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Abstract

In the last years, vehicles luxury and comfort becomes onc of the most
important fields in automoetive industry competition,

T'he recent car didn't enly depend on the mecharics, it now depends on the most

of the available technologies in the world, and a single systerm may have two or more
technologics in its structure to perform a specific task,

This project talks ahout the ability to apply telecommunication rechnologies on
the vehicles, especially the property of dual tune muli frequency (IDVIMLD), this
technology can be used to carry out some functions in the car. and these functions will
be:

* Running the engine.

* Aclivating the air eonditioner.

* Locking or unlocking doors by zetivating central locking system.

* Controlling the electrical windows system to open or close.
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L1 Project Background,

Al the beginning of the 20" centuty, everything on the carth was changed. by using the internal
combustion engines on the vehicles; time reduces, places become closer and making the whole life
gasier.

Vehicles development process didn'l slop ar any time, every dav was coming with a new
technology and features that can be added to the vehicles in order to improve the power of the
cngine, reducing emissions and fuel consumption and adding a great amount of comfort and luxury
options;

Now, the car can be used as an office or like & special room, due o the great amount of comfor!
and utilitics that installed in the vehicle like; DVD players. videa games, internet connection and
spplied teleconmmunication technology on the car.

Cellular technology started to become useful in the 1980s and has continued Lo develap from
then —very quickly. [1]
he idea of the vehicles that to be controlled without g husman inside it, is not 4 new one; some of
automotive companias like (Ford), uses the (Bluetooth) technology to control some [unctions in the
car, with being in a specific range away fram the ear,

Some researches are existing, talking about some festures in the vehicle, thal o be controlled
via moblle using the GSM positioning concept.

But this work uses the mobile phone itself to activare same systeme in the car from any place and any
ame vig 2 phone call, without diztance limitations, based on "dual tune multi-frequency” technology,

In the [asl vears, vehicles luxury and comfort becomes one of the mosl important ficlds in
sutomotive industry competition.

Ihe recent car didn't only depend on the mechanics, it now depends on the most of the
=vailable technologies in the world, and a single system may have twa or more lechnolagies in ils
siructure to perform a specific task.

This work talks about the sbility to applying telecommunication technology en the vehicles, this
t=chnology can be used to carty out some functions in the car, these functions could i




*  Running the engine.

& Activaling the air conditioner,

= Locking or unlocking doors by activating central lacking svstem.

* Closing ar opaning the electrical windows,

At the end of this work, it's expected that the driver can muke all these funcrions casily by using
his mobile phone,

' .2 Project Goals and Objectives.

The overall aim of the work is to finalize a design and huild a device inside the vehicle lor
sclivale some sysiems by mobile phones. Specilically the project intends 1o

L. Activation of same vehicle systems by mobile phones.
2. Build this device locally,
3. Achieving maore comfort for the drivers.

<. Adding sume features luxury on vehicles,

h

Applying modern technology with low cost,

- ]

' 3 Project Components and Concepl.
The components cequired in this project are:

= Nehicle; w apply this technalogy on it
*  Mobile phone with the driver.

*  Mobile phone in the vahicle.

*  Speciul integrated circuit (IC).

* Digital microcontroller,

Every button in mohile excluding the green, red and arrow bullons has a special frequency
cxlled (dual-tonce multi frequency "DTME™). The "DTMF" signal is penerated cach time the owner
i




presses the keypad, and producing a pair of frequencies, these irequencies will be trunsferred 1o
another mobile placed in the vehicle by a phone call, which receives these [requencies and passes it
using the wires of'its headphane to a special integral eiveuit (1 C); this (1.C) will analyze frequencies
and signals to produce different outputs depending on the input frequency from driver's phone,

Lhen these outputs frem the (1 C) will be matched to the vehicle systems and eireuits, to perlorm
the wanted tasks, like running the engine and air conditionsr ... Cle.

I.4 Project Choice Justification.

Ihis work will add a great amount of luxury and comfort for the cars and users, that is. if the
driver has ne more time in the moming, he can use this technology to warm up Lhe engine without
deing in the car, and he can turning on the air conditioner, 1o adjust the climate inside the vehicle
before starting his journcy.

This technology also has 4 great advantage when the driver being away Irom his car, and he
remembers that the car is not locked, then he can use his mobile to activate the central locking
shsiem and lock the vehicle doors and windows, or unlock them if it's needed.

All these aptions will be given to the driver, with a little cost.

Using the mobile to conlrol some systems may exist in other applications, now; it's the time for
applying it on the vehicles.

5 Work Implementation Plan

="

1he work will be performed in two stages; the first one will be in the [irst semester and the other
wme in the second semester, the two stages will be discussed as follow:

« The first stage will locus on:
1. Design the system.

2. Choose the marerials.

5. Select the systems for activation.




¢ |he second one will be devoted for:
I. Checking the design,
2. Building the system,

3, Checking the safery.

1.5.1 Main Tasks and Activities
The main tasks for the [irst semester include:

I, Selecting the work name and problem
2 Tinding the concepts and goals.
5. Scientific background on vehieles that  be controlled by mobiles.
<. Literature review and gaining.
=. Design the system,
% Lhoose the systems that to be activate by mobile phone,

Ensure safety of the system and its efficiency.

8. Preparing the report for the first stage.




1.5.2 Time Table

The time table [or the first semeaster is illustrated in ‘lablz 1.1,

Table 1.1: The time takle for |* semester.

Week number
& B |10

{(ihjective

Selecling
project title
Planning and Setting Project
Coneepts and Goals

I

wshlishing Scientific Background

Lircrature Review

Mk s Preliminary Design for
Praject

L hoose the Material 2nd Find it

Selecting The Sysiems To
Activate

Check the Salety

Write the Final Report

The main tasks for the second semester include;

! Building and installing the project and its control.

1

I'est the project and its effectiveness.

(Y]

- P'reparing  documentation, summarizing the resulls and recommendztion, and making
presentation about the project.

f




Table 1.2 Time table for the 2™ semoster

Objective

Week number

Collect the
Marerial

Build the Final .

Desipn

Cheek the Safety

Try the Device

Recheck the
Survivability

Write the Result

Write the
Recommendation

Final Report




1.6 Preliminary Budget

Preliminary estimates are made for the project companents as listed in table 1.3,

The total estimate budgel is 1300 1D

Table 1.3: Preliminary budget

ftem Estimated cost (1)
Vehicle T00
Phone with the driver 250
' Phone in the car 250
Different wires and electrical components | 100

Total

1200




Chapter Two

General of “DTMF™ and the Principle of
Controlling It

2 1 Basies of DTMF.
~ 2 The DTMI Receiver.

