These parameters katered to the unit with AT
commands. In this application 88.249.68.153 usedPasddress, 31261 as port
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number and TCP as protocol type. For GPRS conmecli?®d RKCELL SIM CARD
has been used.

“& GPRS CONNECTION - HyperTerminal
File Edit Wiew Call Transfer Help

e & 0B OB

AT s
0K

AT+-IPR=115200

0K

AT&Ko

0K

AT+CMEE=2

0K
AT+CPIN?
+CPIN: READY

0K

AT+CPIN=0971

+CME ERROR: operation not allowed

ATHMONI

HMONI: TR TURKCELL BSIC:58 RxQual:0 LAC:A431 Id:BA41 ARFCH:9 PWR:-62dbm TA:0

0K

EL+CGDCONT=1,"IP","INTERNET"
ELHUSERID="GPRS"

ELHPHSSH="GORS"

ATHGPRS=1

+CME ERROR: context already activated
ATHSKTD=0,31261,88.249.68.153

CONNECT LI

NO CARRIER

Dizconnected Auto detect 115200 &-N-1 CAPS
|

tart # & G 7 | & teii_test #7 telit_test- Mi.. =" Device-CO.. @ RSTermTes.. ' RS Terminal g GPRS CONN...

Figure 3.46. GPRS connection

At startup it is necessary to send an AT commaneccess device set the
right speed and character format of the serial. pattien this is done the device
responds with OK. If no response is received witihi@ timeout period of 200 ms
retry.

* Send command AT
* Wait for OK response

After this initial command, it is advisable to ftke port rate, in order to

eliminate possible errors in detecting the sepaksl rate:

¢ Send command AT+IPR=<rate>
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* Wait for OK response
where rate is the port speed and can be 0, 300, 2200, 4800, 9600, 19200,
38400, 57600, 115200 bps.
After autobauding the first thing to check is tH¥$resence and PIN code
insertion, this can be done with the following coamds:
Enable the Extended error result codes
* send command AT+CMEE=1
» wait for OK response
or if you prefer the verbose format instead ofrithenerical format then:
» send command AT+CMEE=2
» wait for OK response
Query SIM presence and status
» send command AT+CPIN?
» wait for +CPIN: READY
Provide SIM PIN
* send command AT+CPIN=****
where **** stands access SIM PIN code (e.g. 1234)
» wait for OK response
After, enter t he PIN CODE of the SIM Card, themm#AGDCONT
command parameters are all the set of informabadéntify the internet entry point
interface provided by the ISP. With these paramsetiee GPRS network identifies
the ISP to be used to gain access to the intemmetdafines the value of the IP

address of the GPRS device once connected.

Send command
AT+CGDCONT[=[<cid>[,<PDP_type>[,<APN>[,<PDP_addr=fl_comp>[,
<h_comp>[,<pd1>[,...[,pdN]]]]]]]]]]<cr>

wait for OK response:
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Table 3.7. Parameters of AT+CGDCONT

(PDP Context Identifier) numeric parameter whichafes a

<cid> particular PDP context definition.
1..max — where the value of max is returned leyTtest command
(Packet Data Protocol type) a string parameteckvbpecifies the
<PDP_type> |type of packet data protocol
“IP” — Internet Protocol
“PPP” — Point to Point Protocol
<APN> (Access Point Name) a string parameter that reptesogical
name used to select GGSN or external packet datarie If the
value is null or omitted, then the subscriptionueabill be
requested.
<PDP_addr> | a string parameter that identifies the terminahmaddress space
applicable to the PDP. The allocated address magdzbusing the
+CGPADDR command.
<d_comp> numeric parameter that controls PDP data compnessio
0 — off (default if value is omitted)
1-on
<h_comp> numeric parameter that controls PDP heamepression
0 — off (default if value is omitted)
1-on
<pdl>, ..., access N string parameters whose meanings ardispecthe
<pdN> <PDP_type>
For Example ;
command:

AT+CGDCONT= 1,"IP","internet”

response
OK
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The GPRS access configuration is done by settiftgr Access
authentication
parameters: User Name and Password
* send command AT#USERID="GPRS”
« wait for OK response
» send command AT#PASSW ="GORS”
» wait for OK response
After an internet connection is provided , GPR8w@nd must use, with the
command #GPRS you can activate or deactivate a GP&fBtext
INDEPENDENTLY from the TCP socket opening,
AT#GPRS=1 activates the context,
AT#GPRS=0 deactivates the context
Therefore with the AT#GPRS=1 command the module
* GPRS modem activates the context previously defmddAT+CGDCONT
« GPRS modem proceeds to the authentication
* Note that activating a context implies getting Bnalddress from the network
and this will be maintained throughout the session.
The response code to the AT#GPRS=1 command reflugtdP address
obtained from the network, allowing the user toomrefit to his server or application
With this command #SKTD (socket Dial) the TCP/Ui2uest to connect
with the internet host starts:
» Eventually does the DNS query to resolve the IRestdof the host name
internet peer
* Gprs modem establishes a TCP/UDP (depending opeitaeneter request)
connection with the given internet host
* Once the connection is up the module reports tde:cGONNECT
AT#SKTD: <socket type>,<remote port>,<remote addctgsure type>,<local port>
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Table 3.8. Parameters

