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ABSTRACT 

Broadband Power-Line Communication (BPLC) is a technology which has drawn 

attention to researchers in the field of digital communication. Using this technology 

there is no need of new installation which is advantageous compared to other 

technologies. However, due to noises and multipath fading in BPLC systems, studies on 

coding techniques and suitable modulation schemes are unavoidable. Studies by other 

researchers have shown that multicarrier modulation techniques perform better than 

single carrier modulation techniques in power-line channels. In this work multicarrier 

spread spectrum (MC-SS) has been adopted as a modulation scheme. 

This work has investigated the performance of channel coding in power-line channel. 

Due to their application in digital communication systems, the coding techniques 

considered in this work are BCH codes, Reed-Solomon codes, Convolution codes, 

Concatenated codes and the Low density parity check codes. The Generalized 

transmission line (TL) theory model developed by Anatory et al has been adopted. A 

typical power-line network found in Tanzania has been adopted and subjected to 

different coding techniques in a typical noise environment.  

It has been found that the coding gain of 16dB, 10dB, 6.5dB, 5.5dB and 4.5dB have 

been realized using LDPC, RS, Concatenated, Convolution and BCH codes respectively 

at BER of 10-6. This implies that LDPC is appropriate coding technique for BPLC 

systems. 
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CHAPTER ONE 
 

INTRODUCTION 

1.1 Background to BPLC 

Broadband service provision in developing countries like Tanzania to rural and 

some urban areas has been a great challenge due to very few areas with full network 

coverage. Due to economic point of view telecom operators would love to invest 

network infrastructures in areas with the possibility of return on investment. Power-

line network is an emerging technology which can be used to deliver broadband 

connections to unreached areas having national grid at lower investment cost 

(Anatory et al, 2005). 

In this era of science and technology the evolution of data communications and 

computer applications in many fields, broadband connections have become very 

important because of various bandwidth demanding applications such as e-learning, 

telemedicine, e-government and video conference. These services need a reliable 

and robust network infrastructure which can meet the required data rates for high 

quality of service (QoS). Other access technologies for broadband are fiber optics, 

digital subscriber line, VSAT, etc. These technologies have been applied and they 

perform well but the initial investment cost is considerably high. For power-line, the 

infrastructure exists and therefore is economically feasible to provide broadband 

connections to many customers with electrical installations without incurring high 

initial deploying cost in building a new communication infrastructure. 
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Due to their primary goal of design the power-line were meant for power 

distribution and not being used for data communication purposes. Therefore to make 

it suitable for communication, channel modeling and techniques to reduce channel 

errors have to be studied. Investigation on suitable Modulation schemes, 

equalization techniques, channel estimation techniques etc. have been done in order 

to achieve high performance in terms of low BER at low signal to noise ratio (SNR). 

Other approaches have also to be done in order to achieve improved performance. 

Error control codes are techniques which can improve BPLC performance for a 

given SNR. Studies have to be done in order to investigate the performances of 

different coding techniques in different level of power line distribution network 

such as medium voltage and high Voltage (Hrasnica, 2004).  

1.2 Problem statement 

Broadband over power-line is a technology which faces many challenges in order to 

meet the expectation of delivering data at an error free condition. Because the 

power-line channel was not designed for communication purposes, it requires 

equalization and channel coding techniques in order to overcome errors generated 

during signal propagation.  The signal transfers through an impulsive noise and 

multipath channel which attenuates signal, and therefore degrade the channel 

performance.  Many researchers have devoted their efforts to investigate appropriate 

coding technique for BPLC systems focused to impairments due to impulsive noise 

(Amirshashi et al, 2006) , (Hsu  et al, 2007) and (Anatory et al, 2011).  However, 

the assessment of different coding techniques on the performance of broadband 
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power-line systems based on multipath and noise environment is not well explored. 

In this study the performance of different channel coding techniques in the presence 

of multipath effect as well as in the presence impulsive noise has been investigated.  

1.3 Research objectives 

1.3.1 Main objective 

The main objective of this study is to investigate the appropriate coding techniques 

for BPLC systems that use MC-CDMA as modulation schemes. 

1.3.2 Specific objectives 

The specific objectives of this study are: 

i. To study different channel coding techniques which can be applied in 

Broadband PLC systems. 

ii.  To investigate the performance of different coding techniques with MC-

CDMA in multipath and noisy power-line channel. 

    1.4 Research questions 
    The research questions are: 

i. What coding techniques can improve performance of Broadband Power-

line channel? 

ii. What is the performance of each identified coding technique with MC-

CDMA as modulation scheme in Power-line channel? 
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iii. What channel coding technique among the identified out-performs the 

others in terms of BER and SNR? 

1.5 Significance of the study 

Broadband over power-line technology is a future candidate technology which can 

be used as a simple and cost effective solution for rural connectivity.  However to 

make it suitable for data communication error correction techniques are highly 

needed in improving system performance. This study has evaluated different 

channel coding techniques, and describes how they perform at different signal 

power level.  The findings add knowledge in the area of PLC and they can be used 

as reference source for further study/research in this field. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction 

The chapter has presented in details an overview of Broadband Power-line network 

layout and the components of communication systems.  It also describes the potential 

modulation schemes which can be used in power-line channels.  In this chapter channel 

coding techniques which are linear block codes such as BCH, RS, LDPC codes as well 

as convolution and concatenated codes have been discussed.  

2.2 Introduction to PLC technologies 

Power-line communication has been undergoing a rapid change and it is expected to be 

a cheap technology for providing broadband connection.  The application of electrical 

supply networks in telecommunication have been done at early of twentieth century. 

The first carrier frequency system had operated in high-voltage electrical networks that 

were running to about 500km. 

The single transmitter used to inject information carrying signal at a power of 10 watts. 

There is no a uniform standard worldwide. The existing standards are European 

standard, Japanese and American Standards. The European standards specify a 

frequency range up to 500 kHz for the application of PLC services (Hrasnica et al, 

2004). 

Early researches have shown that a capacity of a channel varies due to the number of 

terminals connected in a branch.  The number of connected load changes the channel 
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impulse response and thus creating multipath effects.  Also it leads to the decrease in 

the channel capacity (Anatory et al, 2008).  A Power-line communication can be 

categorized into Narrowband PLC and Broadband PLC. 

2.2.1 Narrowband PLC 

The Narrowband PLC network operates to a frequency up to 140 kHz according to 

CENELEC standard, and has the ability of transferring data up to several few thousand 

bits per second (bps) to a distance of 1km apart.  To extend the distance there is a need 

of having a repeater stations.  The initial narrowband modems used Amplitude Shift 

Key (ASK), and it was not found to be robust against channel noise and other 

impairments.  Narrowband modulation scheme which has been robust against noises 

and other channel disturbances is the BPSK.   Due to implementation complexity, 

BPSK is not used very often.  Most recently narrowband modems have applied 

Frequency Shift Key (FSK). 

2.2.2 Broadband PLC 

Broadband PLC systems may be capable of providing data services at a speed of greater 

than 2Mbps higher than a narrowband PLC system.  The broadband PLC networks can 

support multiple voice connection, high-speed data transmission, transfer of video 

signals, and narrowband services as well.  The frequency spectrum that is occupied by a 

BPLC is about 30MHz falling within CENELEC band, which is greater than that 

occupied by narrowband PLC systems. During signal propagation with increased 

power, the PLC network acts as an antenna and interfere with other communication 

systems. Due to this broadband Power-line systems have to transmit at a limited power 
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which degrade the power-line channel performance in terms of distance travelled and 

data rates. Therefore other techniques have to be applied in order to optimize the 

performance. The Power-line networks can be grouped into basically three groups in 

accordance to the power supply network (Hrasnica et al, 2004), (Liu et al, 2003). The 

groups are as follows:  

i. High Voltage (110-380 kV): It connects the power sub-stations and is 

usually implemented by overhead cables. They run at long distances and can 

be used as a point-to-point links in communication. 

ii. Medium Voltage (10-30 kV): This network level supply large areas, cities 

and big industries. In communication it can be used to link base stations to 

the gate way. The MV do not run a long distance compared to the HV. 

iii. Low Voltage (230/400 V): This network is a distribution level. It connects 

individual customer to supplying transformers. In communication this is 

called access network. The access network is that part which gives 

individual user of a network to get connectivity to the base station for 

accessing service. 

