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ABSTRACT 

In Power line communication the information are sent via electrical power lines. The 

power lines are characterized by multipath fading and frequency selectivity due to 

impedance mismatch of the channel and impulsive noise. Therefore there should be a way 

to increase performance of the system. In this dissertation OFDM and MCSS modulation 

techniques were used to enhance PLC system performance. 

 

Bit Error Rate (BER) performance of OFDM and MCSS was analyzed and system 

efficiency was enhanced by the application of coding techniques. The performance of 

these modulation techniques were also analyzed with different loads’ impedances. The 

performance of the system was assessed by the commonly used Bit Error Rate against 

Signal to Noise Ratio (SNR) diagrams and the comparison of OFDM and MCSS systems 

was assessed by using the frequency response obtained from the PLC multipath channel 

model for different number of paths. 

 

For both coded and uncoded systems it was observed that at low load impedances the 

performance of MCSS was much better at higher signal to noise ratio than that of OFDM 

by a gain of 4dB. But at lower SNR OFDM had a better BER performance compared to 

MCSS. Additionally in the case of high load impedances the performance of OFDM was 

better than that of MCSS for systems with a gain of 12dB.  
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CHAPTER ONE 

INTRODUCTION 

1.1Background 

Power Line Communication (PLC) uses electrical wiring system to carry data and 

voice at high data rates. PLC is more cost efficient because there is no need for 

installation of new cable for communication purposes. This advantage of PLC is 

more attractive in developing countries like Tanzania since electrical power supply 

is readily available especially in urban areas. A recent survey conducted shows that 

thousands of people using Internet for data and voice communication in Tanzania 

are increasing each year. According to TCRA report of June, 2010 there were 

4.85million people using Internet in Tanzania. As a result of growing demands for 

these services, there is an increase of number of internet café all over the country. 

Since the installation and usage cost of Internet is not affordable to every person 

then PLC will provide a more convenient way to transmit these voice and data at 

very high speed and low cost.  

However power line systems were not meant for communication purposes. 

Therefore there are various disturbances including fading, channel noises and 

attenuation. To mitigate these disturbances various modulation and demodulation 

techniques are used. For communication purpose, modulation schemes use carrier 

signal with frequency range from 1-30MHz. The mostly used modulation schemes 

for broadband power line are single carrier modulation, spread spectrum modulation 

(SSM) and multi-carrier modulation schemes which include Orthogonal Frequency 

Division Multiplexing (OFDM) and Multi-Carrier Spread Spectrum (MCSS).This 
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dissertation intends to evaluate the Bit Error Rate (BER) for the performance of 

multicarrier modulation systems. 

1.2 Problem statement 

Broadband Power Line Channel is more contaminated channel compared to other 

communication media since it was not designed for communication purposes. Power 

line channel is characterized by various impairments which are mostly caused by 

impedance mismatch of the transmission media. This impedance mismatch causes 

the transmitted signals to take different paths to the receiver which may lead to 

channel fading. Also, there is signal attenuation which occurs as the signals 

propagate along the channel. In addition to that signal attenuation since there are 

various appliances connected to the power line systems, there are additional noises 

to the transmitted signal. All these disturbances need to be mitigated. 

There are number of modulation schemes that have been developed to mitigate these 

impairments. The choices of these modulation schemes depend strongly on the 

nature and characteristics of the transmission media. So there is a need to choose a 

good modulation scheme which will help to mitigate these impairments and make 

the channel to be suitable for transmission of data and voice at high data rates. 

Numbers of researchers have devoted their effort to identify appropriate modulation 

for PLC. However most of them were concentrating on noise environment. This 

dissertation will concentrate on both noise environments and multipath phenomenon 

based on actual PLC channel.  
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1.3 Objectives 

1.3.1 General Objectives 

The main objective of this dissertation is to assess the suitable modulation scheme 

for Broadband Power-line communication system. 

1.3.2 Specific Objectives 

1. To investigate BER performance of Multicarrier Spread Spectrum modulation in 

BPLC system. 

2. To investigate BER performance of Orthogonal Frequency Division 

Multiplexing (OFDM) BPLC system. 

3. To compare the performance of MCSS and OFDM in BPLC system. 

1.4 Research Questions 

1. What is BER performance of Multicarrier Spread Spectrum modulation in BPLC 

system? 

2. What is BER performance of Orthogonal Frequency Division Multiplexing in 

BPLC system? 

3. Which one of the two modulation schemes performs better?  

1.5 Significance of the Research 

The study intends to find out perfect modulation scheme which will perform well in 

BPLC system. Findings will help developing countries like Tanzania to be able to 

transmit data by using power line network at high speed and with high reliability. 

The use of power line carrier in Tanzania will help to improve data communication 

to all users and increase Internet usage to all people who are connected to power line 
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grid. Due to low implementation cost as it uses available resources this method will 

be cheaper compared to other ways for data communications in developing 

countries. 
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1History of Power Line Communication 

Transmission of communication signals over power lines is still new in developing 

country like Tanzania. Globally it was introduced in the 1920s by the energy 

providers, to establish cheap communication between their plants. The basic idea 

was to use an existing network for communication and not introduce or establish a 

new one. In 1950 PLC was used for town lighting, relay remote control at the 

frequency of 10Hz and a power consumption of 10kW. The research on the use of 

PLC for data transmission started in the mid-1980s for bandwidth of 5to 500 kHz. 

But the research was on one way communication. At the end of 1990s the 

Broadband (high speed) over Power Line started to emerge and in 1997 the first two 

way transmission of data took place. 

2.2 Narrowband PLC 

Narrowband PLC systems operate at frequency spectrum from 9 to 140 kHz. The 

frequency spectrum has been divided into three bands which are A (9-95 kHz) for 

utility usage, B (95-125 kHz) and C (125-140 kHz) for home usage (Hrasnica, et al, 

2004). Narrowband PLC operates up to 1 km distance and at data rates of up to only 

some thousands bits per second. Narrowband PLC is mostly applied in buildings and 

home automation systems since it is efficient in only 1km without the use of 

repeater. The PLC home automation system use existing electrical wiring system 

without additional networks. The use of existing wiring system to transfer 
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commands makes PLC system cost efficiency. PLC based automation system can be 

used for control of devices, lighting, security, energy management and automated 

meter reading application. 

2.3 Broadband PLC 

Broadband PLC is two-way communication system which is used to transmit data on 

existing electrical wiring and provide more than 2Mbps data rates in outdoor 

environment and about12 Mbps in the in-home area (Hrasnica, et al, 2004). This 

makes Broadband PLC systems  useful for transmission of video streams, more than 

one voice channels and also can transmit all the services that are being provided by 

narrowband PLC systems (since it has higher data rates than narrowband PLC).The 

realization of broadband communications has two major applications which are 

internet access and smart grids. In order to access high speed internet a computer is 

needed to be connected to the broadband power-line modem. Smart grids help 

remote areas where fiber cables have not yet being deployed to transmit and receive 

high speed data via electrical cables. 