<socket type> socket protocol type

0 — TCP (factory default)

1-UDP

<remote port> remote host port to be opened

0..65535 — port number (factory default is 0)

address of the remote host, string type. This patrantan be
<remote addr> |either:

any valid IP address in the format: XXX.XXX. XXX

any host name to be solved with a DNS query irfdhmat:

<hostname>

<closure type> | socket closure behavior for TCP

0 — local host closes immediately when remote hastclosed
(default)

255 — local host closes after an escape sequeneg ¢r after

an abortive disconnect from remote.
local host port to be used on UDP socket 0..65586rt

<local port> number
Example ;
AT#GPRS=1
AT#SKTD=0,31261,88.249.68.153
CONNECT

3.2.1.3. ARM Development Board
The data getting from the sensors can be read th@hsoftware which is

developed by easy arm development kit. And thesa, @ae sent to the server with
AT command after GPS/GPRS modem is controlled.
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Figure 3.47. System setup

3.2.1.3.(1). Product Features of Arm Development Bod

Easy Arm development system is a full-featured ettgyment board for
Philips Arm LPC2148 microcontrollers.lt has beersigeed to engineers to easily
exercise and explore the capabilities of Arm miordoollers. It allows Arm
microcontrollers to be interfaced with externalcuits and a board range of
peripheral devices allowing the user concentrateaftware development.

e Philips ARM7TDMI LPC2148 microcontroller (Single-gh 16-bit/32-bit
microcontrollers; up to 512 kB flash with ISP/IARISB 2.0 full-speed
device, 10-bit ADC and DAC)

e 12.0000 MHz crystal for maximum execution speed stahdard serial bit
rates

e On board USB 2.0 programmer.

« USB comm. connector for MCU with USB facilities.
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*  2x RS-232 communication for connection with a P@rmy other device with
a DB9 connector.

* Switch between power supply thru USB or externavgrosupply.

* JTAG connector

* 96 LEDs are provided.

e Pull up or Pull down port defining.

e Pull-up level selectable - 3.3V or 5V.

* 96 buttons are provided.

» All pins are taken out on IDC10 connectors to midegn available for
further connections.

« MMC\SD card slot - For MMC\SD memory cards.

» Graphic LCD 128x64 can be easily connected viativ#oard connector. It

is connected to MCU pins

Figure 3.48. Easy arm board

3.2.1.3.(2). Operating the Board —Read Informatiorirom the Sensors
After general information has been obtained ,U$%Bed has been set up to

the computer in order to provide the communicatimetween the board and

computer. Development card The programmes have deeeloped by installing
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Keil g Vision in order to write a programme in Gi¢mage and convert the written
programme into hex format. Arm flash programmer lb@sn set up to the computer
in order to test by loading the written programreshe development card. By this

way, the programmes have been tested. The systefuinaioned free of problem.

kZ/DEMO - pVision3d - [C:\Documents and Settings\epesen\Desktop\tez proje_programilpc\Project 53\LPC2148\ExamplesiSensorReader\DEMO.c] |-._HE|E|
EE\I& Edit MWiew Project Debug Flash Peripherale Took SVCS Window Help — = ﬁ
aEEo s B ~l|aa 44 B & amE o er o
& [F B 9 4% |DEMO
Project Workspace * 029 j
-
—-#53 DEMO 030
-5 Startup Code 031} // system r ers
Startup.z 032 | unsigned long dly, counter;
£ System Cal 033
£ Retarget.c 034 | #define MAX SAMPLE_COUNT 10000
=& Source Code 035 | onsigned int sampleCounter;
+ DEMO.c 038
ProceszSensor.c 037 | unsigned char tempBuffer [16];:

sht71.c 038
adc_routine.c 033 | // messages

=cpl000.c 040 | const unsigned char Messagel[] = {"Init Completedinir"};
+ spic 041 | const unsigned char MessageZ | 1 H

=-£3 Library 042 | const unsigned char Message3| (X)r
utility.o D43 | const unsigned char Messaged|
serial.o 044 | const unsigned char Message3|

045 | const unsigned char Messageé|
046 | const nnsigned char Message7|
D47 | const unsigned char MessageZ|
048 | const unsigned char Message®|
049 | const unsigned char Messagell[]

050 | const unsigned char Messagell[] = {"
051
052 sensor register

053 | unsigned int temp3ensl; -
L Lsmelesel LH
e | & DEMO.c ProcessSen sht7lc ade_routing c scp1000c spic

T
w
E

L[]

Output Window

[AT 1>\ Buitd femmend B Fin in Files [ K [ »

p—

Simulation L:56 C:46 F

4. Start # & G 7 | OfDoctdoc-Microsoft... |2 DEMO - uVision3 - [C-...

Figure 3.49. A sample for Keil p Vision

3.2.1.3.(3). Read Data From Sensors

In this project three-axis accelerometer ADXL338shbeen used. Some
inquiries have been obtained about how to use ACB0L3