2.2.3 PLC access networks 

The low-voltage consists of a transformer unit and a number of power supply cables 

connect the end users to the Base Station (BS).  The low-voltage supply networks are 

connected to medium-and high voltage networks via distribution transformers.  The 

PLC access networks are connected to the backbone communication networks (WAN) 
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through Base Station (BS).  The PLC subscribers are connected to the network via a 

PLC modem which is placed in the electrical power unit.  The modem converts the 

signals received from PLC network into standard form that can be processed by 

conventional communications systems. 

 

 

Figure 2. 1: Block diagram of BPLC access network (Hrasnica et al, 2004) 

2.2.4 Indoor BPLC 

The indoor BPLC is the local network which connects various devices existing in 

homes.  The devices which can be connected are telephones, computers, printers, video 

devices etc.  Essentially the structure of an in-home PLC network does not differ from 

the PLC access system using low-voltage supply networks.  There can also be a Base 
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Station which controls the in-home PLC network, and connects it to the outdoor area. 

Indoor BPLC network can be connected to other access network provided by other 

technologies such as Wireless fidelity (Wi-Fi), Wireless Local Area Network (WLAN) 

etc. 

2.2.5 Basic BPLC network elements 

The elements which are used to realize communication over power line are the PLC 

modem and PLC base/master station.   Basically their functions are signal preparation, 

conversion for signal transmission over power line and signal reception.  The PLC 

modem has communication standards for interfacing communicating devices.  Also it 

provides physical layer functionality of modulation and coding.  PLC base station is a 

central node which provides the user the access to the backbone of PLC.  The base 

station links is a higher level in such a way that no individual subscriber can be directly 

connected to the backbone. PLC base can be connected to other technologies like 

xDSL, and SDH for linking with high speed networks (Hrasnica et al, 2004). 

2.3  Digital communication system  

The digital communication system has the following important elements which converts 

the message into a proper signal format for transmission through a channel.  A simple 

model has basically three parts which are Transmitter, Channel and Receiver.  But 

inside the transmitter there are source encoder, channel encoder and modulator while in 

the receiver there is a source decoder, channel decoder and then demodulator.  The fact 

that it is a digital communication system, the transmission process is being 

accomplished by mapping digital symbols to appropriate waveforms through a channel. 
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With digital systems a transmission becomes reliable, secured and with great privacy 

due to encryption techniques and channel coding (Rappaport, 2002). Figure 2.2 

illustrates fundamental devices in digital communication systems. 

 

Figure  2. 2: Block diagram of digital communication system 

2.3.1 Source encoder and source decoder 

The message signal is transformed into a required format by the encoder at the 

transmitter side.  The encoder reduces redundant bits in order to reduce message 

bandwidth for efficient signal transmission.  At the receiver side the decoder does the 

opposite of the encoder, and recovers the signal which is going to be supplied to the 

receiver.  The source encoder and decoder do the scrambling of the information signal 

in order to increase signal security.  Any an un-intended recipient will not be able to 

decode the message because they will not have the valid key to decipher the message 

signal into a readable format. 
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2.3.2 Channel encoder and channel decoder 

Channel encoder at the transmitter side adds redundant bit in order to enable the 

decoder to detect and sometimes correct any error that may occur during the 

transmission process.  The check bits are computed over a k-symbol input sequence to 

create an n-symbol output code-sequence. Channel coding improves system 

performance over noisy channel such as Power-line channels.  

2.3.3 Modulator and demodulator 

Modulator is built at the transmitter side.  It combines the message signal waveform 

with the carrier waveform for a transmission to a long distance.  Baseband signals may 

not propagate through a channel for a long distance due to signal loss, multipath effect 

and other channel impairments.  Depending on the nature of information transmitted a 

modulation scheme is applied taking into consideration the spectral efficiency and 

power efficiency.  Studies have shown that no modulation schemes can which is both 

spectral and power efficient.  The application of channel coding can improve the 

performance (Rappaport, 2002). 

2.3.4 Communication channel 

A communication channel is a path through which an information signal propagates.  It 

can be a wireless or a wire-line such as a Power line network, telephone line, unshielded 

twisted pairs (UTP) used for computer communication etc.  Whatever the type of a 

communication channel, the propagating signal experience channel impairment such as 

signal attenuation, multipath fading, impulse noise etc.  When signal is propagating 
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from sending end to receiving end through communication channel, normally 

experiences channel impairments such as signal attenuation, multipath fading, noise etc. 

2.4 Modulation scheme for BPLC systems 

Modulation is a conversion of baseband signal into a pass-band signal with the ability to 

transverse through a communication channel.  It can be a single carrier or a multicarrier 

modulation technique.  Normally single carrier modulations are easily affected by 

multipath and Inter-symbol Interference (ISI). 

Suitable modulation technique should provide low bit error rate (BER) at low received 

signal to noise ratio (SNR). Also suitable modulation scheme should be spectral 

efficiency, which means that many symbols can be packed in a relatively small band of 

frequency, this will also reduce circuit complexity and implementation cost. Generally 

the performance of a modulation technique is measured in terms of its power and 

bandwidth efficiencies. 

Multicarrier modulation is a suitable modulation technique for multipath channel like 

power-line.  In multicarrier systems, data streams are divided into multiple sub-channels 

centered at different subcarrier frequencies. In order to reduce ISI between sub 

channels, the symbol time on each sub-channel is made much larger than the delay 

spread of the channel. This scenario is the same as making the data bits passing 

thorough a sub channel to have a bandwidth less than the coherence bandwidth of the 

sub channel (Hykin, 2004). 
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For a system which is linearly modulated with data rate R and pass-band B, the 

coherence bandwidth for the channel is assumed to be Bc˂B, so the signal transmitted 

will experience frequency selective fading.   In multicarrier systems, a wideband system 

is divided into N linearly modulated subsystems in parallel.  Each sub-channel has 

bandwidth, BN=B/N and data rate RN=R/N.  For N being very large, the sub-channel 

bandwidth BN=B/N˂˂Bc.  in time domain, the symbol time TN of modulated signal in 

each sub-channel is proportional to the sub channel bandwidth  1/BN, so BN˂˂Bc 

implies that TN≈1/BN˃1/B≈ Tm where Tm denotes the delay spread of the channel. 

Therefore for large N, the symbol time is much bigger than the delay spread, so each 

sub-channel experiences little ISI degradation (Goldsmith, 2005). 

2.4.1 Orthogonal frequency division multiplexing   (OFDM) 

OFDM is one of most popular multicarrier modulation technique.  Its application in 

modern communication systems had started early in 1950s and the first deployment was 

in military radio links.  Currently this technique is used in high-speed DSL modems 

over copper-based telephone access lines.  Apart from that, this technique has also 

being standardized as a part of the IEEE 802.11g and IEEE 802.11a for high bit rate of 

about 54Mbps, data transmission over wireless LAN (WLANs) (Schwartz, 2005). 

OFDM divides a large channel into many sub-channels or subcarriers, and create 

multiple symbols to be sent in parallel. OFDM technique has shown some 

characteristics which are attractive for modulation techniques.  It has shown a great 

spectral efficiency which means that many symbols may be closely packed into small 

frequency bands without undergoing interference. Also it is implementation is 
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considerably simple and it has been found to be robust to frequency-selective 

distortions. Some of power line technologies have adopted OFDM as a modulation 

scheme for their implementation, for example of home-plug PL alliance (Anatory et al, 

2009). 