However, electrical supply networks are not designed for information transfer and 

there are some challenging factors in the application of broadband PLC technology. 

The first challenge facing BPLC system is the use of step down transformer which 

acts like low pass filter and filter out the high frequency signals. This can be 

minimized by the use repeaters. Due to the limitation on frequency spectrum 

repeaters will help to divide the frequency into smaller portions. Repeaters can also 

help to transmit data over long distance. The other challenge is signal strength and 

operating frequency. The system is expected to use frequencies of 10 to 30MHz. Since 
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power lines are unshielded and act as antennas for the signals they carry, they have to 

interfere with short wave radio frequencies over which BPL operates. This interference 

becomes quite perceptible in cases where the antennas are physically close to the power 

lines. However, this interference considerably diminishes and is barely perceptible 

where the antennas are moderately separated from the power network(Krishna, et al, 

2011).  

2.4 Power Line Channel 

When transmitting data from source to destination, various factors should be 

considered in order to minimize the errors in the receiving signal. In order to use 

power lines for reliable high-speed PLC data transmission, it is vital to study and 

understand the different interference scenarios that exist in the electric network. 

These factors are noise, attenuation, multipath fading and Electromagnetic 

Interference (EMI) problems due to unshielded cables. 

2.4.1Noise 

Since power lines are not shielded or covered with anything then the atmospheric 

conditions such as solar energy, rain and winds act as the source of noise to the PLC 

channel. Also noise in PLC channel can be attributed to nearby power lines with 

fault connections. Other sources of noise are various appliances connected to the 

channel when switched on and off. This scenario causes the flow of impulsive 

current and propagation of peak voltage in the channel. Examples of devices which 

cause noise are household appliances and electric pumps. Due to uncovered 

condition they also act as antenna to transmit and receive signal from other 

communication system. The received signal will act as noise to power lines. The 
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major power line sources of noise are due to flowing of current in the power lines. 

Therefore, power lines are considered to have much noise compared to other 

transmission cable (Held, 2006).  

A good characteristic of transmission system is a low level of noise. To understand 

why the level of noise is an important consideration we can turn our attention to the 

meaning of the signal-to-noise ratio (SNR). If the signal is below the level of noise, a 

receiver cannot distinguish the signal from the noise, resulting in an inability to 

recover the transmitted signal. If the signal increases or the level of noise decreases, 

the signal will eventually be above the level of noise, allowing the receiver to be 

able to distinguish the signal from the noise. Thus, the level of noise on a conductor 

plays an important role concerning the ability of a receiver to correctly interpret 

transmitted signals. Although the degree that the level of a signal is above that of 

noise enables certain signals to be received better than other signals, one cannot 

arbitrarily continue increasing the power level of a signal. The FCC places limits on 

signal power to prevent signals at certain frequencies from interfering with signals 

transmitted at other frequencies. 

Figure 2.1 shows a simplified block model of the PLC communication channel 

(Mawali, 2011). This model captures the whole range of parameters which are 

necessary for a model of the communication system with corresponding 

characteristics. The parameters of interference, except noise, are represented as a 

time variable linear filter described by the frequency parameters. Noise is depicted 

as additive random interference process (Mlynek, et al, 2010). The information 

signal is passed through transmitter where the modulation takes place. Then the 

signal to be transmitted is passed to the linear filter with transfer function     . 
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Filters are used to ensure that the transmitted signal does not interfere with other 

signals.  

 

Figure 2.1: PLC communication channel 

 

Noise in power line is classified into five categories which are Colored background 

noise, Narrowband noise, Periodic impulsive noise asynchronous to the main 

frequency, Periodic impulsive noise, synchronous to the main frequency and 

Asynchronous impulsive noise (Hrasnica, et al, 2004). These classes are 

distinguished by their origin, time duration, spectrum occupancy and intensity. 

Because many of these noise sources are tied to human activity, the amounts of noise 

on the power line vary in a day. This time attribute makes full characterization of the 

environment difficult, and it implies that a power line communication system must 

be adaptive to changes in the environment. 

2.4.1.1 Colored Background Noise 

Colored background noise is caused by a superposition of several lower intensity 

noise sources. Power Spectral Density (PSD) of colored background noise decreases 

with increase in frequency. This is caused by assembling of multiple sources of 

noise with low power. It can be described by a PSD that background power noise 

declines with an increase of frequency (Mlynek, et al, 2010). The highest value is in 

Transmitter PLC channel Receiver

Noise

+
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the frequency band near the electrical signal frequency (50 Hz or 60 Hz) up to about 

20 kHz. The background power noise density can be illustrated with equation 2.1. 

             
  

         (2.1) 

 

where    is power density for f →∞, and    is a difference between      and 

    . This model enables modeling background noise as a white noise process, 

which gets a spectral coloring by a filter (Mlynek et al, 2010). 

2.4.1.2 Narrowband noise 

Narrowband noise has continuous frequency spectrum and occupy a number of sub-

bands which are small. This noise originates from the broadcasting stations that they 

transmit in a long, middle a short wave range. The amplitude can be changed in 

dependence on time and place. The narrow-band noise can be modeled as a sum of 

multiple sine noise with different amplitude as shown in equation (2.2) (Mlynek, et 

al, 2010). 

 

     ∑      
 
                        (2.2) 

 

where N is number of waves of difference frequency   , amplitude     and 

phase   . The amplitude     is a constant in simplest case but it can be established 

from broadcast transmission. The phase    is randomly established from interval 

[0:2π] (Mlynek, et al, 2010). 
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2.4.1.3 Periodic impulsive noise, asynchronous to the main frequency 

Periodic impulsive noise, asynchronous to the main frequency is mostly caused by 

switching power supply which is used to make incompatible source compatible to 

the load. This type of noise has repetition rate between 50 and 200 kHz, which 

results in the spectrum with discrete lines with frequency spacing according to the 

repetition rate. It occupies frequencies that are close to each other due to its high 

repetition rate. Because of its high repetition rate, this noise occupies frequencies 

that are too close to each other, and builds therefore frequency bundles that are 

usually approximated by narrow bands. 

2.4.1.4 Periodic impulsive noise, synchronous to the main frequency 

It is mainly caused by switching actions of rectifier diodes found in many electrical 

appliances (Karimian, et al, 2011). It is impulsive noise with impulses synchronous 

to the main frequency and having repetition rate of 50 or 100Hz. It also has power 

spectral density that decreases with frequency. 

2.4.1.5 Asynchronous impulsive noise 

This noise is caused by the switching equipment in the distribution network. These 

kinds of noise are considered as parts of background noise (Mlynek, et al, 2010). 