3.2.1.3.(4). Three-axis Accelerometer

The three-axis accelerometer board features al,srtah, low-power,

complete 3-axis accelerometer ADXL330 with signahditioned voltage outputs,
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all on a single monolithic IC. It measures accdlerawith a minimum full-scale

range of £3 g and has 5V voltage level. It can meastatic acceleration of gravity
in tilt-sensing applications, as well as dynamiceheration resulting from motion,
shock or vibration. ADXL330 is used in cost-sensifilow-power, motion- and tilt-

sensing applications such as: mobile devices, gasystems, disk drive protection,
image stabilization, sports and health devices [@mdevices, 2006).

Figure 3.50. ADXL 330 accelerometer board

The board features an ADXL330. There is also &toaiail Op Amp
MCP6284 used for buffering.

vES

- L2A
2
= R2
| |
. -
+ a7
=|  mceazea
vees 1
.
28BE _ «|  ws
N wour H2 % L o ; B
5 7 ouT

47

IEEEEE

&
b2
f=
9
n

[ = R

MCPS284

.|”7
ek
=
o]
7
<)
= B
+
11
[&
||}—|

wc

-
n
=T  mceszss

Figure 3.51. Accelerometer board circuit
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A program was developed, in order to read thecandhta getting from the
probes. When program was developing, for compdamnmg much voltage for one g

gets ,a transfer function must be calculated.

Ratiometric?
Qutput voltage is aratio
of supply voltage
rom ADXL 330 datasheet

SENSITIVITY (RATIOMETRICT | Eachaws . I
{Sensitiaty at R, Your, Zour Vi= 3V 70 300 B [ miy
Smutmly_CI'mrquw to Temperafure” Vowm IW =05 : 0l

ZERD g BIAS LEVEL (RATIOMETRIC) Each axis

——1{0 g Voltage st Ko, Your, Zon Vo= 3V 12 15 14 ¥ ]

O gOffsetva Tempretatune =1 g/

[t means when supply voltage Vs
o g, the output voltage will be1.5

Transfer function: Voltage (V) =1.5 + (0.3 * acceleration (g) )

Figure 3.52. Transfer function of accelerometerfioa

An example for transfer function;
* Resolution: 12-bit
* Voltage reference

Vref+ =25V

Vref-=0V
* Conversion formula

Napc is the output number

N = (Zn-bit -1 X{M} (3.2.1)
ADC — V e

ref+  Vref-
» For our setting
Vin

}:(409&3{5} (3.2.2)

Vin-0
25-0

Nppc = (4099 x|:
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Transfer function: V=1.5+(0.3*g) (3.2.3)

e Conversion formula

Napc = (4099 x {\22:8} = (4099 x [%}

¢ When the accelerationis 0 g
e V=15
¢ Napc = 2457
e When the accelerationis 1.5 g
e V=195
® Napc = 3194

The Accelerometer board connection to the easy dawmelopment is
described below. A program was developed in ordeead the data which connect
to the computer from serial port. With developetivgare, the data are loaded to the
computer and the results have been seen visually pfogramme that has been
written by VEE software. By this way, the programmkich was written into the

microcontroller, has been tested and it is seenittigfunctioning quite well.
Acceleration X : ADO.1 - Port0. 8

Acceleration Y : AD0.2 - Port0. 9
Acceleration Z : ADO.3 - Port0.10
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& VEC Pro miflroc. veo
Pl Edb View Detug Flow Devior 43 Do Displry Whdow e
= = = L e A = ] “"Hll’f‘-"’{f‘ll-ﬂllm S5l H o8

GF3
-

2424

| Aphabumads
MK ACcalereion:(K-257 [¥i-1106 (253

Lne ae| VEE B | 10T | WOLE [ VAL

Tistart, & € § ° [Elvanecoeoo.an.. | [& ke B2 Wrr P ke e £ Em

Figure 3.53A sample for measurement of angle with ADXL 330 aead by
computer

3.2.1.3.(5). SHT 11

The SHT1x / SHT7x is a single chip relative hurtyidind temperature multi
sensor module comprising a calibrated digital outpApplication of industrial
CMOS processes with customized post processing (8&M technology) ensures
highest reliability and excellent long term stapili The device includes two
calibrated microsensors for relative humidity aachperature which are seamlessly
coupled to a 14bit analog to digital converter anderial interface circuit on the
same chip. This results in superior signal qualiy,fast response time and
insensitivity to external disturbances (EMC) ateaycompetitive price. Applications
are including automotive, instrumentation, mediequipment, heating, ventilation
and air conditioning systems (HVAC), portable cansu electronics and battery-
operated controllers (Sensirion, 2003).
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Calibration
%RH Memory
D Digital

Sensor l
, p| 2-wire

: % Interface
A
—| GND
]

Temp.
VDD

rSensor

Figure 3.54. SHT11 and Internal block diagram off&H Sensirion, 2003).