Figures 2.3 and 2.4 illustrate the configuration of OFDM system.  The high speed data 

is fed into a channel coder where the data are being coded for error detection and 

correction at the receiver, and then interleaving and mapping follows.  After that 

process the data are distributed into parallel data streams in several channels which are 

transmitted with low speed compared to the serial data which are in high speed.  As the 

number of parallel channel increases, the sub channel data speed decreases as well.  The 

data transmitted by each sub channel is modulated by either M-ary phase shift keying 

(MPSK) or M-ary QAM (M-QAM) modulation scheme.  The output of serial to parallel 

converter is then fed into an Inverse Fast Fourier Transform (IFFT) circuit and then the 

OFDM signal is generated (Prasad, 2004). 

Since the power-line is a multipath environment, to reduce the effects of inter symbol 

interference (ISI), the guard interval signal is fed into the OFDM signal and afterwards 

goes through power line communication (PLC) channel.  Thereafter, a channel noises 

are added into the signal which contribute to the distortion of the signal. The received 

signal arrives while being attenuated with the combination of delayed version of the 

original signal. The receiver removes first the guard interval signal and the First Fourier 

Transform (FFT) circuit maintains signals orthogonality so that inter channel 

interference is being prevented.  The data in FFT are parallel therefore they are passed 
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through a parallel to serial converter circuit before being fed into an estimator for data 

demodulation. In general, the received signal is a linear combination of several 

transmitted signal s (t). The expression for the received signal is shown in (2.4.1) with 

parameters hi(t),τi(t),sl and z(t)  being  the complex attenuation factor for the received 

signal path i, time delay of path i, equivalent low pass of the OFDM transmitted signal 

and noise in power-line networks respectively (Anatory et al, 2010).  

Figure 2. 3 : Transmitter for OFDM system with power-line channel and noise 

Figure  2. 4: Receiver for OFDM system with power-line channel 
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From Figures 2.3 and 2.4, the parameters are defined as follows: 

do=e-j2πfot,  d1=e-j2πf1t , dN-1=e-j2πfN-1t ,  dN-2=e-j2πfN-2t    and   D(t)=  
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T=NTs >>Tm=1/Bm                        (2.4.3) 

In a high data rate transmission, the OFDM block duration must be longer than the 

channel maximum delay spread Tm so as to avoid inter symbol interference (ISI) where 

N is the number of multi-carriers.  The parameter Bm is the power-line channel 

coherence bandwidth.  The channel impulse response of the power-line is given as 

shown in equation (2.4.4) 
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The expansion of impulse response in equation (2.4.4) results into an expanded form as 

shown in equation (2.4.5). 

0 1 1 2 2 3 3 1 1( ; ) ( ) ( ) ( ) ( ) .... ( )L Lh t h t h t h t h t h t                                   (2.4.5) 
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The equation (2.4.6) is a discrete impulse response of a channel which can be used to 

get corresponding power-line sub-channel responses of N multi-carriers. 

The OFDM sub carrier may be implemented by using binary phase shift keying (BPSK) 

or quadrature phase shift keying (QPSK) or M-ary quadrature amplitude modulation 

(M-QAM).  The performance of BER of power-line channel under OFDM transmission 

techniques using BPSK, QPSK and M-QAM is given by equations (2.4.7) through 

(2.4.9) respectively. The parameters Eb, Nm, Hk and N represent the energy signal, noise 

power, sub channel response and number of sub channels respectively.  The parameters 

TN and Tguard are the information time and guard time 
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N guard

Ta =
T +T                   (2.4.10)

 

2.4.2 Spread spectrum modulation 

The spread spectrum is a modulation technique which is applied to digital 

communication systems to modulate information signal by increasing the transmission 

bandwidth in excess, compared to the message signal.  If Rs is the rate of the message 
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signal with a pulse width of T=1/R, and the spreading is transmitted at the rate Rc, then 

the increase in data rate is given as   Rc/R.  The spreading transmitted rate Rc is known 

as the chip rate.  There are many transmission techniques which transmit information 

data by using high bandwidth that the minimum required bandwidth.  For instance 

coding and frequency modulation techniques but yet they do not fall into the group of 

spread spectrum modulation. For a transmission technique to qualify for being spread 

spectrum modulation scheme, the following three properties must be fulfilled (Gordon, 

2002) and (Goldsmith, 2005). 

i. The transmitted signal must occupy much higher bandwidth than the 

minimum required for data signal. 

ii. The spreading code must modulate the information, and the code must be 

independent of the data signal. 

iii. The dispreading at the receiver is performed by correlating the received 

signal with a synchronized copy of the spreading code. 

Since the power line is a multipath channel with a coherence bandwidth Bm and the 

channel impulse response h(τ:t) as shown in (2.4.16). The parameter fc is the central 

frequency, Ai(t) and τi(t) are the attenuation coefficient and path delay of path i 

respectively. The received direct spread sequence signal can be expressed as in equation 

(2.4.11) 
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The output of the BPSK correlation receiver can also be approximated by equation 

(2.4.11) whereby the parameter zn is a complex noise component in the power line 

channel, Eb is a signal energy, and it has zero mean and the variance is given by 

(2.4.12).  Ts and Rb are the symbol duration and information symbol rate respectively.  

By assuming that a power line is a fading channel, each path is Rayleigh distributed 

with probability density function in (2.4.13). The average BER of a direct sequence 

spread spectrum signal with coherent BPSK is (2.4.14).   
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2.4.3 Multi-carrier spread spectrum modulation  

This modulation technique is a combination of direct sequence spread spectrum and 

OFDM modulation schemes. The information symbol is spread over different 

frequencies by transmitting each chip over different frequencies. The baseband 

modulation technique can be either PSK, QAM or PAM. MC-SS has high capability of 

combating multipath effects of channels since it employs OFDM techniques (Hara and 

Prasad, 1997).  If the power-line channel impulse response of hi(t) and τi the time delay 
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of path i, the multipath spread spectrum received signal can be expressed as in equation 

(2.4.15). 
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                          (2.4.15)
 

In (2.4.15) the parameters s(t) and z(t) are the transmitted signal and noise in power-line 

channel respectively.  If the guard interval is larger than the maximum delay spread of a 

power line channel, the output sample of a correlated receiver can be generalized as in 

(2.4.16). 

( ) ( ) ( )k k k ky n H n s n c z    where  0,1...., 1k N  ,             (2.4.16) 

The parameter s(n) in (2.4.16) is the baseband modulated symbol during the nth  symbol 

interval, Hk(n) is a sampled power line channel transfer function at sub carrier k and 

kc is spreading factor  (Anatory et al, 2010).  
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                (2.4.17) 

The optimum signal dispreading is obtained as shown in equation (2.4.18) which is later 

expanded as in equation (2.4.19). The reason to dispread and expand the signal equation 

is obtain directly the SNR per symbol from (2.4.19). The final SNR can be viewed in 

(2.4.20) which is useful information in determining BER of a BPLC system. 