The impulses have random inter arrival time with durations between some 

microseconds to few milliseconds. 

2.4.2 Attenuation 

Attenuation represents a reduction in signal strength that occurs due to the 

resistance, inductance, and capacitance encountered as a signal flows on a 

transmission facility. Although transmission distance represents a major cause of 
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attenuation, other factors, including changes in a feeder line from an overhead to an 

underground facility and spliced and tapped connections, also affect attenuation. In 

addition, because high frequencies attenuate more rapidly than lower frequencies, 

the level of attenuation is not uniform (Held, 2006). 

 

The propagation of signals over power-line introduces an attenuation, which 

increases with the length of the line and the frequency. This attenuation is a function 

of the power-line characteristic impedance    and the propagation constant 

   (Hrasnica, et al, 2004). By a suitable selection of the attenuation parameters       

and   the power-line attenuation, representing the amplitude of the channel transfer 

function, can be defined by the equation (2.3). 

                  (        
 )        (2.3) 

 

A good transmission characteristic of a circuit is a uniform level of attenuation 

across the frequency spectrum. The reason a uniform level of attenuation is a good 

characteristic is that it enables an amplifier to boost a signal by a set amount over the 

range of frequencies used by the signal. Otherwise, an amplifier would need to boost 

certain portions of a signal differently than other portions of a signal, resulting in a 

rather burdensome and costly method (Held, 2006). 

 

One physics principle states that high frequencies attenuate more rapidly than lower 

frequency signals. Thus, the amount of attenuation experienced on a circuit varies 

over the frequency spectrum. This uneven level of attenuation provides a challenge 

for enhancing data transmission because an amplifier would have to be designed to 

boost high frequencies more than low frequencies. Because the selective boosting of 
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frequencies would be cost prohibitive, it is common to use an amplitude equalizer 

prior to using an amplifier. The amplitude equalizer places an inverse mirror image 

of the signal loss across the frequency spectrum, resulting in a total near-uniform 

loss occurring across the set of frequencies. Thus, after the signal is equalized, it is 

then amplified. 

2.4.3 Multipath Fading 

Multipath is the propagation phenomenon that results in radio signals reaching the 

receiving antenna by two or more paths. PLC channel is considered as multipath 

fading channel. Multipath in PLC is caused by impedance mismatch of the channel 

which results in multiple version of the transmitted signal that arrives at the receiver 

displaced with respect to one another in time and spatial orientation. The arbitrary 

phase and amplitudes of the unlike multipath components cause fluctuations in 

signal strength which leads to signal distortion. Multipath propagation often 

lengthens the time required for the baseband portion of the signal to reach the 

receiver which can cause signal smearing (Hrasnica, et al, 2004). 

 

The variation of impedance is caused by the variety of appliances that could be 

connected to the power outlets and the joining of cables having different 

impedances. The impedance of power-line channels is highly varying with frequency 

strongly depending on the location, type and varying in a range between some few 

ohms up to a few kilo-ohms. The impedance is mainly influenced by the 

characteristic impedance of the cables, the topology of the considered part of 

network and the nature of the connected electrical loads. 
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2.4.4 Electromagnetic Interference (EMI) 

PLC technology uses the power grid for the transmission of information signals. The 

injection of the electrical PLC signal in the power cables results in the radiation of 

an electromagnetic field in the environment, where the power cables begin acting 

like antennas. This field is seen as a disturbance for the environment and for this 

reason its level must not exceed a certain limit so that PLC system can operate in an 

environment without interfering other communication systems existing in this 

environment (Hrasnica, et al., 2004).This leads to the limitation of power to be 

transmitted in power line based broadband communication networks, which in turn 

reduces SNR and enhances BER. 

 

There are two types of EMI signals which are differential-mode (DM) and common-

mode (CM) signals (Pang, et al., 2008). DM signals are symmetrical signals, which 

cause the current to flow in opposite direction. DM reduces the overall EMI since 

the electromagnetic field produced by DM signals creates cancelation effect. 

However, the CM signals are asymmetrical mode signals that produce current flow 

in the same direction and add up to EMI. Hence, the CM signals produce high levels 

of EMI, even if they have lower intensity. The DM signals are the required 

communication signals in PLC systems, and the CM currents are the undesired 

signals. CM currents are produced due to unbalance of the power cable, which 

converts the DM signal into CM signal, which is the main source of radiations from 

high frequency PLC systems. In order to devise a solution to the problem of EMI 

due to CM current, the first step is to be able to model the power lines as CM current 

propagation paths (Baig, 2008).  
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2.4.1 PLC Channel Model 

For creating a complete PLC communication system, there is necessary to generate 

model of channel as well as noise model Mlynek et al, 2010).Power line 

transmission channel was not meant for communication purpose but for distribution 

of electric power. The channel has been characterized by varying impedance which 

makes PLC channel to be unstable media for data transmission. To simulate power 

line channel there is need to have a channel model. There are ways used to model a 

power line channel. The first one applies the methods used for the modeling of radio 

channels. It assumes the distribution network as a multi-path propagation channel 

(Hossain, et al, 2008). The channel is considered as multipath media because of 

multiple reflections which occur at branches of the cable when transmitting the 

signal to the receiver. The varying impedance also increases reflection of signal. 

This method was considered as the best method because it was able to have a model 

with measurements mostly related to the real one. In spite of its advantage the 

estimation of phase, delay and amplitude is costly. Also it is very difficult because 

the computation must consider many numbers of paths to destination. 

 

The second approach applies to the methods used to model long electricity 

distribution networks (Hossain, et al, 2008). In this power line modeling differentials 

modes and pair of modes are cascaded in two port network. Modeling power line as 

cascaded elementary two-port network enable working with elementary networks, 

two-ports, which can be described by cascade parameters. Cascade solution offers 

the possibility of choosing a certain degree of complexity and precision of the line 
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being modeled. It is also possible to define individual blocks as macro models 

describing a data channel (Mlynek et al, 2010). 

There are number of PLC model available in literature . These includes 

Zimmermann and Dostert, Philips, Anatory et al and generalized TL theory which 

also were developed by Anatory et al (Anatory, et al, 2010). In this study a 

generalized TL theory is adopted. In this model the transfer function ( )nmH f

between any load point     and the sending is given by equation 2.4 and equation 

(2.5) to (2.22) show the derivation of the transfer function (Anatory, et al, 2010). 
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a B Bnm nmmn nm                (2.12) 

a B Bnn nnn nn                 (2.13) 

LnmneB Zmn cmn
               (2.14) 
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               (2.15) 
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               (2.16) 
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                (2.17) 

LnmnC emn
                (2.18) 

LnnneB Znn cnn
               (2.19) 

LnnneB Znn cnn
                (2.20) 

LnnnC enn
                (2.21) 

LnnnC enn
               (2.22) 

 

Where                       are characteristic impedance of line segment   , 

terminal load impedance of line   , propagation constant of line segment   , 

length of line segment   , and direct pathlength from the sending end to the node 

under consideration,respectively.In equation (2.4) 111A Z Zc s
    and

1 11A Z Zc s
   (Anatory, et al, 2009).Figure 2.2 shows the power line network with 

distributed branches between sending and receiving end.  

