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ABSTRACT

Fading on wireless channels has been viewed as a problem that must be
combated in order to achieve reliable and effective information transfer. In this
work, the space-diversity technigque was applied to combat fading. The exposition
of this technique as well as different theories on path loss propagation and
antennas spacing equations were presented.

In carrving out the project, an application program was developed with C++
programming language. The developed program was used (o generate the required
data, which was later analysed statistically. The performance improvement of the
technigque was evaluated by comparing the generated data from the program with

resulis from recent related works,

xii



. CHAPTER ONE

L0 INTRODUCTION

Communication is the process of exchanging information. It is what people do
to convey their thoughts, ideas, and feelings to one another. People have been
communicating with one another from the beginning of mankind, Most humans
communicaled through the spoken word, as they do today, Yet a considerable amount
of communication is still nonverbal. Body movements and lacial expressions are still
effective communication tools in place today especially at close range. However over
long distances, attempls wu_-r:: made as tribesmen signaled one another with drums,
gunshots, smoke signals or blowing a hom, Bul despite these long-distances
communication attempts, transmission distances were limited.

Communication took a dramatic turn in the laie nineteenth century when
electricily was discovered and its many applications explored, This led 1o the invention
of telegraph in 1844 and the telephone in 1876, In 1887 the wireless means of
communication through radio was discovered and Marconi demonstrated it in 1897
through its first wireless telegraphy (Frenzel, 1989), From that point on, the exchange
of mformation took a great leap forward with wireless communication systems nearly
replacing wire line systems. By this development, communication system had been
revolutionalized and had made mobile rmadio communication system become almost
indispensable for all the members of the society as well as the public departments. This
15 as result of the roles information plays in the socicty, industry and business

organizations,



In spite of this improvement that wircless communication has over the
traditional means of communication, Chinthananda, ef af,, (2001) reported thal the
performance of wireless communication system is still being degraded by many
transmission impairments including fading. cochannel interference and noise. Among
these impairments, the fundamental one that makes reliable wireless transmission
difficult to achieve is fading (Alamouti, 1998). He reported that fading is the major
phenomenon, which makes wireless transmission a challenge when compared to fibre,
coaxinl cable, line-of- sight (LOS) microwave or even satellite transmissions.

Fading. according 1o Data Communication Dictionary (1976), is defined as the
Muctuation in intensity of any or all components of a received radio signal due to
changes in the characteristics of the propagation path., Akbar and Behnaam {1999)
reported that fading is the primary causes of the performance degradation in wireless
systems and the central among other challenges facing the radio engineers. Therefore, it

demands a lot of attention from communication systems designers,

1.1 THE PROJECT MOTIVATION

According to Alberto et af., (20023, the ultimate geal of any communication
{e.g. mobile) system is to provide error-free, high-throughput communication. They
reported “further that, the system must provide to the receiver signal that is strong
enough to overcome all forms of interference as well as to ensure that the received
signal is free from distortion and fading. Unfortunately, the wireless mobile channel
has made it difficult to achieve these goals. This is because unlike the fixed channel,

the wireless channel in mobile system usually experiences fading which normally



results in uctuating of signal-to-noise ratios (SNRs) which do lead (o poor voice
quality, slow link speed, and dropped calls (Alberto er @, 2002). Hence a lot of
attention should be given to fading. This is the motivation behind this work because
being able to combat it will contribute greatly towards moving the communication

industry forward.

1.2 THE OBJIECTIVES OF THE RESEARCH e

Ihere are two objectives of this study, They are the general objective and the
specific objectives.
1.2.1 GENERAL ORJIECTIVE OF THE RESEARCH

Ihe general ohjective of this research is to develop a method of preventing
fading in mobile communication in Nigeria.
1.2.2 THESPECIFIC OBJECTIVES OF THE RESEARCH

The specific objectives ol this research are o

(i) Develop an application program for predicting anlenna spacing in

combating signal lading in an outdoor environment.

(il)  Evaluate the performance of the program.

1.3 RESEARCH METHODOLOGY

Different theories on path loss propagation and antennas spacing equations in
mobile system were compiled and analysed in order to arrive al the best equations
applicable to the Nigenan situation. This was {ollowed by the design and development
of an application compuler program that can predict the optimum distance between two

or more antennas in order to combat signal fading in an outdoor mobile system hased



on minimum specifications of the input values of the ecarrier frequency, transmitter
antenna height, receiver anlenna height and the correlation coelTicient value.

The program was developed with CH+ programming language. During the
developmental stages, necessary formalitics were added to make the program
interactive, The developed program was used lo generate the required data,

Finally, the eflfectiveness of the program was evaluated by comparing the generated
data with standard data Trom fermulas. Inoaddition, the generated data were analysed

stalistically,

1.4 EXPECTED CONTRIBUTION TO KNOWLEDGE
The research work will contribute to knowledge by providing:
{i} An improvement on the traditional repeater method of combating
signal fading in mobile communication,

{ii} Computer prediction device in siting of communication systems.



CHAPTER TWO

2.0 LITERATURE REVIEW

By definition, the term “mobile-radio communications™ describes any radio
communication link between two terminals of which one or both are in motion or
halted at unspecilied locations and of which one may actually be a fixed terminal
known as a base station. This definition applies to both mobile-to-mobile and mobile-
to-fixed radio communication links, The mobile-lo-mobile link could in fact consist of
a mobile-to-fixed-to-mobile radio communication link. The term “mobile™ itself on the
other hand applies to land vehicles, ships at sea and aircraft.

Mowadavs. the term mobile-radio communications is deemed to embrace almost
any situation where the transmitler or receiver is capable of being moved — whether it
actually moves or nol. In mobile environment, the signal transmission over a mobile
radio path is reciprocal in the sense that the locations of the transmitter and receiver can
be interchanged without changing the received signal characteristics (Parsons, 1992).
He reported that discussion could therefore proceed on the basis of transmission in
either direction without loss of generality. However, he added this word of eaution that
ambient noise levels at the two ends of the fink may not be the same and so reciprocity
with respect to the signal characteristics does not imply reciprocity with respect to the

signal-to-noise ratio.



L1 HISTORICAL REVIEW OF LAND MOBILE COMMUNICATION

Land mobile communication has a very long history that it is almost the same as
that of radio mmmunimlim‘n; The early work of Heriz in the 1380°s showed ihat
electromagnetic wave propagation was possible in free space and hence demonstrated
the practicality of radio communications. In 1892, Sir William Crookes predicted
telegraphic communication over long distances using tuned receiving and transmitling
apparatus and Marconi lader turned this work into the first practical communicalion
system. In 1897, Marconi was succeeded in communicating from The Needles, Isle of
Wight, to a tughoat over a distance of aboul 18 miles by establishing a radio link over
the distance by using two clevaled antennas. Although it seems highly unlikely that
Marconi thought of this experiment in terms of mobile radio, it was certainly mohile
radio and the birth of mobile communication system.

Before the 2nd World War, mobile communication was mainly applied io
military and public safety services bul after the war it began to be applied to public
telephone services. The first public mobile phone services was the Mobile Telephone
System (MT1S) introduced in the United States in 1946, In this system, operation was
simplex and call placement was handled by a full duplex and automatic switching
system. The Improved Mobile Telephone System (IMTS) was introduced in 1969 using
a 450-mefahertz (MHz) band, Although IMTS was widely introduced as a standard
mobile phone system, it was not able to cope with the rapidly increasing demand
because it was a large-zone system and its assigned bandwidth was not sufficient.

Therefore, a more advanced and high-capacity land mobile communication system

called Advanced Mobile Phone Service (AMPS); was introduced in 1983, The most



important feature of AMPS is that it employs a cellular concept to achieve high svstem
capacity, In 1989 Nippon Telegraph and Telephone (NTT), in Japan, started analog
cellular phone service with a narrowband high-capacity system.

Although each analog cellular system has high capacity, it was not sulficient to
salisly the rapidly i.'nureasinj_g. demand for cellular services. Therefore Europe, the
United States, and Japan have independently developed digital cellular systems as the
second-generation cellular systems. In Evrope, Group Special Mobile (GSM) was
organized under the Conlerence of European PPosts and Telecommunications (CEPT).
that standardized the GSM system in 1988, Today, (SM stands for Global System for
Mobile communications — which has becomes almost indispensable item o evervbody

in this coumnitry.

1.2 MOBILE COMMUNICATION CONCETTS

A typical mobile communication system as shown in Fig. 2.1, consists of
miobile terminals, base stations, mobile swilching centers, and telecommunication
channels, Those telecommunication channels are either of a fixed nature {cables or
dedicated radio links), 1o provide connections belween base stations and mobile
swilching center or mobile radio channels between mobile terminals and hase stations
servicing those terminals, Unlike fixed telecommunications, the mobile radio channels
are nonstationary and exhibit a high level of unpredictability with regard to channel
characteristics. In addition, «due to the nature of radic communication and low
directivity of antennas used, there is always a possibility of strong interference from

other users of the radio spectrum.
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In addition to the telecommunication channel in mobile system, there is another
channel called the control channels. The function of the control channels are to transmit
and receive data necessary to set up a call and moving it to an unused voice channel,
Also it helps in managing the handovers between base stations. They are also used for
constant monitoring of the system and for synchronization purposes.

The base station serves as a bridge between all mobile users in its coverage areas
and the mobile switching center (MSC). The MSC acts as a central switching point,
closing the trallic among the connected base slations, and serves as a galeway 1o the
Public Switching Telephone Network (PSTN). It also coordinates all activities of the

hase stations and accommodates all billing and maintenance functions.

2.3 CLASSIFICATION OF MOBILE COMMUNICATION SYSTEMS,

Mobile communication systems are classified inlo generations in accordance
with evolution of systems in time. The indicators for generation classifications involve:
transmission lechniques, supporied services, and status of unification. With these
indicators, mobile communication system was successfully classified into two major
generations; namely the First-generation systems and the Second- generation systems.
The standards for the Third-generation systems are currently being developed as

reporied by Websler (1999) to provide mobile multimedia lelecommunications and

universal coverage.



1.3.1 FIRST GENERATION MORBILE RADIO SYSTEMS

The First-generalion systems were introduced in the early 1980s and used
analog technigues basically for speech services. Although these systems are essentially
concerned with the transmission of speech signals, they are able to transmit data but at
relatively low bit rates (Steele, 1992). They are usually referred to as ‘analogue’
systems as the speech signals are not digitally encoded prior to transmission on a radio
frequency (RI7) carvier. However, all the command and conirol of the network is digital.
The user accesses the systems by means ol frequency division multiple accesses
(FDMA). When a cell is connected, the mobile user is assigned a frequency band
exclusively for his or her use.until the call is completed. There are numerous analogue
mobile radio networks. These include the Nordic Mobile Telephone (NMT) system, the
American Advance Mobile Phone Service (AMPS), the British Total Access
Communications System (TACS), ctc, The radio links in the first generation systems
are simple compared to those found in the second-generation system. The link is
essentially in the transmission of cither speech or data, The transmission of specch is

through frequency modulation (FM) while data is by Trequency shift keying (FSK).

2.3.2 SECOND- GENERATION SYSTEMS

The Second- peneration systems evolved in the late 1980s. They utilize digital
techniques for speech services. Apart from speech, they equally support some low-rale
data services. Second-generation systems may be further classified into cellular,

cordless, and professional radio systems. The standards for the Third-generation

0



systems are currently being developed as reported by Webster {1999) to provide mobile

multimedia telecommunications and universal coverage,

14 CELL CLUSTER ARRANGEMENT IN MOBILE SYSTEM

Communications between a moving mobile station (MS) and another MS, or
between a MS and a fixed station, generally involves the use of cellular technigues. The
basic concept in FDMA {and TDMA) cellular mobile radio is to divide the spectrum,
say W, assigned by the regulatory body into equal parts Be, and (o allocate Be Lo each
base siation (B8) in a cluster of N-BSs until all the bandwidth W (= NBc) is used.
Conceptually each BS may be viewed as being located at the center of hexagonal cell,
which as reported, by Steele (1992) is nol physically realized and the hexagons are
tessellated to provide a continuous mosaic over & geographical area as illustrated in Fig.
2.2, The radiated power rom a BS is sufficient to provide adequate radio coverage for
all the M3Ss traveling in its domain, or cell.

As the assigned frequency band W is totally used by the cluster of N-BSs, it
must be repeatedly reused il conlipuous radio coverage is to be pationally provided.
This means that N-cell clusters must be tessellated as shown Fig. 2.3 where seven cell
clusters are shown. The consequence of tessellating clusters is that a MS traveling in,
say, cell= of a particular cluster will experience interference from BSs located in cell 4

of other clusters that are transmitting to MSs in their cells using the same frequency.
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Fig. 2.3 Tessellated clusters of cells; Seven cells per cluster.
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For the seven-cell cluster there are six signilicant interfering BSs, although only
four are shown in Fig. 2.3. This interference is known as cochannel interference. The
BSs that use the same radio frequencies must be sufliciently separated for the
cochannel interference to be acceplably small. As a resull. mobile radio
communications are often relerred to as being interference limited in that the BSs are
moved close together 1o increase the density of users, but not so close that the
cochannel interference results-in unacceptable specch quality to the mobile user (Stecle,

1942).