* *( ) ( ) ( )k k ky n H n c y n                (2.4.18) 
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The performance of MC-SS in power-line channel can be given by mathematically by 

(2.4.21), and it shows the BER against signal to noise ratio.  The parameters Es, Nm, Hk 

and N represent the energy of the signal, noise power, sub-channel response and number 

of sub-carriers respectively. 
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2.5 Channel coding 

Channel coding is a technique that can either detect or correct errors introduced by 

transmission of a modulated signal through a power line channel.   This technique can 

be considered as shifting signal constellation points in a higher-dimensional signaling 

space that is needed for correct symbol detection at the receiver. The process is 

achieved by adding redundancy in the coded bit sequence, which is exploited at the 

receiver to improve the robustness to noise (Lee, 2000) 

The main theme in the application of channel coding technique is to get rid of 

transmission error in terms of bit or block error  probability that may be caused by 
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channel impairment like channel noise and multipath phenomenon.  The bit error 

probability Pb for a coded channel is the probability that a bit is decoded in error and the 

block error probability Pbl also called packet error rate is the probability that one or 

more bits in a block of coded bits is decoded in error  (Goldsmith, 2005).  Block error 

probability is used for packet data transmission system whereby bit are encoded and 

transmitted in blocks.  The improvement resulted in signal energy to noise ratio after the 

application of channel coding is known as the code gain.  The code has to be designed 

in order to fit the environment through which it is going to operate. A code may 

perform well at the expense of another resource.  The following resources are compared 

in designing an optimal code depending on the channel behavior and what is required:  

i. For a given modulation scheme, coded system results in better error 

performance (less) compared to uncoded system for the same  Eb/N0: In this 

case the cost of improvement is the increased transmission bandwidth and 

receiver complexity. 

ii. In another system, for a given modulation scheme, coded system results in 

the same error performance as that of uncoded system for less Eb/N0 (or less 

power). The cost of improvement in this time is the increased bandwidth of 

transmission and receiver complexity. 

iii. The reduction in Eb/N0 for coded system can be translated to increased data 

rate for fixed power P 

Note that          
0 0

b

b

E P
N R N
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The cost of improvement is the increased transmission bandwidth and receiver 

complexity.  The two error correction techniques are grouped into Automatic Repeat 

Request (ARQ) and Forward Error Correction (FEC) 

2.6 Automatic repeat request (ARQ) 

This type of error control coding can be used for detection of errors at the receiver. The 

receiver repeatedly request re-transmissions until no errors are detected.  This technique 

require an addition channel for sending acknowledgement to the sender after receiving 

acknowledgement  information message (ACK) or its failure to receive an information 

(NACK) packet.  In case the transmitter receives NACK, it retransmits the previous sent 

packets. The choice of ARQ technique normally depends on the trade-off between the 

requirements for the efficiency of the transmission system to be implemented.  The 

advantages of ARQ are that error detection requires much simpler decoding equipment 

and much less redundancy that does error correction.  Also in ARQ, information is 

retransmitted only when errors occur (Sklar, 2002). 

2.7 Forward error correction (FEC) 

Error control coding can also be used for error correction whereby the receiver detects 

and corrects errors by employing redundant bits. It employs simple connection 

compared to ARQ. Error correcting codes are classified into block codes and 

convolution codes. 
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2.7.1 Block codes  

The (n ,k) block encoder accepts information in successive k-bit blocks and adds n-k 

redundant bits that are related to k message bits to generate an encoded block of n bits, 

where n>k.  The n-bit block is called codeword and n is the block length of the code. 

The block encoder produces bits at the channel data rate Rc=Rb(n/k) bits/sec, where Rb 

is the message bit rate.  The ratio k/n is the code rate. At the transmitting end, the 

information bit stream is grouped into blocks of k bits by the channel encoder.  Each 

block is encoded to a larger block of n channel bits. The coded bits are modulated and 

sent over channel. The reverse procedure is done at the receiver.  Examples of block 

codes which could be applied in power-line channels are Hamming codes, Hadamard 

codes, Golay codes, cyclic codes, Bose-Chaudhuri-Hocquenghen (BCH) codes and 

Reed-Solomon codes (Anatory, 2010). 

2.7.2 Error detection and correcting capability of a block code 

The error detection and correcting capability of a code may be looked at by first having 

knowledge on a code structure. Important issue to understand in block codes are 

Hamming weight denoted as w (U), Hamming distance d (U), error detection capability 

and error correcting capability, t. 

The hamming weight of a code U is defined as the number of nonzero elements in U, 

where as Hamming distance between two codeword U and V denoted as d (U, V) is 

defined as the number of elements in which they differ. The minimum distance of a 

code denoted as dmin gives the measure of the code’s minimum capability and therefore 

characterizes codes strength (sklar, 2002). 
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The work of decoder after it has received the vector r, is to estimate the transmitted 

codeword Ui. The optimal decoder strategy is expressed in terms of the minimum 

likelihood algorithm as shown in (2.7.1). 

Decide in favor of Ui if 

( / ) max ( / )i jP r U P r U    over all Uj                           ( 2.7.1) 

Since the likelihood of Ui with respect to r is inversely proportional to the distance 

between  r and Ui , the expression can be written as : 

Decide in favor of Ui if  

( / ) max ( / )i jd r U d r U  over all Uj                      (2.7.2) 

The decoder determines the distance between r and each of the possible transmitted 

codewords Uj and selects the nearest code close to Ui. this means that: 

( / ) ( / )i jd r U d r U                   (2.7.3) 

For i, j=1 ….M and i≠j where M=2k is the size of codeword set. 

The error correcting capability, t of a code is defined as the maximum number of 

guaranteed correctable error per codeword, and is given as in equation (2.7.4) 

min 1
2

dt     
                    (2.7.4) 

A t errors correcting block code is used strictly for errors correction on a channel with 

transition probability P, the message error probability ,Pm that a decoder does an 
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erroneous decoding ,and that the n-bit block is in error can be calculated using the 

equation (2.8.5) as an upper bound. 
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                 (2.7.5) 

The upper bound becomes equality when the decoder corrects all combination of errors 

(sklar, 2002) but no combination of errors greater than t. Such decoders are called 

bounded distance decoders. The decoded bit error probability PB is approximated as 

equation (2.8.6) describes. 
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                  (2.7.6) 

2.7.3 Well known block codes 

Hamming codes are class of important and simple block codes. Their structure is also 

simple and can be represented by the following property. 

( , ) (2 1,2 1 )m mn m m     where m=2,3…              (2.7.7) 

Number of parity bits n k m  .For perfect codes they can correct up to t errors, if and 

only if the property shown in equation (2.8.8) is met. 

min 1
2

dt     
                   (2.7.8) 

 where dmin is the minimum distance of a code. 
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Hamming codes have minimum distance of 3 and therefore they are capable of 

correcting single errors or detecting all combination of two fewer errors within a block 

(Sklar, 2002).  Although Hamming codes are not very powerful, but they belong to a 

very limited class of block codes called perfect codes. For a hard decision decoding, the 

bit error probability is given as 
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                 (2.7.9) 

where  p is the channel symbol error probability  

2.7.4 Bose-Chaudhuri-Hocquenghen (BCH) codes 

BCH codes are a group of Hamming codes which can do multiple error correction. 

They are powerful class of cyclic codes that have a large selection of block length, code 

rates, alphabet sizes and error-correcting capability.   These codes are important because 

at block lengths of a few hundred, BCH codes outperform all other block codes with the 

same block length and code rate. The following are the parameters which differentiate 

BCH codes from other Hamming codes (Sklar, 2002). 

Block length:    2 1mn                 (2.7.10) 

Number of message bits:  k n mt                (2.7.11) 

Minimum distance:   min 2 1d t               (2.7.12) 

Each BCH code is a t-error correcting code in that it can detect and correct up to t- 

random errors per codeword (Foerster et al, 2002). 
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2.7.5 Reed-Solomon codes 

The Reed-Solomon codes are an important subclass of non-binary BCH codes.  The 

encoder of RS code operates on multiple bits rather than individual bits. An RS (n, k) 

code is used to encode m-bits symbols into blocks consisting of 2 1mn   symbols, 

which means m (2m-1) bits where m≥2. For many conventional RS (n, k) codes, they 

have a property shown in (2.8.13). 

