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ABSTRACT 

Recently, communicating with others became the most interest in the

worldwide. GSM is a global Telecommunication system that is being used in the

earlier years, developed in Europe, and enhanced to meet the ultimate specifications

in all over the globe. The aim of this project is to explain how the sound

transformation process operates in the GSM system, Methodology with full detailed

information about the transmission and reception process being accomplished. Also

determining an identification of the GSM services that are provided for the subscriber.
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INTRODUCTION

Wireless communications is enjoying its fastest growth period in history, due

to enabling technologies. The ability to provide wireless communications to an entire

population was not even conceived until Bell Laboratories developed the cellular

concept in the 1960s and 1970s. Since the mid 1990s, the cellular communications

industry has witnessed explosive growth. The worldwide cellular and personal

communication subscriber base surpassed 600million users in late 2001, and the

number is projected to reach two billion subscribers at the end of 2006.

First generation wireless networks are based on analog technology and used FM

modulation. The network includes the mobile terminals, the base stations, and mobile

witching centers (MSC). The MSC performs all the control functions of the network

as well as management functions such as billing and call handling and processing.

First generation analog systems provided analog speech and low rate data

transmission between the users. Example on first generation systems is the Advanced

Mobile Phone System (AMPS).
econd generation wireless systerris employ digital modulation and advanced call

processing capabilities. Second generation systems have introduced new network

architectures that reduce the computational load on the MSC.

In contrast to first generation systems, which were designed for voice, second

generation wireless networks have been specifically designed to provide data services.

The network controlling structure is more distributed in second generation systems,

ince mobile stations assume greater control functions.

GSM is the second generation standard that provides many features over the first

generation systems. It uses digital modulation and a remarkable feature of GSM is on­

the-air privacy which is provided by the system. This privacy is made possible by

encrypting the digital bit stream sent by the transmitter. Maybe the most important

feature of GSM is the standards it provides, which make it possible for the service

roviders and the customers to buy different equipment from different manufacturers

and still operating the systems quite easily and reliably.
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In this project, chapter one is an introductory about how information being transmitted

thought a transmission media that are classified into a guided and unguided medias.

Guided medias includes twisted pairs, coaxial cables and fiber optics, unguided

medias contains types of electromagnetic propagations which are ground wave

propagation, sky wave propagation and line of sight propagation.

Chapter two is an introduction to the GSM network, history, network architecture,

components, specifications, and some problems in the transmission process are stated

clearly and in some detail.

Chapter three gives an over-view of Modulation techniques which includes Amplitude

Modulation, Phase Modulation, and Frequency Modulation in order to get a complete

knowledge of basic techniques of Modulation; also it includes explanations about the

GMSK that is used as a modulation method for the GSM system.

Chapter four talks about the transmission process in GSM, the steps involved in detail,

channel conditions and types, as well as speech coding.

Chapter five describes the project in details, the transmission and reception processes

and the radio channel environments that are typically similar to those in the real field.

Finally, Chapter six talks about the services that are can be provided for the

subscribers by the GSM.
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Introduction to Sound Transformation 

1. INTRODUCTION TO SOUND TRANSFORMATION 

1.1 Introduction 
In order to communicate with others using cell phone, you're voice must

transfer from you're mobile to the other mobile that you are trying to communicate

with, there are a specific processes that you're voice is going through to reach you're

oice to the other side (the receiver), the voice signal is transferred in a medium that is

uitable for making the transformation process, this chapter will discuss

electromagnetic spectrum and the types of transmission medias that electromagnetic

waves goes through.

1.2 Electromagnetic Spectrum 

All electromagnetic radiation is classified by wavelength and frequency in the

Electromagnetic Spectrum as shown in figure 1.1. The frequencies are expressed in

cycles per second.
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Figure 1.1 Electromagnetic Waves Spectrum



Introduction to Sound Transformation 

All electromagnetic radiation can be classified as ionizing and non-ionizing radiation.