SCK
DATA

10

Amplification
-~

The bidirectional serial two- wire interface o#ferby the SHT sensor module
is smilar to, but not directly compatible with eti¥C interface, the role of the master
continuously switches from controller to sensor @adk again.The SCK conection
(serial clock input) serves to syncronise the sensih the connected the
microcontroller, while data are sent to and from siensor using the DATA pin. The
data pin is tristatable ; it cahanges son theniglédge of SCK and is validated by the
rising edge.The data pin is provided with a pulltegistor needed by the master
(Figure 3.55).

Vdd

GMD
uC - DATA SHT 1x
]
(master % | (slave)
Vdd 24 -55Y

Figure 3.55. Typical application circuit (Sensirj@®03).

The subsequent command which follows consistshiet address bits and
five instruction bits. At present address 000 ippguted. The instruction bits for a
temperature measurement are 00011, while thosa farmidity measurement are

00101. The complete command set for the senstiois 1 Table 3.9.
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Table 3.9. Overview command

COMMAND CODE DESCRIPTION
Reserved 0000x Reserved
Measure
Temperature 11| Temperature Measure
Measure
Humidity 101| Humidity Measure
Status Register Read access to the status register (see application
Read 111note)
Status Register Write access to the status register ( see apitati
Write 110 note)
Reserved 0101x1110Reserved
resets the chips, clears the status register autief
Soft Reset 1111 0values wait 11 ms before next command

After sending command the microcontroller must twantil the sensor
completes the measurement. This takes 11 ms fBrlanmeasurement, 55 ms for a
12 bit measurement and 210 ms for a 14-bit measmenihe time varies with the
speed of the internal oscillator and can be lowerup to + %15. To signal the
completion of a measurement, the SHT11 pulls dagalbw and enters Idle Mode
(Sensirion, 2003).

From this point on it is just a matter of calcidat the sensor data have been
transferred to the microcontroller and it is anygad to convert these values into a
temperature in °C and a relative humidity RH.

Since the temperature sensor is highly lineais iery easy to convert the

output value S@mpinto the actual temperature values:

T = d1 +(d2x SOTemp) (3.2.4)
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With a 5 V power supply, d1 is -40°C.For a 14reiading, d2 is 0.01°C, for
12 bit reading 0.04°C. Values for other voltages donversion to the Fahrenheit
scale appear in the data sheet.

A more complicated equation is needed to comperisathe non-linearity of

the humidity sensor:

RHijnear= €1 +(C2*SQ) + (c3 * SQQHZ) (3.2.5)

The constants c1,c2 and c3 are given in Table 3.10.

Table 3.10. Coefficients required to calculate Hdityi

SOy cl c2 c3
12 bit -4 0,0405 - 2810°
8 bit -4 0,648 - 7210

At temperatures far from 25°C the temperature fameft of the humidity

sensor needs to be taken into account:

RH(;omp= (T'25°C) * [0.01 + (t2 * SQH)] + RH”near ( 3.2.6)

Coefficient t2 is 0.00008 for a 12-bit measurearid 0,00128 for an 8-bit
measurement.

SHT11, connection to the easy arm developmentescribed below. A
program was developped in order to read the daialwtonnect to the computer
from serial port. With developed software, the data loaded to the computer and
the results have been seen visually of a progratmaiehas been written by VEE
software. By this way, the programme which was temitinto the microcontroller,
has been tested and it is seen that it is functgpquite well.

SHT11 Data : P0O.1
SHT11 Clk : P0.2
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3.2.1.3.(6). Absolute Pressure Sensor

SCP1000-D01 digital absolute pressure sensorsntgeded for barometric
pressure measurement and altimeter application8GkPa to 120kPa and -20C to
70C measuring ranges. The pressure and tempexaitpat data is calibrated and
compensated internally and the communication betwke SCP1000 and its host
micro-controller is realized using an SPI interf@¢@l, 2007).

oD

Ui | !53
ATST AUSS

O Toof e

—_— F

- i neny oy csB csE
QWX OO uee Bp  roal HOST
Z i 0O O = wn oy L Duss seK SCK

DuDos FD
Dcxgowg B.A7UF __l
C2 GND

000 0 0.0 BND (B |

Figure 3.56. Pressure sensor and its ciruit

The SCP1000 pressure sensor has 4 measuremens plodestandby and
power down mode. In all measurement modes, thespre®utput word-length is 19
bits and the temperature output word-length is 4. HOn this project, high

resolution mode was used.

Table 3.11. The SCP1000 Pressure sensor has 4 Ingperation modes plus power
down mode (VTI, 2007)

Mode | Pressure measurement | Resolution | Qutput data refresh rate
High resolution Continues 17 bits 1.8 Hz

High speed Continues 15 bits 9 Hz

Ultra low power Periodical 15 bits Approximately 1 Hz
Low power External trigger 17 bits or 15 bits

Power Down Activated through PD pin

The SPI interface is a full duplex 4 wire seriaterface. The connection
between the microcontroller and SCP1000 is donegubMOSI, MISO, SCK and
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CSB. CSB selects the chip on multi-chip SPI busK &he serial data clock, MOSI
Is the data line from master to slave (Master AQav&In) and MISO is data line

from slave to master (Master In Slave Out). SCP1800onfigured to SPI slave
mode (Figure 3.57).