( , ) (2 1,2 1 2 )m mn k t                   (2.7.13) 

where t is the correcting capability of the code, and n-k=2t is the number of parity 

symbols.  Reed-Solomon code achieves the largest possible code minimum distance for 

any linear code with the same encoder input and output block length.  In case of non-

binary codes, the distance between two code-words is defined as the number of symbols 

in which the sequence differs. For RS   dmin=n-k+1, the code is capable of correcting 

any combination of t or fewer errors, where t is given as   

min 1
2 2

d n kt                           (2.7.14)
 

Simultaneous error correction and erasure correction capability of RS code can be 

achieved if the following requirements are being fulfilled. 

min2 d n k                      (2.7.15) 

 is the number of symbol error patterns, that can be corrected, and  is number of 

symbols erasure that can be corrected . 
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The RS codes are especially useful for burst-error correction. Errors of this nature 

dominate in Power line channels due to random change of channel impedance by 

connection of various loads in the network. Also switching of various devices 

connected to the power-line network causes this kind on noise.  For the RS code as 

many as two information symbols can be added to an RS code of length n, without 

affecting its minimum distance. 

The RS decoded symbol error probability, PE in terms of channel symbol error 

probability,  p can be given as follows 

 2 1 2 1

1
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m m
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j t
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                 (2.7.16) 

where  t is the symbol-error correcting capability of the code, and the symbols are made 

up of m- bits each. The bit error rate probability for orthogonal modulation scheme is 

upper bounded by the equation (2.7.17) converted from channel error to bit error. 
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                  (2.7.17)

 

RS codes perform well in burst noise because its decoder replaces the error symbol even 

if it is only one bit is affected and received in error while other bits in a block are 

correct. Also it allows interleaving of binary codes (Sklar, 2002). 

2.7.6 Low density parity check code (LDPC) 

LDPC codes were first introduced by Galleger in 1962. The codes were neglected for 

nearly 35 years. These are block codes with very sparse (small density ‘one’) parity 
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check matrix. The properties of those codes can be summarized as follows. The number 

of ‘ones’ of each row and columns are constant (because of this property Gallager codes 

as now classified as regular LDPC codes) but small compared to the entire matrix and 

the number of ‘ones’ in common between any two columns or two rows are small, 

preferably one.  This last property allows for iterative decoding to converge to or close 

to the Shannon limit and provides for the minimum distance.  There are two different 

methods to represent LDPC codes.  Like all linear block codes, they can be described 

via matrices as well as via graphical representation (Gallager, 1963).   

2.7.6.1 Matrix representation 

 The matrix represented in equation below is a parity check matrix with dimension 

( )n m for (8 4) code.  Two numbers defining   these matrices are wr for the number 

of 1’s in each row and wc for the columns.  For a matrix to be called low-density the 

two conditions must wc n  and wr m  must be satisfied.  To achieve this, the 

parity check matrix should usually be very large.  For that fact, the matrix under study 

doesn’t really qualify to be called low-density (Hsu et al, 2007). 

0 1 0 1 0 0 1
1 1 1 0 1 0 0
0 0 1 0 1 1 1
1 0 0 1 0 1 0

H

 
 
 
 
 
 

              (2.7.18) 
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2.7.6.2 Graphical representation 

Tanner introduced an effective graphical representation for LDPC Tanner codes.  

Tanner graphs are bipartite graphs.  That means the nodes of the graphs are separated 

into two different types.  The two types of nodes in Tanner graphs are called variable 

node (v-nodes) and check nodes (c-node). Figure 2.5 shows an example of Tanner 

graph and represent the same code as the matrix in (2.7.18).  The creation of such a 

graph is rather straight forward.  It consists of m check nodes (the number of parity bits) 

and n variables (the bits in a codeword). Check node if   is connected to variable node cj 

if the element ijh  of H is 1. 

 

 

Figure 2. 5: Tanner graphs corresponding to the parity check matrix in (2.7.18).  
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2.7.6.3 Regular and irregular LDPC codes 

A LDPC code is called regular if cw  is constant for every column and .( / )r cw w n m is 

also constant for every row. The matrix equation (2.7.18) is regular with 

2cw  and 4rw  .   It is also possible to see the regularity of this code while looking at 

graphical representation.  There is the number of incoming edges for every v-node and 

also for all c-nodes.  If  H  is low density but the numbers of 1’s in each row or column 

aren’t constant the code is called an irregular LDPC code (Gallager, 1963). 

2.7.6.4 Decoding LDPC codes based on hard-decision decoding 

The algorithm used to decode LDPC codes was discovered independently several times 

and therefore comes in different names. The most common ones are the belief 

propagation algorithm (BPA), the message passing algorithm (MPA) and the sum-

product algorithm (SPA). 

In order to explain the algorithm, a very simple variant which works with a hard 

decision is introduced.  The algorithm has been explained on the basis of a code in 

equation (2.7.18) and figure (2.5).  An error free received codeword would be 

 1 0 0 1 0 1 0 1c   with an assumption that a received codeword have an 

error bit 1c flipped to 1 

1. In the first step all v-nodes ic  send a “message” to their c-nodes jf containing the 

bit they believe to be correct one for them. At this stage the only information a v-

node ic  has, is the corresponding received i-th bit of c, iy .That means if 0c sends a 
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message containing 1 to 1f  and 3f ,node 1c  sends messages containing  1 1y  to 0f  

and 1f  and so on. 

Table 2. 1: overview over message received and sent by the c-nodes in step 2 of the 
message passing algorithm 

c-node receive/sent

f0

f1

f2

f3

received:

sent:
received:

received:

received:

sent:

sent:

sent:

c1 1 c3 c4 c71 0 1

0 1
1 1
c1 0 c3 c4 0 c7

0 1c0 0 c1 c2 0 c5

c0 c1 c2 0 c5 1

0
0 0c0 1 c5 c6 1 c7

c6 0 c7c2 c5 1 1

1

1 0c0 1 c3 c6

c4 0 c6c0 c3 1 0

c4 0
 

2. In the second step every check nodes jf calculate a response to every connected 

variable node. The response message contains the bit that jf  believes to be correct 

one for this v-node ic  assuming that the other v-nodes connected to jf are correct. 

In other words every c-node jf is connected to 4 v-nodes. So a c-node jf  looks at 

the message received from three v-nodes and calculate the bit that the fourth v-node 

should have in order to fulfill the parity check equation. Table 2.1 gives the 

overview of this step.  This might also be the point at which the decoding algorithm 

terminates. This will be the case if all check equations are fulfilled. The whole 

algorithm contains a loop, so other possibility to stop would be a threshold for 

amount of loops. 
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3. Next step: the v-nodes receive the messages from the check nodes and use this 

additional information to decide if their originally received bit is OK. A simple way 

to do this is a majority vote. When coming back figure 2.5 it means that each v-node 

has three sources of information concerning its bit. The original bit received and two 

suggestions from the check nodes. Table 2.2 illustrates this step. Now the v-nodes 

can send another message with their (hard) decision for the correct value to the 

check nodes 

4. Go to step 2 

In this case, the second execution of step 2 would terminate the decoding process 

since 1c  has voted for 0 in the last step. This corrects the transmission error and all 

check equations are now satisfied (Futaki and Ohtsuki, 2001). 

Table 2. 2: Step 3 of the described decoding algorithm. The v-nodes use the answer 

messages from the c-nodes to perform a majority vote on the bit value. 
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2.8 Convolution codes 

Convolution codes offer an approach to error control coding basically different from 

that of block codes.  A convolution encoder encodes the entire data stream into a single 

codeword and does not need to segment it into blocks of fixed size.  It generates 

redundant bits by using modulo-2 convolutions, and therefore the name given after the 

operation.  Three parameters specify the formation of convolution codes.  The 

parameters slightly different from block codes are n, k, K where n is the number of 

coded bits, k is the data bits and K is the constraint length of the encoder while the 

encoder has K-1 memory elements. The coding rate is determined by the 

expression c
kR
n

 ; in practice, k=1 is chosen in order to make implantation simple. 

Effective code rate is always less than cR and is given by the (2.8.1). 

( 1)eff
LR

n L K


 
                   (2.8.1) 

where L is the number of data bits. 