= 3 The Control Logic.
2.3.]1 Decoder,

2.3.2 Microcontroller

- 4 Controlled Systems.
2.4.1 Air Conditioner.
2.4.2 lanition Switch.

2.4.3 Doors Central Locking,

2.4.4 Electrical Windows.




2.1 Basics of Dual Tone Multi- Frequency (DTMF)

More than 25 vears ago the need for an improved method for translerring dialing information
through the telephone network was recognized. The Lraditional method, Dial pulse signaling, was
not only slow, suffering severe distortion over long wire loops, but required a DC parh through the
communications channel. A signaling scheme was developed utilizing voice lrequency tanes and
implemented us a very reliable alternative o pulse dialing. This scheme is known as DTMF (Dual
Tone Multi- Frequeney), Touch-Tone™ or simply, tone dialing. As its acronym suggests, @ valid
DM signal is the sum of two tones, one from a low group (697- 941Hz) and one from a high
group (1209-1633117) with sach group containing four individual tones. The tone frequencies were
carelully chosen such that they are not harmonically related and that their iinter modulation praducts
result in minimal signaling impairment (Fig. 2.1a). This scheme allows for 16 unigue combinarions.
len of these cades represent the numerals zeio through nine, the remaining six (*.#A B.C.D) being
reserved [or special signaling, Most telephone keypads contain ten numeric push bultons plus the
asterisk (*) and octothorp (%), The buttons are arranged in a matrix, each selecting its low proup tone
from its respective row and its high group tone from ils respective eolumn (Fig. 2.1h).

The DTMT coding scheme ensures that each signal contains one and only ane component from
ssch of the high and low groups. This significantly simplifies decoding because the ecomposite
DIMEF signal may be separated with band pass filers, into its two single frequency components
sach of which may he handled individuallv. As a result DTMF coding has proven to provide a
flexible signaling scheme of excellent reliability, hence motivating innovative and competitive
decoder design.
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2.2 The DTMF Receiver

The MTS870D/MTE870D-1 is a complete DTME receiver integrating both the band split filter
and digital decoder functions. The filler section uses switched capacitor technigues for high and low

eroup fillers; the decoder uses digital counting technigues to detect and decade all 16 DTMF tone-
pairs inte a 4-bit code,
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Fiz.( 2. 2) Functional block diagram.

And here is a table shows the values of Q1- (4 (the 4 bit code output) against cvery bulton in
the c¢ll phone.
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Table (2.1) Functional decode wble.

Dignt | TOE | INH ESl Lo s Q, 5
ANY L X H - 2 F4 2
(] H x H L1} 0 a 1
2 H X H LI (i] 1 ]
3 H X H 1] 1] 1 5
4 H X (2] L 1 4] o
5 H X 2] L1 1 ] ¥
6 H X H g 1 1 i}
T H X H L] 1 1 ¥
a H X H 1 0 o o
& H x H 1 o0 a] 1
a H b4 4 1 0 1 i
= H x H 1 o | i
) H X H 1 1 ] a
A H L H 1 1 c |
B H L H 1 1 1 a
- H L H 1 1 1 1
4] H L H Li] 1] #] 0
& | H L
B H H L undetected, he outpul code
= " v 1 I remain the same as the
pravious detecled code
e

L: Logic low, H: Logie high.
Z: High impedance. X: Don't care.

The eircuit shown in (Fig. 2.3) illustrates the use of MTSB70D-| device in a typical receiver
svstem. [t defines the input signals less than -34 dBm as the non-operate level, This condition can be
sttained by choosing suitable values of R1 and R2 to provide 3 dB attenuation, such that -34 dBm
mput signal will carrespond W -37 dBm at (he gain selling pin GS of MT8870D-1. As shown in the
diagmm; lhe component values of R3 and C2 are the guand time requirements when the toral
component tolerance is 6%,




oTme C=
W MTERTODA =
] e o Vo [ —o
=) 2y —
]S Esf T— 7
] Ve =] -
O—mu e
Or———— 1Py si3—4—0
L TC ase s ;i i :IGIEIE'..'JJ'.I:" ¥
I_c 3:5: : Tof "J FzaTi b2 Th
| = fy= 320 Km 1%

Cylps 100 AF 20N
Ky = PATPLEE MH 2 0 1%
Vo= 5VII%

Fig. (2.3} Single ended input configuration.

~.3 The Control Logic

Contral logic is a key part of a software program that controls the operations of the program.
The centrol logie responds to commands [rom the user, and it also acts on its own to perform
automated tasks that have been structured into the propram.

2% PDecoder

A decoder is a device which docs the reverse of an encader, undoing the encoding so that the
original information can be retrieved. The same methnd used to snende 15 usually just reversed in
order to decade.

In digital electronics this would mean that a decoder is a multiple-input, multiple-output logic
cireuil that converts coded inputs inte coded oulpuls, where the input and output codes are different.
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2.3.2 Microcontroller

A microcontroller isa small computer on a single inteerated circuit containing a processor core.
memory. and programmable inpulfoutput peripherals, Program memaory in the form of NOR flash or
OTP ROM s also often included on chip. as well as a typically small amount of RAM.
Microcontrollers are designed lor embedded anplications, in contrast ta the microprovessors used in
personal computers or other general purpose applications,

A microcontroller is a highly integrated chip, which includes on a single chip, all or most of the
parts necded for a controller. The microcontroller typically includes: CPU (Central Processing Unit).
RAM (Random Acecess Memory). DPROMPROM/ROM (Erasahle Programmable Read Only
Memory), 1O (inputfoutput) — serial and parallel timers, interrupt controller. For example, Inte!
8051 is &-hit microcontroller and Tntel 8096 is [6-bit microcontrolier,

fimeriCounter ] [ P _l

ACC

Interrupt Register(S)

CircLmts

Eﬂn: I“té!nal
HAM

Cio ck
Corecut ALU I

Frogram Counter

Internal I

Fig. (2.3) A block diagram of microcontroller.




-4 Controlled Systems:

241 Awomotive Air Conditioning

Stroduction to vehicles air conditioning:

Heating and ventilation in automotive transport is no Jusl a fumetion of 1emperature control, The
satety of oceupants Lo reduce driver fatigue, ensure good visibility and maintain comfort is @ key to
¢ successful desipn of such systems. A continual flow of air through the vehicle's interior reduces
sarbon dioxide levels. acts as a demister and prevents the buildup of the odours. Carhon dioxide in
“igh concentrations can cause a driver to be less responsive. [2]

The modern heating, ventilating and air conditioning svstem (HVAC) should be able to ensure
“sat thermal comfort and all around visibility are delivered in Lhe extreme weather condilions
experienced across the globe.