Master (MCU) Slave (5CI019)

MISO

Q

@ g | T

i clock SCK = H I

5P generator e a

‘ [

MOSI

Figure 3.57. SPI master slave configuration (VDIQ?2)

The SCP1000 SPI frame format is presented in Eig§us8. below.

cee” Y, e
BCK S 1

MOSI AR W A% W A3 W AZ W A1 X AD N RDAN Y SO W DB Y 5 4 iAW DB W DIE % DI Y DD Y
MIF0 =, S DO7 X 008 X 005 D04 XoO3 4 D02 ADO1 4000 % o~

Figure 3.58. SPI frame format for two 8 bit words

Each SPI communication frame contains two or ttf&d®st words: the first
word defines the register address (6 bits wids, [4i6:A0] in Figure 3.58.) followed
by the type of access (‘0’ = Read or ‘1’ = Writejdaone zero bit (bit 0, LSB). The
following word(s) contain the data being read oitten. The MSB of the words are
sent first. Bits from MOSI line are sampled in e rising edge of SCK and bits to
MISO line are latched out on falling edge of SCKieTCSB line must stay low
during the entire frame accesses, i.e. betweehyttas. If the CSB line state changes
to high, the access is terminated. The CSB has etopliled up after each
communication frame.
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Examples SPI communication (8 and 16 bit read itewoperations) are
presented in Figure 3.59. below.

8 bit register write in register 0x01 (DATAWR)

cse | I
SCK 5 & 3 2 R 37 0% 4 ] 02 1 [&
MosI 0 o o o of 17 w] 0
MISO o 4 of 7 o 3 o 7]
|6 bit registar address ud1 Jiris | I8 bit register content 0x55, bin ‘0101 0101 |
2 bit read from register 0x00 (REVID)
cse = | [
SCK T a1 e : : = - =1 & s Ol ;
Mosi 0 0 0 0 0 0 ra O
Miso 0 0 1 0 0 o T 1]
|E bit register addrass Ux0l | GEEE] |E bit register content Uik, bin DOI0 G011 |

18 b8 reead I it regtster dod 1 (TEMPOUT)

[P ot regme nadrens L | EEEED | 118 Extrmgratar cenimnl JeGa G Ean TOOG 00T 110 11667 |

Figure 3.59. SPI communication examples (VTI, 2007)

SCP1000 D-01, connection to the easy arm developealescribed below.
A program was developed in order to read the ddti@hwconnect to the computer
from serial port. With developed software, the data loaded to the computer and
the results have been seen visually of a progratmaiehas been written by VEE
software. By this way, the programme which was temitinto the microcontroller,
has been tested and it is seen that it is functgpguite well.
SCP1000 MISO : P0.5
SCP1000 SCK : P0.4
SCP1000 SCB : P0.7
SCP1000 MOSI : P0.6

Picture of the interface program which read thia di@m the shtl1, scp1000,
float and acceleration sensors, is following. Aeayr of the read data was checked

by measured with hand devices.
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%2 YEE Pro - mikroe_sht.vee
Fie Edit View Debug Flow Device VO Data Display Window Help

B E I R = I B A = = =N
GPS

Logaing Alphahumeric analog temp sht11 temp humidity pressure

SHI11 Temp:+27 C, Humidity:%+45 :I
SCP1000 Pressure:+93859Pa Temp:+27C ASIC:+3 Status
\Temp Sensor(l):+62

Max Rcceleration: (X)+62 (Y)+9 (Z)+0 464 127 C 9% +45 00856Pa
SHT11 Temp:+27 C, Humidicy:%+45

SCP1000 Prezsure:+93255Pa Temp:+27C ASIC:+3 Status
‘Temp Sensor(l):+62
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SCPLO00 Pressure:+333352a Temp:+27C A3IC:+3 Stacus LT L] Mitery LEES
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Max Acceleration: (X)+63 (Y)+3 (Z)+0 102k 9Bk

SHI11 Temp:+27 C, Humidity:%+45 —_ 108k adk
SCP1000 Preasure:+99358Pa Temp:+27C ASIC:+3 Status 80 — g0 %ﬁ%
\Temp Sensor(l):+62

Max Rcceleration: (X)+61 (Y)+8 (Z)+0 I
SHT11 Temp:+27 C, Humidity::+45 60 —
SCP1000 Pressure:+39358Pa Temp:+27C RSIC:+3 Statua A &0
‘Temp Sensor(l):+62

Max Acceleration: (X)+82 (Y)+9 (2)+0
SHT11 Temp:+27 C, Humidity::+45 9 ] 9986k
SCP1000 Prezsure:+93257Pa Temp:+27C ASIC:+3 Status 20 —
Temp Sensor(l):+&2

