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ABSTRACT

Frequency hopping is one efspread spectrum techniques. For frequency
hopping spread spectrum (FHSS) systems, thesityemay be realized in the form of
fast frequency hopping (FFH) and multicarrteansmission. FFH is a conventional
diversity technique in FHSS system; multicartransmission is an alternative diversity
technique in FHSS systems. Previously, performamalysis of these has been done for
various fading channels with different modulattenhniques in term of BER ( bit error
rate). Performance comparison of FFH and Mdkd4 been done for Rayleigh fading
channel with BFSK as a modulation technique. Heegformance of these two diversity
schemes have been compared for Riceamngfacthannel with BFSK modulation
technique and Rayleigh channel with DBPSK matioth technique in term of various

consolidated parameters.

Multi carrier frequency hopgi( MCFH) spread spectrum system found
to
outperform fast frequency hopping (FFH) sprepdctrum system in slow frequency
selective, fast frequency selective and slow feeqy non-selective fading channels. In
IEEE 801.11 and IEEE 801.15 MCFH spread tspecsystem MCFH is better than
FFH spread spectrum system up to 3db and 9db. MAI ZAas been used to simulate
the performance of these systems.
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CHAPTER 1
INTRODUCTION

1.1 SPREAD SPECTRUM

Over the last eight or nygars a new commercial marketplace has been
emerging called spread spectrum, this field covéme art of secure digital
communications that is now being exploited femenercial and industrial purposes. In
the next several years hardly anyone wilapscbeing involved, in some way, with
spread spectrum communications. Applications dommercial spread spectrum range
from "wireless" LAN's (computer to computer lbagea networks), to integrated bar
code scanner/ palmtop computer/ radio modewicds for warehousing, to digital
dispatch, to digital cellular telephone coumcations, to " information society "
city /area /state or country wide networks fiassing faxes, computer data, email, or

multimedia data.

One way to look at spread spec is that it trades a wider signal
bandwidth for better signal to noise ratio. Frequyehop and direct sequence are well
known techniques today. The following paragraplisdescribe each of these common
techniques in a little more detail and show ttssyglo noise code techniques provide the

common thread through all spread spectrum types.

1.1.1 PN SEQUENCE SPREAD SPECTRUM

The most practical, athithl version of SSis direct sequence. Adtire
sequence system uses a locally generated pseistocode to encode digital data to be
transmitted. The local code runs at much highee thn the data rate. Data for
transmission is simply logically modulo-2 addad EXOR operation) with the faster
pseudo noise code. The composite pseudo noisdadacdan be passed through a data
scrambler to randomize the output spectrum (aecktly remove discrete spectral lines).

A direct sequence modulator is then used to dosidkEband suppressed carrier modulate
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the carrier frequency to be transmitted. Thsultant DSB suppressed carrier AM
modulation can also be thought of as fyinphase shift keying (BPSK). Carrier
modulation other than BPSK is possible wiihect sequence. However, binary phase

shift keying is the simplest and most often usedrf®88ulation technique.

An SS receiver uses a locgiyerated replica pseudo noise code and a
receiver correlator to separate only the desirededoinformation from all possible
signals. A SS correlator can be thought of as & special matched filter, it responds
only to signals that are encoded with a pseussencode that matches its own code.
Thus, an SS correlator can be "tuned" to diffemdes simply by changing its local
code. This correlator does not respond to man madeyral or artificial noise or
interference. It responds only to SS signals waintical matched signal characteristics

and encoded with the identical pseudo noise code.

The use of these speqgiskeudo noise codes in spread spectrum (SS)
communications makes signals appear wided bend noise - like. It is this very
characteristic that makes SS signals possesgutigy of low probability of intercept.
SS signals are hard to detect on narrow band eaguipivecause the signal's energy is

spread over a bandwidth of maybe 100 times thenmtion bandwidth [1].

The spread of energy overidewband, or lower spectral power density,
makes SS signals less likely to interfere withreaband communications. Narrow band
communications, conversely, cause little tointerference to SS systems because the
correlation receiver effectively integrates ioaevery wide bandwidth to recover an SS
signal. The correlator then "spreads” out a natvand interferer over the receiver's total
detection bandwidth. Since, the total integraigda density or SNR at the correlator's
input determine whether there will be intezfece or not. All SS systems have a
threshold or tolerance level of interferencedraywhich useful communication ceases.
This tolerance or threshold is related to the S&cemsing gain. Processing gain is

essentially the ratio of the RF bandwidth to thermation bandwidth.
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A typical commercial direeiggience radio might have a processing gain of
from 11 to 16 db, depending on data rate. It talerate total jammer power levels of
3 from 0 to 5 db stronger than the desired digfes, the system can work at negative
SNR in the RF bandwidth. Because of the procesgang of the receiver's correlator, the

system functions at positive SNR on the basebatad da

Besides being hard to intpt@nd jam, spread spectrum signals are hard to
exploit or spoof. Signal exploitation is the alyiliof an enemy (or a non-network
member) to listen in to a network and use infation from the network without being a
valid network member or participant. Spoofiagthe act of falsely or maliciously
introducing misleading or false traffic or $sages to a network. SS signals also are
naturally more secure than narrowband radimmanications. Thus SS signals can be
made to have any degree of message priviaal i$ desired. Messages can also, be
cryptographically encoded to any level of secrel@gired. The very nature of SS allows
military or intelligence levels of privacy and seity to be had with minimal complexity.
While these characteristics may not be very ingm to everyday business and LAN

(local area network) needs, these features arertanido understand.

1.1.2 FREQUENCY HOPPING SPREAD SPECTRUM

Frequency - hopping systemehieve the same results provided by direct
sequence systems by using different carregpiency at different time. The frequency
hop system's carrier will hop around within Hand so that it will avoid the jammer at
some frequencies-requency hopping is the easiest spread spectroghulation to use.
Any radio with a digitally controlled frequency dkesizer can, theoretically, be
converted to a frequency hopping radio. This cosieerrequires the addition of a pseudo
noise (PN) code generator to select the fregjaenfor transmission or reception. Most
hopping systems use uniform frequency hopping aveand of frequencies. This is not
absolutely necessary, if both the transmitterra@oeiver of the system know in advance
what frequencies are to be skipped. Thus auéegy hopper in two meters could be

made that skipped over commonly used repdadguency pairs. A frequency hopped
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system can use analog or digital carrier modulateord can be designed using
conventional narrow band radio techniques.hDgping in the receiver is done by a
synchronized pseudo noise code generator dhaees the receiver's local oscillator

frequency synthesizer. The modulation most commaséd with this technique is M-ary

frequency shift keying (MFSK), wherle=log, M information bits are used to determine
which one of M frequencies is to be transmittecepénding on the hopping rate, bit rate
and number of frequencies simultaneously trariethitrequency hopping can divided as
slow frequency hopping, fast frequency hop@nd multi carrier frequency hopping

which are explained in next paragraphs [2].

1.1.2.1 SLOW FREQUENCY HOPPING

In slow frequency hopping tsymbol rateR; of the MFSK signal is an
integer multiple of the hop rat&,. That is, several symbols are transmitted in each

frequency hop which we can be easily understana figure 1.1. On a single hop, the
bandwidth of the transmitted signal is the samethas$ resulting from the use of a
conventional MFSK with an alphabet dfl =2k orthogonal signals. However, for a
complete range o2k frequency hops, the transmitted FH/MFSK signal poesia much
larger bandwidth. A slow FH/MFSK signal is charaizted by having multiple symbols
transmitted per hop. Hence, each symbol of a sldWMFSK signal is a chip.

Correspondingly, in a slow FH/MFSK system, therateR, of the incoming binary data,
the symbol rat&®; of the MFSK signal, the chip ra, and the hop rat, are related by

Re=Rs=R,2R,/k wherek=1log, M

1.1.2.2 FAST FREQUENCY HOPPING

In fast frequency hoppitige hop rateR, is an integer multiple of the

symbol rate Rg of the MFSK signal. That is, the carrier freqog will change or hop
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several times during the transmission of one symbBmquency hopping systems, the
term “chip” is used to characterize the shortestt@nrupted waveform in the system. For
fast frequency hopping, the shortest uninterruptadeform is that of the hop. Figure 1.2
illustrates an FFH example of a binary FSK systéhe diversity is N= 4. There are four

chips transmitted per bit. The dashed line in eabmn corresponds to the center of the
data band and the solid lines correspond to symibetgiency. Here, for FFH the chip

duration is the hop duration.

BITS

FREQUENCY

Figure.1.1 SLOW FREQUENCY HOPPING EXAMPLE
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BITS

FREQUENCY

Figure.1.2 FAST FREQUENCY HOPPING EXAMPLE

1.1.2.3 MULTI CARRIER FREQUENCY HOPPING

am MC-FH-CDMA system, every transmitter sends Lrieas for each
data bit using BFSK modulation. The carriers ar@csgd apart in sequential sub-bands. In
fact, the total given frequency bandwidth is pamied into L sub-bands of equal
bandwidth. For each bit to be transmitted L carfiequency are chosen (each from one

sub band) and modulated according to the datarandritted, for every bit these carrier
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frequency hop in their respective sub band. FiguBshows the transmitted signal for

diversity order 4.