Frinciple of air conditioning:

It's self-evidence that heat tends o Mow from high temperature 1o low. If we wish 1o provide
cooling to 2 location in a high remperature environment then we are effeetively asking heat to flow
fom low temperature to high. To achieve this it's necessary to operate a thermodynamic evele in
which a refrigerant at a low temperature is used to extract heat from the location to be cold. The
relrigerant is subsequently compressed until it becomes hot snough to be able o reject heat to
smbicnt. Aller cooling to near ambicnl lemperature by the ambient air, it's expanded back to low
pressure, 4 provess which generares further reltigerant temperature reduction that becomes low
“nough to be used to be used for cooling at the required location. The required cooling is thus
achicved but ar the expense of the work necessary to driva the co Mpressor.

Air conditioning in vehicles:

The automotive application places very special demands on the air conditioning systems, A
Spical vehicle system has a similar cooling capacity to that reguired for the air conditioning of a
small house despite the vast difference in volumes 1o be cooled. The reason for this is twofold,
Firslly coaling duty per uail volume is much higher for the vehicle because the heat transfer
=oefficicnts between hot ambient air and the oulside surfaces are much higher due to movemeant of
e vehicle through the air. Secondly the proportion of the enclosure consisting of plass is very high
for the vehicle. a factor that makes the effecl of direct solar radiation very high. On top of this a

17




particularly demanding requirement is to cool the cahin very rapidly aller the vehicle has been
soaked in an ambient temperature of 40°C or hipher.

Another significant way in which automotive air conditioning differs from the buildings
conditioning is the question of compressor drive. In the vehicle the compressor is belt driven by the
engine 5o that independent contral over the compressor speed is not possible. This abviously has
significant implications for system contral and means thal there can be calls for high syatem
performance al times when compressor speeds is very low,

Components af air conditioning svstem;

- Compressor:

The function ol the compressor is to compress the circulate superheuted refrigerunt
vipor around 2 closed loop system. Compressors vary in design, size, weighl, rotational
speed and direction and displacement. Alsa compressors can be mechanically or clectrically
driven. Some compressors are variable displacement and some are fived, The Compressor
uses 80% of the energy used 1o operate an air conditioning system. 'his means that the type
of the compressor used in the system will determine the overall efficicney of the system.
This is particularly imperlant for fisel econemy and pollution.

2= Condenspr:

The function of the condenser is to act s a heat exchanger to dispel the heat EHeTiy
contained in the refrigerant. Superheated vupar caters the condenser at the top and subcooled
liquid leaves the condenser at the bottom. The conderser must be highly efficient but as
compacl as possible.

The condenser is located ar the [ront of the vehicle, where strong air fow through its
core can be achieved when the vehicle is in mation, To aid the removal of the hear when the
vehicle is stationary or at a low speed the condenser is filted with a single or double fan
system. Shrouds are oflen used to dircet the air flow over the surface of the condenser, The
condenser comprises a tube coil which is securely attached 1o fins creating a large canling
surface which facilitates haat transfer.

18




3~ Fluid conlainer and drier:

In the refrigerant circuil with an expansion valve, the fluid container shown in (fig. 2.6)
serves s u refrigerant expansion tank and reserveir, Different amounts of the relnperant arc
pumped through the circuit when opérating conditions, such as the thermal load on the
evaporator and condenser and compressor rpm are variable. The fluid contziner is inteorated
in the circuit in order to compensate for thess tuctuations.

The drier hinds chemically moisture which has entered the relngerant circuil during
instellation. The drier can absorb between 6 and 12 g of water. depending on type. The
amaunt of water that can be absorbed is temperature-dependent, The amounl ol waler
ahsorbed imcreases #s the temperawre drops. Abraded material from the comprossor, dir
arising from installation work and similar is also deposited.

Sight-giass

Recsiver lube—

Heceiver body —

/ Dryer

/ Desiceant
[—— Filter

Fig (2.6) Muid container and drier
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£ Expansion valve:

To control the amount of refrigeranl volume owing through the evaporator n metering
device must used. The function of the metering device is as follows:
e Toseparate the high pressure and low pressure side of the system.
¢ Tometer the volume of the refrigerant,
e To casure that there is a superheated refrigerant existed in the evaporator.

Ihe expansion valve is the point where the refrigerant in the evaporator expands and cools
Sran

& Evaporator:

The evaporalr opetates according to the same principle as 4 heat exchanger. Tt is an
integral part of the air conditioner in the heater box. When the air conditioner is switched on,
heat is extracted from the air which flows through the fins of the cold evaporator. This air is
coaled. dried and cleaned in the process.

& The Relrigerant:

Refrigerants are the working Nuids at the A/C systems.
An ideal refrigerant would have the following properties:

s 7ero Ozone depleting potential and zero global warming potential.
e Low boiling point.

s High critical pressure and temperature poinis.

e Non-toxie. Non- lammable.

e Non corrosive (o metals, robber, plastics.

o Cheapto produce.
The refrigerant used now in the most of the vehicles air conditioning system is R-134a.




Operation cycle in the vehicle:

A compressor increases the pressure of the fluid in the gas phase, which increases its
temperature. The gas passes through 4 sel of coils of a heat exchanger or radiator where it cools by
contact with the surrounding air under the hood of the car. Now cooler, it condenses back into a
liquid phasc and passes through a pressure reduction valve, cooling further,

The liquid moves through the sceond set of coils where it remaoves heat from air Blown past the '
coils, The heat that the fluid picks up makes it evaporate back inte a gas phase and then it moves |
toward the compressor again. The compressor is powered by a rubher belt thar is turned by a pulley
on the crankshalt. (Fig. 2.7) illustrates the operation cvele of the system.

Condenser

Figf2.7) A/C operation cyvele.
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2.4.2 Ignition System:

The fundamental purpose of the ignition system is 1o supply & spark inside the cvlinder, near the
end of the compression stroke, to ignite the compressed charge of air—fue! vapor,
(Fig. 2.8) shows an example of & modem ignition system which is direct ignition system (1}S).

Fig.(2.8) DIS system.

Direct ignition svstem (DIS) main companents:

Spark plugs:

The spark plug is quite simple in theory: It forees eleciricity (o arc across a gap, just like a bolt
of lighming. The electricity must be at o very high voltage in order to travel across the gup and
<reate a good spark. Voltape at the spark plug can be anywhere from 40,000 to 100,000 valts.
Crunkshaft timing sensor;

Located in the front of the crankshali to trigper the ignition system, this sensor sends a signal that
‘==d riming and RPM information to the DIS and computer madule.
Camshaft sensor:

It is driven by the camshali and provides information on the cylinder pusition for the ignition coil
and fuel system,

22




Ignition DIS mudute:

It receives the signal [rom the crankshafl sensor and the camshaft sensor. it also receives the
spark signal from the vehicle's central computer. It's major purpase is to use the inlormation
supplied 1o it to control the ignition coils.