2.4.1 FREQUENCY REUSE STRATEGIES

In a wireless communication system that covers a wide area with many users,
not all users can be accommodated if the available bandwidth is used only once in the
enlire coverage area. Two or more distinet channels can exist in the same frequency
band if some mechanism is used to minimize interference between the channels.
Typically spatial separation. kither in distance, angle, or polarization 15 exploited for
frequency reuse. In such a system capacily per unil area must be suflicient for the
density of users and their usage patterns. Capacily per unit coverage area can be

measured in bils/second/km’,

242 CELLULAR FREQUENCY REUSE

Cellular frequency reuse is the basis of cellular and personal communication systems

(PCS). In these systems frequencies are reused in geographically separated areas, or

cells. A reuse pattern using clusters of N cells is established, and each of these N cells

13



uses a different subset of the available frequencies, Each cluster of cells uses the same
frequencies in this manner. Cells that use the same frequency are far enough apart that
the interfering signals received in any cell from co-channel cells are much weaker than
the signals that originate within that cell. This frequency reuse approach introduces co-
channel interference, and capacity is limited by interference as well as by noise.
Cellular frequency reuse allows modemn systems to offer much higher capacity than
older radiotelephone systems that used the nvailable channels only once o cover a
farge metropolitan area. .

For planning purposes the cells are considered 1o be hexagonal or circular,
although in practice their shapes determined by radio coverage and are irregular as
shown in Fig. 2.3. The hexagonal shape is, nonetheless, a useful approximation. For N-
cell frequency reuse, the reused distance, 1), between co-channel cells with radius, R

according to Lee (1989) and Steele (1992) is given;

D= AN R s G

-

JA6R. N=4

|:> D= | 46R.N=7

OR,N=12

| TSR N=19

To each cell, the =ame bandwidth Be is assigned but not the same frequency band. [T
each user is allocated a bandwidth Bu, then the maximum number of channels per cell
15 Be/Bu. For a cell covering an area A, the density of channels is Be/(A-Bu). By

making A small, the channels” density increases. Consequently, in city centers where

14



the density of MSs is high the cell radius may be only 1 km, while in remote or rural
areas the radius may be some 35 kin and yel still be suflicient to accommodale users’
demand (Steele, 1992),

According to Lee (1989), if all the cell sites transmil the same power, then as N
is increasing the freqiency-reused distance D also increases. This increased 1D reduces
the channel that cochannel interference may occur. He reported that, theoretically, a
large N is desired. However, the total number of allocated channels is fixed. Hence
when N is too large, the number of channels assigned to each of N cells becomes small.
Therefore, this can result in trunking inefficiency, as the blocking probability will

deflinitely large,

ZENETWORK CONTROL IN MOBILE SYSTEM

As mentioned above when describing cellular clusters, it was stated that
cochannel interference from other cells and adjacent channel interference [rom users of
adjacent channels affect the quality of system. Hence, a network that will establish and
terminate calls with mobiles, track the mobiles as they travel, enable their calls 1o be
swilched between BSs 1o mamtain call quality and channel interference free is a
necessity. To achieve all these gqualities, the network control system was introduced in
maobile communication .'-:1.-'!-:tri-m. The technology behind the British Tolal Access

Communications System (TACS) network as a typical example was reviewed below,

1251 NETWORK FOR BRITISH TACS
In TACS network arrangement as reported by Sieele (1992), the BSs are

connecled by permanent links to mobile switching centers (MSCs} which are computer



controlled telephone exchanges specifically designed for handling cellular services.
The MSCs in tum are connected to the public switched telephone network (PSTN) and
to other MSCs. The arrangement is shown in Fig. 2.5, It enables MSs to communicate
with other MSs and non-mobile users. It also allows cells to be connected o MSs who
are not in their home area.

In the system, the cellular network must keep track of all the MSs that
are subscribers to the network. I does this by forming traffic areas, which consisl of
groups of eells. The MSCs log the current locations ol all MSs through a process
known as registration. When the MS is switched on, but i3 not making a call, it
constantly listens to one of the common signaling channels transmitted by the BSs to
determine the traffic area in which it is currently residing. In case the quality of the
current signaling channel deteriorates as the MS travels it scans the signaling channels
until it finds one with an acceptable quality. Il the traffic area has changed the MS
automatically, and unknown to the user, calls the new BS, gives its identification
number, and is thereby registered in the new talfic area. The old or former BS de-

registers the MS.
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.52 HANDOVER OR HAND-OFF PROCESS IN MOBILE SYSTEM.,

When a call has been established and a conversation is in progress the MS may
travel near the edpe of its cell. In case the communications quality becomes
unsatisfactory, the network is required 1o ensure that the MS changes its BS to one that
can provide a better fuality channel. This process of switching from one BS to another
BS is called handover or hand-off. The handover process is required to be automatic,
with no interruption of the eall.

To [aecilitale the hnnd;:m:r procedure the BS constantly monitors the received
signal levels from all mobiles with speech transmissions in progress. When a received
signal level drops below a threshold, it informs the MSC that a hand-off may be
required, The MSC commands all the surrounding base stations (o measure the signal
strength of the mobile, and then chooses the BS with the strongest received signal to
handle the call. Onee the new base station has been informed of the handover request,
and the radio channel allocation has been made, the oniginal base station is commanded
o send a control message to the mobile to have it re-tune to the newly assigned
channel. This happens automatically within a few seconds, and the mobile user is
aware of only a very briefl break in transmission of aboul 400ms as reporied by Steele
( 1992) when the actual handover takes place,

153 CONTROL CHANNELS

The TACS control channels are used for the co-ordination of mobiles and for all

call set-up procedures. Functionally, there are three types of control channel: dedicated

control channels, paging channels and access channels. All mobiles are permanently



programmed with the channel numbers ol the dedicated control channels and they scan
these channels st swilch-on. “The dedicated control channels carry basic informalion
about the network and inform the mobiles about the channel numbers of the paging
channels.

The paging channels are used both to transmit messages to specific mobiles, for
example, to alert them of incoming calls, and lor general network information, such as
traffic area identity, channel numbers of the access channels and access methods (o be
used by mobiles, The access channels are used by mobiles [or accessing the network Lo

initiate out-going calls, to register their location and to respond 1o paging calls,

254 SIGNALLING CHANNELS
There are generally four different types of channels thal are used for
communication between the base station and mobiles. They are namely:
(i) Forward Voice Channels (FVC): these are the types of channels used lor
voice transmission from base station to mobiles.
(i) Reverse Voice Channels (RVC): these are channels used for voice
transmission from mobiles to the base station.
(1ii)  Forward Control Channels {(FCC): these are channels used for transmiszion
« of signaling data from the base station to mobiles.
(ivd  Reverse Contiol Channels (RCC): these are channels used for transmission
of signaling data from mobiles 1o the base station.
They are referred to as the signaling channels, The four signaling channels are as

shown in Fig, 2.6, The FCC and the RCC are used for setting-up calls, as well as
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maintaining constant between BS and MS when no calls are in progress, The FVU and
RV must be compatible with a standard with a standard voice channel. Data messages
on the FVC and RVC are kept short because they are inserted periodically into the

users voice channel.

.
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Fig. 2.5 Signaling channels.

The FCC is transmilled at all times so that a mobile entering the system can
require system specific information e.g., which channels are allocated for voice traffic.
I'he RCCis only active intermittently, e.g., when the BS moves from one BS to another

(no conversation in progress) or the MS initiates a call.
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L5.5 SUPERVISION

While a call is in progress. a supervisory audio tone (SAT) is transmilted by the
base station and looped back by the mobile. Both base station and mobile require the
presence of the SAT on the received signal to enable the audio path. During call set-up,
the base station informs the mobile which SAT to expect on the speech channel. If the
SAT is incorrect, the mobile does not enable the audio path, but starts a timer, which,
on expiring, retumns the mobile to stand-by. Similarly, the base station expeets (o see ils
transmitled SAT retumed and takes this a confirmation that the mobile is operating on

the current channel.

156 CALL ORIGINATION

When a user makes dn outgoing call, the number required is keyed into the
mabile, or the required number is extracted from the short-code memory in the mobile,
A BEND key iz then pressed, This causes the mobile to perform a system access. To do
this, the mobile first scans the network’s access channel. The channel numbers of the
access channels are transmitled as part of the overhead information on the paging
channels. The mobile will choose two channels with the highest signal level and
attempt to receive the overhead messages being transmitted, Should the mobile il o
receive these messages on the strongest channel, it tries again on the other channel.
Contained in the overhead messages are parameters, which inform the mobile of the
access procedure. Once the mobile has received these parameters, it checks to see if the

access channel is in use. I it is available the mobile transmils it message.
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When the mobile has senl its message 1o the network, it turns off its transmitier
and remains on the access channel awaiting a message lrom the base station. For MS
call originations, the received message from the base station is normally a speech
channel allocation and contains the channel number and the SAT code. On receipt of
the message, the mobile tunes to the required channel and starts to transpond the SAT.

If the comrect SAT is received at the BS, the audio paths are enabled and the user can

hear the call being set-up,

2.5.7T CALL RECEIPT

When an incoming call for a MS is received, the MSC checks the current
location of the mobile which has been obtaimed through the registration procedures. A
paging call is then transmitled on the paging channel of all BSs in the mobile’s current

traffic arca, When the M3 receives a paging call, il accesses the network in the same
way as for call originations, bul the message sent to the BS informs the network that
the access is as a resull of receiving a page. The MS receives a speech-channel
allocation from the BS, tunes o the new channel, and checks the SAT received. The BS
then transmits on alert message to the MS. causing it to alert the user of the incoming
call and to transmit a continuous signaling tone, When the user answers the call, the

signaling tone is tuned off, the audio paths are enabled and the call proceeds.

258 POWER LEVELS AND POWER CONTROL
The transmit power levels used at a BS are chosen to give the required coverage

area, The maximum effective radiated power (ERP) per channel is limited to 100W,



The maobile stations have a nominal power class, namely 1, 2, 3 and 4 with ERPs of
10W, 4W, 1.6W and 0.6W, respectively. However, classes 2 and 4 are used by the
majority of MSs. It is the responsibility of the BS to instruct the MSs within its
coverage area to adjust their transmitted power to the minimum level required for
optimum performance of the BS. The power control facility on the other hand helps in
reducing interference within the system. This is done by sending power control
message, which is initinted by the BS. On receipt of the power control message from
the BS, the mobile sends :m._il::km‘rwlmlgt:mr:nl o the Bs and selects the appropriate

power level,

259 CALL TERMINATION

When a mobile user completes a call and replace the handsel, the mobile
transmits a long burst signaling tone to the BS, and then re-enters the control-channel
scanning procedure. I the onginator of a cell on the PSTN clears down, a release
message is sent 10 the mobile, which responds by sending a burst signaling tone, after

which it re-enters the control-channel scanning procedure,

2.6 CHOICE OF OPERATING FREQUENCY FOR MOBILE RADIO SYSTEMS

There are several factor that have Lo be considered in deciding what [requency
band should be used for a parlicular type of radio communications service. For the
specific application of interest, two-way mobile radio operations, communication is
required over ranges that do not normally exceed a lew tens of kilometers. Otherwise it
would cause unnecessary interference to other users if the signals propagated were too

far. It is evident that it mobiles are to communicate freely with their base, or with each
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other, thronghout a given area (which may or may not be the total service area of the
sysiem) the transmitters involved must be able to provide adequate signal strength over
the entire area concerned (Pa r.:mue-. 1992). Hence operaling frequencies must be chosen
m a region of the radio frequency (RF) spectrum where it is possible to design efficient
antennas of a size suilable for mounting on base station masts, on vehicles, and on
hand-portable equipment, Since the mobile can move around freely within the area
covered by the radio system, their exact location cannol be predicted per time, Hence
the antenmas must therefore rmdiate energy uniformly in all directions in the horizontal
plane — technically this is known as "omni-directional’ radiation. It is also vital that the
frequencies chosen are such that the transmitters used at base slations and mobiles can
gencrate the necessary RF ]m'-;':r while remaining fairly small in physical size.

For two-way mobile radio, particularly in urban areas, it is rare that the mobile
antenna has a direct line-of-sight path to the base station. Radiowaves will penetrate
into buildings 1o a limited extend and, because of diffraction, it will appear to bend
slightly over minor undulations or folds in the ground. Fortunately, due to multiple
scattering and reflection, the waves also propagate into built up areas, and although the
signal strength is substantially reduced by all these various effects, sensitive receivers
are able to detect the signals even in heavily built-up areas and within buildings. The
choice of frequency is therefore limiled by the necd to minimize the losses due o
buildings while continuing o satisly the other constrainis mentioned above,

For these reasons, traditional two-way mobile radio has developed almost
exclusively around the VHF and UHF bands {Parsons, 1992). In a city, for example,

there are many mobile users such as emergency services e.g. Fire Bridge, Police and
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the like. The central police control room receives reporl of incidents in the city area —
often by emergeney telephone calls, The control room radio operator puts oul a call (o a
police officer, believed to be in the appropriate area, who may be on fool with a
personal radio, or in a vehicle equipped with mobile radio. On receipt of the call the
officer acknowledges it, investigates the incident and reports back by radio. Because of
the nature of the work of the police, police force have radio channels exclusively
allocated for their use and there is no mutual interference between them and other users
who have been allocated different channels in the same [requency band.

The range over which signal propagates is also a fundamental condition since in
order o wse the available spectrum efliciently, it is necessary to re-allocate radio
channels to other users operating some distance away. IT in the example given above
the message had been radiated on HFE, then it is possible that the signal could have been
detected at distances of several hundred kilometers away, where it would cause
interference o other users. The VHEF and UHF bands therefore represent an optimum
choice for maobile radio because of their relatively short-range propagation
characleristics and because radio equipment designed for these bands is reasonably
compact and inexpensive,

There are many other services, however, which alse operate in the VHF and UHF
bands for® example, television, marine radio, aero-mobile (including instrument for
landing systems), and military radio, Several of these services have a ‘safely of life’
clement and it is vital that their use is tightly regulated to ensure maximum efficiency
and freedom from interference. The exact frequencies within the VHF and UHF bands

that are allocated for various radio systems are agreed al meetings of the International
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Telecommunications Union (11U} and are legally binding on the member states. Every
twenty vears the 1TU organizes a world administrative radio conference (WARC) at
which regulations are revised and updated and changes in allocations and usage agreed.