1.1.3 COMPARISON OF DS-CDMA AND FH-CDMA

Direct sequence and fregyehopping are the most commonly used
methods for the spread spectrum technology. Althahg basic idea is the same, these
two methods have many distinctive characteristies tesult in complete different radio
performances. The carrier of the direct -usege radio stays at a fixed frequency.
Narrowband information is spread out into a muaigda (at least 10 times) bandwidth
by using a pseudo-random chip sequence. The naamvisignal and the spread
spectrum signal both use the same amount of trangower and carry the same
information. However, the power density of the sgrgpectrum signal is much lower
than the narrowband signal. As a result, it is ndifeecult to detect the presence of the
spread spectrum signal. The power density is theuatnof power over a certain
frequency. At the receiving end of a direct-seqeesystem, the spread spectrum signal
is de-spread to generate the original narrowbagubsif there is an interference jammer
in the same band, it will be spread out duringdbespreading. As a result, the jammer's
impact is greatly reduced. This is the way that theect-sequence spread-spectrum
(DSSS) radio fights the interference. It spreads e offending jammer by the
spreading factor. Since the spreading factor i¢east a factor of 10, the offending
jammer's amplitude is greatly reduced by at led@%.9Frequency-hopping systems
achieve the same results provided by direct-seguepstems by using different carrier
frequency at different time. The frequency-hop aeyss carrier will hop around within
the band so that hopefully it will avoid the jamnagrsome frequencies. The frequency-
hopping technique does not spread the signal;rasudt, there is no processing gain. The
processing gain is the increase in power denditgnathe signal is de-spread and it will
improve the received signal's signal-to-noise ré8blR). In other words, the frequency
hopper needs to put out more power in order to hla@esame SNR as a direct-sequence
radio. The frequency hopper however, is more difficco synchronize. In these
architectures, the receiver and the transmitter tnhes synchronized in time and

frequency in order to ensure proper transmissiah r@geption of signals. In a direct-
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sequence radio, on the other hand, only the tirofrthe chips needs to be synchronized.
The frequency hopper also needs more time to sdaectsignal and lock to it. As a

result, the latency time is usually longer. Whilelieect-sequence radio can lock in the
chip sequence in just a few bits. To mdhke initial synchronization possible, the
BITS

FREQUENCY

Figure.1.3 MULTI-CARRIER FREQUENCY HOPPING EXAMPLE
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frequency hopper will typically park at a fixed deeency before hopping or
communication begins. If the jammer happens totoed the same frequency as the
parking frequency, the hopper will not be able op lat all. And once it hops, it will be
very difficult, if not impossible to re-synchroniziethe receiver ever lost the sync. The
frequency hopper, however, is better than the tsequence radio when dealing with
multipath. Since the hopper does not stay at thees&requency and a null at one
frequency is usually not a null at another frequeifat is not too close to the original
frequency. So a hopper can usually deal with mathifading issues better than direct-
sequence radio. The hopper itself, however, coulfers performance problems if it
interferes with another radio. In these scenatios,system that survives depends upon
which can suffer more data loss. In general, aevgigstem can survive an error rate as
high as 16 while a data system must have an error rate hisaer 10* VVoice system can
tolerate more data loss because human brain caessfbetween the words while a

dumb microprocessor can't [3].

1.1.4 ADVANTAGESOF SPREAD SPECTRUM

Spread-spectrum systemsigeosome clear advantages to designers. As
a recap, here are nine benefits that designers)qagct when using a spread-spectrum

based wireless system.

a. Reduced crosstalk interference: In spread - spectrum systems,
crosstalk interference is greatly attenuate@& do the processing gain of the spread
spectrum system as described earlier. The effettteo$uppressed crosstalk interference
can be essentially removed with digital proaggsvhere noise below certain threshold
results in negligible bit errors. These neplig bit errors will have little effect on

voice transmissions.

b. Better voice quality/data integrity and less static noise: Due to the
processing gain and digital processing natfisgpread spectrum technology, a spread
spectrum-based system is more immune to ineréer and noise. This greatly reduces
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consumer electronic device-induced staticsendhat is commonly experienced by

conventional analog wireless system users.

c. Lowered susceptibility to multipath fading: Because of its inherent
frequency diversity properties ( thanks to wigectrum spread ), a spread spectrum

system is much less susceptible to multipatintad

d. Inherent security: In a spread spectrum system, a PN sequence is
used to either modulate the signal in the time dor(direct sequence systems) or select
the carrier frequency (frequency hopping systemsk to the pseudo-random nature of
the PN sequence, the signal in the air has beendraized". Only the receiver having
the exact same pseudo-random sequence and synuobrdéinung can de-spread and
retrieve the original signal. Consequently, a sprepectrum system provides signal

security that is not available to conventional agakireless systems.

e. Co-existence: A spread spectrum system is less susceptible to
interference than other non-spread spectrum systémsaddition, with the proper
designing of pseudo-random sequences, multipleadpspectrum systems can co-exist
without creating severe interference to other systeThis further increases the system

capacity for spread spectrum systems or devices.

f. Longer operating distances: A spread spectrum device operated in
the ISM band is allowed to have higher transmit @odue to its non-interfering nature.
Because of the higher transmit power, the operadistance of such a device can be

significantly longer than that of a traditional &gwireless communication device.

g. Hard to detect: Spread-spectrum signals are much wider than
conventional narrowband transmission (of the oade20 to 254 times the bandwidth of
narrowband transmissions). Since the communicatiamd is spread, it can be
transmitted at a low power without being detriméptdy background noise. This is
because when dispreading takes place, the nomeearequency is rejected, leaving the

desired signal.
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h. Hard to intercept or demodulates The very foundation of the
spreading technique is the code use to spreadghal sWithout knowing the code it is
impossible to decipher the transmission. Also, beeahe codes are so long (and quick)
simply viewing the code would still be next to ingstble to solve the code, hence

interception is very hard.

i. Harder tojam: The most important feature of spread spectrunsis it
ability to reject interference. At first glance,ntay be considered that spread spectrum
would be most effected by interference. Howevey, signal is spread in the bandwidth,
and after it passes through the correlator, thedwatth signal is equal to its original
bandwidth, plus the bandwidth of the local intezfegze. An interference signal with 2
MHz bandwidth being input into a direct-sequenaieer whose signal is 10 MHz wide
gives an output from the correlator of 12 MHz. Thder the interference bandwidth, the
wider the output signal. Thus the wider the ingghal, the less its effect on the system
because the power density of the signal after og is lower, and less power falls in
the band pass filter [1-3].

1.2 NEED OF WORK

With the increasing demamidnformation transfer in day to day life, the
high data rate has become a crucial factor in dgwed) communication systems. In high
data rate system, the effect of frequency sgke¢ading should be considered due to an
increase in the ratio of delay spread to symlboation. Multi carrier frequency hopping
is the technique which tackles with this probleasily due to increase in chip duration.
The performance had been compared with cdiorally fast frequency hopping in
Rayleigh fading channel with BFSK modulatitechnique. Since Rayleigh fading
channel does not represent most practical aomoation channel in personal
communication services and Bluetooth, so thpgrformance have been compared in
Ricean fading channels another one DBPSK natidul technique is also used their in
practical system. So their performance hasladsm compared for DBPSK modulation
technique.
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1.3 OBJECTIVE OF DISSERTATION

® compare the performance of Fast Frequenopping ( FFH ) and
multicarrier frequency hopping ( MCFH ) systemvéh binary frequency shift
keying( BFSK ) and non - coherent detection iiceBn fading channels and with
differential binary phase shift keying (DBPSK) méation technique in Rayleigh fading
channels. Comparison of performance is to be dopevdrying (one by one) the

parameters given as:-

Signal to noise ratio
Delay spread
Doppler spread

Diversity order

a kr 0N ke

Normalized frequency deviation

1.4 ORGANIZATION OF DISSERTATION

Spread spectrum systemnd its various types i.e. PN sequence spread
spectrum and frequency hopping spread spectrawe been discussed in chapter 1.
Different types of frequency hopping spread spectamd advantages of spread spectrum
systems have been discussed in this chapterlyotgective, need and organization of
dissertation is given in this chapter. Work whibhve been already done in frequency
hopping spread spectrum, its different typesthed comparison is discussed in second
chapter i.e. literature survey. Chapter 3 diseasvarious type of analog and digital
modulation techniques used in various communicati@tems. One of the crucial factors
of today’s wireless communication is fading, whisldiscussed in chapter 4 with various
types and models. Bit error rate equations have bemlified for fast frequency hopping
and multi carrier frequency hopping spread spetsystem for various fading models
and modulation techniques in chapter 5, which given in [2] and [4]. For various
input parameters bit error rate is plotteddfoth FFH and MCFH system in chapter 6,
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depending upon these graphs conclusion and fstmges are also given in this chapter.
CHAPTER 2

LITERATURE SURVEY

Spread Spectrum (SS) ddtask to World War 1. A German lady
scientist was granted a patent on a simple frequbapping CW system. The allies also
experimented with spread spectrum in World War These early research and
development efforts tried to provide countermeastioe radar, navigation beacons and
communications. The U. S. Military has used SS amgmver satellites for at least 25
years. An old, but faithful, highly capable desige the Magnavox USC-28 modem is
an example of this kind of equipment. Housed in tvothree six foot racks, it had
selectable data rates from a few hundred bits @eorsl to about 64 kbits per second. It
transmitted a spread bandwidth of 60 MHZ. Many mee@mmercial satellite systems

are now converting to SS to increase channel cgpawd reduce costs.

Over the last twenty yeargny spread spectrum signals have appeared
on the air. The easiest way to characterize thesdutations is by their frequency
spectra. These SS signals occupy a much greatatwith than needed by the
information bandwidth of the transmitted data. Bberbeing called an SS signal, two

technicalities must be met:

» The signal bandwidth must be much witlan the information bandwidth.

» Some code or pattern, other than the data to hertristed, determines the actual on-

the-air transmit bandwidth.

In today's commercial spkrspectrum systems, bandwidths of 10 to 100
times the information rates are used. Military eyss have used spectrum widths from
1000 to 1 million times the information bandwidifhere are two very common spread
spectrum modulations: frequency hopping and disecuence. At least two other types
of spreading modulations have been used: time hgpid chirp.
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2.1 FAST FREQUENCY HOPPING SPREAD SPECTRUM

Performance analysis hé&een done in various channels, using various
modulation techniques [Frequency shift keying, ph&tsft keying, joint frequency phase
modulation] performance evaluation has beenedfor various receivers for fast
frequency hopping spread spectrum communicatiRerformance in all these papers

has been analyzed in term of bit error rate [BER].

In [5] a fast frequency popy spread spectrum multiple access (FFH-
SSMA) system with binary frequency shift keying @& modulation scheme is studied.
In this paper additive white Gaussian noise (AWGIN)s Rayleigh fading channel is
taken and for estimation it uses maximum likeliha@®atision criterion. Performance has
been compared in selective and non-selective fadivagnel, which show that in non-

selective fading channel it performs better thasalective fading channel.

In [6] error performance ah FFH-MFSK system with multitone
interference have been analyzed performance ig/zsthlfor two cases first when data
rate is fixed and hopping rate is variable and sdaghen hopping rate is fixed and data

rate is variable.