Iznition coil pack:

It is comprised of multiple ignition coils, the DIS module cantrols these coils by means of coil
Ieads. and the ignition coils fires two spark plugs simultaneoy sly: une on the compression stroke and
the other on the exhaust stroke.

lenition switeh:
Funetions ol fgmition switch:
*  Provides driver control of the ignition system.
e Feeding different clectrical cireuits with the electrical carrent,
¢ Lsually elso used to canse the starter W crank.

2 4.3 Central locking

The Central Locking System provides locking/unlocking of the calire vehicle from one central
culerior point,

(I'ig. 2.5) shows a simple door locking circuit. When the key is wrned in the driver's doar lock.
all the other doors on the vehicle should also lock. Motors or solenoids in each doar achicve this, If
e system can only be operated from the driver's door key, then an actuator is not required in this
Zoor. If the system can be operated from cither front door or by remote control, then all the doors
=ead an actuator. Vehicles with sophisticared alarm systems often lock all the doors g5 (he alarm is
L.

Most dvor acruators are now small mators which, via suiteble gear reduction, operate a linear
" in either direction to lock or unlock the doors. A simple motor reverse circuit is used to achieve
%2 reguired action. (Fig. 2.10) shows a typical dvor Inck actuator,




Control unit
Supply ——
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| | 9008

Driver's door _L Lock motors

Fig. (2.9) Simple door locking circuil.

Do motar
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Stop

IFig. (2.10) Door lock actuator

Remote keyless system:

A keyless entry system is an eleetronic lock that controls access to « building or vehicle without
ssing a traditional mechanical key. The term keyvless eniry system used to mean a lock comtrolled by
s keypad locaied at the door that requires pressing a predetermined numeric code for enley.

The term remote keyless system (RKS), or more commonly just as keyless entry, refers to a
lock that uses an electronic remate control as a key which is activated by a handheld deviee or
sutomatically by proximity. [5]

Keyless remotes contain a shori-range radio transmitter, and must be within a certain runge, of
“e car lo work. When a button is pushed, it sends a ended signal by radio waves 1o a receiver unit in
=== car, which Tacks ar uniacks the duor.
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2.4.4 Tlectrical Windows:

The basic form of eleciric window operation is a motar reversing system that is operated either
Dy relays ar directly by a switch,

More sophisticated systems sre now becoming more popular for reasons of safetv as well as
improved camfort,

Lisually this system not working alone, the complele svstem consists of un electronic control
snit containing the window motor relays, swilch packs and a link to the door lock and stin-roof
circuits.

When a window is operated in one-shot ar one touch mode the window is driven in the chosen
direetion until either the switch position is reversed. the motor stalls or the FCU receives a signal
fom the door lock circuit. The problem with one-shol vperation is that il" a child, for example.
should become trapped in the window there is a serious risk of injury. To prevent this, the back-ofT
feature is used.

A eircuit for electric windows is shown in (Fig. 2.11). There are conncctions to other svstems
such as door locking and the rear window isolation switch, This is commaoenly fitted to allow the
Sriver to prevent rear window operation for child safity, for example,

Supply
- —e
Other systems

+ lgn ———

ECLS and relays —l

1

- B
Window maotors and position sensors

Driver:
i su:i::f:_ L’E

/
pach _L i
— Door "
Door switches il
switch for each r
circuic window
L] i

Fig. (2.11) Eleetric window control circuil.
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Chapter Three:

Principle of Work

3.1 Connecting the mobile to the vehicle.

3.2 Controlling “DTMF”,

3.3 Microcontroller Programming.




2.1 Connecling the mobile to the vehicle:
(Fig. 3.1) shows the flow of processes in the system to activate ane device or more in the vehicle.

I'his system uses twa mobile phones, one with the driver and the other placed inside the car, Lach
one of these mobiles contains & valid "SIM" card.

The mobile inside the vehicle has an activated "Answer Machine” option, once the driver dials the
aumber of the "SIM" inside the car, the two mobiles will be connected ta each other.

Ihe mobile inside the vehicle is attached with & headphone wires, just the wires needed here, the
negative terminal of the wires connected to the earth and the positive one is connected to an intepral
arepit (1C) which is responsible for receiving "DTME" frequencies. I'his integrated circuit is
“CM 88707,

Now, the mobile with the driver is completely conneeted with the internal svstem of the controlling
device, and waiting for orders.

2.2 Controlling “DTME™:

After the signals of "DTMT" have been received by the mobile inside the car. then these sipnals
w11l be resend to the "CM 8870" circuit, which specialized of determining these frequencies. This picce
weading each frequency alone, and then producing (4-bit) values for each button presented in the
=wobile. As explained in chapter two,

After that, the {(4-bil) values leave the circuit (CM 8870) to cnter (4*16) decoder which convert
sz values into (16) values, through determining the entering (4-kit) values.

Now, each butron in the mobile has a unigque constant value comes from the decoder.
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Fig. (3.1) Flow of processes.




5.3 Microcontroller Programming:

This step is the heart ol the system that because the required contral processes will be performed
nepe:

The (16) values which leaves the decoder will be processed in (16-bit) microeontroller, which
includes a special programs that allowing it to control the required devices.

In this work, the need is only [or (9) values or buttons to be activated, as tollows:

¢ Bullen (1) Window closing
e Buton (2); Window opening.
« Button (3): Doors locking.

* Button (4): unloek the doors.
*  Button (31 Activating the air canditioner at the cold mode. |
» Putton (61 Activating the air conditiengr al the hol mode.
« Button (7): Engine running.

It's good to know that this system is able to include any other electrical component inside the
cehicle that required o be controlled.




Chapter Four:

Design Process

4.1 Introduction,

4.2 Mohile used.

4.3 DTMF decoder building.

4.4 Microcontroller description.

4.5 Vehicle used.

4.6 Central Jocking wiring diagram and principle of controlling it.
4.7 Windows wiring diagram and principle of controlling it.

4.8 Air conditioning wiring diagram and principle of controlling it.

4.9 Ignition system and principle of controlling it,




4. | Tntroduction:

In this chapter the principles of design will be introduced, by sxplaining the steps of
building the system in order Lo fulfill the vbjectives needed.