 



18 

 

  

Figure 2.2: Power line network with distributed branches between sending and 

receiving end (Anatory et al, 2010) 

 

2.5 Modulation Techniques for PLC System 

Modulation is the process of changing some characteristics such as amplitude, phase 

or frequency of carrier signal according to those of information signal. Power line 

channel has unkind environment and its characteristics tend to vary in time, location 

and with load changes (Zuberi, 2003). These characteristics are impulse and other 

types of noise, time varying frequency selective nature of PLC channel and 

regulatory constraints, which consequently limit the transmit power.  Also power 

line system operate at 50Hz or 60Hz frequency, therefore modulation techniques 

help the information signal to be transmitted at higher frequencies by the use of 

carrier signal. 

 

In recent research several modulation schemes have been chosen for PLC system as 

they have shown good performance on the hostile environments of PLC channel. 

The ultimate choice of modulation technique depends upon the application and PLC 

channel environment. A PLC modulation technique should be able to offer sufficient 

robustness against PLC channel impairments, such as impulse noise and help 

mitigate severe inter-symbol interference (ISI), due to greater delay spread of the 

Vs

Zs

Z1 Z2 Z3 Zm Zn

ZL

L

A B C M K



19 

 

power line channel (Baig, 2008). The most used modulation schemes in power line 

carrier are Single Carrier Modulation, Spread Spectrum Modulation (SSM) and 

Orthogonal Frequency Division Multiplexing (OFDM). In the subsequent 

subsections these modulation techniques will be discussed. 

2.5.1 Single-Carrier Modulation 

Single carrier modulation technique may seem attractive to be adopted in power 

lines, due its simplicity in implementation. Single carrier modulation technique 

employs a single carrier of frequency f0, which is modulated with respect to 

amplitude, phase or frequency by the information to be transmitted. The single 

carrier modulation yields a wideband signal which is transmitted with the center 

frequency f0. These wide bandwidth signals are susceptible to severe distortion, due 

to the high noise content and deep notches found in the power line channel (Baig, 

2008). In Amplitude-shift keying (ASK), the message signal modulates the 

amplitude of the carrier signal without affecting its frequency and phase, whereas in 

Frequency-shift keying (FSK) the frequency of the carrier is modulated. Phase-shift 

keying (PSK) is achieved by changing the phase of the carrier signal according to 

the information bits (Mawali, 2011).The principle of single carrier modulation is 

shown on Figure 2.3 where the data to be transmitted is modulated by single carrier 

and then transmitted to the PLC channel. At the receiver it is then demodulated by 

the same carrier used on the transmission side. 
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Figure 2.3: Single Carrier Modulation 

 

2.5.2 Spread Spectrum Modulation 

Spread spectrum is a type of modulation in which data signal occupies a bandwidth 

in excess   of the minimum bandwidth required to send the information. The 

spreading is done by the use of code which is independent of the data. The same 

code is used at the receiver to despread the data signal in order to recover the 

original signal. The first spread-spectrum systems were designed for wireless digital 

communications and initially spread spectrum was developed for military 

application where resistance against intentional interference by spreading of main 

concern. 

 

Spread Spectrum is a good choice for PLC because its transmission signal has low 

power spectral density (PSD). There are several categories of Spread Spectrum but 

the most common are two which are direct-sequence spread spectrum (DSSS) and 

frequency hopping spread spectrum (FHSS). The media access can be achieved by 

code division multiple access (CDMA) without the need for global coordination and 

synchronization. 
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Figure 2.4: Spread Spectrum Modulation 

 

In Spread Spectrum the information signal with bandwidth B is modulated by a 

single carrier which is pseudo-noise sequence. Pseudo-noise sequence has 

bandwidth of W which is much greater than B the bandwidth of information signal.  

The transmitted signal will therefore have a bandwidth same as the PN sequence. 

The Pseudo-noise sequence therefore does the work of spreading code. At the 

receiver side, the same sequence used at the transmitter must be synchronized with 

the received signal. After that the resulting signal is demodulated conventionally to 

obtain the message signal (Mawali, 2011). Figure 2.4 shows the principle of spread 

spectrum modulation in PLC. 

2.5.2.1 Direct Sequence Spread Spectrum (DS-SS)  

The principle of direct sequence spread spectrum (DS-SS) is to spread the signal on 

a larger frequency band by multiplexing it with a code. In DSSS each user has a 

channelized code that is orthogonal to other codes in the system. 
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Figure 2.5: DSSS signal generation 

 

In direct sequence spread spectrum, the modulated stream of information to be 

transmitted is divided into small portions, each of which is allocated across to a 

frequency channel across the spectrum. A data signal at the point of transmission is 

combined with a higher data-rate bit sequence chipping code that divides the data 

according to a spreading ratio as seen in Figure 2.5. The redundant chipping code 

helps the signal resist interference and also enables the original data to be recovered 

if data bits are damaged during transmission. Figure 2.6 shows the receiver of DSSS. 

It is observed that the input multiplier performs the de-spreading of the received 

signal, and the second multiplier translates the modulated signal down to baseband. 

The PN sequence at the receiver acts as a key to the transmission. The PN code must 

have the same clock, same bit pattern and it must be aligned properly with the 

sequence at the transmitter. 
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Figure 2.6: DSSS demodulator 

 

2.5.2.2 Frequency-Hopping Spread Spectrum (FHSS) 

The spreading code is input to the frequency synthesizer to generate the hopping 

carrier signal, which is then multiplied by the modulated signal. The modulator can 

be coherent, non-coherent, or differentially coherent, although coherent modulation 

is not as common as non-coherent modulation due to the difficulties in maintaining a 

coherent phase reference while hopping the carrier over a wide bandwidth 

(Goldsmith, 2005).   

 

 

Figure 2.7: FHSS transmitter 
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Figure 2.8: FHSS receiver 

 

At the receiver, a synchronizer is used to synchronize the locally generated 

spreading code to that of the incoming signal. Once synchronization is achieved, the 

spreading code is input to the frequency synthesizer to generate the hopping pattern 

of the carrier, and then multiplied to the received signal which is an input to the 

demodulator for down conversion. The transmitter and receiver are both illustrate in 

Figure 2.7 and 2.8. 