In [7] the performance ais& of non-coherent reception in a FFH-BFSK
spread spectrum communication system in seleciidim@ environment has been carried
out. Expressions are derived for the BER hie tontext of selective Rayleigh and
selective Ricean fading channel. A distinctiontween selective channels and highly
selective channels has been made as a fundtionuéiipath time delay spread. In this
paper a pseudo random hopping pattern has pegposed in order to improve the
performance of the FFH-BFSK modulation scheme lighly selective fading

channels.

In [8] an FFH SS communioatisystem, employing DBPSK modulation

and differentially coherent detection has been gsed. The hop timing error cause
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phase imperfection and therefore system performeageades, for this system a receiver
is used which utilized a hop timing tracking lotuplock the hop clock after this its
error performance of this system in a phastoded AWGN channel is presented
which shows that the degradation due to phase feqtern caused by timing error is

only about a fraction of one db.

[9] presents a comparasitely of the use of two modulation techniques
for a fast frequency hopping [FFH] spread speutsystem for wireless communication
over a non-selective Rayleigh fading channel. Tinedulation techniques considered are
binary frequency shift keying (BFSK) and differetiphase shift keying (DPSK). The
comparison, standard chosen is that of theastgmoise ratio (SNR) for achieving a
given bit error rate (BER). It is found that DPSKcapable of giving a gain of about 3 db
over BFSK indicating the potential for employi DPSK for such a spread spectrum.

In [10] performance and aecifies of differential phase shift keying
(DPSK) fast frequency hopping (FFH) spread spect(8®) transmission and multiple
access (MA) systems over Nakagami fading chanrmelsamalyzed and compared with
simulated results. A transmitter proposed which cparate without an output-hopping
filter. The secured transmission can be obtainethbyproposed DPSK-FFHSS system.
Result of this paper shows that BER is improvedhi system with higher number of
hops/bit. Furthermore, the number of hops/bit caargntee BER for the most values of
Nakagami fading figure with small maximum variatiohaverage signal to noise ratio.

In [11] for joint frequencyhase modulation technique a receiver is
introduced and an exact expression for the bitrenate is obtained in fast frequency
hopping spread spectrum system. After this usimgabuation performance analyzed of
this system is given over Rayleigh fading channBssult of this paper shows that
FFH/JFPM perform better than the conventional Fistesns.

22MULTICARRIER FHSS
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First time multi carriere§uency hopping spread spectrum was proposed
in [12]. In this paper it was introduced as a dégrtechnique due to which it can be
used with phase coherent detection. This papersgite model of the transmitter and
receiver signal, after this it derive the equat@nBER in noisy environment. By
simulation it shows that this optimum diversisy 6 db better than conventional non-
coherent FH-SS system because smart jammer pnagent in all sub - bands but
cannot destroy all carriers’ performance. Iis thaper is simulation of BER is done

with respect to noise power.

In [13] the multi usererformance of a multi carrier frequency
hopping MC-FHCDMA system employing non- coheratdtection is evaluated. In
this modulation technique used is BFSK. It desitlee bit error rate of the system for
both uncoded and coded system in AWGN and slofsguency selective Rayleigh
fading channel, based on gaussian distribuiesumption for decision variable, we
use a practical low rate convolution errorrrecting code which does not require
any extra bandwidth further than what is neby the uncoded scheme, our
numerical results indicate that the coded msEhesignificantly out performs the
uncoded scheme in both AWGN and fading channdisirthermore, it is also
observed that the performance enhancement tduan increase of diversity order is
more significant for coded scheme.

In [14] evaluation andwgarison of multi user performance of the multi
carrier frequency hopping CDMA system using ereint and non-coherent detection in
AWGN and slowly frequency s elective Rayleighaonels in a downlink application is
done. Modulation technique used is the BFSK. Hqunatfor BER are found for coherent
and non-coherent detection. BER is drawn agdims variation of number of user and
number of sub carrier for both coherent and ndmeoent detection. Numerical results of
this paper show that in both AWGN and fgdichannels, the coherent detection
substantially outperforms the non-coherent detactairthermore, it has realized that the

diversity order is only observable for coherenedaon.
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2.3 COMPARISON OF FFH AND MCFH SPREAD SPECTRUM

Previously analysis of penfiance of frequency hopping spread spectrum
system employing non - coherent reception antstréssion diversity has been done for
frequency selective Rayleigh fading channé@wo different types of transmission
diversity system, a fast frequency hopping [FBk§tem and a multi carrier frequency
hopping [MCFH] system are investigated. Inardo combine received signal from
transmit diversity channels, the optimum diversitynbining rule based on the maximum
likelihood criterion is developed. Probatyiliof error equations are derived and
utilized to evaluate the performance of the tsystems. The BER is analyzed with
variation in noise, delay spread, doppler aprand diversity order in Rayleigh
fading channels. MCFH systems are found to oufopm FFH systems when the
channel delay spread is severe, while FFH systeme superior to MCFH systems
when a channel varies rapidly. Performance ergraent due to an increase of
diversity order is more significant for MCFH ystem than for FFH systems in
frequency selective fading channels. The effe€t frequency selective fading is
also investigated in determining optimum frequedeyiations of binary frequency shift

keying signals.
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CHAPTER 3

MODULATION SCHEMES

Modulation is the process varying a carrier signal in order to usettha
signal to convey information. The three key pararsedf a sinusoid are its amplitude, its
phase and its frequency, all of which can be fedliin accordance with an
information signal to obtain the modulated slgndhere are several reasons to
modulate a signal before transmission in a mediubhese include the ability of
different users sharing a medium ( multiple acdessd making the signal properties
physically compatible with the propagation medifdr].

There are of two typedulation schemes depending on information
signal described below:

3.1 ANALOG MODULATION

Modulation is called analmgdulation, if information signal is analog

signal. There are many ways to modulate analogakign

» Amplitude Modulation
» Frequency Modulation
» Phase Modulation

> Pulse Modulation

Amplitude Modulation (AM): Amplitude Modulation occurs when a
voice signal's varying voltage is applied toaarier frequency. The carrier frequency's
amplitude changes in accordance with the naidd! voice signal, while the carrier's

frequency does not change. When combined élseltant AM signal consists of the
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carrie r frequency, plus upper and lower sidelsaThis is known as Double Sideband
-Amplitude Modulation ( DSB-AM ), or more commonigferred to as plain AM. The
carrier frequency may be suppressed or transmattedelatively low level. This requires
that the carrier frequency be generatedothlerwise derived, at the receiving site
for demultiplexing. This type of transmission isokvn as Double Sideband - Suppressed
Carrier (DSB-SC).

It is also possible to et a single sideband for a slight sacrifice w lo
frequency response (it is difficult to supwethe carrier and the unwanted sideband,
without some low frequency filtering as well). Tlaglvantage is a reduction in analog
bandwidth needed to transmit the signal. Tigige of modulation, known as Single
Sideband - Suppressed Carrier (SSB-SC), is ittmaFrequency Division Multiplexing
(FDM). Another type of analog modulation isokvn as Vestigial Sideband. Vestigial
Sideband modulation is a lot like Single Sidebaagcept that the carrier frequency is
preserved and one of the sidebands is eltegnghrough filtering. However analog
bandwidth requirements are a little morentt&ingle Sideband. Vestigial Sideband
transmission is usually found in television broaditey. Such broadcast channels require
6 MHz of analog bandwidth, in which amplitude miaded picture carrier is transmitted

along with a frequency modulated sound carrier.

Frequency Modulation (FM): Frequency Modulation occurs when a
carrier's center frequency is changed based uperingput signal's amplitude. Unlike
amplitude modulation, the carrier signal's ampkud unchanged. This makes FM
modulation more immune to noise than AM and impsotiee overall signal-to-noise
ratio of the communications system. Power outpual$® constant, differing from the
varying AM power output. The amount of analog baiudlvnecessary to transmit a FM
signal is greater than the amount necessary for AMimiting constraint for some

systems.

Phase Modulation: Phase Modulation is similar to Frequency Modulation
Instead of the frequency of the carrier wavangfing, the phase of the carrier changes.

As you might imagine, this type of modulatisreasily adaptable to data modulation
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applications.

Pulse Modulation (PM): With Pulse Modulation, a "snapshot” (sample)
of the waveform is taken at regular intervals. fEhare a variety of Pulse Modulation

schemes:

Pulse Amplitude Modulation
Pulse Frequency Modulation
Pulse Position Modulation
Pulse Width Modulation

YV V V VY

Pulse Amplitude Modulation (PAM): In Pulse Amplitude Modulation, a
pulse is generated with amplitude correspondiinthat of the modulating waveform.
Like AM, it is very sensitive to noise. PAM isn@mportant first step in a modulation

scheme known as Pulse Code Modulation.

Pulse Code Modulation (PCM): In Pulse Code Modulation, PAM
samples (collected at regular intervals) are qaadtiThat is to say, the amplitude of the
PAM pulse is assigned a digital value (numbehisThumber is transmitted to a receiver
that decodes the digital value and outputs thprapriate analog pulse. The fidelity of
this modulation scheme depends upon the numbatsofiked to represent the amplitude.
The frequency range that can be represented thré@M modulation depends upon the
sample rate. To prevent a condition known as&alg", the sample rate must be at least
twice that of the highest supported frequengr typical voice channels (4 Khz

frequency range ), the sample rate is 8 KHz.
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Pulse Frequency Modulation (PFM): With  PFM, pulses of equal
amplitude are generated at a rate modulated bgigimal's frequency. The random arrival
rate of pulses makes this unsuitable for transisgirough Time Division Multiplexing
(TDM) systems.

Pulse Position Modulation (PPM): Also known as Pulse Time
Modulation, PPM is a scheme where the pulses ddlemuplitude are generated at a rate
controlled by the modulating signal's amplitude aiyg the random arrival rate of pulses

makes this unsuitable for transmission using TDbhteques.

Pulse Width Modulation (PWM): In PWM, pulses are generated at a
regular rate. The length of the pulse is controlbgdthe modulating signal's amplitude.

PWM is unsuitable for TDM transmission due to tlagyng pulse width.

3.2DIGITAL MODULATION

Digital signals need to begassed by an intermediate stage for conversion
into analog signals for transmission. Theretlree major classes of digital modulation
techniques used for transmission of digitalypresented data. All convey data by
changing some aspect of a base signal, the cararee, (usually a sinusoid) in response
to a data signal.