Max Acceleration: (X)+6€3 (¥Y)+9 (Z)+0

SHI11 Temp:+27 C, Humidity:%+45 0=
SCP1000 Pressure:+99857Pa Temp:+27C ASIC:+3 Status 20
\Temp Sensor(l):+62

Max Rcceleration: (X)+62 (Y)+8 (Z)+1
SHT11 Temp:+27 C, Humidity::+45 LU l—U
SCP1000 Pressure:+93856Pa Temp:+27C ASIC:+3 Status

| 64 27 45

[VEE 6 [FI0r | MOD |V

# & G 7 | [+ mkroBlek.. | & vee %i] VEEPro-... ] .. O§ Documen... ’(J L

Figure 3.60. Read information from the sensors

3.2.1.4. Developed Software and its Flow Diagrams

The software which was developed by using C and @grams. The flow

diagrams of the system were shown in Figure 3.6d.Fagure 3.62.
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SET LPC2148 PORT
MAP

'

INITIALIZE UARTS

'

INITIALIZE GPRS
MODEM

'

INITALIZE ADC

'

INITALIZE SHT11

'

INITALIZE SCP1000

A A A A v

GET ADC RESULT GET ADC RESULT GET ADC RESULT GET ADC RESULT
| FORPRESSURE | FORACCELERATION | | b/t el e || FORFUELLEVEL N

SENSOR AND SENSOR AND AND PROCESS SENSOR AND GET GPS DATA
PROCESS PROCESS PROCESS

<n
saples

<n
saples

<n
saples

<n
saples

CHECK
SAMPLE COUNT

CHECK
SAMPLE COUNT

CHECK
SAMPLE COUNT

CHECK
SAMPLE COUNT

CHECK
SAMPLE COUNT

>=n >=n >=n >=n
saples saples saples saples
CALCULATE
CALCULATE CALCULATE CALCULATE
| PRESSURE I ACC%EE)TION | TEMP,HUMIDITY | | TEMP,HUMIDITY | |  GPSDATA

Figure 3.61. The Flow Chart; read data from sensor
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LAST
ACCELERATION
DATA (X,Y,2)

GPS DATA

LAST HUMIDITY
DATA

LAST
TEMPERATURE
DATA

LAST
PRESSURE
DATA

LAST FUEL
LEVEL DATA

o

A

COMBINE ALL OF
> DATA

NO

N CONNECT TO

NO

CONNECT TO

SEND DATA

Figure 3.62. The Flow Chart; send data via GPRSamod
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3.2.2. Application Server

Data coming from GPRS, is redirect to a pc onltital area network from
31261 language. This data send to MySql serveherinternet that was rent before.
This data show on an internet page that was comftwith PHP language.

3.2.2.1. Port Forwarding

Configure router from NAT settings for port forwlarg to TCP port 31261

on local network. (Figure 3.63)

'@ - Gt L e G G Gy, el -
ull WREHL || ST Rl . LT el ] St ikl | ] PR el ] vndoed Hodastp o vindrd ledn || wineded

| = Moo b the Wek-Besod Canbg. - ©

B e e chernd (8 b, T ww e e

Figure 3.63. Modem setting
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3.2.2.2. Send GPRS Data To MySql Server

Data push to MySql server with Delphi program (Fey3.64).

M
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91T 10 T = e DTS 4 7| 1P, 000 000 200 T I M1 1 21243 T30 10 L 0 2 | T
V2T A T T T RS w57 L PP TSR OO0 2550 TS0 ET R 1 21 L o s S
95 = U3 P A R OS2 o PRFR AP (P TR 0L SO TOE BE MTE 1 290 At | e
St 1DV T 13 T DT A o 2502, O ESFC ET T 00 S602 TERT M 00 B 0T, 1 147060 W 0 65 T
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B E A o B D R T HARPEACE RS T ) e L)
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T T T L5 HELFEPSAC TS TR SN B
B e e iy o e o )
T8 101105 1M 0l 25l 41001 1770 1 0 JEPEACR T8 Te, 0 SRR
TR TN VT T OT1 8 4B AT (RSN T PN TR
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162 TEVS0 1 <7 <25 D0 1K 58 VT AP S DR 2R IR S K 1215 131563 21 B 11 3700 1T
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Figure 3.64. Delphi program

3.2.2.3. Internet Page

Data show on an internet page that was configsedPHP language. This

data can visually see by web page (Figure 3.65).
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Figure 3.65. Web Pages
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The software which was developed by using Delpki RHP a programs

The flow diagrams of the system were shown in FEgl66.

START

'

INITIALIZE
MODEM

CONNECT TO
THE SERVER APLLIED

GPRS DATA
ARRIVED

SEND DATA
WEB SERVER

A

WEB
Http://ersenpesen.info

NO

NO

Figure 3.66. The flow chart for application server
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4. RESULT AND DISCUSSION

Performed work on this thesis was obtained fropesge modules, seperate
studies were performed and seperate programmeswyiten for each module, the
system was run on microcontroller one by one, anget the read datas, simulation
programs were written on computer, calibrationtd tead datas are performed by
checking and measuring with other devices. In themes way, it seemed that all
modules run by checked the position informationtaioied from GPS on google
maps. Later, system was obtained by associatimgadules.