The constraint length of a convolution code is expressed in terms of message bits, is 

defined as the number of shifts over which a single message bit can influence the 

encoder output.  A convolution encoder is a finite-state machine, because it has memory 

of past signal.  Normally a finite-state machine only encounters a finite number of 

states.  The state is represented by the contents of the right most K-1 stages of shift 

register, and there are 2K-1 states.  The error correction capabilities of convolution codes 

depend on the distance between codeword sequences. Since convolution codes are 
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linear, the minimum distance between all codeword sequences can be found by 

determining the minimum distance from any sequence. The maximum likelihood 

decoding in convolution codes is normally done by using the Viterbi algorithm which 

reduces the complexity. Besides Viterbi algorithm other decoding algorithm in 

convolution codes are Bahl-Cocke-Jelinek-Raviv algorithm and soft output Viterbi 

algorithm.  Convolution codes are used as inner codes with block coded outer codes to 

form concatenated codes (Anatory, 2010). 

The performance of convolution codes in PLC system can be obtained through 

probability of error (BER).  The probability of an erroneous decoded bit is given as 

shown in equation (2.8.5), and its derivation is shown in (Goldsmith, 2005). 
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In this case the p is the channel error probability and it depends on the modulation 

scheme applied for the transmission. 
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2.9 Concatenated codes 

Concatenation is a way of building long code from the shorter ones for the sake of 

improving performance and reducing complexity.  Concatenated codes consist of a two 

level of coding, an inner code and outer code.  The inner code is usually set to correct 

most of the channel errors, while the outer code have a high rate and reduces the 

probability of errors to the required level by using a concatenated code, a low error rate 

can be achieved with an overall implementation complexity which is less than that 

which would be required by a single coding operation.  The most common concatenated 

code is the one which uses a Viterbi-decoded convolution inner code and a Reed-

Solomon outer code, with interleaving between the two coding steps (Froney, 2002). 

In this technique, the demodulator outputs soft quantized code symbols to the inner 

convolution decoder which in turn output hard quantized code symbols with burst errors 

to the R-S decoder (In a Viterbi-decoder systems, the output errors tend to occur in 

burst).   The outer RS code is formed by m-bits segments of the binary data streams.  

The performance of non-binary R-S code depends only on the number of symbols errors 

in the block.  The code is undistributed by burst errors within an m-bit symbol. That 

means for a certain symbol error the R-S code performance is the same whether the 

symbol error is due to one bit being in error or m bits being in error. However, the 

concatenated system performance is severely degraded by correlated errors among 

successive symbols.  Therefore, interleaving between codes at the symbol level (not the 

one at bit level) is needed. For the integration of concatenated code the review the 

diagram that follow below. The performance of concatenated codes like previous 

discussed codes can be analyzed by looking at the probability of bit error rate.  The total 
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probability of RS accounts for both decoder failure probability and decoder error 

probability where Hk and N are power line channel response and number of sub-carrier 

respectively (Anatory, 2010).  The symbol error probability is by equation (2.9.4) while 

the total probability error of concatenated codes is given by (2.9.5).   
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2.10 Conclusion 

The chapter has explained an overview about power-line and various standards used as 

well as its network structure, the channel model and coding techniques which can be 

used in power-line. Next chapter explains in details the designing parameters used in 

power-line channel model adopted in this work.  It also explains power-line channel 

noise, impulse response, and MC-CDMA modulation technique. Apart from that the 

next chapter provides a methodology used throughout this work to the goals and 

answers for research questions.   
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CHAPTER THREE 

CHANNEL MODEL AND MODULATION TECHNIQUES ADOPTED 

3.1 Introduction 
The performance of channel coding techniques in power line could be studied after the 

following system blocks had been obtained.  The power line channel model is a 

platform through which the study has been undertaken.  The second key issue is the 

modulation scheme which was chosen well in order to counter the effects of ISI which 

causes system degradation in multipath channel like power line channels. Then the 

system designing has to be done while reflecting the criteria of delay spread together 

with modulation scheme.  The block of coding techniques was to be designed and 

applied through the communication system.  The channel coding techniques considered 

in this study are BCH codes, RS codes, Convolution codes, Concatenated codes and 

Low density parity check codes.   After each of the above mentioned blocks have been 

completed, the next step which followed was to simulate in MATLAB software the 

PLC system, and observe the performance of each coding technique. 

The performance of each coding technique was measured by comparing their 

probability of error against signal to noise ratio.  More about the findings have been 

discussed in chapter four by including the performance graph of each coding technique 

applied.  The diagram in figure (3.1) describes the methodology of all steps in the 

process of studying the performance of coding techniques in power-line. 
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Figure 3. 1: Methodology flowchart 

 

3.2 Power-line channel model 
There have been many models which estimate the power line communication.  Hensen 

and Schulz proposed a power line channel model whereby its attenuation was increasing 

with an increase in frequency.  In this channel model multipath effect were not taken 

into consideration (Hensen and Schulz, 2000).  Before Hensen work, there was a better 

work done by (Phillips, 1999). The model derived was called Phillips model which 

included the effects of multipath phenomenon together with complex channel factors 

caused by the transmission and reflection constants.  The transfer function by Phillips 

model is give by (3.2.1). 
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In (3.2.1), N is possible signal flow path,  i  is a signal time delay and i  is a complex 

transmission and reflection factor.  However this model didn’t take into consideration 
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attenuation factor.  The extension of Phillips model was done by Zimmerman and 

Dostert resulted into a well improved power-line channel model (Zimmermann and 

Dostert, 2002).   The improvement were such that each path was characterized by 

weighing factor gi  (product of reflection and transmission factors) , propagation speed 

vp (constant for a given cable) and  path length  di . The attenuation factor is 

characterized by the parameters a0, a1 and k which are found by taking measurement 

from cable.  The transfer function by Zimmerman and Dostert is given by (3.2.2). 

0 1
2

( )

1
( )

i
k

pi

dN j f
va a f d

i
i

H f g e e


 




                (3.2.2)

 

Other researchers continued with an improvement of PLC channel model. The most 

current model which has taken into consideration other parameters which were not 

included in previous model is the Anatory model (Anatory et al, 2009).  The model is 

based on TL method while considering terminal loads, interconnection nodes and 

distance or length of the line. This model has been adopted in this study because it 

reflects the multipath environment which is the reality of Power-line communication 

environment.   The equation (3.2.3) shows the transfer function of the model together 

with the definitions of its parameters. 
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nm nL
nm CnmB Z e                  (3.2.18) 
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mn nL
nnC e                   (3.2.24) 

The parameters CnmZ , mn , nmL  and nL  represents the characteristic impedance of line 

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

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

n respectively.  
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Figure 3. 2:  A power-line network diagram used in this work (Anatory et al, 2009). 

 

Table 2. 3: A table showing length of each lines connecting nodes to power-line 

network as shown in figure 3.2 

Branches No. Length 

1,4,6,7,11,13,26,29,37,45,49 and 50 40m 

14,16,18,21,23,24,31,33,35,39,41,43 and 47 35m 

2,3,5,8,9,10,12,15,17,19,20,22,25,27,28,30,32,34,36,38,40,42,44,46,48 and 51 25m 

 

3.3 Power-line channel noise 

Power line channel suffers from many kind of noises, which fall into colored noise, 

narrowband noise, Periodic impulse asynchronous noise, periodic impulse synchronous 

noise and impulse asynchronous noise (Hransica,   2004).  The impulsive noise consists 
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of periodic impulses which are synchronous with the main frequency and the 

asynchronous impulse noise.   Impulsive noise is the fundamental cause of error burst 

which occurs on the power-line channel.  This kind of noise is caused connected 

electrical device such as transformer, switching on/off of home appliances etc. this kind 

of noise in PLC can be modeled by using Middleton’s class A noise model.  Base on 

this model, the combination of impulsive and background noise is a sequence of iid 

complex random variable with the probability density function (PDF) of class A noise 

as given by equation (3.3.1).  The parameter m is the number of impulsive noises 

sources and is characterized by Poisson distribution with mean parameter A called the 

impulsive index.  is the Gauss impulsive power ratio (GIR) which represents the ratio 

between the variance of Gaussian noise components 2
g and the variance of impulsive 

component 2
m .  The variance of noise 2

z is given by equation (3.3.4).  The power line 

channel and noise models have been adopted and used to investigate the performance of 

medium, indoor and underground cables for power line communication systems 

(Anatory, 2010).  
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In this work, the value of A, GIR and m were chosen to be 0.1, 0.1 and 3 respectively. 