» Amplitude-shift keying (ASK)
» Frequency-shift keying (FSK)
» Phase-shift keying (PSK)

Amplitude-shift keying (ASK): Amplitude — shift keying is a type of
modulation that represents digital data as thegmee or absence of a carrier wave. In its
simplest form, the presence of a carrier doispecific duration represents a binary
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one, while its absence for the same duratepresents a binary zero. Some more
sophisticated schemes vary these durations to gaa@itional information. Amplitude-
shift keying is most commonly used to transMorse code over radio frequencies
(referred to as continuous wave operation), aljhoun principle any digital encoding

scheme may be used.

Amplitude - shift keyingas been used in the ISM bands to transfer
data between computers, for example. Amplitudetdkefying is not very spectrally
efficient due to the abrupt changes in amplitudehef carrier wave. At low to medium
signaling speeds, this can be mitigated by adjgdtie rise and fall rates of the carrier's
amplitude. At high speeds, more efficient modulatimodes (such as frequency-shift
keying) are normally used instead. Amplitude-ské&ying is also called on-off keying.

Frequency-shift keying (FSK): Frequency — shift keying is a form of
frequency modulation in which the modulating sigstaifts the output frequency between
predetermined values. Usually, the instantasefsequency is shifted between two
discrete values termed the mark frequency andgheesfrequency. This is a noncoherent
form of FSK. Coherent forms of FSK exist in whi¢tete is no phase discontinuity in the
output signal. The example shown at right iswfh a form. Other names for FSK are
frequency — shift modulation and frequency ftskignaling. Minimum frequency-shift
keying or minimum-shift keying (MSK) is a patlarly spectrally efficient form of
coherent frequency - shift keying. In MSK th#etence between the higher and lower
frequency is identical to the bit rate . As a resulhe number of carrier periods used to
represent a0 and a1 bit differs by exactly.omhis is the smallest FSK modulation
index that can be chosen such that the wavefton®and 1 are orthogonal. Gaussian
minimum shift keying or GMSK is a kind of camious phase frequency-shift keying.
The baseband modulation is generated by stastithga bit stream 0/1 and a bit-clock
giving a time slice for each bit. This is the éypf modulation used in Global System for
Mobile Communications (GSM). The baseband signgkiserated by first transforming
the zero/one encoded bits into -1/+1 encodds. Gihis -1/+1 signal is then filtered in

such a way that the "boxcar" shaped +1/-1 pudsesransformed into Gaussian-shaped
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signals. The baseband signal is then modulated) dsgquency modulation, producing a
complete GMSK signal. If the Gaussian shapes d@verlap, then the modulation form
is called 1-GMSK. If the slots overlap 50 % ()¢ tmodulation is called 2-GMSK, and
so on. The more the bits overlap, the more sigmifientersymbol interference (ISI)

from adjacent bits will be, and for 4- GMSK and tipe ISI seen at any particular point
in time is stronger than the signal from thie currently being decoded. By looking at
greater parts of the signal using advancedoder techniques (including Viterbi
algorithm decoders), high density coding can beoded efficiently. Currently the

highest density coding being used is 5-GMSK.

Phase-shift keying (PSK): Phase - shift keying (PSK) is a digital
modulation scheme that conveys data by changiggalsand maps it back to the symbol
it represents, thus recovering the originaladar modulating, the phase of a reference
signal ( the carrier wave ). Any digital modulatistheme uses a finite number of distinct
signals to represent digital data. In the cddeSK, a finite number of phases are used.
Each of these phases is assigned a unigtterpof binary bits. Usually, each phase
encodes an equal number of bits. Each patternt®fdrims the symbol that is represented
by the particular phase. The demodulator, whighdésigned specifically for the symbol
set used by the modulator, determines the phabe oeceived this requires the receiver
to be able to compare the phase of theeived signal to a reference signal - such
a system is termed coherent. Alternativeigtead of using the bit patterns to set
the phase of the wave, it can instead be usedhange it by a specified amount. The
demodulator then determines the changes intihegoof the received signal rather than
the phase itself. Since this scheme dependseodifiierence between successive phases,
it is termed differential phase-shift keying (DPSRPSK can be significantly simpler to
implement than ordinary PSK since there is nalrfeethe demodulator to have a copy
of the reference signal to determine thecexshase of the received signal (itis a
nonchoerent scheme). In exchange, it produces ercsaeous demodulations. The exact
requirements of the particular s cenario undensideration determine which scheme is

used. BPSK is the simplest form of PSK. It uses plvases which are separated by 180°
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and so can also be termed 2-PSK. It doespadtiicularly matter exactly where the
constellation points are positioned. This maton is the most robust of all the PSKs
since it takes serious distortion to make the derteddr reach an incorrect decision. It is,
however, only able to modulate at 1bit/symbold so is unsuitable for high data-rate
applications. Sometimes known as quaternary odmpizase PSK or 4-PSK, QPSK uses
four points on the constellation diagram, eqpalced around a circle. With four phases,
QPSK can encode two bits per symbol, showthe diagram with Gray coding to
minimize the BER — twice the rate of BPSKnalysis shows that this may be used
either to double the data rate compareda tBPSK system while maintaining the
bandwidth of the signal or to maintain theadatte of BPSK but halve the bandwidth
needed. Although QPSK can be viewed as a quatemadylation, it is easier to see it as
two independently modulated quadrature carrigvéth this interpretation, the even ( or
odd ) bits are used to modulate the in-phasgoment of the carrier, while the odd (or
even) bits are used to modulate the quadraturegpt@mponent of the carrier. BPSK is
used on both carriers and they can bedegandently demodulated. Offset QPSK,
sometimes called Staggered QPSK ( SQPSK )ksbly delaying one of the two
components by the duration of half symbol ( bitg. This limits the phase-jumps that
occur at symbol boundaries to no more than 90°raddces the effects on the amplitude
of the signal due to any low-pass filtering. A digantage of OQPSK is that it introduces
a delay of half a symbol into the demodulatiomcess . In other words, using OQPSK
increases the temporal efficiency of normal P3$he reason is that the in phase and
guadrature phase components of the OQPSK céengimultaneously zero. Hence, the
range of the fluctuations in the signal is serall An additional disadvantage is that the
guiescent power is nonzero, which may bdeaign issue in devices targeted for low
power applications. As mentioned for BPSK and RRE&re is an ambiguity of phase if
the constellation is rotated by some effectthe communications channel the signal
passes through. This problem can be overcome Ing tise data to change rather than set
the phase. For example, in differentially-encod®@SK a binary '1' may be transmitted
by adding 180° to the current phase and a bi®aby adding 0° to the current phase. In
differentially-encoded QPSK, the phase-shifesGf, 90°, 180°, -90° corresponding to
data '00', '01', '11', '10'. This kind of encodmgy be demodulated in the same way as for
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non - differential PSK but the phase ambigsittan be ignored. Thus, each received
symbol is demodulated to one of the M pointshim ¢onstellation and a comparator then
computes the difference in phase between thisvedeignal and the preceding one. The

difference encodes the data as described abovgl §l],
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CHAPTER 4

DIFFERENT FADING CHANNEL MODELS

Radio waves propagate frotraasmitting antenna and travel through free
Space undergoing absorption, reflection, refamctdiffraction and scattering. They are
greatly affected by the ground terrain, the aph@re, and the objects in their path, like

buildings, bridges and hills, trees etc.

In most of the mobiladacellular systems, the height of the n®bil
antenna may be smaller than the surroundingtsties Thus the existence of a direct or
line of sight path between the transmitter dhd receiver is highly unlikely. In such a
case the propagation is mainly due to reflectind scattering from the buildings and by
diffraction over and around them. Thereforepiactice the transmitted signal arrives at

the receiver via several paths with differéimbie delays creating a multipath situation.

At the receiver, these npdth waves with randomly distributed
amplitudes and phases combine to give a wedulsignal that fluctuates in time and
space. Therefore receiver at one location mas laasignal that much different from
the signal at another location, only a shorstatice away, because of the change in
the phase relationships among incoming waves. G&ises significant fluctuations in
the signal amplitude. The phenomenon of randdumstifations in the received signal

level is termed as fading [1].

Fading are of two type:
» Small scale fading

» Large scale fading

4.1 SMALL SCALE FADING

Small — scale fading refers to fluctuations tire instantaneous received
signal strength when the mobile moves over veryllstigtances. Quite often in a mobile

environment, there occurs interference betweem or more copies of the transmitted
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signal, which arrive at the receiver at slightiifatent times. These multiple versions of
the same transmitted signal are called multipdths.multipath waves are generated due
to reflection of transmitted signal by objectghe environment between the base station
and auser. These objects can be buildinggs{rhills, or even trucks and cars. The
reflected signals arrive at the receiver with @ndphase offsets, because each reflection
generally follows a different path to reach therisseeceiver. The result is random signal
fades as the reflections destructively ( andstoigtively ) superimpose on one another,
which effectively cancels part of the sigrealergy for brief periods of time. Fading
phenomenon is used to describe these rapidufitions of amplitudes and phases of a
radio signal over a short duration or distankkesmall-scale fading, the received signal
power may vary by as much as three or four ordensagnitude (30 or 40 db) when the
receiver is moved by only a fraction of a waveléngt

In built-up urban areas,ifgdoccurs due to absence of line-of-sight (LOS)
path between base station and mobile. Even whe&d&éxists, multipath still occurs due
to reflections from ground and surroundisiguctures. Time dispersion represents
distortion to the signal and is manifested the spreading in time of the modulation
symbols. This is better explained by thHeempmenon whereby transmission of an
extremely short pulse, ideally an impulse, abhertime-varying multipath channel will
result in a train of pulses at the receivehisToccurs when the channel is band-limited.
Consequently, multiple copies of signals vang at different times spread out the
transmitted symbol in time, and cause what is kmaw intersymbol interference ( ISI)
(i.e., one data symbol smearing into itsaeept one and thereby causing errors in

bit decision making).