These objectives will be:

= Ntarting the engine.

= Opening/closing the windows.

= Locking/unlocking the doars,

= Controlling the atr eonditioning system.

These objectives should be done by cell plhione controlling.

In order to build the complete design of this project, a test board contains a model of the
clectrical and electronic components were built. to install it on the vehicle when this model tested
and gives the requirements.

I'his test board is shown in figurs (4.1).

Fig. (4.1); The test hoard.



4.2 Mobile used:

This mohile shauld he able to receive a phone call from another mobile outside the

model, and give g signal through its headphone wires Lo the (1C) depending on the DIMFE
received from the external mebile.

Fig. (4.2} shows the mobile used here is nokia 1616.

Fiz. (4.2): Mobile used in the project.

This mobile used for the following reasons:
=  (Can receive the DTMF signals.

= |lave a headphone exit.

Have the ability of auto answer,
 |ow cost

‘I'he mobile inside the vehicle will be supplied with the power through a charger
connected to the cigarsttes lighlcr.

=3 DIMF decoder building:

The (CM 8870) is a complete D'IMF receiver integrating both the band split filter and
digital decoder functions. The filter section uses swilched capucitor techniques for high and

low group filters; the decoder uses digital counting techniques to detect and decode all 16
DTMF lone-pairs into a 4-bit code.

32



The (CM 8870) is a special integral circuit concerns with reeciving the dual tune multi
frequency (DTMF) signals. and used in many applications such as: receiving systems in
lelecommunication service providers, mobile radio applications. eredit card syslems,
personial computers, remote control, and telephone answering machines.

This (IC) offers a small size, low power consumplion, and high performance.

In order to use this (IC) as a DTMF recciver it should be connected ta with same
resistances and eapacilors to save it and o allow good provessing as shown in the figure

(4.5) below.

5V
CM8870 g
0AyF —ci: e vm'%—#
°—| ™ L SYGT [ '
wolypd dles elS
cren —--"E‘: Vegr 5t %-—-—u
! o[
- oo
3_55...:"{:?: 0sC1 02 %—'—0
“ht%é 0SC2 oo
v ToEfa—

Fig. (4.3): Connection of capacitors and resistances with the (1C).
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And this is the meanings of the symbols, snd the magnitudes:

Here the resistance (R) has
voltage fiom the head phone wire. su measuring this vo

PreNo Dacristen Bprc: ﬂ?::}
H MTEE70
2 Resistor-1 R 1
3 Resistoz-2 100k ]
+ Resister-3 230k 1
5 Resistor—< 22k 4
6 Piezo-eleetric Cryeral 3.57 MH: i
i capacitosr 0 uf 2
2 Connecting Wires - -

ne fixed valus since it depends on the cell phone output
lage is necessary, according to the

used mobile (nokia [616) this voltage have been (100 mV) and that leads to use a (4.7 k)
resistance Lo allow the signal to muve into the (1,

Connection steps:

15

2

LIS
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i

The (CM BB70) IC is placed on the breadboard first.

- Conneeting (100k) resistance across pin2 und pin3, connecting pinl6 and 17 with

(330k) resistance, then pind and pinl connected togethier.

Conneeting pin9 to the ground, while cannecting pinl0 and pinl3 to sach other, then
pin 17 connected via (0. 1uf) capacitor.

Now connecting crystal escillator {3,579 MHZ) takes place across pin 7 and pin &,
Connecting 4 (22 K) resistances in parullzl with pins (11-14).

Connecting the voliage source (+5 V) Lu pin |8,

Connecting the head phone positive wire with (0. 1ul) capacitor and with it in series
the (4.7k) resislance then connecting it to pin2.

Connecting the ncgative wire of the head phone 1o the ground,




Testing of the circuit:

For testing this cireuit 4 1.00s needed with 4 (300 ohm) resistances, the LEDs connected via
resistors R11 1o R14 at pins 11 through 14, respectively. indicate the output ot the (1C),

T'he wne- pair DTMF (dual tune multi frequency) generated by pressing the telephone is covered

mto binary values internally in the (IC), the binary values are indicated by glowing of LEDs at the
outputs of the (IC).

LED T represents the lowest significant hit (LSB) and LED 4 represents the most sipnificant bit
(MSB). So. when you dial a numher, say, 5, LEDs 1 and 3 will glow, which Is equal to G101
Similarly, for each number dialed in the mobile, the corresponding LEDs will glow. Thus. a non-

defeetive (1C) should indicate proper binsry values corresponding to the decimal number pressed in
the mobile keypad,

The next rable shows the status of .EDs on pressing keys on the mobile kexpad:

Table (4-1): Status of the LEDs when pressing a key in the mohile.

Key No. LLD | IFD2 LED 3 TF4
| OFF ' OFF OFF oN
2 OFF ol 8 | o
3 OFF OFF 0N ON

- 4 orr ON OFF | OFF |
5 OFF ON OFF N
6 OFF N ON ! OFF

B 7 OFF oN ON i ON

B i o OFF OFF ok |
4 oN OFF GFF on
0 ON OFF ON OFF

Notes: 1- | EDs blinks momentarily whenever any key is pressed.

2= ON = |, while OFF =0,
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4.4 Microcontroller description:

A microcontreller is a small computer on a single inteprated circuit cantaining 4
processor core. memory, and programmable input/outpul peripherals, Microcontrollers are
used in automatically controlled products and devices. such as automohile engine control
systems, remate controls, office machines, power tools and other systems,

By reducing the size and cost compared to a desipn thal uses a sepatate microprocessor,
mumaory, and input/oulpul devices, microcontrollers muke it cconomical to di gitally control
even more devices and processes. mixed signal microcontrollers are common,

Microcontroller selection:

A 164877 pic microcontroller. shown in figure (4.4), used in this praject, this particular
micracontroller were chosen for the following leatures:
l- Low-power,
2- High-speed Flash/EEPROM (Electrically Erasable Frogrammable Read-Only Memory)
lechnolagy,
3= Fully static design.
4- Wide operating voltage range (2.0 to 5.5V,
3- Commercial and Industrial temperature ranges.
6- Low gost.

PIC16F877A-1/P

16F877A
1lpcs

Fig. (4.4): the Microcontroller used in this project.