These design parameters were used to add noise variance in power-line channel. 

3.4 Power-line channel impulse response 

Impulse response of a channel is an important parameter in designing a communication 

system. Power-line channel studies have shown that a maximum delay spread occur 

when the channel is terminated either in high or low impedances (Prasad, 2004) and 

(Anatory, 2008).  In this study the power-line channel model adopted is the Anatory et 

al mode. Here the delay spread was estimated at two selected point Z2 and Z10 because 

of their location in different nodes, node 2 and node 10 as located in figure 3.2.  The 

reason of choosing these two different point in a channel is to make sure that the 

performance of channel coding techniques are being observed at multipath effects as 

well as impulsive noise  (Rehman et al,2011), (Fabrizio et al,2011) and (Zimmerman 

and Dostert, 2002). 
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Figure 3. 3: Channel impulse response at terminal Z2 located at a distance of 65m from 

the transmitter as shown in figure 3.2 

 

 

Figure 3. 4: Channel impulse response at terminal Z10 at a distance of 145m from the 

transmitter as illustrated in figure 3.2 
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3.5 Modulation scheme 

Modulation scheme adopted for this work is the MC-CDMA. Some researchers have 

done studies of performance of modulation especially OFDM under PLC (Wells et al, 

2011), (Anatory, 2011) and (Amirshashi et al, 2006). In these studies OFDM was opted 

due to its robustness in multipath effects.  The modulation scheme should have high 

data rate, high spectral efficiency, high power efficiency, robustness to channel 

impairments and low power/cost implementation (Goldsmith, 2005). MC-CDMA is a 

multicarrier modulation technique which takes the advantages of OFDM and those of 

Spread Spectrum which all together improves the noise and multipath resistance in 

power line channels.  In MC-CDMA the pseudo code insures orthogonality between 

signals and therefore to a great extent cancels inter-symbol interference (ISI) effects 

(Schwartz, 2005).  In a multiuser MC-CDMA system, each user k modulates his signal 

with a unique spreading code. When users transmit their signal simultaneously then 

their signal are added in the power line and the interference between users is reduced by 

cross-correlation of spreading codes. 

The sub-channel were modulated by using binary PSK technique, because it is very 

useful in slow-fading channels such as power-line where phase coherence between 

transmitted and received signal can be maintained over a number of information 

symbols.  In MC-CDMA, several users can transmit information signals simultaneously 

over the same channel bandwidth.  Each user’s transmit-receiver pair uses a distinct PN 

code signal to spread-dispread its information signal. At each user’s receiver, signals 

from the other users of the channel appear to be additive broadband interference. MC-
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CDMA like OFDM can provide protection against multipath interference and multiple 

access capability. The advantages of MC-CDMA beyond those of OFDM are anti-

jamming capability, Interference rejection, privacy and low probability of interception.  

3.6 Designing of MC-CDMA power-line communication system 

The power line communication system was designed to be capable of providing 

broadband services. To be able to compete with broadband access technologies such as 

Evolution -Data Optimized (EVDO), the systems design were made to be greater than 

3Mbps.  In multi-carrier systems, the total available transmission bandwidth is divided 

into sub-channels and therefore makes use of available spectrum efficiently for channel 

sharing technique.  A sub-channel modulation technique on MC-CDMA is opted to be a 

binary phase shift modulation (BPSK) with a total bandwidth of 100MHz.  In order to 

overcome the ISI effect, the number of sub-channels N, is made large enough to spread 

the symbol throughout the channel impulse response, by making the symbol time 

greater than the delay spread of the channel.  This is attained by setting the sub-channel 

bandwidth less than the coherence bandwidth.  From PLC channel simulations, the 

channel delay spread was found to be 4us, which means that the coherence bandwidth is 

given by (3.6.1). 
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0.25cB MHz                   (3.6.2) 
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To prevent frequency selective fading, on each sub-channel the total bandwidth was 

made to be less than the coherence bandwidth by a factor of 0.1, this means 0.1 c
B B
N
 , 

where B is the total bandwidth and  cB  is the coherence bandwidth. The number of sub-

channels available in the system is given by (3.6.3)   

100
0.1*0.25

MhzN
Mhz

  = 4000 channels.                 (3.6.3) 

With this number of channels, four thousand users can access the channel at the same 

time, and everyone can be allocated a total bandwidth of about 250 kHz. For easy 

implementation of Fourier and inverse Fourier transforms, the multi carrier number 

must be a power of 2.  For this case N was chosen to be 4096 which is close to the 

actual number of channels, 4000.  Now the CDMA’s symbol duration is given by 

6

4096
100*10N s

NT NT
B

  
                 (3.6.4)

 

40.96NT s                     

The cyclic prefix is a time parameter introduces in multicarrier symbol to cancels the 

channel impairment of inter-symbol interference between neighboring symbols.  

1 * 512
8

N   .  

The guard interval is obtained by having the product of u and symbol time. The guard 

time becomes greater than delay spread time Tm together with symbol time Ts 
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*guard sT T                    (3.6.5) 

                   

 

Sub-channel bandwidth now is given as   

1 1
40.96N
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T s

 
                  (3.6.6)

 

24.41NB kHz                    

And sub-channel data rate is given by equation (3.6.7), where M=2 for BPSK 

modulation scheme for each subcarrier. 
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                    (3.6.7) 

24.41NR kbps                  

Transmission time for each MC-CDMA symbol is 

N ST T T                              (3.6.8) 

40.96 5.12s s                    

40.08 s                              

For every T seconds, (M=2 for BPSK modulation) the system transmit 2log M bits per 

sub-channel. Therefore the data rate becomes
14096* 102.196

40.08
Mbps

s
 . Table 2.4 

shows the discussed designing parameters in a summary form. 

512 5.12
100

s
Mhz
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Table 2. 4: Designing parameters of MC-CDMA system 

No Parameters Value/Modulation/Codes 

1 Total Bandwidth (B) 100Mhz 

2 Coherence Bandwidth (Bc) 250Khz 

3 Number of Channels (N) 4096 

4 Modulation BPSK, MC-CDMA 

5 Spreading codes Walsh Hadamard 

6 MC-CDMA symbol duration (TN) 40.96us 

7 Cyclic prefix 512 

8 Guard interval 5.12us 

9 Sub-channel bandwidth (BN) 24.41kHz 

10 Data rate  (RN) 102.196kbps 

 

 

3.7 Conclusion 
The chapter has described the approach used to attain goals of this work. It has 

described the power-line channel adopted in this work, designing of MC-CDMA system 

as well the methodology flow diagram used to do this study. The following chapter 

explains in details the simulation results of MC-CDMA in power-line channel subjected 

to different coding techniques. The code rates were varied and each code gain was 

observed at their respective SNRs. More details are going to be revealed later. 
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CHAPTER FOUR 

PERFORMANCE EVALUATION OF CODING TECHNIQUES IN 

 POWER-LINE 

4.1 Introduction 

The chapter is about performance evaluation of MC-CDMA in a power-line channel 

and compared with coded MC-CDMA of different coding techniques. The channel 

coding techniques to be applied are BCH codes, Reed-Solomon codes, Convolution 

codes, Concatenated codes and Low density parity check codes. The codes parameters 

are varied to observe the performance of different rates and at each type of channel 

coding, the best performing coding sets are going to be compared at the same coding 

rate. 