 

For non-coherent or differentially coherent modulator, it is not necessary to 

synchronize the phase associated with the receive carrier to that of the transmit 

carrier. As with DSSS, the synchronization procedure for FH systems is typically 

done in two stages. First, a coarse synchronization is done to align the receiver hop 

sequence to within a fraction of the hop duration Tc associated with the transmitted 

FH signal. The process is similar to the coarse synchronization of DSSS: the 

received FH signal plus noise is correlated with the local hopping sequence by 

multiplying the signals together and computing the energy in their product. If this 

energy exceeds a given threshold, coarse acquisition is obtained, otherwise the 
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received FH signal is shifted in time by Tc and the process repeated. Coarse 

acquisition can also be done in parallel using multiple hop sequences, each shifted in 

time by a different integer multiple of Ts. Once coarse acquisition is obtained, fine 

tuning occurs by continually adjusting the timing of the frequency hopper to 

maximize the correlation between the receiver hopping sequence and the received 

signal (Goldsmith, 2005). 

2.5.3 Multi-Carrier Modulation 

Multi-Carrier Modulation (MCM) is the principle of transmitting data by dividing 

the stream into several parallel bit streams, each of which has a much lower bit rate, 

and by using several carriers, called also subcarriers, to modulate these sub-streams. 

In power line communication there are two multicarrier modulation techniques 

which are Multi-Carrier Spread Spectrum and Orthogonal Frequency Division 

Multiplexing ((Hrasnica at el, 2004). 

2.5.3.1 Multi-Carrier Spread Spectrum (MCSS) 

MCSS in PLC system is the combination of DSSS and OFDM modulation. MCSS 

spread the information symbol over different frequencies by transmitting each chip 

over different frequencies. MCSS is effective in multipath channels like power line 

channel as it has ability to resolve all the diversity provided by the channel (Anatory 

et al, 2010). MCSS has a serial-to-parallel converter which converts the high-rate 

data symbols into parallel low rate sub-streams before spreading the data symbols on 

each sub-channel with a user specific spreading code in time direction, which 

corresponds to direct sequence spreading on each sub-channel. The same spreading 

codes can be applied be applied to the receiver side as shown in Figure 2.9. 
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Figure 2.9:   The transmitter and receiver of multicarrier spread spectrum 
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Orthogonal Frequency Division Multiplexing (OFDM) is Multi-Carrier Modulation 
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several parallel bit streams called sub-streams and sub-streams are then modulated 
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Multiplexing has densely spaced subcarriers and overlapping spectra. Subcarriers’ 

waveforms of OFDM signal are orthogonal to each other to allow an error-free 

reception of OFDM transmitted signals. Orthogonal frequency division multiplexing 

has been widely used in PLC because it is most suitable in multipath frequency 

selective channels, narrowband interference and impulsive noise channels. 
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Figure 2.10: OFDM modulation technique 

 

As Figure 2.10 illustrates it can be seen that the data to be transmitted is divided into 

substreams and each sub stream is modulated by its respective subcarrier. The 

modulated signals are transmitted on PLC channel to the receiver. 

Figure 2.11shows the block diagram of OFDM transmitter and receiver.  In the 

transmitter OFDM data stream is subdivided into a given number of substreams, 

where each one has to be modulated by using BPSK, QPSK or QAM over a separate 

carrier signal, called subcarrier. A channel coding is used so that the correctly 

received data of the relatively strong subcarriers corrects the erroneously received 

data of the relatively weak subcarriers. A set of channel coding schemes have been 
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investigated for application within OFDM systems including block codes, 

convolutional codes and turbo codes. The sub-streams are then converted to time 

domain by taking the Inverse Discrete Fourier Transform (IDFT) by means of Fast 

Fourier Transform (IFFT).Since IFFT is more cost effective to implement, it is 

usually used. Once the OFDM data are modulated to time signal, all carriers transmit 

in parallel to fully occupy the available frequency bandwidth. During modulation, 

OFDM symbols are typically divided into frames, so that the data will be modulated 

frame by frame in order for the received signal be in synchronous with the receiver.  

The data is then converted into serial and the guard interval is inserted. In the case of 

the coherent detection system, a channel estimate is necessary. This estimate is 

important to identify the amplitude and the phase reference of the modulation 

constellation in each subcarrier so that the complex data symbols can be de-

modulated correctly. Channel estimation in OFDM systems requires the insertion of 

known symbols or guard structure into the OFDM signal. These known symbols 

yield point estimates of the channel frequency response and an interpretation 

operation that yields the remaining points of the channel frequency response from 

the point estimates. The performance of the estimator depends strongly on how the 

pilot information is transmitted (Hrasnica, at al, 2004). 

At the receiver, transmitted OFDM signal is received through RF filter where the 

unwanted frequency is removed from the signal. The frame synchronization module 

seeks among the input samples for the beginning of a new frame. If a new frame has 

been recognized, the first symbol is removed and the remaining M-1 symbols of the 

frame are transferred to serial to parallel block. Each symbol is then passed to the 
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FFT module. The FFT module retrieves the transmitted symbol vector by applying 

the forward discrete Fourier transform (DFT) to the received OFDM symbols. The 

decoding then takes place where the errors are removed from the received signal. 

Then an inverse procedure to the symbol modulation process of the transmitter 

follows. For the BPSK case only, the module exploits channel status information, 

found in the channel estimation symbol, to reach a decision.  

 

 

Figure 2.11: OFDM communication system 

 

2.5 Error Control in PLC 

Error control is a technique used for controlling errors in data transmission over 

unreliable or noisy communication channels. The central idea is the sender encodes 

their message in a redundant way by using an error-correcting code (ECC).  The 

redundancy allows the receiver to detect a limited number of errors that may occur 

anywhere in the message, and often to correct these errors without retransmission. 
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There are two ways such redundancy is used for controlling errors. The first is error 

detection and retransmission which utilizes parity bits to detect that an error has been 

made. The receiving terminal does not attempt to correct the error it simply requests 

that the transmitter retransmit the data.  

The second type of error control is forward error correction (FEC), which requires 

only one link since the parity bits are doing both the detection and correction of 

error. FEC gives the receiver the ability to correct errors without needing a reverse 

channel to request retransmission of data, but at the cost of a fixed, higher forward 

channel bandwidth. FEC is therefore applied in situations where retransmissions are 

costly or impossible, such as when broadcasting to multiple receivers in multicast. 

FEC information is usually added to mass storage devices to enable recovery of 

corrupted data.FEC processing in a receiver may be applied to a digital bit stream or 

in the demodulation of a digitally modulated carrier. The error control coding 

applied in PLC are blocks code, cyclic codes and convolution codes (Hrasnica, et al, 

2004). 