In each country, a regulatory authority or body controls the use of the radio
frequency spectrum. For example in UK, it is the Department of Trade and Industry, in
Migeria it is the National Communications Commission (NCC), and in the USA it is the
Federal Communications Commission. Their job is to divide the usable radio frequency
spectrum into individual channel and (o lieense users [or the use of a particular channel.,
Because of the atlractive propagation characteristics of VHF and UHF, it is possible to
allocate the same channel o different users i areas separated by distances of 50 — 100
kilometres with a substantial degree of confidence that, except under anomalous
propagation conditions, they will not interfere with cach other. The frequency allocated
for mobile communicalion in Nigeria 1s between 300 — 1000 MHz, According to NCC
{2003) proposal, allocated lrequency for transmitler is between 890 — 915 MHz while

the allocated frequency for receiver is between 935 — 960 MHz.

2.7 MOBILE RADIO POLARIZATION SYSTEM

An important consideralion according to Frenzel (1989) in the transmission and
receplion” of radiowaves is the orientation of the magnetic and electric fields with
respect to the earth. le reported that a change in the state of the polarization of the
radiowave causes signal fading, He stated also that the direction of the ¢lectne field
usually specifies the polarization of the wave. If the electric field is parallel to the

earth, the electromagnet wave is said 1o be horizontally polarized. However, il the



electnic Neld is I'H:I']:?'Eﬂdii.‘ltltll: lo the carth, then the wave is vertically polarized. Hence,
antennas that are horizontal to the earth produce horizonlal polarization, and anlennas
that are vertical 1o the earth produce vertical polarization.

In mobile mmmun.'tc.aiiuus, verfical polarization is always used (Parsons,

19923, At frequencies in the VHF band it is better than hornizontal polarization because
it produces higher field strength near the ground (Knight, 1969). Furthermore, mohile
and  hand-portable antennas for vertical polarization are more obust and more
convenient to use. In an overall plan for (requency re-use, no worlhwhile improvement
can be achieved by employing both polarizations (as used in television broadeasting)
because scaliering in urban areas tends lo cause a cross-polar component lo appear,
Although this may have some advantages, lor example il is ofien inconvenient (o hold
the antenna of a hand-portable radio telephone in a truly vertical position, it is
apparent that no general benefit would result from the transmission of horizontally
polarized signals { Parsons, 1992).

The most important condition {o fulfill in choosing the type of polarization to
use is W ensure that both the transmilting and receiving antennas are of the same
polarization (Frenzel, 1989). He reported that fulfilling this condition enhance optimum
transmission and reception. He stated that theoretically, a vertically polarized wave will
produce 0% in an horizontal antenna and vice-versa. But during transmission over long
distances, the waves have their polarization changes slightly due 1o the various
propagation effects in free space. For this reason, even though polanzation of the

transmitting and receiving antennas may be mismatched, and a signal will typically be
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received, opltimum results will take place when the polarization of the two anlennas are

malched.

LA RADIODWAVE PROPAGATION AND USES OF DIFFERENT FREQUENCY BANDS

The success of any communication depends on the influence of the propagation
medium (Hall, 1989), be it dependent on sound waves radio waves or light. The Radio
Regulations of the TTU (1986) limit the tenn “radio waves” to electromagnetic waves
ol frequencies arbitrarily lower than 3000 Gl 2. According to Parsons HEJ""HI!, the: part
of the electromagnetic spectrum that includes radio frequencies extends from about 30
KHz 1o 300 GHz, although radio waves propagation is actually possible al frequencies
down to a few KHz By intemational agreement the radio frequency spectrum is

divided into *bands’, each band being given a designatory name as in Table 2.1,

28



Table 2.1: Designations of Frequency Bands

Frequency Band Frequency Range | Propagation Modes

{Wavelength)

Extremely Low Frequency | 30— 300 Hzor <3 KHz | Ground wave.

(ELF) ' (A = 100 km)

Very Low  Frequency |3 —30 KHz Earth — Ionosphere guided.,
(VLF) (10 km =2 = 100 km)

Low Frequency (LF) .J'L'I - 300 KHz Ciround wave.

{1 km <X = 10 km)

Medium chﬁu::ucja {M_i'::l 1300 Kilz—3 MHz Ground/Sky  wave  for
(100 m <Az 1 kin) shori/long distance.

High Frequency (HF) 3-30MH=z Sky wave, but limited,
{(10m =4 =100 m) short-distance ground wave

also.

Very High  Frequency | 30 -300MHz | Spacewave.

{VHF}) (Im=Aiz10m)

Ultra  High  Frequency | 300 MHz - 3 GH=z Space wave.

(LUHF) {(l10cm=Ai=21m)

super  High  Freguency | 3 - 30 GHz Space wave.

{SHF) (lem=<A 2 10¢m)

Extra High  Frequency | 30— 300 GHz Space wave,

{(EHF) (bmm < & = 10 nun)
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Electromagnetic energy in the form of radio waves propagated outwards from a
transmutling antenna and there are several ways in which these waves travel, much
depending on the transmission frequency. Waves propagated via the layers of the
ionosphere are known as ionospheric waves or sky- waves. Those thal propagaled over
other paths in the lower atmosphere (the troposphere) are termed troposheric waves
while those that propagate very close to the Earth’s surface are known by the generic
term ground-waves (Parsons 1992). Groumd waves can be conveniently divided into
space waves and surflace waves, The space waves on the other hand, can be further sub-
divided into:

(i} direct waves which propagate via the direct path between transmilting and
receiving antennas and;

{it) ground-rellected waves that reach the receiving antenna after reflection
from the ground. Figure 2.6 gives a simple picture of the radiowave propagation mode.
The surface waves are guided along the carth’s surface and because the earth is nol a
perfect conductor, energy is extracted from the waves, as it propagates, 1o supply losses
in the ground itself. The attenuation of this wave (sometimes known as the ‘Norton
surface wave') 15 therelore divectly affected by the ground constants (conductivity and
diclecirie eonstants) along the transmission path,

The importance of each of these waves in any parlicular case depends upon the
length of the propagation path and the frequency of transmission. Each frequency band

will now be discussed in turn.
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Fig. 2.6. Modes of radiowave propagation.
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2.8.1 Extiremely Low Fregquency (ELF).

In the ELF range, the wavelength is very long, It is in range of above 107 m.
Because of s very large wavelength, its requires the use of large antennas, The
radiowave is propagated between (he surlace of the earth and ionosphere. It can
penetrate deep intor waler and pround. Radiowaves in this frequency band do
experience low atlenuation, and high atmospheric noise level. The band is used for

worldwide military and submarine communication.

2.8.2 Very Low Frequency (VLF).

In the VLF range, the wavelength is very long, typically 10° m, and antennas
are therefore very large. The radiowaves are reflected from the ionosphere and a form
of earth/ionosphere waveguide exists that guides the wave as il propagates. Because of
divrnal variations in the height of the D-layver the effective height of the terrestrial
waveguide also varies around the surface of the earth. The uses of VLF include long
distance worldwide leltgrﬁ]rlr.l}' and navigation systems. Frequencics in the VLF range
are also useful for communication with submerged submarines. Also VLI is used for
digital transmission but the data rate is extremely low because the available bandwidth

in this frequency range is very small,

2.8.3 Low Frequency (LF), Medium Frequency (MF), and High Frequency (HF).
Al [requencies in the LF and MF bands. groundwave propagation is the
domimant mode and the radiation characteristics are strongly influenced by the presence

of the earth. At LF, the surface wave component of the ground wave is successfully



utilized for long distance communication and navigation. Physically, antennas are siill
quite large and high power transmitters are used. In the MF band, the increased
bandwidth available allows it to be used for commercial AM broadeasting. Although
the attenuation of the surl'a;ne wave is higher than that of LF band, broadcasting over
long distances is still possible particularly during the daytime. At night, skywave
propagation via the ionospheric D-layer is possible in the MF band, and this leads to
the possibility of interference between signals arriving al a given point, one via a
groundwave and the other via a skywave path. The interference can be construclive or
destructive depending upon the phases of the incoming waves and temporal variations
i the height of the D-layer. which causes the signal lo be alternatively strong and
weak. This phenomenon, term fading, can also be produced by several other
mechanisms and always oceurs when energy can propagate via more than one path. In
HF band, groundwave propagation also exists but here ionospheric or skywave is often

the dominant feature.

2.8.4 Very High Frequeney (VHF) and Ultra High Frequency (UHF).
Frequencies in the "v’l.'-IF and UHF bands are usually too high for ionospheric
propagation o oceur. In these bands, communications normally take place via the
direct and ground-refllected components of the spacewave. Also in these bands,
antennas are relatively small in physical size and can be mounted on mast several
wavelengths above the grownd. Under these conditions, the spacewave is preﬂnmin:anl.
Although the spacewave is often a negligible factor communication at lower

frequencies it is the dominant feature of grounwave communication at VHF and UHF.
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The bandwidth available is such that high quality frequency modulation (FM) radio and
Television channels can be accommodated but propagation is normally restricted to
points within the radio horizon and coverage is therefore essentially local. The bands
are equally used for mobile radio communication, The analysis of spacewave
propagation at YHF ‘and UHF needs to take inte account the problems of reflections
both from the ground and from natural and man-made obstacles. Diffraction over hill

tops and buildings, and refraction in the lower atmosphere are also important, .

2.8.5 Super High Freguency (SHF) and Extremely High Frequency (EHF)
Frequencies in the SIHF band are commonly termed microwaves. The
propagation paths must have line-of-sight between the transmitting and receiving
antennas, otherwise losses will be extremely high. The band is used for satellite
communication, point-to-point  terrestrial links, and shor-range communication
systems. The band is being used for snle]l.ile communicalion since its signals penetrate
the ionosphere with little or no effect. The term millimeter wave (mm-wave) is ofien
used to describe frequencies in the EHF band between 30 and 300 GHz. By comparing
it with lower frequencies, enormous bandwidths are available in this part of the
spectium. Line of sight propagation is now predominant. In mm-wave band the most
important*effects that have to-be taken into aceount are scattering by precipitation {rain
and snow) and at certain frequencies, absorption by fog, waler vapour and other

atmospheric gases.
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2.9 THE WIRELESS COMMUNICATION LINK,

All communications systems have the basic form shown in Fig. 2.7 while Fig. 2.8
shows the entire block diagram of a wireless communication link. The basic
components are a transmitler, a communications (transmission) channel or medium,
and a receiver. Quantization, coding and decoding are only performed in digital
systems. In wireless communication links, there are three modes of transmilting
information. They are: simplex. hall’ doplex, and full duplex, In simplex mode
transmission, information is communicated or transmitted in one direction only. A
good example is in AM/FM radio. Another example is in a telemetry device transmits
the collected data to a central computer. In half duplex transmission, two devices are
involved that can exchange data or information alternatively. In other words, it permits
transmission in either direction: however, transmission can occur in only one direction
al & hime. An example is |'|1rlmﬂl1 communicalion, in which master ‘A" talks while
master ‘B” listens, then ‘B talks and *A° listens. In full-duplex transmission, two
devices exchange data or information simultaneously. This transmission mode requires
the use of two channels, Most wireless links, ¢.g. mobile systems, are full duplex and
include a transmitter and a receiver or transceiver at each end of the link. In most
sysiems, a human generales a message that is inputled to the transmitter, which then
transmits-the message over the transmission or communications channel. The message

i5 picked up by the receiver and is relayed o another human,
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Fig. 2.7 The basic elements of any communications syslem.
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Fig. 2.8 Block diagram of a wireless communication link
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2.9.1 THE TRANSMITTER

Ihe transmitier is a collection of electronic components and circuits designed 1o
converl the Information info a signal suilable [or transmission over a giving
communication medium. It may be as simple as a microphone or as complex as a

microwave radio ransmitter.

292 THE RECEIVER

The receiver is another collection ol electronic components and circuits thal
accept the transmitted messa:ge from the channel and converl it back into a form
understandable by humans. Again it may be a simple earphone or a complex electronic
receiver. The transmission of the message or information from the transmitter 1o the
receiver via the transmission medium involves the use of MoDem (Modulation-

Demodulation).

Modulation Systems in Mobile Communication

Various types of modulation can be used for mobile communications. These fall

into two basic calegories, analog and digital,

1.9.2.1 ANALOG MODULATION

In analog modulation formats, some paramelers of the transmitted signal vary as
a linear [unction of the amplitude of the onginal audio or video signal 1o be transmitted.
Analog modulation schemes include amplitude, [requency, and phase modulation.

Amplitude modulation (AM) oceupies only about twice the bandwidih of the baseband
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signal but is sensitive to non-linearities in the amplitude response of the RF circuitry in
the transmilter and the receiver, and to time-varying fading in the channel. Frequency
and phase modulation (FM and PM, respectively) are relatively insensitive to amplitude
non-linearities and provide higher SNR of the dEHlﬂdulﬂlEde_l_l.lﬂr'I!rm'-gnil‘] by spreading
the signal over a bandwidth that is many times that of the n;;:rgi'-n'lill baseﬁmﬂ"signal.

|lf'.

Ll T

2.9.2.2 DIGITAL MODULATION \ . i

In digital modulation [ormats, the signal 1o be transmitted is binary data that
may or may not represent an analog signal that has been quantized and digitized. Al
any given time, the transmiller sends one of a diserete set of symbols, each of which
represents one or more bits. In digital modulation each symbol typically occupies a
finite time slot, and this requires the receiver to be synchronized to the transmitier so
that the receiver demodulates each symbol in turn.

