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Orthogonal frequency division multiplexing (OFDM) has become a very popular method

for high-data-rate communication. However, it is well known that OFDM is plagued by a

large peak-to-average power ratio (PAPR) problem. This high PAPR results in overdesigned

power amplifiers, which amongst other things leads to inefficient amplifier usage, which is

undesirable. Various methods have been recommended to reduce the PAPR of an OFDM

transmission; however, all these methods result in a number of drawbacks.

In this thesis, a novel method called offset modulation (OM-OFDM) is proposed to

control the PAPR of an OFDM signal. The proposed OM-OFDM method does not result

in a number of the drawbacks being experienced by current methods in the field. The

theoretical bandwidth occupancy and theoretical bit error rate (BER) expression for an

OM-OFDM transmission is derived. A newly applied power performance decision metric

is also introduced, which can be utilised throughout the PAPR field, in order to compare

various methods.

 
 
 



The proposed OM-OFDM method appears to be similar to a well-known constant en-

velope OFDM (CE-OFDM) transmission. The modulation, structural and performance

differences between an OM-OFDM and a CE-OFDM method are discussed. By applying

the power performance decision metric, the OM-OFDM method is shown to offer significant

performance gains when compared to CE-OFDM and traditional OFDM transmissions.

In addition, the OM-OFDM method is able to accurately control the PAPR of a trans-

mission for a targeted BER. By applying the power performance decision metric and

complementary cumulative distribution function (CCDF), the proposed OM-OFDM method

is shown to offer further performance gains when compared to existing PAPR methods,

under frequency selective fading conditions.

In this thesis, the OM-OFDM method has been combined with an existing active con-

stellation extended (ACE) PAPR reduction method. To introduce a novel method called

offset modulation with active constellation extension (OM-ACE), to control the PAPR of an

OFDM signal. The theoretical BER expression for an OM-ACE transmission is presented

and validated. Thereafter, by applying the decision metric and CCDF, the OM-ACE method

is shown to offer performance improvements when compared to various PAPR methods.

The use of OM-OFDM for cognitive radio applications is also investigated. Cognit-

ive radio applications require transmissions that are easily detectable. The detection

characteristics of an OM-OFDM and OFDM transmission are studied by using receiver

operating characteristic curves. A derivation of a simplified theoretical closed-form

expression, which relates the probability of a missed detection to the probability of a

false alarm, for an unknown deterministic signal, at various signal-to-noise ratio (SNR)

values is derived and validated. Previous expressions have been derived, which relate

the probability of a missed detection to the probability of a false alarm. However, they

have not been presented in such a generic closed-form expression that can be used for

any unknown deterministic signal (for instance OFDM and OM-OFDM). Thereafter, an

examination of the spectrum characteristics of an OM-OFDM transmission indicates its

attractive detection characteristics. The proposed OM-OFDM method is further shown to

 
 
 



operate at a significantly lower SNR value than an OFDM transmission, while still offering

better detection characteristics than that of an OFDM transmission under Rician, Rayleigh

and frequency selective fading channel conditions.

In addition to its attractive PAPR properties, OM-OFDM also offers good detection

characteristics for cognitive radio applications. These aspects make OM-OFDM a promising

candidate for future deployment.
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Ortogonale-frekwensie-verdeling-multipleksering (OFVM) is ’n baie gewilde metode vir

hoëdata-tempokommunikasie. Dit is egter bekend dat OFVM deur ’n groot piek-tot-

gemiddelde drywingverhouding (PGDV) probleem geteister word. Hierdie hoë PGDV,

verminder die batteryleeftyd van die mobiele toestel, wat ongewens is. Daar is verskeie

metodes om die PGDV van ’n OFVM-sein te verminder, maar al hierdie metodes het nadele.