The conventional paradigm holds that ionizing radiation, such as X-rays, causes

iological effects through the breaking of molecular bonds, which can damage genetic

material such as DNA and non-ionizing radiation can cause effects when the intensity

sufficient to cause heating or thermal effects. The thermal/non-thermal dividing line

used as the basis for present safety standards of electromagnetic radiation. This

would mean that EMFs from things such as power lines and cellular phones are safe

and have no effect as long as they don't heat you up.

Yet, it is now known that weak electromagnetic fields (weak meaning non-ionizing

and below thermal levels) can cause changes in living things. For example, recall that

ELF power line AC fields induce weak electrical currents in conducting objects, such

humans and animals. Also, microwave radiation is also known to be dangerous

· ecause of its non-thermal effects that produce biological changes. Microwave

radiation is emitted by: broadcast radio and TV transmissions, radar, microwave

ens, and cellular phones to name just a few

1.3 What is Antenna? 
The beginning and end of a communication circuit is the antenna. The antenna

"an provide gain and directivity on both transmit and receive. The take-off angle of

the antenna is based on the type of antenna, the height of the antenna above ground,

and the terrain below and in front of the antenna. The take-off angle will determine

the angle of incidence on the ionosphere, which will affect where the signal will be

refracted by the ionosphere. There are alots different kinds of Antennas for different

ositions for example Yagi-Uda Antenna, Horn Antenna, Omni Antenna and the most

· asic form of the antenna is the Dipole antenna (12). 

1.3.1 Dipole Antenna 

This is nothing more than a straight piece, as shown in figure 1.2, when

:oltage is applied to the wire, current flows and the electrical charges pile up in either

end.
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Introduction to Sound Transformation 

alanced set of positive and negative charges separated by some distance is called a

le. The dipole moment is equal to the charge times the distance by which it is

arat ed.

+

E

H

Figure 1.2 Dipole Antennas

nen an alternating voltage is applied the antenna, dipole moment oscillates up and

vn on the antenna, corresponding to the current. The oscillating current creates

scillating electric (E) and magnetic (H) fields which in tum generate more electric

_,. magnetic fields. Thus a outward propagating electromagnetic wave is created.

--e electric field is oriented along the axis of the antenna and the magnetic field is

endicular to both the electric field and the direction of propagation. The

r.entation of the fields is called the polarization as shown in figure 1.3 [12]. 

)'

E

Figure 1.3 Polarizations
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Introduction to Sound Transformation 

1.4 Transmission Media 
The transmission media is divided mainly to the following types:

1.4.1 Guided Media 
The guided media includes: twisted pair, coaxial cable and fiber-optic cable.

Guided media

-..
Twisted pair Coaxial cable Fiber-optic

cable

Figure 1.4 Categories of Guided Media

This table contains the typical characteristics for guided media

Table 1.1 Typical Characteristics for Guided Media

Medium 
Total Data Rate Bandwidth Repeater Spacing 

Transmission 

Twisted Pair 1 - 100 Mbps 100 Hz-5 MHz 2- 10 km

Coaxial Cable 1 Mbps -1 Gbps 100 Hz- 500 MHz 1- 10 km

Optical Fiber 2 Gbps 2GHz 10- 100 km

In the past, two parallel flat wires were used for communications. Each wıre ıs

insulated from the other and both are open to free space. This type of line is used for

connecting equipment that is up to 50m apart using moderate rate (less than 20 kbps).

The signal, typically a voltage or current level relative to some ground reference is

applied to one wire while the ground reference is applied to the other. Although a two

wire open line can be used to connect two computers directly, it is used mainly for
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Introduction to Sound Transformation 

connecting computers with modems. As shown in Figure 1.4 two simple wires more

sensitive to noise interference.

Noise effect = 16 units

Total noise effect is
16 -12 = 4 unitTransmitter

Noise effect= 12 units

Figure 1.5 Effect of Noise in Parallel Lines

1.4.1.1 Twisted Pair 

A twisted pair consists of two insulated copper wires. Over longer distances,

cables may contain hundreds of pairs. The twisting of the individual pairs minimizes

electromagnetic interference between the pairs.