Another ill effect ofon -stationary mobile channel is the Doppler shift,
which describes the apparent frequency ghdt each multipath experiences due to
relative motion between the mobile and the bagestaMultipath, ISI and Doppler shift
are all related to variability thatis introddcdy the mobility of the user and the wide
range of environments that signals passuti. The cumulative effect of these
phenomena is the severe degradation in redeaignal strength, poor mobile receiver

performance and hence, unsatisfactory qualiseovice of the wireless system.
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411 FACTORSINFLUENCING SMALL-SCALE FADING

Many physical factors fine radio propagation channel influence small-

scale fading. These include the following:

Multipath propagation- The presence of reflecting objects and scatterers
in the channel creates a constantly changing emviemt that dissipates the signal energy
in amplitude, phase, and time. These effestult in multiple versions of transmitted
signal that arrive at receiving antenna, displwith respect to one another in time and

spatial variation.

Speed of mobile- The relative motion between the base @tadind the
mobile results in the random frequency modutatiue to different Doppler shifts on
each of the multipath components. Doppler shifl be positive or negative depending
on the whether the mobile receiver is moviogvard or away from base station.

Speed of surrounding objects - If objects in the radio channel are in
motion, they induce a time varying Doppler shift onultipath components. If the
surrounding objects move at a greater rate thamibigle, then this effect dominates the

small-scale fading.

The transmission bandwidth of the signal- If the transmitted radio signal
bandwidth is greater than the bandwidth of muthipehannel, the received signal will be
distorted, but the received signal strength will famle much over a local area. As will be
shown, the bandwidth of the channel cangbantified by the coherence bandwidth,
which is related to the specific multipatstructure of the channel. The coherence
bandwidth is a measure of the maximum frequetitgrdnce for which signals are still
strongly correlated in amplitude . If the wamtted signal has a narrow bandwidth as
compare to channel, the amplitude of the signihlchange rapidly, but the signal will
not be distorted in time.
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412 TYPESOF SMALL SCALE FADING

When the waves of multipsignals are out of phase, reduction in signal
strength or fade can occur. The type of fgdexperienced by a signal propagating
though a mobile radio channel depends on riaeire of the transmitted signal with
respect to the characteristics of the channel. Béipg on the relation between the signal
parameters (such as bandwidth, symbol period, @&bcl) the channel parameters (such as
rms delay spread and Doppler spread), differenstratted signals will undergo different
types of fading. Fade zones tend to be smalltipheilareas of space within a multipath
environment that cause periodic attenuation otaived signal for users passing through
them. In other words, the received signaérgith will fluctuate downward, causing a

momentary, but periodic, degradation in quality.

The small — scale sigmalihg due to the time dispersion and frequency
dispersion mechanisms in a mobile channel coulddssified into four major categories
depending on the nature of the transmitted sjgthed channel and the mobile

velocity:-

» Fast Fading
» Slow Fading
» Frequency Selective Fading
» Flat Fading

Fast fading: A fast fading channel, the channel impulse respahsinges
rapidly within the symbol duration. That is, th@herence time of the channel is smaller
than the symbol period of the transmitted sigihhls causes frequency dispersion due to
Doppler spreading, which leads to signal digtartFast fading channel only deals with
the rate of change of the channel due to motiopractice, fast fading only occurs for

very low data rates.
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Slow Fading: In a slow fading channel, the channel ufsp response
changes at a much slower rate than the transhiiieeband signal. The channel may be
assumed to be static over one or several re@pb@ndwidth intervals. In the frequency
domain, this implies that the Doppler spre#dthe channel is much less than the

bandwidth of the baseband signals.

Frequency Selective Fading: The channel creates frequency selective
fading on the received signal if the charpedsesses a constant-gain and linear phase
response over a bandwidth that is smaller thamamelwidth of transmitted signal. Under
such conditions, the channel response has a pathitdelay spread which is greater than
the reciprocal bandwidth of the transmittedssage waveform. When this occurs, the
received signal includes multiple versiorfstie transmitted waveform, which are
attenuated and delayed in time, and hence tie#ved signal is distorted. When viewed
in frequency domain, certain frequency componantke received signal spectrum have
greater gains than others. The spectrum of tmsitné&ted signal, for frequency selective
fading, has a bandwidth greater than the @iwer bandwidth of the channel.

Frequency selective fadichannel models are very difficult to model
since each multipath must be modeled and thenghamust be considered to be a linear
filer. Therefore, these models are typicalieveloped from the wideband multipath
measurements. However, when analyzing mobdlenmunication systems, statistical
impulse response models such as the two-ray Raylading model are generally used.
In two-ray Rayleigh fading model, the considiemais that the impulse response of the
channel is made up of two delta functionst tfeale independently and have sufficient

time delay between them to induce frequentsctige fading upon the applied signal.

Flat Fading: The received signal will undergo flat faglichannel if
the mobile radio channel has a constant gainiaedrd phase response over a bandwidth,
which is greater than the bandwidth of the transdisignal. The multipath structure of
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the channel is such that the spectral charactsisfithe transmitted signal are preserved
at the receiver but the strength of tkeeived signal changes with time due to
fluctuations in the gain of the channel caugenltipath. Flat fading channels are also
known as narrowband channels since the batidwi the applied signal is narrow as
compared to the channel flat fading bandwidilgpical flat fading channels generate
deep fades and thus required a higher transmitteepof 20 or 30 db to achieve low bit

error rates during times of deep fades.

4.2 LARGE SCALE FADING

The long-term variation heetmean signal level causes large scale fading.
This effect is a result of movement over distarlaege enough to cause gross variations
in the overall path between the transmitter andiver. Large scale fading is also known
as shadowing because the variations in the nségmal level are caused by the mobile
unit moving in shadow of surrounding objedte Ibuildings and hills. Due to effect of
multipath, a moving receiver can experience i\fades in a very short duration, or in

more serious case the vehicle may stop atait;m where the signal is in a deep fade.

4.3 FADING CHANNEL MODELS

Multipath fading is dueth® constructive and destructive combination of
randomly delayed, reflected, scattered andragdifed signal components. This type of
fading is relatively fast and is therefore msgible for the short-term signal variations.
Depending on the nature of the radio propagatiasr@nment, there are different models
describing the statistical behavior of the mpailth-fading envelope. The Rayleigh, and
Ricean are the most commonly used statisticatlels to represent small-scale fading

phenomenon [1].
43.1 RAYLEIGH FADING CHANNEL

The Rayleigh distributiandommonly used to describe the statistical time

varying nature of the received envelope oflaa fading signal, or the envelope of an
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individual multipath component. In the Rayleigatffading channel model, it is assumed
that the channel induces amplitude, whichiegin time according to the Rayleigh
distribution. When the channel impulse respasseodeled as a zero-mean complex

valued Gaussian process, the envelope atimstant is Rayleigh - distributed. The
Rayleigh distribution of a received complex el of a signalz(t) =|r (t)| at any

time t is given as:-

P(r)=(r/02)exp(—r2/ 252) for( 8r <o)
0 for (r < ) (4.9

where is the root mean square value of the recewsdtage signal

before envelope detection, araf is the time - average power of the receivighas
before envelope detection. It is well known thhé tenvelope of the sum of two
guadrature Gaussian noise signals obeys a Rayldigtiibution. This fading
distribution could be applied to any scenario wehehere is no LOS path between

transmitter and receiver antennas.

4.3.2 RICEAN FADING CHANNEL

When there is a dominatationary (non-fading) signal component
present, such as LOS propagation path, tladi-scale fading envelope distribution is
Ricean. In such a situation, random multipatmponents arriving at different angles
are superimposed on a stationary dominant sigtahe output of an envelope detector,
this has the effect of adding a dc compontenthe random multipath. The effect of
a dominant signal arriving with many weaker tipaith signals gives rise to the Ricean
distribution. As the dominant signal becomeskeg, the composite signal resembles a
noise signal, which has an envelope thaRayleigh. Thus, the Ricean distribution

degenerates to a Rayleigh distribution whiee tlominant component fades away.

With fixed scatterers signal reflectors in the medium, in addition

randomly moving scatterers, the channel imguissponse will have a non-zero mean
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value and its envelope will have a Rice distribati This channel is said to be a Ricean
Fading Channel. For a multipath fading rofe containing a specular or LOS

component, the complex envelope of the rexkigignal can be given by the Ricean
distribution:-

P(r):(rloz)exp[—(r2+A2)/ Zrz}lo(Arloz) for (A= Or = 0
0 for(r< ® (4.2

wheréA denotes the peak amplitude of the dominant or L@8asiand

I, (.)is the zeroth order modified Bessel functiofi the first kind. The Ricean

distribution is often described in terms of @arameter K called Ricean factor, which
is defined as the ratio between the determiissignal power and the variance of
the multipath [16,17].
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CHAPTER S
SYSTEM MODELING

5.1 INTRODUCTION

Bit error rate equations&deen modified for fast frequency hopping and
multi carrier frequency hopping spread spectsystem for various fading models and

modulation techniques in this chapter, whick given in [2] and [4].