The simplest type of digital modulation is on-off keying (OOK), in which the
carnier is turned on and off depending on the value of each bit. In Amplitude-shili
keying (ASK), the amplitude of the transmitted signal is varied in discrete steps, with
each level representing one or more bits. Frequency-shift keying (FSK) uses discrete
[requencies as its symbols. A vanation of this is AFSK, in which a carrier is modulated
with a baSeband FSK signal using one of the analog techniques, typically FM. Phase-
shift keying or PSK uses a carrier of a constant nominal frequency and each symbol is
represented by a dilferent plase shifl lrom a relerence phase that is maintained for the
symbol period. Differentially encoded PSK or DPSK is similar to PSK except that each

symbol is represenied by a phase shift relative to the previously transmitted signal. This



is desirable in mobile systems where the phase ol the received signal changes rapidly
and it is difficult o maintain a constant phase reference. Quadrature-amplitude
modulation (QAM) uses symbols that vary in both amplitude and phase. It can
polentially provide many more symbols than the other technigues but it is very
sensitive to changes in the channel and thus is difficult to implement for mobile
systems. QAM is appropriate for fixed microwave and fiber-optic systems where il can

support very high data rates.

2.9.3 THE TRANSMISSION MEDIUM

The transmission medivm or communications channel is the medium by which
the electronic signal is sent from one place to another, It is the physical path between
transmitter and receiver in a communication network, The transmission media may be
classified as guided or Ill'lﬂi.ili'l.ll'.'d. In both cases, communication 15 in form of
electromagnetic waves. With guided media, the waves are puided along a physical
path. Examples of guided media are twisted pair cable, coaxial cable and optical fibre
all of which are used mostly for short distance communication.

On the other hand, the almosphere and outer space are examples of unguided
media, which provide a means for transmilting electromagnetic waves over a long
distance but do not guide them, The mediuvm of communication in mobile-radio
environmenl is mdio, which is unguided in nature.

Radio is the broad general term applied to any form of wireless communication

from one point to another. Radio makes use of the electromagnetic spectrum where
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signals are communicated from one point 1o another by converting them into eleciric
and magnelic fields that propagate readily over a long distances,

Although the medium supports the transmission of information, it also atlenuates
it or cavses its Muctuations, Generally, all types of media whether guided or unguided
degrades the signal and causes it o appear much lower in amplitude at the receiver.
Hence considerable amplification of the signal is required at either the iransmitter or
the receiver or both.

One of the transmission impairments that responsible for the performance
degradation in wireless communications is fading. According to Zoltan and Liu {2002),
it was reported that fading is one of the distortions aflecting signal transmitted in
wireless communications, They said that the design of communication systems that
offer reliable transmission without fading of any form is a challenging task in wireless
communications. With this challenge in mind, this present work has set {o find a means

of combating fading in mobile wireless commumication in Nigerian,

2.10 CAUSES OF RADIO 51 GNAL FADING IN MOBILE ENVIRONMENT
There are various lactors responsible for radio signal fading in mobile
environment. According 1o parsons (1992), in mobile-radioc communications
environment there are times when the mobile unit will be in motion, and other times
when the mobile unil will be stationary, When the mobile unit is moving, it moves at
various speeds and travels in vanous directions. As the mobile units proceeds along its
roule, it passes many types of local scatters, including numerous other vehicles in

motion. The presence of scatlers along the path constilutes a constantly changing

-
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environment that introduces many variables that can scatter, reflect, and dissipate the
propagated mobile-radio sighal energy. This effect according to Lee (1982) often
resulls in multiple signal paths that arrive at the receiving antenna displaced with
respect 1o each other in time, space and phases. When this happens, it has the elfect of
lengthening the time allotted to a discrete portion of the signal or information, which
normally causes signal Muctuation or fading at the receiving end, This efTect is called

multipath propagation,

2.10.1 MULTIPATH PHENOMENON

According to Morris 11983), radio energy do arrive the receiver via several
paths simullaneously. A situation whereby various incoming radiowaves arrive from
different directions with different time delays gives raise to multipath propagation as
shown in Fig. 2, 9, The incoming radiowaves now combine vectorially at the receiving
antenna to give a resultant signal, which can be constructive or destructive in nature
depending on the distribution angles or phases among the component waves.,

In mobile environment, the multipath phenomenon may occur as a result of
hills, trees, buildings, ete, between the base station and the mobile station. In the
process, the amplitude and pliase of the rellected path may differ from the direct path.
In the extreme case when the two signals are of equal amplitude but of opposite phases,
they will cancel and there will be no received signal, This situation 15 referred 1o as

total or complete fading. Whereas when there are destructive vectoral summations, il

results in signal Muctuations or fading at the receiver,
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Fig. 2.9 Multipath Propagation
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1.10.2 RECEIVER ANTENNAS SIZE -

Another causes of lading in mobile communication is the antenna height ol the
mobile terminal which is usually very small, iypically less than a few meters. As a
result of its this small size, the antenna is expected to have very litlle clearance, so
obstacles and reflecling surfaces in the vicinity of the antenna have a substantial

influence on the propagation path,

2103 SOME OTHER CAUSES OF SIGNAL FADING

(ther causes of signal fading in mobile environment are changes in the state of
the polarization produced by the earth's magnetic field. Another cause is the Doppler
effect that occurs as a result of the relative motion existing between the transmitter and
the receiver, Whenever relative motion exisis between the transmitter and the receiver,
there 15 an apparent shifl in the frequency of the received signal as reported by Parsons
(1992}, This resulted frequency shilting in practice, causes the receiver to experience
continuous and random Auctualions i.e. fading at the receiver. In addition, Morris
(1983) reported that signal long-term variations or fading could be as a result of

radiowave absorplions due to rain, fog or smog.

1.11 CURE FOR SIGNAL FADING
In an attempt to combat the adverse effects of fading, there have been a lot of
approaches both theoretically and practically {Alamouti, 1998; Winter, 1987; Foschini,

1999 and Proakis, 1995). Theoretically, the most effective technique to mitigate or
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combat lading in wireless channel is transmitter power control (Alamouti, 1998). He
reporied that if the channel conditions as experienced by the receiver on one side ol the
link are known at the transmitier on the other side, the transmiller could predistort the
signal in order to overcome the effect of the channel at the receiver. However, there are
two fundamental problems with this theoretical approach as reported by Alamouti
(1998). The first problem which infact is the major problem with this approach is the
required transmitler dynamic range. This is because for the transmitter to overcome a
certain level ol fading, it must increase its power by that same level, which in most
cases 1s not practicable. This ;is because of the radiation power limitations and the size
and the cost of the amplifiers (Alamouti, 1998}, The sccond problem is that the
transmitter does not have any knowledge of the channel experienced by the receiver.
Hence, the channel information has to be fed back from the receiver to the transmitter,
which results in output degradation and considerable added complexity to both the
transmitler and the receiver.

However, there is a practical approach that can be applied to combal fading
effect in wireless channel. This is by the application of diversity schemes
(Chinthananda et al., 2001; EI.E{'., 1982 Ranjan of al., 2002, Zoltan and Lin, 2002; Ali
and Mostafa, 2002; Liu, ef al, 2002 and Naguib ei al., 2000). Traditionally, research
work in spatial diversity mainly focused on the receiving diversity. Infacl, receive
antenna diversily is being used in base stations to improve the receplion in current
cellular systems (Liu, ef af., 2002). However, transmil diversily at the transmitting end

as just beginning to atiract attention {MNaguib ¢f ai., 2000).
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It has been reported that diversity may be employed either at the transmitter or
the receiver (Winters, 1987; Fosschini, 1996; Fosschini and Gans, 1998; Fosschini er
al., 1999: Chinthananda e al s 2001; and Liu, ef al., 2002). Chinthananda er af., (2001)
and Liu, er al., (2002) reported that diversity schemes either transmission or reception
diversity has been observed as a classical powerlul technigue that provides wireless
link improvement at relatively low cost. . In mobile-radio systems, it is generally most
procticable fo employ diversity ot the base station rather than at the mobile units
{Alamouti, 1998). lle reported that a base station has the ability to serve hundreds to
thousands of remote or mobile units, It is therelore more economical (o add equipment
to base stations rather than the remote or mobile units, So in ransmitling lrom the
mobile to the base station. diversity is achieved through a multiple — element receive
antenna — “receiver diversily”, while in transmitting from the base station o the
mobiles, diversity is achieved through a multiple - element transmit antenna “transmit

diversity” (Fosschini, 1990; Fosschini and Gans, 1998 and Fosschini ef af., 1999),

2.12 DIVERSITY SCHEME -

By definition, diversily is a method of transmission and/or reception
where a single received signal 15 derived from combining a group of signal in an
attempt to gain decibels (dB) or improve the signal strength (Data Communication
Dictionary, 1976). The metnod works on the principle that if two or more independent
samples of a random process are taken, these samples will fade in an uncorelated
manner, Therefore, it follows that the probability of all the samples being below a

given level simultaneously is very much less than the probability of a single sample



being below that level (Suthuramen et al., 1993; Parsons, 1992 and Lee, 1982), That is,
the method depends upon the fact that i we take two points separated by a few metres,
the signal does not fade out simultaneously at the two points at the same rate,

There are many types ol diversity schemes use in wireless communication
system. Among them the following are the popular ones, namely space diversity,
frequency diversity, polarization diversity, time diversity, directional (angle) diversity,
and path diversity, Table 2.2 shows their leatures.

For this exercise, the space diw:mi'l}' technigque was chosen to combat fading in
mobile communication sysiem in Nigeria because of its oulstanding advaniages
compared to others, The technique will be applied at the base station because of the
outstanding advantages that transmit diversily technique has over the receive diversity
technique in mobile communication. According to Alamouti (1998), it was reported
that diversity techniques is better applied al base stations to improve reception quality
because il is cost eflective; since a base station often serves hundreds to thousands of
remote units. Therefore it is more economical to add equipment to base stations rather

than the remole units,
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Table 2.2 Features of each diversity scheme.

Diversity Scheme Merits Demerils

Space Diversity *Easy to design. *Hardware size could be
*Any numbers (N) of | large (depends on device
diversity  branches  are | technologies).
s¢lectable, *Large antenna spacing is

*MNeither extra power nor
bandwidth is necessary or
required.
*Applicable 1o macroscopic
diversity.

necessary  for  microscopic
diversity al the base station.

Frequency Diversily

*Any numbers ol diversity
branches {N) are selectable.

*N times more power and
SpPECIriim are Necessary.

Polarization Diversity

i ———— -

Time diversity

Directional  (Angle)

Diversity

*MNo space is necessary.
*Mo  extra  bandwidth
necessary.

L3
15

*MNo space is necessary.

Any numbers of diversity
branches (N} are seleclable,
*Hardware is very simple.

*Only two branch diversity
schemes are possible,
*3dB  more power
Necessary.

*MW limes more spectrums
dre NECessary.

*Large beller memory is
necessary especially when
the delay constant is small.

*Daoppler spread is reducible

*Diversity gain depends on
the obstacles around the
terminal,

*Applicable only 1o
receiver or lerminal unit.

the

Path Diversity

*No space is necessary.
*MNeither extra power nor

bandwidih is necessary.

*Diversity gain depenrds on
the delay profile.
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.13 HOW SPACE DIVERSITY WORKS

I'he space diversity technigue works on the principle that il we lake two poinls
separated by few metres apart, the signal does not fade oul simultaneously at the two
points ol the same rate, In mobile communication syslem, in order achieve space
diversity al either the base station, at least two transmitting are required. These
antennas are either to radiate out signal to mobile stations or to receive signal from
mohile stations depending on whether the link is forward link or reverse link. By this
there will be a direct link between the baze station and the mobile lerminnh_,‘s} in that
particular network in respect ol the location of the mobile station. The positioning of
the antennas is very imporiont. They need to be posilioned in such a way as lo cover
the entire network. The shorter the distance between the antennas, the lower the
probability that the mobile l-:!minnl experiences fading.

According o Sigma Wireless Technologies (2001), the separation of the
anlennas is frequency dependent. For instance, it was reported that, at 900 MHz,
antennas are gencrally regarded as being at optimum separation at 2.75 metres while al
400 MHz; the optimum separation is at 5.5 metres. It was also reporled by Sigma
Wireless Technologies (20001), that in space diversity lechnique the lowest shorl lerm
correlation coeflicient, p, achievable with two antennas is approximately 0.7, which is
adequate 1o achieve optimum diversity gain. 1t was also reported that, the lower the
short-term correlation cocffigient, p, the better the diversity gain (Braun, 1986 and
Sigma Wireless Technologies, 2001). They reporied that if these criteria are met by
the antenna sysiem, and the receivers receive equal amplitude signals on average, the

signal strength would be increasing with increase in the number of receivers.
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2.14 MOBILE RADIO PROPAGATION AND PATH LOSS MODELS -

The general term fading is vsed 1o describe Muctuations in the envelope of a
transmitted radio signal. However, when speaking of such Nueteations, one must
consider whether a short ohservation interval {or small distance) has been taken, or
whether a long observation interval (or large distance) has been taken. For a wireless
channel, the former case will .';';hnw rapid fluctuations in the signal’s envelope, while the
latier will give more of a slowly varying, average view — which is being referred o as
large-scale path loss. In this work, this large-scale effect shall be considered,

Received power or its reciprocal, path loss, is penerally the most imporiant
parameter predicted by large-scale propagation models. Tt is valuable 1o examine the
three main propagation mechanisms that determine and describe path loss:

Reflection oceurs when a radio wave collides with an object which has very large
dimensions compared to the wavelength of the propagating wave, Rellections are very
commonly caused by the surfice of the earth and from buildings, walls, and other such
obstructions.