Twisted Pair

Coıor-Coced
~ Plastic

Insulation

Figure 1.6 Twisted Pair Cable

Wire pairs can be used to transmit both analog and digital signals. For analog signals,

amplifiers are required about every 5 to 6 km. For digital signals, repeaters are used at

every 2 or 3 km. It is the backbone of the telephone system as well as the low - cost

microcomputer local network within a building. In the telephone system, individual

telephone sets are connected to the local telephone exchange or "end office" by

5



Introduction to Sound Transformation 

twisted pair wire. These are referred to as "local loops". Within an office building,

telephone service is often provided by means of a Private Branch Exchange (PBX).

For modem digital PBX systems, data rate is about 64 kbps. Local loop connections

typically require a modem, with a maximum data rate of 9600 bps. However, twisted

pair is used for long distance trucking applications and data rates of 100 Mbps or

more may be achieved [l]. 

Sender
Receiver

To tal n.ais e is
14-14 = O

____...
3

Figure 1.7 Effect of Noise on Twisted-Pair Lines

The twisted pair comes in two forms: shielded (STP) and unshielded (UTP). Figure

1.8 shows STP (a) and UTP (b, c). The metal casing prevents the penetration of

electromagnetic noise and eliminates cross-talk. Materials and manufacturing

requirements make STP more expensive than UTP but less susceptible to noise. UTP

is cheap, flexible, and easy to use.

a)

Plastic jacket Braided metal sbelı:1

/ .. I 
i ···~ 

b)

Figure 1.8 (a) STP, (b) and (c) UTP
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Introduction to Sound Transformation 

1.4.1.2 Coaxial Cable 

The main limiting factor of a twisted pair line is its capacity and a

phenomenon known as the skin effect. As the bit rate increases, the current flowing in

the wires tends to flow only on the outer surface of the wire, thus using the less

available cross-section. This increases the electrical resistance of the wires for higher

frequency signals, leading to the attenuation In addition, at higher frequencies; more

signal power is lost as a result of radiation effect.

Coaxial cables, like twisted pairs, consist of two conductors, but are constructed

differently to permit it to operate over a wider range of frequencies. Coaxial cables

have been perhaps the most versatile transmission medium and are enjoying

increasing utilizing in a wide variety of applications. The most important of these are

long-distance telephone and television transmission, television distribution, and short­

range connections between devices and local area networks. In Figure 1.9 are shown

the constructions of the coaxial cables. Using frequency-division multiplexing a

oaxial cable can carry over 10,000 voice channels simultaneously. Coaxial cables are

used to transmit both analogue and digital signals [12]. 

The principal constraints on performance are attention, thermal noise, and

intermodulation noise.

Plastic jacket
\

C
Plasticjacket Aliminum tubing Polyetilendielectric(' t ~c~ı~ronctuctm

Figure 1.9 Coaxial Cable
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1.4.1.3 Fiber-Optic Cable 

You hear about fiber-optic cables whenever people talk about the telephone

system, the cable TV system or the Internet. Fiber-optic lines are strands of optically

pure glass as thin as a human hair that carries digital information over Jong distances.

They are also used in medical imaging and mechanical engineering inspection. In

more than 1 O years since optical waveguides became a reality for practical

applications, there have been tremendous strides in the development of cabling. The

goal of cabling is to enable the multitude of advantages of optical waveguides to be

fully realized. The benefits of optical cables include such attributes as light weight,

small diameter, and excellent transmission characteristics.

Fiber optics (optical fibers) are long, thin strands of very pure glass about the diameter

of a human hair. They are arranged in bundles called optical cables and used to

transmit light signals over long distances. If you look closely at a single optical fiber

shown in figure 1.1 O, you will see that it has the following parts:

• Core - Thin glass center of the fiber where the light travels.

• Cladding - Outer optical material surrounding the core that reflects the light

back into the core.

• Buffer coating - Plastic coating that protects the fiber from damage and

moisture.

Hundreds or thousands of these optical fibers are arranged in bundles in optical

cables. The bundles are protected by the cable's outer covering, called a jacket.

'Buffer 
Coating 

Figure 1.10 Single Optical Fiber
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