2.5.1 Block codes 

When using block codes, the data to be transmitted is segmented into blocks of a 

fixed length k. To each block of the information message, a certain amount of parity 

bits are added. The information bits and the parity bits together form the code words 

of length n, as shown by Figure 2.12. Figure 2.12 illustrate a communications system 

coding the original information before submitting them to the modulation. The 

coded bits are modulated and sent over channel. The reverse procedure is done at the 
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receiver. The rate of a (n, k) block code is defined as r = k/n. The n-k added bits are 

called redundant bits and are used for error detection and correction at the receiver. 

 

   

Figure 2.12:  Encoder and decoder of Block codes 

 

Block codes might be separated into two main families: binary and non binary 

codes. Examples for binary codes are Cyclic, Hamming, Convolutional, Golay and 

BCH (Bose, Chaudhuri and Hocquenghem) codes. The non-binary codes work on 

symbols consisting of more than one bit. The most popular example is the Reed–

Solomon (RS) codes, which are derived from binary BCH codes (Hrasnica et al, 

2004). 

2.5.2 Cyclic codes 

Cyclic codes are a subclass of linear block codes. Encoding and syndrome 

calculation and decoding are easily performed using feedback shift registers.  Hence, 

relatively long block codes can be implemented with a reasonable complexity and 

cost. Encoding procedure for an (n, k) systematic cyclic code can be implemented by 

means of a linear feedback shift register with (n-k) stages (Sklar, 2001). 
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Figure 2.13: Cyclic encoder 

 

Operation of the encoder is as shown in figure 2.13. The gate is switched on and the 

k-message bits are shifted into the register. With all message bits shifted in the 

register, register contents form (n-k) parity bits. The gate is switched off and the 

contents of the register are shifted to the encoder output. 

 

 

Figure 2.14: Cyclic decoder 

 

Decoder for an (n, k) systematic cyclic code can be implemented by means of a 

linear feedback shift register with (n-k) stages as displayed in Figure 2.14. Operation 
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of the decoder: The gate is switched on and the n bits are shifted into the register. 

With all message bits shifted in the register, register contents form (n, k) syndrome 

polynomial coefficients. Using a syndrome look-up table, an error pattern is found 

and added modulo-2 to the received code to obtain the estimation of the transmitted 

code word (Sklar, 2001). 

2.5.3 Hamming Codes 

Hamming codes are a subclass of linear block codes that are able to correct exactly 

one error and belong to the category of perfect codes. For any positive integer  

 , there exists a Hamming code with the following parameters: 

• Code length: n = 2
m
− 1 

• Number of information symbols: k = 2
m 

− m − 1 

• Number of parity symbols: n − k = m 

• Error correction capability: t = 1, because minimum distance dmin= 3. 

2.5.4 Convolutional Codes 

Convolutional codes offer an approach to error control coding substantially different 

from that of block codes. A Convolutional encoder encodes the entire data stream 

into a single codeword and does not need to segment it into blocks of fixed size. 

Convolutional encoder is a machine with memory. A Convolutional code is 

specified by three parameters (n,k,K).  Rc= k/n is the coding rate that determines the 

number of data bits per coded bit. In practice, k =1 is chosen and we assume that 

from now. K is the constraint length of the encoder where the encoder has K-1 

memory elements. 
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An (n,k,K). Convolutional encoder is constructed by K shift-registers systematically 

connected tonmodulo-2 adders. The input data stream is applied to the first shift 

register. The output stream is taken from the modulo-2 adders by sequential 

switching. In a convolutional encoder, the state is represented by the content of the 

memory. Hence there are 2K−1 possible states. A state diagram is a way to represent 

the encoder. It contains all the states and all possible transitions between them. There 

are only two transitions initiating from a state and two transitions ending up in a 

state (Sklar, 2001).  
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Figure 2.15: Convolutional encoder and decoder 

 

The decoding of convolutional codes is much more difficult than the encoding. The 

goal is to reconstruct the original bits sequence from the channel bit stream. Figure 

2.15 demonstrate the principle of convolutional coding. There are three major 

methods to do this task: maximum likelihood decoding, sequential decoding and 

threshold decoding. The first of the three methods is commonly performed by the 

Viterbi algorithm, and was investigated to be implemented in PLC system.  The 
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three approaches differ in decoding complexity, delay and performance and the 

design will be a trade-off between these parameters. Furthermore, the Viterbi 

algorithm is an optimal maximum-likelihood sequence estimation algorithm for 

decoding convolutional codes by finding the most likely message sequence (message 

word) to have been transmitted based on the received word. In this case, the Viterbi 

minimizes the probability of a message word error (Hrasnica et al, 2004). 

2.7 Summary 

Power Line Communication (PLC) has been classified into Broadband and Narrow 

band power line. Narrowband PLC operates at frequency spectrum from 9 to 140 

kHz and is mostly applied in buildings and home automation systems. Broadband 

PLC provides more than 2Mbps data rates in outdoor environment and about12 

Mbps in the in-home area which makes it useful for transmission of video streams, 

more than one voice channels and also can do all the services that are being provided 

by narrowband PLC systems.PLC channel is characterized by impedance 

fluctuations and discontinuity that lead to multipath fading making its utilization for 

the information transmission more delicate. Also the channel is characterized by 

noise which is described as superposition of five additive noise types  namely  

Colored background noise, Narrowband noise, Periodic impulsive noise 

asynchronous to the main frequency, Periodic impulsive noise, synchronous to the 

main frequency and Asynchronous impulsive noise. PLC noise makes the reception 

of error-free communication signal much difficult. To reduce the negative impact of 

power-line transmission medium, PLC systems apply efficient modulation 

techniques such as spread spectrum, multicarrier spread spectrum and   orthogonal 

frequency division multiplexing. These modulation techniques should realize 



36 

 

acceptable BER with a SNR as low as possible, to guarantee a satisfactory quality of 

service. The problem of error detection and correction can be solved by Forward 

Error Correction (FEC) which includes block codes, convolutional codes and turbo 

codes. In the next chapter the performance of two multicarrier modulation 

techniques will be simulated individually and then compared with each other. 
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CHAPTER THREE 

PERFORMANCE EVALUATION MODULATION SCHEME IN POWER-

LINE 

3.1 Introduction 

In this chapter the design of noise model, MCSS and OFDM system was done and 

BER performance of two mostly used modulation techniques in power line carrier 

which are OFDM and Multicarrier Spread Spectrum was simulated. 

3.2 Noise Model 

Much of the noise on the power line is impulsive in nature. Very large impulses of 

noise, such as those created by a disconnect switch operation; will have a very 

different effect on the carrier receiver. These large impulses will shock excite the 

input filters and cause the filters to ring, thus the receiver creates, in effect, added in-

band noise over and above the in-band noise present in the impulse.  The noise in 

power line system can be considered as class A Middleton. Based on this model, the 

noise, impulsive plus background noise, is a sequence of independent and identical 

distributed random complex variables with the probability distribution function 
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The parameter   is the number of impulsive noise sources and is characterized by 

Poisson distribution with mean parameter    called impulsive index. The variance of 

noise   
  is defined as 

  
     

    
  

(
 

 
)  

   
               (3.3)  

The parameter Г is called background to impulsive noise ratio and is given by  

  
  

 

  
                  (3.4) 

  
  is power of background noise and    

  is the power of impulsive noise.A is called 

the impulsive index, which is the product of average rate of impulsive noise and 

mean duration of a typical impulse. In this study the values of A, Г and m were 0.1, 

0.1 and 3 respectively. 