5.2 SYSTEM MODELING OF FFH AND MCFH FOR BFSK

Considered system isgfrency hopping spread spectrum system with
binary frequency shift keying (BFSK) modulatidechnique, noncoherent detection,
diversity order L . Transmitter block diagram ¢iFH and MCFH systems are shown,
respectively, in figure 5.1 and 5.2. The compleaseband equivalent of the transmitted

signal for each system can be represented as

For FFH system: -

S(t)=é§@ex j{ 21 fl,k+h<fd)+¢l,k}J pr, (t KT -IT;,) (9

For MCFH system: -

s(t)=§§«/gexp[j{ZT(fI‘k+q<fd)+¢|vk}}pTh(t—ITh) (9

wheré& is the transmit power of each diversity transmissib is the
symbol duration,T, is the hop duration.f , and &, are, respectively, the hop

frequency and random phase for tH& diversity transmission of th&™ symbol.
b O{-1+3 is thek™ data symbol, andp, (t)=1 for t0(0A)and zero, otherwise.
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The frequency deviation of a BFSK sigralis denoted byfy =h/2T, =Af /2,

where h is the normalized frequency deviation akfd is the frequency separation
between two BFSK signals.

bK—> MODBLIJ: LSAKTOR =® ﬁ‘®—'

RF
HOPPER OSCILLATOR

Figure 5.1 BLOCK DIAGRAM OF TRANSMITTER OF FFH SYSTEM

When the total transmiower of s(t)) is 5, the value ofS in (5.1)
for FFH system is and that ofSfor an MCFH system is / L .Similarly the value of
T, for an FFH system iF /L and that ofT,, for MCFH system isT .Correspondingly,

the value offy and Af would be different for two system.
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HOPPER 1
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by BFSK :m
—* MODULATOR \>T</

HOPPER 2 RF
OSCILLATOR

X |

HOPPER L

Figure 5.2 BLOCK DIAGRAM OF TRANSMITTER OF MCFH SYSTEM

The channel model & wide— sense stationary uncorrelated

scattering model. The low-pass equivalent imputspaonse of the!" diversity channel
may be written as:-

G (t7)=a, (tT)exp] j§ (t;1)] wherel= 0,1,2,3,.....ccc.......... L-1 ( 5)

Thapar University, Patiala 45



wheren, (t;'[) are independent and identically distributed Riceardom

processes ov{a@, Z‘I]. The autocorrelation function of the WSSUS ctedis given as

R (A;T;T') = (1/ 2) E[C* (t ;T)C(t +ALT -)]
R. (A1) 8(T-1) (5.4

where denotes a complex conjugate operation. Siheechannel
response for each diversity transmission is asdutmebe i.i.d., the autocorrelation of

each channel is same for all |, so that the sutiskis dropped in (5.4). If we le\t =0

in R, (At;T), the resulting autocorrelation functio®, (0;T) is @ multipath intensity
profile, and denoted alg(r) Assuming that the multipath intensity pkefis time

invariant, R, (At;1) may be represented as

R. (At 1) =1, (1) X, (At) (5.9

Value ofX, (At) can be taken from [12] as

X, (8) = Jo (2ﬂfdAt)1++KKexp( j 2f4At)

( 5¥

wheré(*) is the zeroth order Bessel function. Valkl (1) for

Ricean fading channel is given as [17]

_ (11 T) [ exp(=pa/T,,) — exe(-u) ]
1-(1+ p) exp( )

le(T)

(1-K)+K3(1) (5
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wherg is the decaying factor. Receiver block diagramsii@vn in

figure 5.3 and 5.4. After down-converting ardkehopping, the complex baseband
equivalent of the received signal over thstfsymbol duration may be expressed

For FFH

L1Tm

r(t)=n(t)+ J\/ﬁa, (t;T)ex;{j{ 2, f4t +6 (t ,T)}]dT pr (t-1T,) ( 5%

n
o

For MCFH

+L 1TJT\/Z_SO(I (t;t)exp[j{ 2, fat +6 (t I)}JdT (39

=0

wherg,, is the maximum delay spread of each diversibhannel.
n (t) represents a background noise and modeled dswagass equivalent additive

white Gaussian noise ( AWGN ) process with P8D We assume that data symbal b

is either +1 or —1 with equal probability. Withouloss of generality, it is assumed
that data symbol is +1 hereafter. A non-cehedetector demodulates each diversity
reception. A noncoherent detector consists of tawwanch of correlator followed by an
envelope detector as shown in figure no 5.5. Wsume that the receiver is time
synchronous to the first arriving signal. The tearelator outputs of the Ith diversity

reception are denoted, respectively, hyahd Z-1and may be expressed as

T,

Z,,1=%J; n (t)exp(-j Zdet)dt+T—tTJ;n}\/§a, (t x) exp 6 (t 7) |dtdt (5.1p
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T,

TmTh
ZI,-F%J‘”I (t)exp(] erfdt)dt+T—1J' [VB0,(t ) expi6 (t1)] expj mft)ddt ( 5.3
h o hor
>\ »| NONCOHERENT » COMBINING >
X @ DETECTOR LOGIC

_1

OSCILLATOR DEHOPPER

THRESHOLD |,
DETECTOR

Figure5.3 BLOCK DIAGRAM OF RECEIVER OF FFH SYSTEM

In static environment, emhsymbol +1 is transmitted in the absence of
noiseZ _; is zero if an orthogonal BFSK is employed. Hoemvin fading
environment, Z, _, is not zero, since multipath signal componerdaad signal

variation over one hop duration may destruct agtinality. This term is represented
as the second term of (5.11), which will beferred to, hereafter, as interference
component. The first term in (5.10) and (5.11yespnt an AWGN component. In case

of Ricean fading channéf, ; and Z, _; will not remain zero mean because there is a

line of sight component whose phase and angditare fix, so means, variances and

correlation coefficient o, ; and Z, _; are given by
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E[Z,]=2KS ( 5.3

E[Z,,] :%\/Ks{l— cog 2zh)} (5.13
02,1=£E[EZ|’£?}=$—?TTTRC@ r)( tThTJdth-'- - 2K (5
04 1= 1 E[[ZI -ﬁ} =_2r—hSTTth R. (t;T)cos( Zﬂft)( 1—%] dtdt +$—r:— KS{l—(c:hs)(zmh)}

( 5.95

ThTh
“'Rc(t —taT)exp(j 2nft )dt ¢t §IT+ J' exqj 2nft)dt /0,0, ,
00 h

(5.18
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DEHOPPER 1
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RF DEHOPPER 2
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NONCOHERENT
—>®—> DETECTOR

T

DEHOPPER L

A 4

COMBINING
LOGIC

A 4

A 4

THRESHOLD
DETECTOR

Figure 5.4 BLOCK DIAGRAM OF RECEIVER OF MCFH SYSTEM
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>[><\ > 1 j )g & > HE —>
Yo

h T t=(1+1)T,
exp(-j 27f4t)

L (4T
~[><\ S[— —% 4 L S
¥ Th Ah

t=(1+1T,

exp( j 27fyt)

Figure 5.5 NON-COHERENT DETECTOR FOR THE DIVERSITY

Decision is made based bnpairs of noncoherent detector outputs so they
should be combined in some way to form decistatistic for the receiver. To find the
optimum diversity combining rule based on the maximikelihood criterion, we should

find the conditional joint probability functicof noncoherent detector outputs; &d
Ry for 10{0,1,2,3,4,...ccccceeec.. L}, conditioned on data symboR; and R _,

are Ricean distributed function with Ricean dadk and variances”,; and 0% _;

given by equation (5.14) and (5.15). This pdf referred to as a likelihood function.

Decision rule used is same as in [4] i.e.
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)(Rf—R,-f)%O (5.

Based on (5.17), the probability of erfor optimally combined signal may be

expressed as:-

0
1 _

%_57_[0 p(Dmb, = +1)dD (5.13

whereD is the decision variable defined Bs=D; + D, + D3 +.................. +D,_;and

D, is defined asD, = (3,1)2 —(R ‘_1)2.p(D/bo =+1)is the conditional pdf oD. It
can be shown that the decision variablen ( 5.18) may be viewed as a special case of
general quadratic form. Equation ( 5.18 ) mayeweritten in terms of the

characteristic function ob, which is denoted by (jv), as

__ 1 Top(iv)
e = ZﬂjJ- % w (5'1F

—00

sinceD is the sumL i.i.d. random variablesD;, the characteristic function bf is

simply the Lth power of that oD,. The characteristic function bf is given as

bp (V) =72 (5.20

(v+iv)(v+jvy)

wherey; andv, are defined as
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2
2 2 2 2 1

400 2 (1-18) \| 40,50 1F) | o, 2]
02 -0_° 0.2-0_,° i 1
vy=— 90 £'20y (5.

) 40120_12(1{b]2) ' 40120—12( 1—Eh]2) ' 45,%5_ 12( ]-‘Ebjz)

Through the use of anfoomal transformation from the plane to
the change in variableu:—(vllvz).[v—jv2/v—jv1] and the binomial series

expansion of a term, (5.19) may be expressed as

1 2L-1

= )2|_—1 Z CIZL_l'y| :

R .
(1+y 1=0 2”]

e

luL'l(ll—u)du (5.2

where is a circular contour of radius less thantyithat enclose

the origin, andy is defined as

2
2 2 2 2 2
U g 2-02+ (0240 2) -mito . 2
01 70y 0, ¥04 0,04

Forl =L, the contour integral is zero by Cauchyfeorem, since
the integradl/uL'l(l—u) is an analytic function imr. Thus, the probability of error

expression in (5.23) may be simplified to
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P Z:Z_;ClzL—l (1+://|)2L_1 ( 5.2}5

Now BER is function efgnal to noise ratio, diversity order, Ricea
factor, delay spread, Doppler spread, normalizeduency deviation, bit duration and
type of diversity i.e. FFH or MCFH. Depending orrigas values of these parameters
BER can be plotted using Matlab 7 [18,19].

5.3 SYSTEM MODELING OF FFH AND MCFH FOR DBPSK

Considered system is degcy hopping spread spectrum system with
differential binary phase shift keying ( DBP$Kmodulation technique, noncoherent
detection, diversity ordelc. Transmitter block diagram of FFH and MCFH systeare
shown, respectively, in figure 5.6 and 5.¥he complex baseband equivalent of the

transmitted signal for each system can lhgesented as

For FFH system: -

L-1

s(t)= 2> a(t)exe| i{ 27, + 6, + (n- 3} ] oy (t-KT -1T,) ( 5p

k=01=0

For MCFH system: -

L-1

s(t)= . > a(t)exa] J{ 21, + by, + (n= 3} ] pr (t-1T,) (5.27

k=01=0

whereg(t) is the transmit baseband signdl,is the symbol

duration, T, is the hop durationf,, and ¢, , are respectively, the hop frequency
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and random phase for th8 diversity transmission of thie" symbol.nD{l,Z} is

the k™ data symbol, ang, (t) =1 for t0(OA) and zero, otherwise.

b DBPSK ‘/><\ ‘/X\
> MODULATOR ., .,

T |

HOPPER RF OSCILLATOR

Figure 5.6 BLOCK DIAGRAM OF TRANSMITTER OF FFH SY&EM

The channel model is alevsense stationary uncorrelated scattering

model. The low-pass equivalent impulse responsth@fi™ diversity channel may be

written as

G (1) =0 (t;1)exp j& ()] wherel=0,1,2,3,..cccocirreecns L-1 (5.2

whereq, (t;1) are independent and identically distributBayleigh

random processes ov[a@, 2|'|]. The autocorrelation function of the WSSUS chaime

given as

R(&TT)=(1/2E|c (t1)c(t+atT) |
R (AtT)3(T-T1') (5.29
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where denotes a complex conjugate operation. Sitiee channel
response for each diversity transmission is asdutmébe i.i.d., the autocorrelation of

each channel is same for all |, so that the suiidc is dropped in ( 5.29 ). If we let

At=0 in R.(At;T), the resulting autocorrelation functid® =(0;1) is a multipath

intensity profile, and denoted as(T).