Diffraction occurs when the radio path between the transmitter/receiver pair is
obstructed by a surface with sharp edges. This causes secondary waves to arise [rom
the obstrutting surface, There is a possibilily that the secondary waves can bend around
the obstacle and provide an almost artificial LOS between transmitler and receiver,
Like reflection, this phenomenon is dependent on: frequency, amplitude, phase, and the

angle of arrival of the incident wave,
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Scattering occurs when the radio wave travels through a medium consisting of
objects with dimensions that are small compared to the wave's wavelength. In such a
case the number of such particles per unit volume are usually very large. Typically
scattered waves arise when the radio wave meels rough surfaces or small objects in the
channel.

These three propagation mechanisms are the propagation phenomenon aiding
signal Tuctuations or fading experiencing at the receiver as a result of multiple signals

reaching the receiver,

2.15.1 FREE SPACE PATH LOSS MODEL

To obtain a more quantitative view of the effects of path loss, it is useful 10
consider a few examples. The simplest case of which is the path loss modél for free
space due to the Tact thal the mfluence of all obstacles i1s ignored. Further easing the
analysis, consider the model o be isotropic, where the transmitling antenna signaling
with power P1, has its power radiate uniformly in all directions. Examining the path
loss will tell us the amount of*power available at the receive antenna a distance r meters
away. This situation can be modeled as in Fig. 2.10 where the transmit antenna can be
consideret] to be al the center of a sphere with radius £, The tolal power density on the

sphere {also referred to as flux density) may be expressed as:

_ EIRP _ P
dar’

Py {Watts/m’) (2.2)

?

4
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Fig. 2.10 Propagation in [ree space,



where EIRP is the elTective radinted power from an isotropic source and 4ar’ is the
surface area of the sphere. In this model, the power at the receive antenna will be only
a function of the transmitled power and the characlenistics of the réceive anlenna:

P=Pd = :‘:.ti s 2.3)

1
Aar

¥

where A, is the effective aperiure of the receive antenna. As seen from (2), the received
power I, ix inversely proportional to #° . 1t so happens that the inverse-square relation

is the ideal case due to the combination ol free space, 1.OS, and isotropic assumplions,

The effective aperture of an antenna (A, ) is generally related to its “Gain™ G by

- dm‘i"

- (2.4)

Cr

»_ RGE _EGGE a5
" (4ar) (4m)

where €7, and ¢, are the transmitter and receiver gains, respectively. Equation (2.5) is

referred o as the Friis free space equation.

In mobile systems the received power may change several orders of magnitude
over a fraction of a typical coverage area. This coupled with the fact that mobile
systems employ low-power devices (order of milliwatts) leads to the choice of dBm (dB
normalized 1o 1.0 mW) as the preferred unit for measuring power. Thus the path loss

for the free space model may be expressed as;

f G.GA
L \dBm)=10log,,| ——— | ==10l0 e ] et
/ { :' bm[ 0.001 EJ L !:'rm[ D.ﬂﬂl{-ﬂ-n‘r}’]
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2.15.2 PROPAGATION MODEL FOR NEAR EARTH'S SURFACE

When considering the more realistic model (compared to that of the highly ideal
free space) near the Earth propagation, we must consider a direct wave. ground wave,
and ground reflected wave component. This scenario is depicted in Fig. 5, along with
its equivalent Nat Farth model in Fig .2.11. The main assumptions that lead to the flat
Earth model are the absence of the ground waves due to the height of the antenna when
compared 1o that of the wavelength, and the lack of curvature of the Earth, From Fig.

2,11, the received signal E; is given as;

E =E/(i—e ") ; : {2.7)
where E. is the direct wave, Eg4is the total received Neld strength or signal and Aw is
the phase difference between the direct path and the reflected path.
The phase difference between the two waves is expressed thus (Parsons, 1992):

Ay =i—nﬁﬂ (2.8)

Considering Fig. 2,11, the direct wave amd the ground-reflected wave are
represented respectively as AC and APC. From the figure now,

AR=R,-R (2.9)
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Fig. 2.11 Equivalent model of propagation close to Earth’s surface,
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R, = AC is the distance traveled by the direct ray or wave. The length AC from the

figure is given as: A{?=,I|ITI:_I§,.—h,}I+d’|. whered=d; + dz
I
.-.A-::=R,='1f[ﬂf!+[h,+;:_}’]=d\'[1—(";’"]] (2,10)

The distance traveled by the ground-reflected ray or wave is,

AP+ ¢ = i+ d )l +d))

Now let — = h, =J!i"-':-"lIr
AP+ PC =H],=|l_f L+ _d {'IH:I
. - 1
C—) aR=R,—R, :.{ [1{_’5 fﬂ] ]+J[I+[ﬂ.+hrj H
& e o
4 ¥ J'_ 2
M:::NH“_'M_JH’% ?-‘:,ur:h*ﬁ; } e 1%
¢ i

g

Apply binominal expression o equation (2.12} (o get;

2 3 Py 2hh +h
AR=d |+i Fw{t_ i |+l h +I|'l',zi., b
2 i 2 d

4hh J - Ehr.i'i

(2.13)

AR = d[ :
2d if
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put (2.13) in {2.8) to obtain;

- = (2.14)

_2efIA)_ssid
A o Ad

Based on a direct path and a ground-reflected path shown in Fig. 2.11, Lee

(1989) find an expression for the power received at the receiver as:

IL=F[ ]U‘l L : (2.15)

2n,

where £, = .'-.'{I - """"} lrenn equation (2.8)

P.oa PG

A

Mo ™ intrinsic impedance ol {ree space

P, = Imn&miltﬂ:d power

Gy = pain of the transmitting antenna
= pain of the receiving antenna

Equation (2.15) can be rewritlen as:

i
= P"[ 33':.:—-] Il = Cos'¥ — jSinAY[ (2.16)
A

gince A is small, hence

- ginAW e Ap = 3D (2.17)
Aed

+

Also, CosAW =1 then putting (2.13) and (2.17) makes (2.16) becomes:

. 1
| Aah |, |
s ’?[IM—A] “““-"?‘ = “[wﬁ]( ’*’]



p - ;;[{:"J . (2.18)

Substituting the parameters for Po stated in (2.15) 1o get

=166 ||

- (2.1%)

n o’

——% & e
.:- _"Ir'{'r'!l[ jjll-] o

In convenient logarithmic form equation {2.19) can be writlen as:

L.u = IDEL :::’] = Iﬂ]ﬂglﬂ {-.Ja + Iﬂlugm (;r + 2“ Iﬂglﬂ h:l + .2'] h}gm hr o 4[.] tﬂﬂm d e {,EJEBJ

From (2.20) we can write a “basic loss” between isotropic antennas as:

L (dB)= 20log, i +20log,, i —40log,, d (2.21)

Thizs means that the En.sa increases by 40 dB each time the distance is multiplied
by 10 (one decade). Another unfortunate aspect of (2.21) for path loss near the Earth's
surface 15 the fact that. it is enly a function of antenna heights and distance between
transmitter and receiver. To be more precise, the path loss obtained by (2.21) is
independent of the carrier frequency used to for the transmission. If the surface is
undulating a correction factor, which is frequency dependent, must be included. Hence,

equation (2.21) is not a precise accurate formula for predicting path loss.

2153 EMPIRICAL PATH LOSS MODELS FOR MACROCELLS
Macrocells are generally large, providing coverage range on the order of

kilometers, and used for out-door communication. Several empirical path loss models
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have been determined for macrocells. Two such models are outlined below, namely

Hata's model, which was based on graphical path loss data provided by Okumura, and
Lee 's model.

Huafa's i :

Hata's model ‘was based on empirical data from measurements in Tokyo, Japan
and has been claimed to give an accurale estimate of the path loss to within 1.0 dB
when compared with the actual measurements (Lee, 1989). The model is useful for the
following scenarios:

Carrier frequency; 150 MHz < f, = 1500 MHz

Base station antenna height: 30 m < b, < 200 m

Mohile station antenna height: | m=h, = 10m

Distance between base station and mohile: 1 km=d <20 km

A+ Blogwd for urban areas
Ly (dB) = At Blogad-C for suburban areas ——----=- (2.22)
A+ Bloged -1 for open or rurval areas
where ;

A= 6955+ 26.16log,, [, —13.82log,, I —alh,)

B'= 44.9 - 6.551og,,

C=54+4 Illugm[ %H

D = 4094+ 4.78)0g,. 17 —18.33l0g,, 1.



and

[I Jdllog, £, — ﬂ.?]l’!, —1.56log, /. —0.8 for mediun or small city

ath) =Y 8.28log, (155 )] -1.1 for large city and f. = 200 MMz

3.20log, (11,750 )f —4.97 for large city and f. =400 MHz

E

Lees path loss model was based on empirical data chosen as to model a Nat
terrain, Large errors arise when the model is applied to a non-flat terrain. The

received signal power in dB is expressed as:

el ! i !
1) = 10log,, p“"( - ,I’ €, (2:23)

Two parameters are initially required to characterize the model: g, (the power at a

1.6 Km point of interception) and the path loss exponent [}, These two parameters are
determined from empirical measurements and listed in tables such as that of Table 2.
Subsequently the Tollowing ngminal conditions are sel when employing Lee’s model:

[ =900 MHz

do = 1.6 km

lw_.:: station or transmilling antenna height = 30,48 m

mobile stalion or receiving antenna height = 3.0 m

base station transmitler™s power = 10W

base station antenna gain = 6 dB above dipole gain

mobile station antenna gain = 0 above dipole gain

the following paramelers must also be set:
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i the actual carrier frequency

ol distance hetween mobile station and base station antennas

X, correction faclor
the parameter «, is basically used to account for different BS and MS antenna heights,
transmil powers, andl antenna gains, For instance, if the actual conditions differ from

the nominal ones, then o, is computed via:

@y = €40 0 00 [l ~mrmmmmmmmnmmneanaee (2.24)
where
o= [ncw BS antenna height (m) }_3 B - $2.25) . N
3048 m -
iy = [m-u' MS antenna height fmj] & ' —2eee (2.26)
Im
oy = RHewW fransniifer power * - (2.27)
w
g = new Bx anterna gain with respect to A/ 2 dipole  -——--——-- (2.28)
P
s = different artenna gain corvection factor at the M5 ---—-—— - {2.29)

the value of n in (2.23) and £ in {2.26) are also based on empirical daita and

recommended to take the following values:
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Table 2.3: Parameters for Lee’s path loss model.

Terrain Moo A

Free Space -45 p.

Open Area -49 4.35
North American Suburban -61.7 1.84
MNorth Amenican Urban -70 168
South American Urban -64 4.31
Japanese Urhan I Y (3.05
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2.0 Jor fo< 430 Mz and in suburban or open area
n=- .4 e (2.30)
3.0 for = 450 Mz and in wrban area
L
20 for MS anterma heigth = Hm
oy @ -{2.31)
3.0 Jor My amtenna heigth <3 m
n= 2.0 for £ <450 MHz and in suburban or open area
3.0 o f > 450 MHz and in wrban area oo {2.30)
C, = 2.0 for MS anternna heigth > [0 m
3.0 for Ms anténna helgth <3m ce—meeer—es -— (2.31)

Finally, the path loss Ly is defined as the difference between the transmitted and

received field strength can be expressed as:

Lo=P - (2.32)

For the scenarios listed in Table 2, the path loss obtained from Lee's model can be

reduced o
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where ris in km and ['is in MHz

Because this model ie. Lee’s model is restricted o the stated places, hence
it cannot be applied in this work since there is differences in the geographical factors in
those places and Nigeria. More so the cammier frequency used in this model does not
include the allocated [requency for mobile communication in Nigeria, However since
Hata's mode! is general and sinee the camier frequency range for it included the

frequency range for mobile communicalion in Nigeria, its model shall be applied in this

work.
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CHAPTER THREE

3.0 RESEARCH METHODOLOGY

31 METHOD OF A'PROACH
The following methods of approach are adopted to meet the objectives stated above.
Detailed knowledge of the propagation path loss prediction and the antenna spacing
prediction were understood, These entail the following activities.
(1) Literature survey.
{it) Thorough examinastion of each propagation path loss prediction equation and
the antenna spacing prediction equation about the work.
(iii} Model building, evaluation and analysis.

3.2 RESEARCH PROCEDURE

For this work, Figs. 3.1 - 3.3 were used as the basis or foundation. Fig. 3.1 shows
the ideal situation when there is no propagation path loss or obstacle between the base

station and the mobile station separated by unspecified distance, d, kilometer. Bul in

real practice, this cannot hold for mobile system as the communication can take place
in either of the two ends at any time. Hence the real situation, which the propagated
gignals undergo in mobile environmmnent, is as shown in Fig. 3,2, Under this condition,
there i1s bound to be signal losses along the propagation path for both the forward and
reverse links. The quality of the reception in each case depends on the obstacle between

the base station (transmiller) and the mobile station (receiver) al each time since the

Ol



-
Mobilke
Station
Base N
Station
|4 o, -
Fig. 3.1 Ideal transmitling situation.
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Fig.3.2 Real transmitting situation.
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d. Variable distance between the base and mobile stations.
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Fig.3.3. Space diversity technique.
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mobile terminal is not lixed. Consequently, there will be signal losses along the path.
Thus, these losses account for the fading or the fluctuations in the amplitude of the
receiver signal al the receiving end.