 

3.3 Impulse response of PLC channel 

In designing a communication system the impulse response of the channel should be 

known. To determine the impulse response of PLC channel, configuration same as 

Figure 2.2 was used with twelve equally distributed branches. The length of line 

from point A to point L was 210m and each branch length was kept at 25m. The 

characteristic impedance of all branches was terminated by 200Ω and 800Ω. In 

power-line channel the maximum delay spread occurs when the channel is 

terminated either in low impedances or high impedances (Prasad, 2004), and 

(Anatory et al, 2008). Figure 3.1shows impulse response of PLC Channel based on 
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Figure 2.2 when the load impedance is 200Ω and Figure 3.2 shows impulse response 

of PLC Channel based on Figure 2.2 when the load impedance is 800Ω 

 

Figure 3.1: Impulse response of PLC Channel based on figure 2.2 when the load 

impedance is 200Ω 
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Figure 3.2: Impulse response of PLC Channel based on figure 2.2 when the load 

impedance is 800Ω 

 

3.4BER performance of OFDM in PLC 

In this section the BER of OFDM was analyzed. The baseband modulation schemes 

which were used in OFDM are BPSK, QPSK and M-QAM. Multicarrier systems 

work by dividing available bandwidth into sub-channels, hence making more efficient 

use of the bandwidth compared to single carrier channel systems due to channel sharing. 

Multicarrier modulation divides the data stream into multiple sub-streams which are 

modulated by different subcarriers and then transmitted over different orthogonal sub-

channels. The number of sub-streams was chosen to make each sub-stream’s symbol 

time much greater than or equal to the delay spread of the channel, so that the sub-

stream bandwidth was less than the channel coherence bandwidth and hence reduces 

ISI. For OFDM system a total bandwidth of 100MHzwas considered. The maximum 
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delay spread of the PLC channel is 4µs as shown in section 3.3 which made the 

coherence bandwidth to be equal to 

1 1
250

4 sec
c

m

B KHz
T 

                (3.5) 

Frequency selectivity nature of PLC channel causes ISI to occur. In order to reduce 

the effect of ISI in the channel the total bandwidth should be much smaller than the 

coherence bandwidth. Therefore, 

0.1 c

B
B

N
                 (3.6) 

where B is the total bandwidth, cB is coherence bandwidth and N is number of 

subcarriers used to modulate the sub-streams. 

100
4000

0.1 0.25

M
N

MHz
 


 

Since OFDM is implemented by Fast Fourier Transform (FFT) and Inverse Fast 

Fourier Transform (IFFT) therefore N should be in the power of two, this makes N 

to be 4096. The symbol duration of OFDM was given by 

 

6

6

4096
40.96 10

100 10

    


N s

N
T NT

B
                        

(3.7) 

The symbol duration was 40.96µs. To eliminate the Inter-Symbol Interference (ISI) 

and Inter-Carrier Interference (ICI) the appropriate cyclic prefix was inserted. The 

cyclic prefix was 

1
512

8
N                    (3.8) 

Therefore the guard interval was    
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6512
5.12 10

100
g sT T

MHz
                   (3.9) 

The sub-channel bandwidth NB was given by      

31 1
24.41 10 24.41

40.96
N

N

B KHz
T s

               (3.10) 

The data rate of each sub-channel was given by 

2log
N

N

M
R

T
                (3.11) 

Table 3.1: Parameters used in OFDM system 

Parameters Value 

Modulation BPSK OFDM 

QPSK OFDM 

M-QAM OFDM 

Total Bandwidth 100MHz 

Error correcting code K=7 convolutional code 

Coding rate  2/3 

Number of sub-channels (N) 4096 

OFDM symbol duration 40.96µs 

Cyclic prefix 512 

Guard interval 5.12µs 

Sub-channel bandwidth 24.41KHz 

 

For BPSK M=2, QPSK M=4 and for 16-QAM M=16. Therefore the data rate for 

BPSK, QPSK and 16QAM was 24.41kbps, 48.82kbps and 97.64kbps respectively. 

The total transmission time T for each OFDM symbol was, 
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40.96 5.12 46.08N sT T T s s s                  (3.13) 

The OFDM system was designed to use convolutional codes with coding rate ( cR ) 

of 2/3 and error correction code (K) of 7.  The parameters of OFDM based on Power 

line channel are summarized in Table 3.1 

 

3.4.1 Performance of OFDM with Different Mapping Techniques 

To determine the BER performance for OFDM system in PLC channel Figure 2.2 

was used with twelve distributed branches. The length of line between point A and L 

was 210m and each branch length was kept at 25m. All branches were terminated by 

characteristic impedance of 300Ω. The OFDM system which was mapped by BPSK, 

QPSK and 16-QAM was considered. Figure 3.3 shows simulation results of 

performance of OFDM with different mapping techniques. It was seen that at bit 

error probability of 610 the SNR of 31, 31 and 66dB for BPSK, QPSK and 16-

QAM respectively were required. Thus BPSK and QPSK required minimum energy 

per bit compared to 16-QAM in order to achieve the same bit error rate and this 

makes OFDM system mapped with BPSK or QPSK better in multipath condition of 

power line communication. 
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Figure 3.3: Simulation result of performance of OFDM by using BPSK, QPSK and 

16-QAM 

 

3.4.2 Performance evaluation of coded and uncoded OFDM 

To determine the BER performance of coded and uncoded OFDM system with 

BPSK modulation for PLC channel Figure 2.2 was used with twelve distributed 

branches. The length of line between point A and L was 210m and each branch 

length was kept at 25m. All branches were terminated by characteristic impedance 

of250Ω. Convolutional codes were used with code rate of 2/3 and error correction 

code of 7. Figure 3.4shows the performance of OFDM with convolutional coded and 

uncoded system. It was seen that the SNR of 16 and 24dB were required to achieve 

the bit error rate of 10
-6

 for coded and uncoded OFDM system respectively. 