HOPPER 1

b | DBPSK >m >
MODULATOR \IX/ I

RF

HOPPER 2 OSCILLATOR

HOPPER L

Figure 5.7 BLOCK DIAGRAM OF TRANSMITTER OF MCFH SYIEM
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Assuming that the multipatitensity profile is time invariant,

R. =(At; 1) may be represented as

R (87) =1, (1) X, (a%) (5.3
Value ofX, (At) can be taken from [12] as

X (At) = 3, (277fyAt) (5.3

whereJ(*) Is the zeroth order Bessel function. Valuelp(ft) for Rayleigh

fading channel is given as[11]

_ (#1T0) [ exp( =2/ T,,) — exp(~4) |
1-(1+ ) exp(-p)

I, (7) ( 5.3

where! is the decaying factor.
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r >
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Xy z
—>®_> COMBINING » THRESHOLD >
LOGIC DETECTOR
A
gka*
gka <
ESTIMATOR |

Figure 5.8 BLOCK DIAGRAM OF RECEIVER OF FFH SYSTEM

Assume that each of the deds corrupts the signaling waveform

transmitted through it by introducing a multipliv@ gain and phase shift, represented

by the complex valued numbgy, and an additive noise(t).However g, is not

constant throughout the chip duration but it carctesidered constant for slow varying

fading channels. Thus, when the transmitted Wavreﬁsrs(t), the waveform received

over thek™ channel is

Thapar University, Patiala

58



r(t)=gis(t) +n(t)

Ok =iTjTTf a, (t;T)exp( 8 (t;T))dtdt

i

Et<T, k= 1,2,3 e L

&

|

Thapar

RF DEHOPPER
OSCILLATOR
gka*
4—

Figure 5.9 BLOCK DIAGRAM OF RECEIVER OF MCFH SYSTEM
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The noisegt) are assumed to be sample functions of a statiomaitg
Gaussian random process with zero mean and auttation functioN,3(t), where

N, is the value of the spectral density. These sarfyphctions are assumed to be

mutually statistically independent.

At the demodulatorr(t) is passed through a filter whose impulse
response is matched to the Wavefog(lt). The output of this filter, sampled at time

t =T, is denoted as

X, = 289, expl jzr(n= 3]+ N, (5.39

wheré is the transmitted signal energy per channdl Blp is the

noise sample from th&™ filter. In order for the demodulator to decighich of the
two phases were transmitted in the signalinigrial O<t<T, it attempts to undo the
phase shift introduced by each channel. In practlus is accomplished by multiplying

the matched filter outpuX, by the complex conjugate of an estimajg of the channel
gain and phase shift. The result is a weighaed phase shifted sampled output from

the k™ channel filter, which is then added to the otherl channel filters.

The estimagg, of the gain and phase shift of tB channel is assumed

to be derived by undoing the modulation onittiermation bearing signals received in
previous signaling intervals. If one knew th®rmation component contained on the

matched filter output then an estimate af, could be obtained by properly
normalizing this output. For example, the inforilmatcomponent in the filter output

given by (5.35) i2¢g, expf jzz(n- 1], and hence, the estimate is
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gka=>2<—gexp[—jﬂ(n—l)]=gk+— ( 5.3

wherdl,, =N, exp[-jzz(n-1] and pdf ofN,, is identical to the pdf
of Ny, an estimate that is obtained from the informabearing signal in this manner is
called a clairvoyant estimate. The estimate larimproved by extending the time
interval over which it is formed to include sevepaior signaling intervals, as a result of
extending the measurement interval, the signahoise ratio in the estimategyfis

increased. The clairvoyant estimate that is abthifrom the information bearing signal

by undoing the modulation over the infinite past i

00

Zci Ny
Ok = G+ ” ( 5.3)7
2) ¢
=

As indicated, the demoduidbrms the product betweeg), and X, and

adds this to the products of the otlerl channels. The random variable that results

is

L L
Z=3 Xiia =2 XN =Z +iZ (53
k=1 k=1

where, by definitio, = g, Z, =Re(Z), andZ; =Im(Z) the phase of

Zis the decision variable. This is simply
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_Im ZL:kak*
eztan‘l(ﬁj: tari? RGEEXKYK% ( 53

k=1

r

The following derivation Imsed on the assumption that the transmitted

signal phase is zero, i.en=1. If desired, the pdf of@ conditional on any other
transmitted signal phase can s obtained by tranglp{6) by the angler(n-1). We
also assume that the complex valued numiperwhich characterize tHechannels, are
mutually statistically independent and identicaligtributed zero mean Gaussian random

variables. For this condition value (pl‘(e) comes out [15]:

p(e):(—l)L—l(lﬂuﬁ)L ot 1 . DHE:OSZ(G—S))T/ZCOS1(-[“@0@_8)]

2n(L-1)! || b-fufcos(6—¢) [b-cudcod (- b2

b=1

(5.4

In this case, the probability of a bindrgit error is obtained by integrating the pdf

p(6) over the rangk/ 27<8< 37. Sincep() is an even function and the signals are

priori equally likely, this probability can be wieh as

P, =2] p(6)dé ( 53

It is easily derived from [15] that

e%{l-uz(czkk)(l-_;zﬂ (542
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wherep =y/(1+y), and

y=NioE(Egk[ff) K= 1,2,3, i, L., ( 5.43
2TmTh—T t+1
E(® ):T_h'([ £ Rc(t;r){l—_r—hjdtdr (59

Now BER is function of signal to noisatio, diversity order, delay spread,
Doppler spread, bit duration and type ofedsity i.e. FFH or MCFH. Depending on

various values of these parameters BER can beedlaging Matlab 7 [19].
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CHAPTER G
RESULTS, CONCLUSION AND FUTURE SCOPE

6.1 RESULTS

To compare the performandetle fast frequency hopping spread
spectrum system and multi carrier frequency hoppprgad spectrum system probability
of error equation (5.25) and (5.42) have been @tbfor both systems. Values of input
parameters are written below every graph. Figulet6.6.28 are graph for frequency
hopping spread spectrum system with BFSK modulateminique in Ricean fading
channel and figure. 6.29 to 6.52 are for frequemayping spread spectrum system with
DBPSK modulation technique in Rayleigh fading chelnn

BER

10 1 1 I I 1
0 5 10 15 20 25 30

Eb/No(db)

Figure 6.1. Ricean factor = 0.5, Diversity order = 3, Normalized frequency deviation = 1,
Bit duration = 107 second, Delay spread =310 second. Doppler spread =50 Hz.
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Figure 6.2 Ricean factor = 0.5, Diversity order = 3, Normalized frequency deviation = 1,
Bit duration = 10™ second, Delay spread =10% 10 second. Doppler spread =50 Hz.
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Figure 6.3. Ricean factor = 0.5, Diversity order = 3, Normalized frequency deviation = 1,
Bit duration = 10 second, Delay spread =3*10" second, Doppler spread =500 Hz.
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Figure 6.4. Ricean factor = 0.5, Diversity order = 3, Normalized frequency deviation =1,
Bit duration = 10™ second, Delay spread =10%10° second, Doppler spread =500 Hz.
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Figure 6.5. Ricean factor = 0.5, Diversity order = 3, Normalized frequency deviation = 1,

Bit duration = 10™* second, Delay spread =10%107° second, Doppler spread =1000 Hz.
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Figure 6.6. Ricean factor = 0.5, Diversity order = 3, Normalized frequency deviation =1,

Bit duration = 10™* second, Delay spread =3*10"° second, Doppler spread =1000 Hz.

[
10 T T T T T
—=IIT -— MCFH
— = e FFH
~—— -
-2 = -
107} h - .
"\RHH
10l
i
107}
10'3 I I r I r
0 5 10 15 20 25
Eb/Moidh)

30

Figure 6.7. Ricean factor = 0.5, Diversity order = 3, Normalized frequency deviation = 1,

Bit duration = 10 second. Delay spread =10%10” second, Doppler spread =50 Hz.
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Figure 6.8. Ricean factor = 0.5, Diversity order = 3, Normalized frequency deviation = 1,
Bit duration = 10°® second, Delay spread =10*107 second, Doppler spread =1000 Hz.
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Figure 6.9. Ey/Np = 20db, Ricean factor = 0.5, Diversity order = 3, Normalized frequency
deviation = 1, Bit duration = 10™* second. Doppler spread =10 Hz.
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Figure 6.10. Ep/Np = 20db, Ricean factor =

El 5. Diversity order = 3, Normalized

frequency deviation = 1, Bit duration = 10~ second, Doppler spread =500 Hz.
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Figure 6.11. Ey/Np = 20db, Ricean factor =

CI 5, Diversity order = 3, Normalized

frequency deviation = 1, Bit duration = 10 second, Doppler spread =10 Hz.
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Bit error rate (BER) and signal-to-noi&g/N,) plot is drawn for two techniques i.e

fast frequency hopping (FFH) and multi-carrier freqcy hopping (MCFH) techniques.
Ricean factor, diversity order and normalized freaey deviation are kept constant while

the parameter which varies are:-

» Bit Duration
» Delay Spread
» Doppler Spread

With increase in delay spread bit error rate desgedor a particular value of
signal-to-noise ration for both fast frequency haogpand multi-carrier hopping

techniques as shown in figure 6.1 and 6.2. For @karhsignal-to-noise ratio is 20 db bit

error rate is 16 approximately in case of delay spread is 381nd for delay spread

10*10'6, it is less than 10. For an increase in Doppler spread, bit error detzeases.

On increasing bit duration bit error rdtecreases as shown in figure 6.6 and 6.7.
Bit error rate is less in multi-carrier frequencgpping technique as compare to fast

frequency hopping technique.