Hierdie proefskrif beskryf dus ’n nuwe metode, genaamd afsetmodulasie (OM-OFVM),

om die PGDV-effek van ’n OFVM-sein te beheer. Die voorgestelde OM-OFVM-metode

vermy van die nadele van die ander methodes. Die teoretiese bandwydte wat benodig word,

sowel as die teoretiese bisfoutwaarskynlikheid (BFW), vir ’n afsetgemoduleerde oordrag,

word afgelei en bevestig. ’n Nuwe toegepaste drywings-prestasie-besluitnemings-maatstaf

word voorgestel, wat gebruik kan word in die PGDV-veld, om die verskillende metodes met

mekaar te vergelyk.

Die voorgestelde OM-OFVM-metode lyk soos die welbekende konstante omhalling-OFVM-

methode (KO-OFVM). Die voorgestelde modulasie, strukturele en prestasie-verskille tussen

 
 
 



die OM-OFVM-en KO-OFVM-metodes word bespreek. Deur gebruikte maak van die

nuwe toegepaste drywing-prestasie-besluitnemingsmaatstaf, toon die OM-OFVM-metode

beduidende prestasie-winste wanneer dit vergelyk word met ’n KO-OFVM-en tradisionele

OFVM-metode.

Verder kan die OM-OFVM-metode die PGDV van ’n sein vir ’n geteikende BFW

akkuraat beheer. Deur gebruik te maak van ’n nuwe toegepaste drywing-prestasie-

besluitnemingsmaatstaf en die kumulatiewe verdelingsfunksie (KV), toon die voorgestelde

OM-OFVM-metode dat dit verdere prestasiewinste kan aan bied wanneer dit vergelyk word

met bestaande PGDV metodes, onder frekwensie-selektiewe deiningtoestande.

In hierdie proefskrif word dit voorgestel om die OM-OFVM-metode te kombineer

met ’n bestaande aktiewe konstellasie-uitbreiding (AKU) PGDV-verminderingmetode om

die PGDV van ’n OFVM-sein te beheer. Die voorgestelde metode word afsetmodulasie

met aktiewe konstellasie-uitbreiding (OM-AKU) genoem. Die teoretiese BFW-uitdrukking

vir ’n OM-AKV-oordrag word aangebied en geverifieer. Daarna, deur gebruik te maak van

die voorgestelde drywings-prestasie-besluitnemings-maatstaf en KV, word daar getoon dat

die OM-AKU metode prestasie-verbeterings teweegbring wanneer dit vergelyk word met

bestaande PGDV-metodes.

Die gebruik van OM-OFVM vir kognitiewe radio word ook ondersoek. Die opspo-

ring-seienskappe van ’n OM-OFVM-en OFVM-sein word bestudeer deur gebruik te maak

van die ontvanger-bedryfstelsel se kenmerkende kurwes. ’n Afleiding van die vereenvoud-

igde teoretiese geslote vormuitdrukking, wat die verband tussen die waarskynlikheid van

’n gemisde opsporing tot die waarskynlikheid van ’n vals alarm op verskillende sein-tot-

geraas-verhouding (SGV) waardes vir ’n onbekende deterministiese sein beskryf, is afgelei

en geverifieer. Daarna het ’n ondersoek van die spektrum-eienskappe van ’n OM-OFVM-

oordrag daarop gedui dat aantreklike opsporingseienskappe gevind is. Die voorgestelde

OM-OFVM-metode blyk verder teen ’n aansienlik laer SGV-waarde te funksioneer as ’n

OFVM-sein, terwyl dit steeds beter sein-opsporingseienskappe bied as ’n OFVM oordrag

onder Rician, Rayleigh en frekwensie-selektiewe deiningkanaal-toestande. Benewens sy

 
 
 



aantreklike PGDV-eienskappe, bied OM-OFVM ook goeie sein-opsporing-eienskappe

vir kognitiewe radio. Hierdie aspekte maak OM-OFVM ’n belowende kandidaat vir

toekomstige gebruik.
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