Therefore coded OFDM modulation performs better than uncoded OFDM. 
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Figure 3.4: Simulation result of performance of coded and uncoded OFDM with 

BPSK 

 

3.4.3 Effects of low loads impedance on the performance of OFDM 

To find the BER performance for OFDM system mapped with BPSK for PLC 

channel for low loads impedance Figure 2.2 was used with twelve distributed 

branches. The length of line from point A to point L was 210m and each branch 

length was 25m. The branches’ terminal impedances were kept at 250Ω, 150Ω and 

5Ω.It was seen that the SNR of 24, 33 and 38dB were required to achieve the bit 

error rate of 10
-6

 for 250, 150and 5Ω respectively. Thus the load with high 

impedance performs better than the load with low impedance as shown in Figure 3.5.  
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Figure 3.5: Simulation result of performance of OFDM with BPSK under different 

load impedances from figure2.2 

3.5Bit Error Rate (BER) performance of MCSS 

MC-SS is a combination of OFDM and DSSS. In MCSS symbols were modulated 

on several subcarriers to introduce frequency diversity instead of using only one 

carrier like in DSSS. The simulation parameters for the OFDM systems had been 

calculated. The same parameters for OFDM were used to calculate the simulation 

parameters for the MC-SS systems. The only thing that remains for MCSS is the 

spreading codes in this case the Walsh Hadamard was used.    

    

Mapping technique used for MCSS was BPSK (M=2) this made the system to 

transmit 2log M bits per sub-channel in every T second. Hence the data rate of 
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MCSS was 
1

4096 88.89 .
46.08

Mpbs
s

  These parameters used in MCSS system 

are summarized in table 3.2. 

Table 3.2: Parameters used in MCSS 

Parameters Value 

Spreading code  Walsh Hadamard 

Symbol mapping BPSK 

Number of subcarrier 4096 

Data Rate  88.89Mbps 

 

 

3.5.1 Performance evaluation of coded and uncoded MCSS 

To determine the BER performance of coded and uncoded MCSS system mapped 

with BPSK modulation for PLC channel Figure 2.2 was used with twelve distributed 

branches. The length of line between point A and L was 210m and each branch 

length was kept at 25m. All branches were terminated by characteristic impedance of 

250Ω.  Convolutional code was used with code rate of 2/3 and error correction code 

of 7. Figure 3.6 shows the performance MCSS for convolutional coded and uncoded 

systems. It was seen that the SNR of 27 and 34dB were required to achieve the bit 

error rate of 10
-6

 for coded and uncoded MCSS respectively. Therefore coded MCSS 

modulation performs better than uncoded MCSS. 
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Figure 3.6: Simulation result of performance of coded and uncoded MCSS with 

BPSK 

 

3.5.2 Effects of load impedance on the performance of MCSS 

To find the BER performance for OFDM system mapped with BPSK for PLC 

channel for low loads impedance Figure 2.2 was used with twelve distributed 

branches. The length of line between point A and L was 210m and each branch 

length was kept at 25m. The branches’ terminal impedance was kept at 250Ω, 150Ω 

and 5Ω. It was seen that the SNR of 37, 40 and 68dB were required to achieve the 

bit error rate of 10
-6

 for 250, 150 and 5Ω respectively. Thus the load with high 

impedance performs better than the load with low impedance as shown in Figure 3.7.  
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Figure 3.7: Simulation result of performance of MCSS with BPSK under different 

load impedances based on Figure 2.2 

 

3.6 Comparison between BER of OFDM and MCSS 

In this section comparison between Orthogonal Frequency Division Multiplexing 

and multicarrier spread spectrum was done.  Simulation was done by considering 

Figure 2.2 with twelve equally distributed branches. The length of line from point A 

to point L was 210m and each branch length was kept at 25m. The branches’ 

terminal impedances were kept at 200. In order to achieve probability of bit error of 

10
-6

 the SNR of 24 and 34dB was required for OFDM and MCSS respectively. From 

the Figure 3.8it was seen that OFDM performs better than MCSS. 
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Figure 3.8: Simulation result of performance comparison of OFDM and MCSS 

 

3.6.1 Comparison of MCSS and OFDM at low loads impedance 

The performance comparison of MCSS and OFDM was observed at low loads 

impedance. The PLC configuration same as Figure 2.2 was used with twelve equally 

distributed branches. The length of line between point A and L was kept at 210m 

and each branch length was kept at 25m. The branches’ terminal impedances were 

kept 5Ω. Figure 3.9shows the comparison of MCSS and OFDM at low impedances. 

In order to achieve the Probability of Bit Error of 10
-6
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Figure 3.9: Simulation result of performance comparison between OFDM and 

MCSS at low impedance (50 ) based on figure 2.2 

 

3.6.2 Comparison of coded and uncoded MCSS and OFDM 

The performance of coded and uncoded MCSS and OFDM system mapped with 
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length was kept at 25m. All branches were terminated by characteristic impedance of 

250Ω.Figure 3.10 shows simulation result of performance comparison of coded and 

uncoded MCSS and OFDM. At Probability of Bit Error of 10
-6

 the SNR of 6, 12, 17 

and 24dB for coded OFDM, uncoded OFDM, coded MCSS and uncoded MCSS 

were required respectively. Thus the BER performance of OFDM was much better 

than those of MCSS for both coded and uncoded systems.  
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Figure 3.10: Simulation result of performance comparison between coded and 

uncoded OFDM and MCSS 
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CHAPTER FOUR 

CONCLUSION AND RECOMMENDATION 

4.1 Conclusion 

In this dissertation the BER performance of OFDM and MCSS system with coding 

technique (convolutional code) and under different loads impedances over power 

line network were investigated. First the BER performances of OFDM system for 

both coded and uncoded and for various load impedances were simulated. The 

results have shown that the performance of coded OFDM system was much better 

than that of uncoded OFDM. Also the BER performance of OFDM increases as the 

load impedance increase. Then the simulation of MCSS system was simulated for 

both coded and uncoded MCSS and for different load impedances. It was observed 

that coded MCSS performs better than uncoded MCSS and the performance of 

MCSS increases as load impedances increase. 

 

Lastly the BER performance of OFDM and MCSS systems were compared with 

each other for both coded and uncoded system. At low loads impedance it was 

observed that the performance of MCSS was much better at higher signal to noise 

ratio than that of OFDM which means less power was needed to achieve the same 

BER performance for MCSS than for OFDM system. While at lower SNR OFDM 

was having better BER performance compared to MCSS. But at high load 

impedance the performance of OFDM was better than that of MCSS for both coded 

and uncoded systems. This means less signal power is needed to achieve the same 

bit error rate for OFDM compared to MCSS. 
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4.2 Recommendation 

The results have shown the performance of convolutional coded and uncoded 

OFDM and MCSS for normal and low load impedance. The gain of 12dB was 

achieved at BER of 10
-6

.  For the future work, the following topics can be of a 

research. 

 To compare the performance LPDC coded OFDM and MCSS and see how the 

performance of PLC channel can be improved. 

 To analyze the BER performance of OFDM and MCSS systems with digital 

filters. 

 To analyze the BER performance of OFDM and MCSS systems at different 

branches of PLC network. 
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