Figure 6.9 shows the plot between bitrerabe and maximum delay spread,|T

As maximum delay spread increase bit error rate alsreases. For fast frequency
hopping technique plot is almost linear but for thchrrier frequency hopping variation

is very less.
By keeping bit duration constant i.6*i0 we increases the Doppler spread then

BER decreases. Further on decrease in bit duraitoarror rate decreases as shown in
figure 6.11.
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Figure 6.12. Ep/Np = 20db, Ricean factor = Cl 5, Diversity order = 3, Normalized
frequency deviation = 1, Bit duration = 10 second, Doppler spread =1000 Hz.
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Figure 6.13. Ep/Np = 20db, Ricean factor = 0.5, Diversity order = 3. NGI‘il]ﬁllZl:d
frequency deviation = 1, Bit duration = 10™* second, Delay spread =3*107° second.
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Figure 6.14. Ey/Np = 20db, Ricean factor = 0.5, Diversity order = 3. Normalized
frequency deviation = 1, Bit duration = 10 second. Delay spread =107 second.
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Figure 6.15. EyyNj = 20db, Ricean factor = 0.5, Diversity order = 3, Normalized
frequency deviation = 1, Bit duration = 10" second. Delay spread =3*10" second.
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Figure 6.16. Ey/Np = 20db, Ricean factor = 0.5, Diversity order = 3, Normalized
frequency deviation = 1, Bit duration = 10 second, Delay spread =10 second.
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Figure 6.17. E,/Ng = 20db, Ricean factor = 0.5, Diversity order = 3, Bit duration = 10™*
second, Delay spread =107 second, Doppler spread = 10Hz.
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Figure 6.18. Ex/Ng = 20db, Ricean factor = 0.5, Diversity order = 3, Bit duration = 10
second, Delay spread =10 second, Doppler spread = 1000Hz.
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Figure 6.19. Ey/Ny = 20db, Ricean factor = 0.5, Diversity order = 3, Bit duration = 10"
second, Delay spread =10 second, Doppler spread = 10Hz.
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Figure 6.20. Ex/Ng = 20db, Ricean factor = 0.5, Diversity order = 3. Bit duration = 10°°
second, Delay spread =107 second. Doppler spread = 10000Hz.
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Figure 6.21. Ey/Ny = 20db, Ricean factor = 0.5, Normalized frequency deviation = 1, Bit
duration = 10™ second, Delay spread =107 second, Doppler spread = 10Hz.
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Figure 6.22. Ey/Np = 20db, Ricean factor = 0.5, Normalized frequency deviation = 1, Bit
duration = 10~ second, Delay spread =107 second, Doppler spread = 1000Hz.
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Figure 6.23. E,/'Np = 20db, Ricean factor = 0.5, Normalized frequency deviation = 1, Bit
duration = 10 second. Delay spread =10 second. Doppler spread = 10Hz.
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Figure 6.24. Ep/Np = 20db. Ricean factor = 0.5, Normalized frequency deviation = 1, Bit
duration = 10° second, Delay spread =10""! second, Doppler spread = 10000Hz.
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Figure 6.25. Eyx/Np = 20db, Diversity order = 3, Normalized frequency deviation = 1, Bit

duration = 10~ second, Delay spread =107 second. Doppler spread = 10Hz.
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Figure 6.26. Ex/Ny = 20db, Diversity order = 3, Normalized frequency deviation = 1, Bit

duration = 10 second, Delay spread =107 second, Doppler spread = 1000Hz.
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Figure 6.27. Ey/Np = 20db, Diversity order = 3, Normalized frequency deviation = 1, Bit
duration = 10 second, Delay spread =10" second. Doppler spread = 10Hz.
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Figure 6.28. Ep/Np = 20db, Diversity order = 3, Normalized frequency deviation = 1, Bit
duration = 10® second, Delay spread =10 second, Doppler spread = 10000Hz.
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The above plots are for binary frequeniait keying (BFSK) technique in ricean
fading channel. It is found from figure 6.13 thathwincrease in frequency, bit error rate
increases in both fast frequency hopping and nealtiier frequency hopping technigues.
However bit error rate is less in multi-carrierguency hopping technique than in fast

frequency hopping technique.

With increase in delay spread BER increaBes after a particular value of delay
spread with increase in frequency bit error rateai@s constant as shown in figure 6.16.
On increasing ricean factor k, bit error rate dases for both techniques as it is clear

from figure 6.25.
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Figure 6.29. Diversity order = 3. Bit duration = 10™ second, Delay spread =3*10°
second, Doppler spread = S0Hz.
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Figure 6.30. . Diversity order = 3, Bit duration = 10 second, Delay spread =10~ second.
Doppler spread = 50Hz.
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Figure 6.31. Diversity order = 3, Bit duration = 10 second. Delay spread =3*10°
second, Doppler spread = 500Hz.
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Figure 6.32. Diversity order = 3, Bit duration = 10~ second, Delay spread =10~ second,
Doppler spread = 500Hz.
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Figure 6.33. Diversity order = 3, Bit duration = 10” second, Delay spread =3*10°
second, Doppler spread = 1000Hz.
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Figure 6.34. Diversity order = 3, Bit duration = 10”* second, Delay spread =107 second,
Doppler spread = 1000Hz.
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Figure 6.35. Diversity order = 3, Bit duration = 10°® second, Delay spread =3*10"
second, Doppler spread = 100Hz.
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Figure 6.36. Diversity order = 3. Bit duration = 10" second, Delay spread =10 second,
Doppler spread = 100Hz.
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Figure 6.37. Diversity order = 3, Bit duration = 10°® second, Delay spread =3%107
second, Doppler spread = 1000Hz.
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Figure 6.38. Diversity order = 3, Bit duration = 10" second, Delay spread =10 second,
Doppler spread = 1000Hz.

Figure 6.29 is for differential binary m@ea shift keying (DBPSK) modulation
technique in rayleigh fading channel. In this hitoe rate for both techniques i.e fast
frequency hopping and multi-carrier frequency hagpiechnique is same only very less
variations are there. However on increasing depagasl variation is more visible as in
figure 6.30.

Figure 6.41-6.44 represents the plot bkehior rate and maximum delay spread. It

is clear from plots that on increasing maximum galaread bit error rate increases.
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Figure 6.39. Diversity order = 3, Bit duration = 10 second, Delay spread =3*10"
second, Doppler spread = 10000Hz.
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Figure 6.40. Diversity order = 3, Bit duration = 10" second, Delay spread =10" second,

Doppler spread = 10000Hz.
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Figure 6.41. Diversity order = 3. Bit duration = 10™ second. Doppler spread = 50Hz,

Ew/Np = 10db.
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Figure 6.42. Diversity order = 3, Bit duration = 10~ second, Doppler spread = 1000Hz,
Ew/Np = 10db.
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Figure 6.43. Diversity order = 3, Bit duration = 10 second, Doppler spread = 100Hz.
EwMNp = 10db.
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Figure 6.44. Diversity order = 3, Bit duration = 10 second, Doppler spread = 5000Hz.
Ew/Mp = 10db.
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Figure 6.45. Diversity order = 3, Bit duration = 10" second, Delay spread = 3#10°
second.,

Eb.-'ND = 10db.
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Figure 6.46. Diversity order = 3, Bit duration = 10™ second, Delay spread = 10~ second,
Eb"ND = 10db.
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Figure 6.47. Diversity order = 3, Bit duration = 10 second, Delay spread = 3*10”
second. Ex/Np = 10db.
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Figure 6.48. Diversity order = 3, Bit duration = 10°® second. Delay spread = 10 second,
Ep/Np = 10db.
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Figure 6.49. Bit duration = 10" second, Doppler spread =10Hz, Ey/Np = 10db.
Delay spread = 10~ second.
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Figure 6.51. Bit duration = 10°® second, Doppler spread =10Hz. Ey/Ng = 10db.
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Bit error rate is monotonically increasifignction of ratio of maximum delay
spread (F,) to hopping period. Bit duration taken is “and 16 second, which
approximate the minimum and maximum limit of WLARAN, Bluetooth systems.
Figure 6.43 shows variation of MCFH and FFH withagespread from which it can be
easily stated that FFH is better than MCFH if tispreading is very poor and doppler
spread is very severe. Figure 6.45-6.48 showsghat of MCFH over FFH increases
with doppler spread and it can be stated that efiedelay spread is more severe than
doppler spread in both frequency hopping spreadtspa systems. Figure 6.49-6.52
shows the variation of BER of FFH and MCFH systenmith diversity order and it is

found that with increase in diversity order bitagrrate decreases.
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CONCLUSION

>

Multicarrier frequency hopping (MCFH) spread spegtrsystem outperforms
fast frequency hopping (FFH) spread spectrum systerslow frequency
selective, fast frequency selective and sldwequency non —selective

fading channels.

Fast frequency hopping (FFH) spread spectruesysutperforms multicarrier
frequency hopping (MCFH) spread spectrum systenfiagt frequency non-

selective fading channels.

Effect of delay spread is more severe than dopgbread in both frequency

hopping spread spectrum systems.

Multicarrier frequency hopping (MCFH) spread cpg@m system is better than
fast frequency hopping (FFH) spread spectrum systemIEEE 802.11
(WLAN) and IEEE 802.15 (Bluetooth, PAN) up to 9 db

Improvement in performance by increasing theuwabf diversity order and
ricean factor is more in multicarrier frequency pimyg spread spectrum system
than fast frequency hopping spread spectrum system.
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FUTURE SCOPE

» Performance of fast frequency (FFH) and multi eardrequency hopping
(MCFH) spread spectrum systems can be comparekidbrorder modulation
techniques i.e. MFSK and DFSK with more than twag#s.

» Frequency hopping techniques can provide a bettamnmfor reception of radio
signals which are immune to a wide variety of jamgntechniques and will
provide complete immunity to certain comman intexfeee or jamming signals

usually encountered in tactical military operations

» Wireless community is on the verge of the standatdin of fourth generation
(4G) systems. The development of frequency hoppaehniques can enables
different systems comprising 4G such as adaptivdeland code divison
multiple access (WCDMA), adaptive time divison nplé access (ATDMA),
multi-carrier (OFDMA) and ultra wide band (UWB) e2eer elements.

» Performance of fast frequency hopping (FFH) and ticautier frequency
hopping (MCFH) spread spectrum systems can be caupa Nakagami
fading channel.

» The hopping techniques can be used for testingicEWLANS.

» In this thesis single user performance is evaluédedboth systems, multi user
performances can be evaluated and compared fosygtems.
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