With this study, information obtained related toensors of the
microcontrollers. Deatiled works have been doneateel to microcontroller
architecture. AT commands have been learnt fo3R8/GPRS applications.

Received data from the meaurements by driving ratothe Cukurova
University are following. (Table 4.1, Table 4.2g&ie 4.2 and Figure 4.3) Track
path is shown on the following picture with blueds (Figure 4.1).

4 aaly 1 Gince <o Ragaih

| Cohatiza, f Hale | Uvda | Eid-

T

Figure 4.1. Track pathF_
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Table 4.1Sample of measurement from sensor

Fuel Acceleration/Angle (°) Temprature | Humidity | Pressure
It X Y YA °C % Pa

+28.6 -1.6 17 84.2 33 38 99204
+29.4 0.4 16 84.2 32 38 99063
+28.7 -1.6 16 84.2 34 34 99157
+28.6 -3.5 15 84.2 34 32 99132
+28.7 17 15 92 34 31 99041
+28.7 -1.6 16 84.2 34 34 99157
+28.6 -3.5 15 84.2 34 32 99132
+28.8 -3.5 14 91 34 32 99194
+28.6 -5.5 15 99.8 34 31 99126
+28.6 -3.5 15 84.2 34 32 99132
+28.8 -21.1 17 86.1 33 32 99194
+28.8 -11.3 14 99.8 34 32 99204
+28.6 -5.5 15 99.8 34 31 99126
+28.8 -21.1 17 86.1 33 32 99194
+28.8 -21.1 17 86.1 33 32 99194
+28.8 -21.1 17 86.1 33 32 99194
+28.8 -11.3 17 99.8 34 32 99204
+29.3 -11,2 17 82.2 32 38 99032
+28.8 -21.1 17 86.1 33 32 99194
+29.1 -1.6 17 91 33 37 99157
+29.2 -16.2 17 97.8 33 37 99156
+29.1 -2.6 17 89.1 33 34 99073
+29.1 -3.5 17 82.2 33 33 98992
+29.1 0.4 15 76.4 33 35 99119
+28.8 15 16 78.3 31 32 99087
+28.7 15 15 71.5 31 33 99147
+28.9 17 15 78.3 32 32 99185
+28.8 17 17 108.6 32 32 99227
+29.2 -8.4 17 75.4 32 32 99183
+29.3 -8,4 17 79.3 32 33 99190
+29.3 0,5 17 93 32 33 99183
+29.5 0.4 17 91 32 34 99174
+28.8 15 16 78.3 31 32 99087
+28.7 15 15 71.5 31 33 99147
+28.9 17 17 78.3 32 32 99185
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Table 4.2. Read Acquired GPS Position