In some systems the CPU is a limit to (he highest and sometimes the lowest CPU clock
Irequency, so the clock needs 1o be smble encugh to guarantee timing requircments are mel
aceording to the design and the specilication,

Oscillator circuit is used for providing a microcontroller with a clock. Clock is needed
s0 that microcontroller could exceute o PIORTam or program instructions,

Many tyvpes of oscillators vsed in microcontrollers, the wype used for this project iz
quartz ¢rystal oscillator, which is an elecrronic oseillator circuit that uses the mechanjcal
resonance ol a vibrating crystal of piczoelectric material to creare an efectrical signal with a
very precise frequency. This frequency is commonly used L keep track of time, w provide a
stable clock signal for digital integrated circvits, and to stabilize frequencies for radio
transmitters and receivers,

The frequency of cach crystal remains stable at a variety ol temperatures and pressures
and in the prescnve of many different materials and chemicals, making it ideal for uperations
thar require precise timing under many circumstances.

The crystal oseillator used in this project for the micrncontraller is an cxlernal (SJK)
with 4 MITz frequency.

Microcontroller programming:

first ot all. this system should be safe, so that only the vehicle’s owner who will have the
ebilily 1o control his vehicle, and to fulfill this purpose a security svslem where built in the
microcontroller passed on a password protection.

when the oawner calls his vehicle, he must enter the right password Lo Iog in to the
system, i he enters the right password he will get an aceepting tone, after that the owner will
listen ta tone every time he presses a number, (o0 ensure that the process in progress,

IFthe owner wants to end the call, he must press {#) to Tog out of the system. and thar to
make the password return to the set point, otherwise the system will accept any call later
froim anybody elsc.

The following flow chart shows the flow of the processes inside the microcontroller:
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Chart (4.1: flow of processes inside the microcentrallor.
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Microcontroller outputs:

The microcontroller progremmed in order to give an cutpul as the following:

*®  Pressing number (1) on mobile keypad will give one outpul with L0 seconds duration.

which will be used o Jell vehicle's window upward.

*  Pressing number (2} on mobile kevpad will give ane output with 10 seconds ducation.

which will be used to downward vehicle's window. |

Pressing number (3) on mobile keypad will give one onrput momentary, which will

be used to lock vehicle's doors.

* Pressing number (4) on mohile keypad will give one output mementary, which will
be used to unlock vehicle's doors.

® pressing number {5) on mobile keypad will give two outpuls 4t the same time with S
minutes for cach output, which will be used to astivate the compressor of the air
conditioner, and the fan of the (AC), in erder to activating the cold mode ol the air
conditioner.

B Pressing number (8) on mobile keypad will give a single owtput for 5 minutes. in
order to apply the air conditioner blower. o activate the hat mode of the air

conditioner.

* pressing number (7) on mobile keypad will give two outputs ar the sams time, the
first one will be momentary, which will be used 1o close the circuit of the ignition
switch, and the other one will be active Tor 4 seconds, and will be used to activate the

starter.

4.5 Vehicle used:

The vehicle where this systent was implemented on is (Volkswagen — Bora, 2005,
1 600ce).

4.6 Central locking diagram and principle of controlling it:

This System provides locking/unlocking ol the entire vehicle from one central exterior

point
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The mechanism depends on a small DC motor which, viz snitable gear reduction. aperatcs
4 linear rod in cither direction up and down 1o lock or unlock the doars, by changing motor
polarity.

When the actuator moves the lutch up. it connects the autside door handle 1o the opening
mechanism, When the latch is down, the outside door handle is disconnected from the
mechanism so that it cannot be opened.

This svstemn is guite simple, a small electric motor turns a series of aears thal serve as a
reduction, the last pear drives a rack and pinion gear sat that is connected Lo the actuator rod.
and the rack converts the rotational motion of the molor into the linear motion needed to
move the lock.

An important thing about this mechanism is that while the motor can wurn the gears and
maove the latch, il vou move the latch it will not tum the motor.

A normal central locking system can he activated directly by the ignition kev or by remote
contral from specilied distance.

In this project, the system should be activated by the mobile with the driver to dial 4
number which is responsible for opening or closing the doors automatically through a phone
call. and then the mobile inside the vehicle will respond through the answering machine and
passing the suitable (D1TMI) signals to the inteprated cirenit (MTEETO).

The (IC) receives the signal; analyze it, and producing & (4-bit) values special for the
number dialed by the driver. These values transferred to the decoder which bacomes a (16-
bit) value alter leaving the decoder,

Now, the signal enters the microcontroller, processed, and then the controller according to
the content program decides which system should be activated or deactivated.

An order from the microcontroller ransferred o the cenleul locking system through o wire
connects hetweon the microcontroller and the main relay in the svstem. especially in the
same location where thie ignition signal wire connected with the relay or at the door locking
switch as shown in figure (4.5).
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Tig. (4.5): Door lecking/unlocking circuit,

4.7 Electric windows wiring diagram and prineiple of control it.

In an elsciric window system, a D.C. permanent magnet molor is normally used to
eperate cach window, and 4 three-position rocker switch changes the polarity for providing
up-and-down motion of the window. Four main window switches, one for each windew are
installed on the driver’s panel, and an isolation switch is also added 1o diseonnect the supply
lo the rear windows, two relays control the eurrent 1o cach motion and are powered by g
common feed.

An important feature of power windows is that they cannot be farced apen; the worm pear
in the drive mechanism takes care of this, many worm gears have a self-locking feature
because of the angle of contact between the warm and the gear, the worm can spin the gear,
but the gear cannot spin the worm, friction between the testh causes the gears to bind.

A gearbox forms the drive between the motor and the window elass and amplifies the
lorque sufficiently to undertake upward motion of the window, which is more difficult than
the downward motion. The gearbox drives either a flexible rack or acts dircetly on tp the
window winding mechanism similar o 2 manual s ystem,

The wiring of the electric windows runs throughout the Car, sometimes it's very simple lo
wire the car, as each window has its swn control. Hawever, the driver's side duor often has
controls for all the windows in 4 car. which requires wirin 2 to run throughout the car,
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This simply involves more wiring and a central conirol unir that processes the electric
signals for cach button in the car, most electric windows have a (sature that stops them from
going up when somerhing gels causht in the way, and this is a safety feature that keeps
people safe.

The mechanisms arc very similar in manual windows as thal of power windows, but
instead ol the motor Wrning the gcars the crank handle docs the work,

Activating of this system begins as the car battery that sends the power to the 1gnition; so
that when vou turn on the vehicle the windows will be in operation, from the ignition a wire
runs to the fuse box hefure leading on Lo the window switch, this is essential in the case ol a
fault, the fuse will hurn out thereforc preventing any major costly repairs Lo laree;
COmMPOIEnls,

The switch works by elosing and opening two different sets of wire circuits, and then the
wires are redirected Lo the power windows mator, when a user pushes the switch one WaY,
ene set closes and another opens. and il he pushes the switch the other way the Oppasite sets
apen and close, this is necessary in determining which wav the motor should run, As shown
in figure (4.6).