4.2 Performance of uncoded MC-CDMA in power-line channel 

The terminal Z10 is at 105m from transmitting node and seems to experience more 

channel impairments due to multipath and signal attenuation causing signal loss of 

about 8dB. Terminal Z2 is at a distance of 65m from the transmitting point illustrated in 

figure 3.2. The loss in SNR between terminal at Z10 and Z2 justifies the fact that a 

propagating signal through power-line experiences multipath fading effect and 

attenuation due to medium properties as well as the length of the channel. Figure 4.1 

shows the performance of uncoded MC-CDMA between described terminals. 
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Figure  4. 1: Performance of uncoded M-CCDMA signal through power-line channel in 

different points Z2 and Z10 located at 65m and 105m respectively from the transmitter as 

shown in Fig 3.2 

 4.3 Performance improvement by BCH codes 

The performance of BCH codes has been studied by observing different code rates by 

fixing the length of block size while varying the input bit message. The code rates 

provided by the choice of block size length and input message bits are 0.9, 0.8 and 0.75 

respectively as shown in the figure 4.2. At code rate of 0.75 the SNR is about 20dB, at 

BER of 10-6 with a code gain of 5.5dB. It has been observed that as rate increases, the 
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coding gain decreases. However at low SNR BCH codes performs below BER of 10-4 

until when SNR reaches a minimum of 21dB for BER of 10-6.    

 

Figure 4. 2: Performance of MC-CDMA in power-line channel under BCH coding 

technique 

4.4 Performance improvement by Reed-Solomon codes 

Figure 4.3 shows the performance of RS codes with the same code rate as those used in 

BCH codes. In this case the coding gain was about 10dB at BER of 10-6, which is an 

improvement of 4.5 dB compared with BCH code performance. At low SNR below 

17dB, RS code performs below BER of 10-6 of which is not appropriate for data 
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communication. Therefore RS code out-performs BCH code according to the 

comparison of BER at 10-6 and SNR required achieving this performance. 

      

Figure 4. 3: Performance of MC-CDMA in power-line channel under RS codes 

4.5 Performance of convolution codes 

The convolution code was applied by using different code rates of 0.75, 0.8 and 0.9; in 

this case the code rate 0.75 seemed to perform well compared to 0.8 and 0.9. However 

the lowest SNR required by this coded rate was about 21 dB just around the level 

required BCH and RS codes to attain a performance of BER 10-6.The maximum coding 

gain was 5.5dB at BER of 10-6. Therefore RS codes still outperform BCH and 

convolution codes in this environment as shown in figure 4.4. 
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Figure 4. 4: Performance of MC-CDMA in power-line channel under convolution codes 
technique 

4.6 Concatenated codes 

The concatenation was done by using convolution codes with viterbi decoding as inner 

code and Reed-Solomon code as an outer code. First the channel code performance was 

done by fixing the rate of RS codes while varying convolution code rate. Secondly 

fixing convolution code rate and varying RS code rate. Figures 4.5 and 4.6 describe the 

performances of concatenated codes. 
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Figure 4. 5: Performance of MC-CDMA in power-line channel under concatenated 

codes technique while convolution code rate is fixed and RS codes made to vary. 

From figure 4.5, the convolution code rate was fixed at 1/3 while the constraint length 

was chosen to 8.  RS code rate used was 0.75, 0.8 and 0.9.It has been observed that the 

concatenated code performs better when the RS code rate was fixed at 0.75, and the 

SNR was 18dB at BER of 10-6. This level was slightly higher than RS code level by 0.5 

dB and coding gain was 6.5 dB. Due to this observation, RS codes have shown to 

perform better that concatenated. However concatenated codes have the ability to 

reduce error rate at low SNR below 18dB at BER of 10-4 while the case is different 

from RS codes.  
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4.7 Low density parity check codes. 

The decoding procedure followed in LDPC code relied on iterative algorithm, the 

Message Passing Algorithm (MPA). According to this algorithm, at each  iteration 

round a message is sent from each bit node to its neighboring check nodes, which is an 

estimation about the exact value of the corresponding codeword bit this node represent. 

The code rates applied to this code are 0.75, 0.8 and 0.9 and it has been observed that a 

greater code gain of about 16dB compared to uncoded MCCDMA performance was 

achieved with code rate of 0.75. This is the best performance compared to other 

discussed coding technique in this work. Figure 4.7 shows the general observation of 

LDPC under power-line channel discussed in this work. 

      

Figure 4. 6: Performance of MC-CDMA in power-line channel under LDPC codes 
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4.8 Performance comparison of coding techniques in power line channel 

The performance evaluation was done by using five channel coding techniques applied 

in MC-CDMA through a power line channel and their SNR were compared with respect 

to their probability of bit error.  The channel coding used are BCH, Reed Solomon, 

convolution code, concatenate code and low density parity check (LDPC) codes.  It has 

been observed that BCH codes achieved code gain of 4.5 dB, RS achieved 10dB, 

Convolution code achieved gain of 5.5 dB, and Concatenated codes achieved code gain 

of 6.5 at the same BER of 10-6. The gain achieved by LDPC codes is about 16dB at the 

same BER of 10-6. Also LDPC code have the good performance at low SNR values 

while contrary to the rest of discussed codes as shown in figure 4.8   

 

Figure 4. 7: Comparison of different channel coding techniques 
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4.9 Conclusion 

This chapter has presented simulation results of five coding techniques in power-line 

channel. It has been observed that RS codes perform well compared to BCH codes, 

Convolution codes, and Concatenated codes. The code gain achieved by RS code is 

10dB at BER of 10-6. However concatenated codes are better that convolution and BCH 

codes. Another issues observed is that, the performance of concatenated codes is 

notable at low values of SNR at a performance of below 10-4 while for BCH, RS and 

Convolution code, the performance may raise up to 10-6  when SNR is at minimum of 

18dB.  Results have shown that LDPC codes outperform all other discussed codes by 

achieving a code gain of 16dB at BER 10-6, while the rest of coding techniques didn’t 

achieve that code gain at the same probability of bit error.   
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CHAPTER FIVE 

SUMMARY, CONCLUSION AND RECOMMENDATION 

5.1 Summary 

Power-line is a promising technology for rural connectivity. This technology has 

potential to accelerate broadband connectivity at cheap investment cost due to the wide 

spread of power-line networks. However power-line channel suffers from multipath 

fading as well as impulsive noises due to abrupt changes of load impedances connected 

to the network. This work has investigated coding techniques which can be applied in 

power-line to improve its performance by using MC-CDMA as modulation scheme. 

The power-line channel model used is based on TL method, and class A noise model 

with parameters A, GIR and m being 0.1, 0.1 and 3 respectively. The coding techniques 

employed in this work are BCH codes, RS codes, Convolution code, Concatenated 

codes as well as LDPC codes.  

5.2 Conclusion 

BCH, Convolution codes, Concatenated and RS codes are bandwidth inefficient 

although puncturing options are available to mitigate this short coming. This however 

come at the expense of/cost of BER performance. RS codes are powerful codes that 

have a high code rate but require a certain amount of SNR before a good performance 

gains are achieved, for this threshold SNR was 17dB. Concatenating   RS with 

Convolution code helps to mitigate this problem but at the expense of more bandwidth.  

LDPC codes have observed to perform best compared to all coding in work. It has 

achieved a coding gain of 16dB at BER of 10-6.  
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5.3 Recommendation 

The results of this work have shown how performance of power-line channel can be 

improved by using channel coding techniques especially with LDPC codes. Coding gain 

of 16dB at BER of 10-6 is a significant performance. However further improvement may 

be achieved by looking at other techniques such as the combination of channel coding 

and filter technology. Therefore as a future work recommendation, the combination of 

filters and coding techniques has a potential of improving performance of power-line 

channel. 
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