Utc Latitude | Longgitude | Altitude | Cog | SPkm Date Nsat
13:02:21 | 3703.7081N | 03521.1381E| 154.9 |113.46| 0.14 |17.09.2010| 10
13:03:42 | 3703.7082N | 03521.1378E | 155.2 |118.01| 0.10 |17.09.2010| 10
13:03:55 | 3703.7085N | 03521.1382E | 157.4 |117.04| 0.14 [17.09.2010| 10
13:04:05| 3703.7088N | 03521.1385E | 158.9 |122.19| 0.10 |17.09.2010| 10
13:04:16 | 3703.7089N | 03521.1386E | 159.5 | 83.99 | 0.14 [17.09.2010| 10
13:04:27|3703.7091N | 03521.1389E| 160.7 |100.38| 0.10 |17.09.2010| 10
13:04:38 | 3703.7092N | 03521.1391E | 161.4 |102.86| 0.14 [17.09.2010| 10
13:04:49 | 3703.7106N | 03521.1397E| 161.1 | 26.96 | 15.12 |17.09.2010| 10
13:05:03 | 3703.7447N | 03521.1467E | 159.6 | 26.91 | 18.46 |17.09.2010| 11
13:05:16 | 3703.7616N | 03521.1844E | 158.4 | 83.69 | 20.41 |17.09.2010| 11
13:05:16 | 3703.7616N | 03521.1844E | 158.4 | 83.69 | 20.41 |17.09.2010| 11
13:05:26 | 3703.7678N | 03521.2201E | 158.4 | 65.71 | 19.22 |17.09.2010| 11
13:05:37 | 3703.7761N | 03521.2632E | 157.1 | 83.11 | 25.95 |17.09.2010| 11
13:05:48 | 3703.7777N | 03521.3185E | 157.0 | 88.33 | 25.95 |17.09.2010| 10
13:05:59 | 3703.7767N | 03521.3720E | 157.5 |101.13| 25.38 |17.09.2010| 11
13:06:10 | 3703.7503N | 03521.4096E | 158.3 |152.86| 27.57 |17.09.2010| 10
13:06:21 | 3703.7154N | 03521.4520E | 157.3 |125.83| 31.93 |17.09.2010| 10
13:06:32 | 3703.6816N | 03521.5024E | 156.3 |143.86| 33.01 |17.09.2010| 10
13:06:43 | 3703.6200N | 03521.5461E | 152.1 |148.30| 48.52 |17.09.2010| 10
13:06:58 | 3703.5333N | 03521.6241E | 145.7 |158.52| 46.36 |17.09.2010| 10
13:06:58 | 3703.5333N | 03521.6241E | 145.7 |158.52| 46.36 |17.09.2010| 10
13:07:08 | 3703.4673N | 03521.6458E | 141.2 |172.92| 32.29 |17.09.2010| 10
13:07:38 | 3703.4457N | 03521.4519E | 138.9 |267.85| 48.42 |17.09.2010| 10
13:07:49 | 3703.4340N | 03521.3702E | 136.9 |202.62| 28.87 |17.09.2010| 10
13:08:00 | 3703.3942N | 03521.3524E | 135.3 |216.74| 24.15 |17.09.2010| 10
13:08:00 | 3703.3942N | 03521.3524E | 135.3 |216.74| 24.15 |17.09.2010| 10
13:08:11 | 3703.3840N | 03521.3081E | 134.7 |268.14| 23.22 |17.09.2010| 10
13:08:22 | 3703.3914N | 03521.2638E | 134.0 |314.74| 21.49 |17.09.2010| 10
13:08:33 | 3703.4201N | 03521.2484E | 134.1 |343.08| 22.39 [17.09.2010| 9
13:08:44 | 3703.4587N | 03521.2308E | 133.0 |309.69| 27.28 |17.09.2010| 9
13:08:55 | 3703.4671N | 03521.1769E | 127.6 |296.96 | 22.46 [17.09.2010| 9
13:09:05| 3703.5034N | 03521.1678E | 130.1 |296.96| 27.54 |17.09.2010| 9
13:09:16 | 3703.5481N | 03521.1757E| 136.1 |359.95| 26.20 |17.09.2010| 9
13:09:27 | 3703.5836N | 03521.1796E | 140.5 |359.66| 25.12 |17.09.2010| 8
13:09:39 | 3703.6266N | 03521.1690E | 142.8 |343.83| 23.29 |17.09.2010| 8
13:09:50 | 3703.6610N | 03521.1550E | 143.3 |342.77| 22.39 |17.09.2010| 9
13:10:01 | 3703.6959N | 03521.1432E | 146.8 |348.56| 22.00 |17.09.2010| 8
13:10:11|3703.7082N | 03521.1365E | 149.9 | 88.81 | 0.10 |17.09.2010| 9
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Inspection of performance due to the media andrdéog the
105

performance

According to the above data examples, the followaireresses have been seen
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» Tracking construction machines and finding failures
» Early operations on the failed construction mackine
* Using the recorded data during development

* Making the leasing easy by protecting the consnanachines against
theft

« Controlling the hour meter of the construction maeh for borrowing
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5. CONCLUSION AND FUTURE WORK

On this work, the units which can be included bg structure of the gprs
based remote data verification system, were andlyse considering the present
technologies and tried to give the best answehé¢oquestion; “how should be the
gprs based remote data verification systems” hatdnd of this work, sample of the
gprs based remote data verification system was osatpby gathering the systems
which are best harmonized with each other.

With this work, data and information from gps thetassistance of other
hardware and software, and data collection systieoms sensors used on vehicle
were recorded by following remotely with a web pdyean assistance of gprs. A
practically applicable software was obtained by rosming some issues and
difficulties encountered during the improvementdsts of the software with
performed studies and solutions to be found. Obthsoftware was considered that
it is a practically applicable software by testwgh a sample of vehicle tracking
system. The vehicle which device is mounted, wasked succesfully on computer
screen by the improved software, simultaneously.

To be able to use this improved system on vehietectively, it should be
manufactured as reliable with a strong structuraireg the shocks and should be
integrated to the vehicle. Used GSM operator shgelde at used area to run the
GPRS technology. There is a possibility for infotima transfer almost on
everywhere with suggested wireless data transfietisns System will be able to
present to customers quick services and custoniesfasdion will be able to be
increased.

On the next steps of this study, it can be sugpimat the driver on vehicle
can monitor the path of the vehicle by using a gi@pased screen on vehicle unit.
Designed system can be used to obtain the roadomagtated region by providing
plot of the vehicle path on computer environmenbrfthand control unit). It
shouldn’t be supposed that using the area of tlffteva® is restricted with these
systems in spite of it's improvement is based am \tkhicle monitoring systems.

Software can also be used on another area whichiregqthe numerical map
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functionality, and instrument and components can dreduced for software
improvement. Also, the value of this study is pregbod, because it can be applied

to the other vehicles in automotive sector with lsgtaanges, easily.
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