TR

Iig. (4.6): Changing the direction of the windaow (up/down).

The driver's door module monitors all of the switches, for instance, if the driver presses
his window switch, the doar module closes & relay that provides power to the window moror
and activale the svstem for closing or openina,

In this project. it's nceded to control the window of the driver. a sipnal from the
microcontroller given Lo the switch of the window of tha driver, this signal causes the cireuit
tw close, and then the motor star rotating (0 rise or setting down the glass. As shown in the
figure (4.7).
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Fig. (4.7): Electric windows circuit diagram.

4.8 Air conditioning wiring diagram and principle of controlling it:

Twa types of air conditioning systems are available on vehicles; automatically controlled
system and the other system is manually controlled.

The system instslled on the vehicle of this pruject is o manual tvpe,

The (AC) Compressor is driven by the engine through the bell and pulley, As the enging
starls o rotaie, the pulley rolates the compressor shaft and starts compressing the refrigerant.
The (A/C) elutch is & mechanism to control the connection of the eomprassor to the engine,

The (AC) magnetic cluteh works on the principle of electromagnetism. When the (AC) i
lummed on, the electromagnetic clutch energizes and produces u strong magnetic field. This
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magnetic field arracts the (AC) comprassar rolor to cngage it with the engine pulley and
starls working, thus a cooling effect is obtained inside the passenger cabin, As we swilch off
the (AC). the power culs off to the magnetic clutch, which leads to disengage the compressor
[rom the engine pulley.

L he electromagnetic clutch activated by an ait conditioner switch in driver cabin, when
current flows from the baitery due to switching the (AC) system "on" the magnetic clutch
connects the compressor pulley to the vompressor shaft and eauses i il to rotate with the
speed ol engine crank shall, and the compressor shaft will be relessed when the (AC) switch
tumed off, then (AC) stops working.

In this project. when the user asks to operite the air conditioner by his phone, the svstem
were respond as discussed before, and the required si anal produced from the microcantroller
transferred through a line connected 1o the air conditioner relay commaon with the line ol the
(AC) switch after the switch, fip. (4.8) shows the wiring diagrum of the air conditioning
syslem of the vehicle, and how the main componcnts conmected and sctivated,

=

-

i
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1&2F

g e

252
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Fig. (4.8) Wiring diagram of the (AC) system.
Where: [E35: air condilioner switch. J32: air conditioner relay,
V7: radiator fan. F18: radiator fun thermo switch.
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Another option available for the user, thut he can activate hot or cold made at different weather
conditions.

al

b)

Cold maode:

This mode may be required in summer days, for cooling the inside volume of the vehicle
before start travelling, or when a car is parked under the sun, so iU's difficult to use it with its
polluted inside air. and hot fumnilure temperature.

To aclivale this mode, it was needed to have two signals fram the microcontroller; one of
them was faken o the (AC) fan switch, for activating the svstem. And the vther sipnal
conneeted to the magnetic clutch, in order o sctivate the compressor, which forces the
refrigerant o recireulate in the conling cvele,

The cold mode will be chasca by default from the driver previously, as the air canditioner
normally would be activaled ar this mode in the summer days.

Hol muode:

This mode will be used in the cold days, 10 increase the wmperature of driver cabin,
especially in the moming when it's difficult to lcave the warm house and SHTING in & very
cold vehicle in o fost wav,

In this mode; only ane signal was required, just for activating the hol air hlower, in order
ta pass the hot air to the vehicle intcrior, as the wemperature of the engine makes the
surrounding air lo hecome Lo hot, so, we use this air to improve the climate inside the car.

I both mades, hot and cold, the enging mast be running before activating any mode, because it's
the source ol the energy for the air conditioner,

4.9 Ignition system and principle of controlling it.

The internal combustion engine is not capable of self-starting. Aulomotive engines are
cranked by a small but powerful electric mator. This metor is called a cranking motor, or
starter.

The battery sends current to the starter when the operatur lurns the ignition switch to start:
this causes & pinion gear in the starter to mesh with the testh of the i ng gear, thereby rotating
the engine crankshaft for starting,

In conventional way of starting the engine, the key with the driver is used, to oller some
measure of sccurity to cngine operation and starting, rotaring of the switch is used to control
the enging and starter motor.
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I'here are typically three separate switches options in the ignition switeh assembly, off,
on, and start positions. As shown in figures (4.9, a. b, ¢).

DI $)C$A3\
@s;'q’%a @)y \1id

@ @ (@

Fig. (4.9, a): Oft position. Fig. (4.9, b} On position,

@) (&
CYA
D r&ﬂg
3 o
( @
@)
Fig. (4.9, ¢): Start position.

Where: A/l Accessory or lgnition. 5: Start.
B: Battery. M: [ngine chassis or battery neagative.

The two M terminaiz are the poles of an isolated switch which are only connected in the
(Of) position. These terminals are used to conneet the ignition kill circuit to ground. Fig,
(4.9, a).
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The B terminal with +12-volts ftom the b

attery 15 connected to the A (or 1) lerminal,
supplying baltery veltage ta all the accessory loads and Lo the engine ignition, This is the
(On) or (run) position, Fig. (4.9, b),

The B terminal is connected (o the A and S terminals. supplving hattery voliage 1o the
engine ignition and accessory loads, and to the engine starte

v solenoid, This is the (siarn
nosition, Fig, (4.9, ¢).

In modern vehicles starting system, in order to achieve more security, a key contains a
certain code used o start the cngine, and the engine will not running until a mutching
belween the code included at the kev, and the corresponding code that presents in the vehicle
(FCLT), then the engine will stan afler mirming the key if the codes arc the same.

Its very difficull for us to know the cotfeet code that wil] make the engine running, Se, 1o
avercome the problem of the code in this project. the ignition code will be extracted from the
key, and then installed in an external chip, shown in figure (4.10). this chip he integrated
with the DTMF system inside the vehicle, and the code will he ready for the sysiem any time
its needed. This will help to get rid of code problems.

Fig. (4.10): The chip which containe the ignition code.

Now, when the driver asked Lo start the engine, the nurmber responsible for this task were
dialed in his phone, a signal was transterrad and andlyzed in the system, and then processed
though the microcontroller 1o produce two outputs to make the engine run,

The first output were taken 1o the cireuit responsible for the ignition switch. To feed the
related electrical cirevits with a current and keepin

g them working as the engine is runming.
As shown in the figure (4.11),




Fig. (4.11): Systems depending on the ignition key.