In order to correct this an;‘:rmalﬂus transmission, there must be a means of ensuring
a constant line of sight between both the base station aud the mobile terminal. This is
achieved by installation of two or more antennas at the base station as shown in Fig.
1.3. By this, there shall be a direel link between the base station and the mobile
terminal irrespective of the location of the mobile station per time. Therefore Fig.3.3.,
now forms the basis of this work, which was modified into software for combating

signal fading in mobile environment

321 PATH LOSS PREDICTION MODEL

In an attempt to combat fading of radio signal, several methods of predicting
propagation path loss over irregular terrain have appeared in literature, Some of the
earlier techniques such as those due o Bullington (1947) and Egli (1957) as reported
by Parsons edited by Hall (1989) are based on using the theoretical '-_-qu&tiuns
describing propagation in free space or over a plane earth and then including an

additional term to account for diffraction losses. The propagation path characteristics
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are subjected to free space propagation when there are no obstacles around or belween
the base station and mobile station (Sciichi, 1997). In this case, the path loss is given
as:

L (dB)=3244+420log,, . +20log,,d  --—-mm- ()

where:

f. = carrier frequency (MIHz)

d = distance between the base stalion and the mobile station (Km)

According to Sigma Wireless Technologies (2001), it is reported that with this equation
the losses increase by 6dB each time either the distance or the frequency is doubled.
Morezo, since there are obstacles around or between the base station and the mobile
station, free space propagation model will therefore not be appropriate for mobile
systems. Hence, equation (1) becomes invalid.

On the other hand, when there are obstacles around or between the base station
and mobile station, path loss is determined by many factors such as irregular
configuration of the nalumal terrain and irregularly arranged arlificial structures. So
when the path between the transmitler and the receiver is blocked by a number of
obstacles, il is necessary (o resort 1o approximate methods of caleulating diffraction
loss sinee exact ealeulations then become very difficult,

A ‘Widﬂt}'- gquited method developed lor applications, which include urban
arcas, 15 that due to Okumura ¢f af., (1968) curves. These curves are called Okumnra
curves, Essentially this method is based on determining the free space path loss
between the transmitter and the receiver, adding an urban loss and then adding or

sublracting numerous correction factors to account for the nature of the terrain, the
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extent lor urbanization, the heights of the antennas, carrier frequency, sea or lake areas
andd the street or road orientation,

Although Okwemra curves are practical and effective when used 1o estimale
coverage arca for a system: il is not convenient 1o use them for the Cﬂl!'lﬁﬂﬂl'iﬂliﬂl
system designs including system parameter oplimization. To solve this problem, Hata
{ 1980} derived empirical formulas for the path loss that are fit to Okumura curves. The
obtained formulas, called flava's equarion, are elassilied into three models — urban,
suburban, and rural area models. This equation based on Okumura’s work has been of
great assistance in the application of the method over a restricted range of parameiers.
The results are as follows.

Urban arcas:
L, =69.55+26.16log,, /. -13.82log,h, - alh, )+ (44.9-6.55logh Nog,, d - (2)
where:

150 < £ = 1500 (f; in MHz), f; = the carrier frequency.

30 < h <200 {h in ), hy = transmitling anlenna height.

1 =d = 20(d in Km), d = distance between transmitter and receiver.

a(h:) is the correction factor for the receiving antenna and is computed as

follows:

a(h) = (1.1log f; - 0.7) b, — (1.56 log £, — 0.8) - : (23]
where:

1 <h < 0 (h inm)
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For a large city;
afh;) = 8.29%log I.S-ifh',:l1 - L.1:f=<200MHz, or

32log 1 1.75h,)° - 4.97 : f. = 400MHz (2h)

Suburban areas:

L. =L,,¢m&an}—z.[|ug,n[-%ﬂ]]] ~5.4 (dB) (3)

where:

Ly is given by equation {2) and ah,) for equation (2) is given by equation (2a).
Rural or Open areas:
L., =L, (urbam)y—4.78(log,, 1. ) +18.33log,, f, —40.94 (dB) —=-mememermmeee ()

where :

Ly is given by equation (2) and al(h,) for equation (2) is given by equation (2a),

In order to make the equation swilable and applicable to Nigernia level of

development and classification of areas, the urban areas that were classified as small eity

and large city is now changed to town and city respectively. While the rural area in the

equation still remains as rural area, the suburban area was also changed to urban as

applicable o Nigeria.

3.2.2 ANTENNA SPACE PREDICTION MODEL

The next slep now, is lo oblain another mathematical equation that can predict
the distance between the antennas. For space diversily operation, the distance between
antennas decides the correlation coellicient attainable. When a signal is subjected to

fading its correlation coefficient (p), is equal to one i.ep = | implies there is no

n



diversity. When there is diversity, the correlation coeflicient must be sufficiently small
compared with one, ie. p < 1. The smaller the value of p, the higher the signal
strength received al the receiver (Braun, 1986).

Rased on this conclusion, the CCIR - Recommendation 327-2 was choosing as
the best antennas spacing prediction equation for this work. The CCIR -

Recommendation 327-2 was given thus:

i};n_ "'1'[.4_"‘_\;';,,|Ii-h1p,miﬂ - p— {#,,J

whiere:

dy = the spacing between anlennas expressed in wavelengths ol the
operating {requency.

3. = the wavelength ( m.]l.

i = the correlation coellicient.

For the present work equation (5) was reviewed without damaging it by
replacing dy with d; and & by v/f,;

where :

d, = the spacing between antennas in metre (m).

v = the velocity (3.0 = 10%).

f. = operating frequengy (METz).
Therelore we have:

2145

dym 5 Jogy p e (6)

r

which is now the acceptable mathematical equation for the antenna spacing prediction

in this present work.
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3.3 THE MODEL

In order to have the prediction of both the propagation path loss and the anlenna
spacing at the base station that can correct signal fading simultancously, this present
work combines the two acceplable mathematical equations (i.e. Hata's equation and the
CCIR -Recommendation) to develop a prediction application program that can perform
the two functions simultancously. This was achieved through a computer application

program written in C+4 programming language,

3.3.1 THE ORIGIN OF C++

C++ is an expanded version of C programming language. C is flexible and
powerful. However, when a project dala exceed a certain size, C reaches its limits.
Depending on the volume of data, a program of 25 000 to 100,000 lines becomes hard
to manage with C programming language (Schildt, 1992). In 1980, while at Bell
Laboratories at Murray Hill, New Jersey, Bjarme Stroustrup addressed this problem by
adding several extensions o the C language. Most additions made to C by Stroustrup
support object-oriented programming, sometimes referred to as OO, These features in
CH++, to use Stroustrup’s words, “allow programs o be structured for clarity,
lﬂitl:rl,:liil:lnililﬂ_\“.f anil ease of mainfenance without loss efficiency.” These ohject-
oriented features in C++ as well as other advantages in it form the basis of ils

application in this work.
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332 ADVANTAGES OF CH PROGRAMMING LANGUAGE
Although C4++ has some weaknesses, il has been observed that its advanlages
out-weigh its disadvantages. Some of these advantages were considered before C++
was found suitable for this work. These include:
«  Availability:
C++ can be wsed on a variety of computers ranging from personal

computers to supercomputers.

«  Portability:

C4+ is in the last stages of standardization, and this process has been
closely followed by compiler vendors, ensuring quick availability of a

commaon standard language,

s Speed:

Even with the speed of modern computers there are problems for which

elliciency of language 15 of paramount importance, C++ inherits the speed of C,

= Generality:

Scicnce and engineering now has extended beyond computation only into
" realms of graphics and robotics. The C++ language is not only suited for
formulas and computations (FORTRAN's strong suit), it can be used

effectively in data base and business applications (COBOL's strong suit).
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«  Reusability:

Clearly it would be an advantage to use previously written code if it can be
inserled into one's currenl project. The capability of easy re-use and
modification of existing code to fit new problems is an important feature ol

the C-++ language,

= Object Orientation:

As computers have become larger and faster, they have been programmed
to solve larger and more complex problems. Object Oriented Programming
(OOP) is a strategy for simplifying the programming task, and is supported

by the language leatures of C++,

Some disadvantages include:
«  Cryptic Syntax:

While having the English-like capability of a high level language, the speed
of execution in C++ is inherited from C, and CH++ retains some rather

cryptic syntax to maintain compatibility.

«  Black box features:

Some features, such as input/outpul operations, are difficult for the novice

to get a handle on.

= A large overhead:

C++ was designed for large and very large applications. Learning a
language, on the other hand, proceeds by building small programs at first. It
sometimes seems that a programming problem is being attacked with a meat

cleaver when a judicious scalpel might be more appropriate!
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« Difficult debugging:

Debugging O and C++ programs can be very frustrating. Frrors in a C++
program may be very difficult to find because the compiler may not caich them

until many lines later. |

In summary, il would seem that the C+4 lanpuage adheres to the classic economic
dictum. C++ not only performs the mathematical calculations demanded by today's
scientists, but also provides o means o program in the graphic environments of the
modern PC, be they Windows or Mac or X on a UNIX system. Inexpensive compilers

are readily available to the student in most venues.
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CHAPTER FOUR
4.0 RESULTS AND DISCUSSIONS
4.1 MODEL TESTING AND EVYALUATION

In order 1o test and evaluate the performance of this work, the values of d, and
7 eblained from it are compared with the practical values quoted by Sipma Wireless
Technelogies (2001) under similar conditions as shown.

The comparison shows that there is a deviation ol 0.02 m between the antenna
spoacing value oblained in this work and that of Sigma Wireless Technologies (2001).
The value obtained here is lower than the one quoted in the reference work by 0,02 m
(2 cm). This low value supgests high performance ability than the reference work. This
15 because the closer the distance between the antennas apart, the higher the probability
of the direct link between the ;mnsmilicr or base station and the mobile terminal. Hence
refatively o the accuracy and the acceplability of the reference work, it can be
concluded that the results obtained in this study can compare favourably with reports in
the available literature. Also, the data obtained from this study has confirmed the fact

that the program is reliable and performed optimally.
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Table 4.1: Comparison of past work with the present work.

Paramelers Sigma Wireless Technologies (2001) The Present Work
{ Practical Result) { Application Program Result)
Carricr &850 Milz B30 Mz
Frequency, f,
Correlation 0.7 0.7
coellicient, p
Antenna 3Im 33 m
Height, h,
Antenna J0m 298 m
Spacing, o,
h, TE 11.07
n= E-—

17




4.2 SIGNALSTRENGTH AT DMFFERENT CORRELATION COEFFICIENT VALLUES

Fig. 4.1 shows the Signal Strength at different correlation coefficient values.
From this figure, it is observed that the closer the value of correlation coefTicient (p),
to one ie. p — 1, the more the signal experiences fading and the lower the signal
strength received at ‘the receiver. However, the smaller the value of the correlation
coefficient compared with one, the higher the signal strength received al the receiver.
This correlates the findings of Braun (1986) who reported that the higher the

correlation coeflicient the lower the received sipnal,
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4.3 SIGNAL VARIATION WITH DISTANCE

Fig. 4.2 — Fig. 4.11 show the piclorial representations of the generated data
from the program. The analysis of the data generated shows a significant variation in
the signal losses with djslalauie. The results reveal the fact that the longer the distance
between the base station and the mobile station, the higher the signal losses amd
invariably the higher the signal fading experienced at the mobile station.

The figures also show the differences in the level of the signal losses when there
15 no diversity and when there is diversity. With the same carrier [requencies. it was
observed thal as the distance between the base station and the mobile station is
increasing the rate of signal Muectuation or fading increases. Therefore, the work has
established the fact that signal fading increases with increase in distance between the
transmitter and the receiver. It further justifies the published research reports of both

Lee ( 1982) and Sampei (1997},
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4.4 SIGNAL DEVIATION LOSSES WITH CARRIER FREQUENCY.

The results of this study show an improved and better signal deviation losses in
the received signal as the carrier frequency is increasing (Fig, 4.13 - Fig. 4. 16). The
figures show the deviation losses against the carrier frequency at different distances
between the transmitter and the receiver, From these figures, it was observed that the
deviation losses increase with carrier lrequency with the application of (he spece-
diversity technique in this study. This agrees with the findings in all the available
literatures that have deduced that, diversity scheme is an effectjve means of combating

fading in an outdoor enviroiment,



Signal deviation losses (dB).

140

135

130

123 -

120

115

114

105

—e—d=d
—&—d=8
—A—g=12
—w—d=16
—w—d=20

BO0 BOD TG 1200 1400
Carrier frequency, Te (MHz).

Fig. 4.12. The graph of signal deviation losses against the
carrier frequency for town.

02




B -:I_J-
—F—=B
—a— =12
—s—cf= 16
_—Ht—d-ED
140 -
@
-
E 125
k]
B
- 120
"
=
=
L1}
115
110
105 +— " r S S ~
a100 B0 1000 1200 1400
Carrier frequency,fc (MHz).

Fig.4.13, The graph of signal deviation losses against
carrier frequency for city.

93




Signal deviation losses (dB).

—&— = 4 |
—&— d=8
—a—gd=12
——d=16
130 - —x—d=20
125
120
115
110 -
105
100 -
85
50 . . 1
800 800 1000 1200
Carrier frequency,fc (MHz).

1400

Fig.4.14. The graph of signal deviation losses against

carrier frequency for urban area.




Signal deviation losses (dB).

—e—d=4
—&—d=8
—— =12
—w— =15
—=— =20
115
110
105
100
85
m -
B5
ﬂ-ﬂ o ——— i —d ]
600 800 1000 1200 1400
Carrier frequency,fec (MHz).

Fig.4.15. The graph of signal losses against carrier
frequency for rural area.

a5




4.5 YVARIATION OF ANTENNA SPACING WITH CARRIER FREQUENCY

Table: 4.2: Antenna Spacing, o, (m) al dislance, d = 8.0 km.

—_—

Antenna Spacing,  (m) for different Values of o at constant Values of i, = 33m , and b, =5m
1. A= | p= = 1p=1 o= #=| 2= | &= o= | o=
My | 01 02 | o3 | o4 | os | o6 | 07 | 08 | 09 1.0
6000 | 1073 | 897 | 776 | 677 | 58 | 505 | 437 | 334 | 329 | 09
650.0 .90 B.28 7.6 035 5.43 4.66 390 3.08 2.12 0,00
TO0.D 219 7.69 .45 5.80 5.04 4.33 3.62 2.86 1.97 .00
7500 | B5E | 707 | 620 | 541 | 471 | 404 | 338 | 267 | LB4 | D00
8000 | B04 | 672 | SE2 | 507 | 441 | 379 | 347 | 250 | 172 | 0.00
§50.0 7.57 6.33 347 4,78 4.15 .57 2.98 2.36 .62 000
G000 7.15 508 5.17 451 192 37 2.81 2.21 1.53 0.0
G50.0 6.77 5.66 490 4.27 R 319 2.67 2.11 [.45 000
1M 644 5.80 4.65 4.06 153 1.03 253 | 2.00 1.38 0.00
10500 6.13 5.12 4.43 31.87 336 2,89 241 1.9 131 0.00
11000 5.85 4 B9 4.23 1.69 321 2.76 230 | 1.82 125 0.00
1150.0 560 | 4.68 4.05 3.53 3.07 2.64 2.20 1.74 1.20 {1.0H)
12000 | 536 | 448 | 188 | 338 [ 294 | 253 | 211 .67 .15 | 0.00
1250.0 5.15 4.30 332 3.25 2.82 2.42 2.03 1.60 1.10 0.00
| 1300.0 4.95 4.14 3158 3.2 2,72 2.313 .95 [.54 1.06 0.00
1350.0 4.77 3.99 3.45 3.01 2.62 2:25 .87 |.48 1.02 (.00
1400.0 460 | 384 332 2.90 .52 2.16 1.81 1.43 .98 .0
14500 | 444 | 3.71 3.21 2.80 243 2.09 1.75 138 0.25 0.00
1500.0 4,29 3.59 .00 2.71 235 <02 1.69 1.33 0.92 .00

Dy



The Table 4.2 above shows the relationship between the earrier frequency, [,
the correlation coefficient, o, and the antenna spacing «, . From the table, it is
observed that the lower the values of both the carrier frequency, £, and the correlalion
coelficient, o, the h.ighfr the value of the antenna spacing J,. However, since the

carrier frequency normally used for mobile communication is in the higher parl of the
L'HF hand (for example the frequency range for mobile system currently in Nigenia is
from ROO — 1000 MHZ), it is obvious that space diversily technigue is practicable at the
base station since the antenna spacing is not all that wide compared with those at lower

frequencies.
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CHAPTER FIVE

50 CONCLUSION AND RECOMMENDATION

3.1 CONCLUSION

As set oul in the objective, the study has developed an application computer

program for radiowave propagation path loss and antenna spacing predictions. The

developed propram is tested and found to be reliable and accuratie in combating signal
fading in an ouldoor environment,

This study has also rém-r.-ﬂe:l thai the signal loss devialion increases with both
the carrier frequency and the distance between the transmilter (base station) and the
receiver (mobile station) when the space-diversity lechmque is applied. This is contrary
to the data observed when the space-diversity technique is not applied,

5.2 RECOMMENDATION

The general observation of the signal losses deviation when the space-diversity
technique is not applied shows that the longer the distance between the transmitter and
the receiver the lower the strength of the signal at the receiver. However with the
application of space-diversity: technique in this work, it is observed that the quality or
strength of the signal at the receiver improves even as the distance between the
transmitter and the receiver increases. Hence if the technigue used in this work is
applied to' our mobile systems in Nigeria, the advantages that will be derived from it
will be many. Firstly, it will bring about the long desired rural area development,
Secondly, the mass migration of people from rural areas to urban areas will be reduced
if not totally eradicated. Thirdly, it will enable the people in the rural areas to reach
others and to be reached. Lastly, the major problem of signal fading in mobile system

in this country will be greatly reduced il not wtally eradicated,
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APPENDIX |

Table: A. Signal Losses at distance, d = 4.0 km for Town and City.

Signal Losses (dB) at Constant Valuesof i, =30m, & =5m and p=0.2

. AMHz TOWN CITY ——=
NO WITH NO DIVERSITY NO
DIVERSITY | DIVERSITY (dB3) (dB) DIVERSITY
(dB) : (dBy
600.0 | 1347742 26,9548 137.9761 27.5952
6500 | 1355466 S27.1093 138.8854 27.7771
700.0 136.2617 27,2524 139.7274 27.9455
750.0 136.9275 27.3855 140.5112 28.1022
£00.0 137.5503 27.5101 141,2445 28.2489
_B50.0 [ 138.1353 27.6271 141.9332 283866
900.0 138.6869 27.7374 142.5826 28.5165
950.0 1382087 27.8417 143.1969 28.6394
1000.0 139,7037 27.9407 143.7796 28.7559
10500 | 140.1745 28.0349 144.3339 28 8668
1100.0 | 140.6234 28.1247 144.8624 289725
1150.0 141.0524 282105 | 145.3675 29,0735
1200.0 1414631 282926 145.8510 29,1702
12500 | 141.8570 28.3714 1463148 29,2630
13000 | 1422355 284471 146,7604 29,3521
1350.0 | 142.5997 28.5199 147.1891 29,4378
1400.0 142.9506 28,5901 1476023 29,5205
1450.0 143.2893 28.6579 148.0010 206002
1500.0 143.6164 28.7233 148.3862 29.6772
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Table:B. Signal Lbsses at distance, d = 4.0 km for both Urban and Rural Areas.
Signal Losses (dB) at Constant Values ol h, =30m, h =5m and p=0.2

.

. (MHz) URBAN AREA RURAL AREA
NO WITH NO DIVERSITY NO
DIVERSITY | DIVERSITY (di3) (i) DIVERSITY
. C . : (4

6000 | 1258777 | 251755 107.8651 21.5730
650.0 126.4380 25.2876 108.3456 216691
700.0 126.9531 25.3907 __108.7803 21.7361
750.0 127.5232 25.5046 109,1760 21.8352
R00.0 127.9618 15.5924 109.5384 21.9077
850.0 1283716 35.6743 109.8721 21.9744
9000 128.7560 357512 110.1805 22.0361
950.0 129.1964 25.8394 110.4669 22,0934
1000.0 129.5354 25.9071 110.7337 22.1467
1050.0 129.8560 259712 110.9830 22.1966
1100.0 130.1604 260321 | 1112168 22243
1150.0 130.4502 26.0900 111.4365 22.2873
1200.0 130.7932 26.1586 111.6436 22.3287
1250.0 131.0551 262110 1118391 22,3678
1300.0 131.3060 26.2612 112.024] 22,4048
1350.0 131.5465 26.3093 112.1995 22,4399
1400.0 131.7776 26.1555 112.3661 224732
1450.0 1320577 | 264115 ~ 112.5246 225049 |
1500.0 132.2702 26.4540 112.6756 22.5351
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Table: C. Signal Losses at distance, d = 8.0 km for Town and City.

Signal Losses (dB) at Constant Values ol i, =30m_ b, =53m and p=0.2

7, (MHz TOWN CITY
NO WITTI NO DIVERSITY NO
DIVERSITY | DIVERSITY (dB) (dB) DIVERSITY
(dB3) (dB)
G000 | 1453779 29,0756 148.5798 29,7160
650.0 | 146.1503 29.2301 149.4892 29.8978
7000 | 146.8655 29.3731 1503311 30,0662
750.0 147.5313 29,5063 I51.1150 | 302230 |
800.0 148.1541 29,6308 151.8482 30.3696
850.0 148.7391 | 297478 152.5370 30.5074
900.0 149.2907 29,8581 © 1530863 | 30.6373
950.0 149.8124 299625 153.8006 30,7601
1000.0 | 150.3074 30,0615 154.3834 30,8767
1050.0 | 150.7782 30,1557 154.9377 30.9875
1000 | 151.2271 30.2454 155.4662 31.0932
11500 | 151.6561 30.3312 155.9712 31.1942
12000 | 1520668 | - 304134 156.4547 31,2910
12500 | 1524607 30,4922 156.9185 31.3837
13000 | 152.8392 30.5678 157.3641 31,4728
13500 | 1532034 30,6407 157.7929 31.5586
14000 | 153.5544 30.7109 158.2061 316412
1450.0 | 153.8930 30.7786 158.6047 317210
15000 | 154.220] 30,8440 158,9899 31,7980
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Table: D. Signal Losses at distance, d = 8.0 km for both Urban and Rural Areas.

Signal Losses (dB) at Constant Values of b, =30m, i, =5m and p=02

1. (MHz) URBAN AREA RURAL AREA
M0 WITH NO DIVERSITY MO
IMYERSITY IMVERSITY (dI¥) (di) DIVERSITY
(dB) (dB)

6.0 1364814 27.2963 118.4688 23,6938

6500 137.0417 27.4084 118.9494 23.7899
7000 | 137.5570 27.5114 119.3840 23.8768
750.0 138.1270 27.6254 119.7798 23.9560
800.0 138.5655 27.7131 120.1422 24.0284
250.0 138.9753 27.7951 120.4758 24.0952
900.0 139.3597 27.8719 120.7842 24.1569
950.0 139. 8006 27.9601 121.0706 24.2141
10000 140.1391 20278 1213374 24.2675
1050.0 140.4597 28.0919 121.5868 24.3174
11000 140.7642 28,1528 121.8205 24,3641
1150.0 141.0540 28.2108 122.0403 24,4081
1200.0 141.3969 28.2794 122.2473 24,4495
1250.0 141.6589 |  28.3318 122.4428 24,4886
13000 141.9097 28.3819 122.6278 24.5256
1350.0 1421503 28.4301 122.8033 24.5607
1400.0 142.3814 284763 122.9699 24.5940
1450.0 142.6614 28.5323 123.1284 24.6257
1500.0 142.8739 28.5748 123.2794 24.6558
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Table:E. Signal Losses at distance, d = 12.0 km for Town and City.

Signal Losses (dB) at Constant Valuesof i, =30m, i, =5m and p=02
f(MHz] TOWN cary
MO WITH NO IMVERSITY M)
IMVERSITY DIVERSITY (di3) (di3) DIVERSITY
(d) )

6000 | 1515807 303161 154.7826 | 309565
6500 | 1523531 | 304706 | 155.6920 |  31.1384
700.0 | 1530683 |  30.6137 156.5330 31,3068
75010 153.7340) 30.7468 1573177 3146306

R00.0 154.3508 I0.8714 158.0510 Jlelo2
850.0 154.9419 309884 158.7397 31.7480
Q0.0 1554915 31.0987 159.3891 318778
9500 | 1560152 312030 | 160.0034 32.0007
1 000.0 156.5102 31.3020 1605861 32.1172
1050.0 | 156.9810 31,3962 ~161.1405 32.228]
| 1100.0 157.4299 31.4860 161.6690 32,3338
1150.0 157.8589 31.5718 162.1740 32.4348
1200,0 158.2696 311.6539 162.6575 32.5315
1250.0 158.6635 31.7327 163.1213 32.6243
1300.0 1590420 31.8084 1635669 32.7134
1350.0 159 4062 31.8812 163.9957 32.7991
1400.0 159.7572 31.9514 164 4089 328818
1450.0 1600958 320192 1648075 _32.9615

15000 | 160.4229 32.0846 165.1927 33.0385
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Table: . Signal Losses at distance, d = 12.0 km for both Urban and Rural Areas,

Signal Losses (dB) at Constant Valves of i, =30m, i, =5m and p=02

7, (MHz) URBAN AREA RURAL AREA )
NO WITTI NO DIVERSITY ND
DIVERSITY | DIVERSITY (di3) (d13) DIVERSITY
(d13) (dB)
600.0 142.6842 28.5368 124.6716 24.9343
650.0 143.2445 28.6489 125.1522 25.0304
700.0 143.7598 28.7520 125.5868 25.1174
750.0 144.3298 28 8660 125.9826 25.1965
800.0 144.7683 28.9537 126.3450 252690
850.0 145.1781 29.0356 126.6786 253357
500.0 145.5625 29,1125 126.9870 253974
950.0 146.0034 29.2007 127.2734 25,4547
1000.0 | 146.3419 29,2684 127.5402 25.5080
1050.0 | 146.6625 29,3325 127.7896 25.5579
1100.0 | 146.9670 29,3934 128.0233 25.6047
11500 | 147.2568 29.4514 128.2431 25.6486
12000 | 147.5997 295199 128.4501 35,6900
12500 | 147.8617 295723 128.6456 25.7201
1300.0 | 1481125 29.6225 128.8306 25.7661
1350.0 | 1483531 29.6706 129.0061 25.8012
1400.0 148.5842 29.7168 129.1727 25.8345
1450.0 148.8642 20.7728 129.3312 258662 |
1500.0 149.0767 | . 29.8153 129.4822 25.8964
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Table: G. Signal Losses at distance, d = 16.0 km lor Town and City,
Signal Losses (dB3) at Constant Values of h, =30m, h_=5m and p=0.2.

S Mz TOWN Ty
NO WITH NO DIVERSITY NO
DIVERSITY | DIVERSITY (d13) (l3) DIVERSITY
(dB) o (B3
BIN).0 155.9817 31.1963 159.1835 31.8367
650.0 156.7541 31.3508 160.0929 32.0186
700.0 157.4692 31.4938 160.9349 32.1870
750.0 158.1350 31.6270 161,7187 32.3437
800.0 158.7578 - 31.7516 162.4519 32.4904
850.0 159,3428 31,8686 163.1407 32.6281
9000 159.8944 31.9789 163.7901 32,7580
950.0 1604162 320832 164 4043 328809
1000.0 [ 1609111 32.1822 164.9871 | 32,9974
10500 | 161.3820 322764 | 1655414 33.1083
11000 | 161.8309 |  32.3662 1660699 33.2140
1150.0 162.2598 32.4520 166,5749 33,3150
1200.0 162.6705 32,5341 167.0583 334117
1250.0 163.0645 12,6129 167.5223 33,5045
1300.0 1634430 12,6886 167.9679 33.3936
1350.0 163.8072 32.7614 168.3966 33.6793
1400.0 164.1581 32.8316 168.8008 | 337620
14500 | 164.4967 328904 _169.2085 33,8417
1500.0 164.8239 32.9648 169.5936 | 339187
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Table: H. Signal Losses at distance. d = 16.0 km for both Urban and Rural Areas.