The other output was taken to the starter, to mesh with the fiy wheel and start rotating the
cngine as shown in figure (4.12). This signal duration must be limited, [or about five
seconds, 1o avoid starter wenring and damage when it's rotating with the engine after starting,

Tenition Switch

“ | — Low Current

— High Current

| = Copper Bar

Fig. (4.12): Starter- swilch circuir.
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Chapter Five:

Project Test & Results.

3.1 (DTMF) System tesling.
3.2 Power cireuit,

3.3 Vehicle systems testing.
3.4 Project testing.

3.5 Results,

5.6 Recommendations.
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5. 1{DTMF) System tesiing:

The DTMF system built and tested o of the vehicle, by using light emitted diodes

(LEEDs) to check that the system responds correctly 1o the order required by the driver,

The number of the maohile used in the system was dialed, and after the automatically
answering system started, the password of the system was entered, At that moment the
System was in connection with the driver mobile and able to accept any entry from the
external mobile,

Afier thal, the response of the system wus checked by entering zach individual
number which is responsible for aetivaring vehicle systems {rom the extemal mohile,
and noticing how (LEDs) will respond 1o it,

As the (LEDs) been observed, the systein was record great resulis. the sujtable
(LED) emitted as a specified number dialed through the external mobile, and for the
required period. 'This means thal the system was able 1o be installed in the vehicle,

5.2 Power eircuil

The signals produced by (DTME) syslem were not able to activate any relay
connecied with vehicle svslems. Sa, a special circuit consists af transistors and
resistances were built in order to produce the suitable current and voltzge outputs which
required for activating the relayvs,

3.3 Vehicle systems testing:

Before installing the (DTMF) svstem on the vehicle. vehicle systems were checked.
The test showed thar the available vehicle has no central locking actuators, and the air
condilioner was invalid. because it used in a previous graduation project.

some problems were encountered when Lrying to run the engine, bul il's heen fixed.
and the engine was ready for this priject.

The motor of the electric window at drivers side did not exist, 5o, the window at the
passenger side was chosen for this project.

5.4 Project testing:

After the lests for (D'TMT) system and lor the vehicle systems gave good results, the
(DIME) system was installed to the required vehicle systems as deseribed in chapter
four,




The (DIMF) system was connceted 10 Lhe ignition system and to the eclectric
window, and the external mobile became in contact with the mobile in the vehicle hva
phone call, then the whale svstem was ready for the orders.

The number responsible for activating the ignition svstem was dialed, processed
through (DTMT) system, and then the engine ran as required. Another number for
turning off the engine was enrared and the engine stalled.

Low numbers responsible for moving the glass up and down, these numbers were
dialed consequently, and then the window gave the desired movement.

5.5 Results:

®  The system was built completaly,

* The syslern was rested successlully.

= This system able to be implemented on other vehicle svstems with goad expected
resulls.

5.6Recommendations:

This system can be applied on other vehicle svstems,
Meore safety considerations need to be intewrated with kind of syslems.
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PIC code:

char Pass Flag=0;:
char Ease[4:[

chiay Pass cunt={;
ehsr dEmf!)

}

char #=0:

ckar ocut=Qg:

Xeportd:

Ewitoh (s

|

cdee 17:outelbraak:
caza IR gut=3chraak:
caee 18:put=3:Lreak;
cdge 20 out=4:Erealk;
tasge 21:out=hH:;brezk;
case A2raut=6rbzegk;
case 23:o0u-=7:break;
Case fdiont=0:break;
casa I5raut=f:bragk:
case Jeiout=10;bregk;

asa 2irent=11rbreak;
dse 2E8rcur=12:Yreak-

L

i

=3

Ferurn ot
{

{

vold main
}
Pass|[Ul=1;:
FPaes[l]=2:
Face[2 =2
PFass[3]=4;

Lri=a=C:
Lrish=0;
trisc=0;
trimgd=0b000171311;

porba=_;
Forth=0;
sorto=0;
DL ed=0;
Sound Init (E20RTC, 03

while (1!

i1iiPass flag==0|
;i{Eaﬁﬂ_ﬂuﬁ:==3&EFaES[ﬂ]=ﬂdtmffl}Pﬂss_cunt*l:

else ifiPaas_cuntz—lﬁa?ass[l]zzdtnff}!Pass_:unt=2;




elas if{Pass Cunt==Zi4Pass[2]==ctmf{) | Pass cunt=3;

Sl5=
if:?ass_:unt—=3&5?assj3}==ﬁtmtt:j|Pass'ant=4:Pass_fleg=l;Saund_Elﬂy:EEG,
1000{ ;¢

f-se Pass cunt=71;

i

= -

else iZ|Zas=s flgg==]|
]

if(dtmf{}==1) {Sourd Play (1000,
100C] ;REO bit-1;delay ms ({10000 ;RBO_bit=0];
sise 1f({dtmI()==Z) (Sound Flay(l0GD,
LGEUJ:E315h1t=1;delaqusflﬂﬂﬁD}:REl_bit=G{;

=lsg if;dtmf{}=—3}{Euund_F;ay[lﬂDD,
1500)7RB2 bit=l:delay ms{1000);R32 biz=0{;
else if({dtaf()==4]|Scurd 2lay (1000,

1Gﬁ'}:REJ_bit=l;delay_msilﬂDD];REB_bit=DI;

else if(dtmE()«=3){Scund Flay (1000, |
*000) ¢ RB4_pit=1;RES bit=1;delay ms(50000) ;RB4_bit=0 :RBS bit=0{;

else ifidtmfi3=—5}{Eound_PlayilUQD,
ISDEJ;RBE_bit=1;Ra?_bit=:;dalay_m513ﬂﬂﬂl:RB?;bi:=ﬂ{;

e-sa if(dwmi||==12){Scung Blay 1000, 1000} s Pass_cunt=0;Fass flag=0{;
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Volkswagen Golf IV 2001 to 2004

Key to circuits

Diagram 1: Information for Wiring diagrams

Diagram 2: Starting and charging, airbag and radio with CD player

Diagram 3: Central locking, electric windows and mirrors

Diagram 4: Central locking control unit and interior lights, horn, fuel tank
filler flap refease, typical radiator fan, diagnostic connector supply,
cigarette lighter and 12V socket

Diagram 5: ABS, heater blower, heated rear window, wash/wipe, brake lights
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Diagram 6: Headlights, licence plate lights, talllights and side lights, rear fog light,
hazard warning lights and direction Indicators

Diagram 7: Headlight leveling. lighting rheostat, front fog lights, gas discharge
headlights, gas discharge headlight range control

Diagram 8: Instrument panel, glove box light, interior lights not convenience sysfem
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