Signal Losses (dB) at Constant Values of Ji, =30nm, b, =5m and p=02
ST (MHz) LURBAN AREA RURAL AREA
NO WITH NO DIVERSITY NO
DIVERSITY | DIVERSITY (dB) (dB) DIVERSITY
e _(dB) o Zoces s _(dB)
G000 1470851 29,4170 12987725 258145
650.0 1476455 29.5291 129.5531 259106
T00.0 1481607 29,6322 1299878 259976
750.0 148.7307 29,7461 1303835 26,0767 |
8000 | 149.1693 29,8339 1307459 26,1492
B50.0 149.5791 29.9158 131.0795 26,2159
900.0 149.9615 25995927 131.3880 26.2776
950.0 150.4044 30.0809 131.6743 26,3349
1000.0 150.7428 301486 131.9411 26.3882
1050.0 151.0634 30.2127 132.1905 264381
1100.0 151.3679 30.2736 132.4243 26,4849
1150.0 151.6577 303315 132.6440 26,5288
12000 152.0007 30.4001 1328510 26.5702
1250.0 152.2626 30.4525 133.0466 26.6093
1300.0 152.5134 30.5027 133.2316 26,6463
1350.0 | 1527540 | 305508 | 1334070 26.6814
1400.0 152.9851 30.5970 133.5736 26.7147
1450.0 153.2651 30,6530 133.7321 26.7464
15000 | 1534776 30,6955 133.8831 26.7766
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Table: 1. Signal Losses at distance, d = 20.0 km for Town and City,

Signal Losses (dB) at Constant Values of &, =30m, &, =5m and p=0.2,
S Mz TOWN CITY
WO WITH NO DIVERSITY NO
DIVERSITY | DIVERSITY (dB) (dB) DIVERSITY
(dB) (dB)
6000 | 1593953 L8791 | 162.5972 325194
650.0 [0 1677 320335 163.5065 32,7013
F00.0 1648829 32. 1766 4. 3485 32.8697
7300 161.5486 323097 165.1323 33,0265
800.0 162.1714 32,4341 165.86506 331731
B50.0 | 162.7565 32.5513 T166.5543 33,3109
0.0 163.3080 32.6616 167.2037 33,4407
950.0 1638298 12,7660 167 8180 11,5636
10000 164.3248 328650 168.4007 33.6801
_1050.0 164.7956 12,9591 1 68,9550 337910
LRLGAY 165.2445 330489 1694836 338967
11500 | 165.6725 330347 1699886 33,9977
12000 | 1660842 |  33.2168 1704721 34.0944
12500 | 166.4781 332956 | 170.9359 341872
1300.0 166.8566 33.3713 I71.3815 34.2763
1350.0 167.2208 334441 171.8103 14,3621
1400.0 167.5717 335144 172.2234 14,4447
1450.0 167.9104 33,5821 172.622] 345244
(15000 | 1682375 | 3dedrs | 1mo0m | 36015 |
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Table: J. Signal Losses at distance, d = 20.0 km for both Urban and Rural Areas.
Signal Losses (dB) s Constant Values of h, =30m, h, =5m and p=10.2

1. (Miiz) URBAN AREA RURAL AREA
NO ~ WITH NO DIVERSITY NO
DIVERSITY | DIVERSITY (dB) (dB) DIVERSITY
(dB) : (dB)

600.0 150.4988 30.0998 132.4862 26.4972
650.0 | 1510501 302118 1329668 26.5934

700.0 1515744 30.3149 133.4014 266803

750.0 152.1443 304289 133.7971 267594
800.0 152.5829 30,5166 134.1596 26.8319
8500 152.0027 30.5983 134.4932 268786
900.0 | 1533771 30.6754 134.8016 26.9603
950.0 153.8180 30.7636 135.0880 27.0176
10000 | 154.1565 30.8313 135.3548 27.0709
1050.0 154.4771 30.8954 135.6041 27.1208
1100.0 | 154.7816 30.9563 135.8379 27.1676
11500 | 1550713 310143 136.0577 272115
12000 | 1554143 | 31.0829 136.2647 27.2529
1250.0 | 155.6762 31.1353 136.4602 27.2920
1300.0 | 1559271 | . 31.I854 136.6452 273291
| 13500 | 1561677 | °  31.2335 136.8206 27.3641
1400.0 156,3987 312798 | 1369872 | 273975
1450.0 1566788 31.3358 137.1457 27.4292
1500.0 156.8913 31.3783 137.2968 274594
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PROJECT C++ (MR POPOOLA J.J, M.ENG PROJECT)

SPACE-DIVERSITY TECHNIQUE FOR COMBATING SIGNAL FADING IN
MOBILE COMMUNICATION SYSTEM IN NIGERIAN

# include<iostream.h>

# include=math.h>

# include=stdiib. h=>

# include<iomanip.h=

# include=<conio.h>

# include<ctype. h>

#define SPACE_VELOCITY 3EB

void calculale path_loss {int fc),
long double compute path _loss sm_city (int fc);
long double compute_path_loss_large_city (int fc) ;
long double compute _path_loss_suburban_areas (int fc),
long double compute_path_loss _open_areas (int fc) |
long double lpsm, Ipl,lps, lpo,ahrsm,ahrl ds,e newlpsm dsnew;
char accept;
int hr,d, ht;
long fe1,d1;
long double compute correction factor sm_city {int fc);
long double compute correction_factor_large _city {int fc)
long double compute _distance between_antenna_ds (int fc),
long double compute _new distance between_antenna_dsnew (long double
Ipold, long double dsold,int fc),
void error_message ( ),

void welcome message ( ),
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main { )

long fc; :

welcome_message ( ); //THE PROJECT TITLE

receive fe: NTHIS MODULE ACCEPT THE VALUE OF THE TRANSMITTING
ANTENNA (fc)

cout<<"\n Enter the value n",
cout<<"\n of the transmitting frequency...\n";

cout<< "\n NB .....150 == fc <= 1500....\n";
cin>=>fc;

if ((fe=150)|)(fc=1500)) {

error_message ( );

golo receive_fc;

}

calculale path_loss (fc),/fTHIS MODULE ACCEPTS VARIABLE VALUES AND COMPUTE

RESULTS
cout<<"\n\n\n...... COMFUTE MORE VALUES 7 ..\n";
cout<<="\n...TYPE (Y) FOR YES & (N) FOR NO....... \n";
cin >> accept,

t{{acceplt=="Y")||(accept=="y'))golo receive_fc;
else

cout<<"fHHEEEEHE. . PROGRAM TERMINATES. . #8888 |

)

void calculate_path_loss (int fc)

{

char choice choice1;
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receive ht: /fThis module accepts the value of the height of the ransmitting
antenna (ht)
cout<<"in Enter the value of the height of the";
out<<"\n transmitting antenna...ht{im)n";
coul=<"\n NB:30<=ht<=200\n";
cin==ht;
if((ht=30)||(ht>200)){
error_message ( ),
goto receive_ht;
}
receive_d: /This module accepts the value of the distance between base and
mobile station (d)
cout<<"\n  Enter the value of the distance ",
cout=<"\n between base station and mobile station...d(km)";
cout<< "\n NB:1 == d == 20\n™
cin>=d; '
((d=1}]|(d=20)){
error_message { );
goto receive_d;
1
long d=d*1000,
receive hr: // This module accepts the value of the height of the receiving
antennasthr)
cout=<"\n Enter the value of the height of the receiving antennas...hr{m)";
cout<<"\n NB .....1 <= hr=<=10,...\n";
cin>==hr;
if((hr<1)|I(hr>10)){
error_message ( );
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goto receive_hr,

1

receive_e: /[This module accepts the value of the correlation coeficient (e)
cout=<"\n Enter the value of correlation coefficient e.......\n";
cout<<"n NB.... . 0<=e=<=1__.\n"
cin=>e;
ifi{e<0)ie=1))
error_message ( )
goto receive_e,

)

coul<<"n 1....... Compute path loss for Urban areas.......... ;

cout<<"\n 3....... Compute path loss for Rural areas ........... -
cout<<"\n ......Enter your choice.,..1,2,3\n",

cin=>choice;

ifichoice=="1"}{

cout<<"1...... Compute path loss for small or medium city\n”,
cout=<"2.. Compute path loss for large city........ An";
coul<<"........ Enter your choice 1,2......\n"

cin=>choice1;
if(choice1=="1"){
lpem= compute_path_loss_sm_city (fc), :
cout<<"\n path loss for small or medium city....
"< egetprecision(7)<<fabs(lpsm)<<"dB";

ds= compute_distance between_antenna_ds(fc),

dsnew=compute_new_distance_between_antenna_dsnew(lpsm,ds fc).
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cout<<"\n at e="<<e<<" loss path,distance between antenna
is="<=dsnew/1e6<<"'m"

}
ifichoice1=="2"{

Ipl =compute_path_loss large_cily (fc),

cout<<"\n Path loss for large city... "<<setprecision(7)<<fabs(|pl)<<"dB",

ds= compule_dislance belween_anlenna_ds(fc),

dsnew=compule_new_distance between_antenna_dsnew(lpl ds,fc);
cout<<"in at e="<<g<<" loss path,distance between antenna

is="<<dsnew/ief<<'m"

if(choice=="2"){
Ipsm= compule_palth_loss _sm_cily (fc),
lps=compute_path_loss_suburban_areas (fc) ;
cout=="in Path loss suburban areas.... "<<selprecision (7)==<fabs
(Ips)=<"dB";
de= cnirnpule_dist3nce_hehuaer|_antﬂnna_ds (fc):
* dsnew=compule new dislance belween antenna dsnew
(lps,ds, fc);
cout=<"\n at e="<<e<<" |loss path,distance between antenna
is="<<dsnew/1eB<<m’

[ 16



APPENDIX 1T
if{choice=="3"}{

lpsm= compute path loss sm_city (fc);
lpo=compute_path loss open_areas (fc),

cout<<"\n Path |ﬂ55-lﬂr rural areas.... "<<selprecision
(7y=<fabs(lpo)<<"dB";
ds= compute_distance between_antenna_ds (fc), «
dsnew=compute new distance between antenna_dsnew
(lpo,ds fc),
cout<<"\n at e="<<g<<" |pss path,distance bEh"ﬂ'EEl’l'l antenna
is="<=dsnew/1E6<<'m’

return;

}

long double compule_path_loss _sm_city {int fc)
{ :
long double ahrsm=compute _correction_faclor sm_city (fc),
Ipsm=69.55+26, 16%log10(fc)-13.82%og10({ht)-ahrsm+({44.9-
6.55"og10{h))"log10(d}),
return lpsm;

}.

long double compute path_loss_large city (int fc)
{ :
ahrl=compute_correction_factor _large city (fc) ;
Ipl=89.55+26.16"log10{fc)-12.82"log 1 O{ht)-ahri+(44.9-
6.55"og10(ht))*log 10{d);

17



ATPENDIX 11
retumn Ipl;

}
long double compuite_path_loss_suburban_areas (int fc)
i
Ips=lpsm-2*pow({log10(fc/28)),2)-5.4,
return Ips;

}

long double compute path_loss open_areas (int lc)

{
Ipo=lpsm-4.78"pow({log10(fc)),2)+18.33%log 10(fc)-40.94,
return Ipo;

long double compute correction_factor_sm_city (int fc)

{ .
ahrsm=(1.1*log10(fc)-0.7)*hr-({1.56"10g 10(fc)-0.8),
return ahram:

)

long double compute correction_factor _large city (int fc)

{

if {fe<=200)
ahrl=8.29*pow((log10(1.54*hr}),2)-1.1;
if{fc == 400)
ahrl=3.2*pow((log10{11.75%hr)).2}-4.97,
if({fc=200)8&(fc<400)) {
arror_message(),

exit(0);
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H

return ahrl;

)

void error_message ( )

{

cout<<"\a',

cout<<"......... ERROR L NL.......... =<\,

cout=<"\n This value is not within the expected range\n”;

coul=<="iN===ss==ssssssss=sEsssssS=SS=SSSSsSSSSSssSssssssss==s
return;
)
long double compulte_distance between_antenna_ds (int fc)
{
ds=(21.45"SPACE_VELOCITY"sqrt{(- 1 log10{e)}))fc ;
return ds;

}

long double compute_new_distance_between_antenna_dsnew (long double
lpeld, long double dsold,int fc)
{
= long double Ipnew=(lpold*e)/1;

cout=<"\n new Ip is..."<<fabs(lpnew)=<"dB",

dsnew= (dsold*lpnew)/ipold ;
return dsold;

}

void welcome message ( )
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[}uut{{' kLU L LB L N0 LB SR Ll R LT L UL LR LU A o) iy

PROJECT: rhmnin®

cout=<"TITLE:- SPACE-DIVERSITY TECHMNIQUE FOR COMBATIMG
A

cout<< "—— SIGNAL FADING IN MOBILE COMMUMICATION, ——
W'

cout<="— SYSTEM IN MIGERLA ~\nin";

EI:“JI..:{" A gl g gt L L gl iy i LELL g g Al g e JiL AL o iy s

fer{long count=-80000000; count==00000000;colunt++};
clrsei)
returm,

}



