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ABSTRACT 

Powerline communication technology capitalises on the existing power networks for communication 

purposes which offer fewer expenses in new connection set ups. This technology has evolved through 

the years, shifting focus from narrowband to broadband and different techniques being employed so 

as to achieve higher bit-rates and more reliable communication over the power lines. Considerable 

research on this important area is therefore ongoing.  The power line's inherent problems are largely 

due to its novel design which is primarily devised for the transmission of electric power and not 

communication signals, moreover, in the broadband range. This possibly explains why a universally 

accepted model for the powerline communication channel has not yet been established.  

 

The work presented here seeks to contribute to the ongoing research of developing a better 

understanding of the presently unpredictable and harsh communication medium. Transmission line 

theory is studied, and then different analytical models selected from different techniques classified as 

parametric and deterministic in frequency and time domain are explored. In addition, low voltage 

distribution network measurements are conducted to ascertain the performance of the powerline as a 

communication channel. 

 

Detailed PLC channel measurements are done, ranging from primary cable parameters to frequency 

and phase responses for different cable lengths and configurations, which are all pivotal in the 

modeling of the powerline communication channel. The coupling and decoupling circuits used for this 

research are also presented. Measurements to outline the effects of cable specifications, length, 

number of branches, and configuration of a powerline network to the performance of the channel are 

also done. This is done over the frequency range of 1-30 MHz following the recommended ETSI 

standards for first generation PLC systems. Results obtained are then compared and validated against 

existing models.  
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CHAPTER 1 

INTRODUCTION 

1.1. Power Line Communication Overview 

Power line communication (PLC) is the transfer of data and voice signals from one communication 

system to another over the electric power delivery network. After generation, electrical power is 

transmitted over the high voltage (44-132kV) transmission lines. It is then distributed over medium 

voltage lines (1-44kV) and then converted for consumer premises in the distribution transformers to 

the low voltage (0-1000V)[1]. PLC is applicable in all the three distribution stages.  

The establishment of PLC focused on the delivery of low speed communication on power lines with 

the pioneering efforts put in place in the early 1920s [2], seeing to the operation of the first carrier 

frequency  systems for telemetry applications over the high voltage lines  in the frequency range of 

15-500 kHz [3]. Ripple carrier signals were later introduced on the medium voltage and low voltage 

networks. The principal drive for PLC was to cater for future load control and to facilitate, from a 

distance, automatic meter reading [4]. The prevalence of the infrastructure for the supply network 

meant that the need for alternative cable links to customer premises was covered, further reducing roll 

out expenses. The increase in the electrical supply networks informed the rapid evolution of the PLC 

technology and the ever increasing demands in the area of communications instigated the power 

supply system to migrate from a pure energy distribution network to a multi service data transmission 

medium, supplying energy, voice and some data services.  

Of the many applications, some are explained below: 

i. Automatic Meter Reading: this is the technology of acquiring data from energy metering 

devices automatically and transferring the same data to a database for analysing and billing 

[5]. 

ii. Smart grid: this is an intelligent electricity network that makes use of an integrated control, 

information and communications technology on the power line supply networks, providing a 

communication path between the generation plants and consumer premises to improve the 

reliability, efficiency and safety of power delivery [6]. 

iii. Transportation systems: The direct current battery power line is used to enable in-vehicle 

communication. Applications comprise of mechatronics-based climate control, door modules 

and immobilizers [7]. 

iv. Home Networking: home entertainment devices having an ethernet port are interconnected by 

the use of PLC to computers and peripherals to share data. PLC adapters are plugged on to 

sockets establishing the ethernet connection through the network wiring.  
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v. Building automation: this is an electric device control system which includes controlling 

lights, heating and fire alarming systems. 

PLC is also known as mains communications, Power line Technology (PLT) and Power Line 

Networking. Broadband PLC enables the implementation of Local Area Networks (LANs) and fast 

internet amongst other applications. The broadband PLT operates in frequencies from 150 kHz to 34 

MHz having a theoretical maximum speed of 200Mbps [8]. Falling within the broadband PLT 

frequency range, the range of interest in this work is 1.6-30 MHz on the low voltage supply network 

following the ETSI standard for 1
st
 generation PLT requirements [9], which propositioned a split at 10 

MHz, where the lower range is for the access domain and the upper range for in-house use. The 

separation in frequency is essential for the coexistence of various indoor systems and PLC access 

systems. Due to the channel response's low pass characteristic of the access domain, frequencies 

above 10 MHz have not been seen to be feasible. The high speed applications for indoor use have 

sufficient bandwidth above 10 MHz as the indoor channel lengths are shorter. 

In physical properties and structure, the low voltage power line network topology diverges 

extensively from conventional media such as coaxial, twisted pair and fiber-optic cables. True to its 

original purpose, the low voltage power line network within a typical in-building structure as in 

Figure 1.1 is optimized for the transmission of high voltages at low frequencies contrary to data 

transmission which necessitates the transmission of low voltage at high frequencies. The 

communication signals therefore suffer some hostile channel parameters.  The three most important 

parameters are noise, impedance mismatch, and attenuation which are frequency, time and location 

variant, this in turn makes PLC modelling and characterization a non trivial task. 

 

A minimal PLC system is illustrated in Figure1.2 where the signal traverses from the transmitter to 

receiver through couplers. The power line channel is mainly characterized in terms of the attenuation 

parameter and the impedance parameter which arises from mismatches in the power line network. The 

noise parameter, which is added to the signal, originates from several sources. Couplers are used to 

block the 230 V, 50 Hz frequency currents so as to protect the connected systems from the mains. 

The development of accurate PLC channel transfer characteristics models is very important as it 

forms the basis for computer simulations which are useful in appropriate system design, and further 

enabling the analysis of the performance of different schemes as well as recognising probable 

difficulties in the development of communication systems in different network configurations and 

loads [10]. 
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Figure 1.1: Typical structure of a PLC in-building network 

 

 

Figure 1.2: Simplified Power Line Communication System 

There is therefore continued research in the characterization of the power line as a communication 

medium. Different techniques which are based on either measurements or theoretical derivations from 

physical parameters, denoted as top-down or empirical models, and bottom-up or deterministic 

models, respectively, are employed. They are either in the frequency domain or time domain which 

relates to the popular multipath environment concept of the power line.  
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The on-going intensive study in broadband power line communications modelling has had researchers 

[11-15] obtaining good results as far as the closeness of their models is to the actual behavior of a 

power line in this usage. In the initial stages of the work, most researchers used empirical models to 

study the behavior of this channel. However, in the recent studies, this communication channel has 

also been treated as a black box employing statistical approaches [16] or from the explicit knowledge 

of the channel [15] deterministically modelled offering a description of its transfer characteristics 

studied up to 30 MHz. A significant contribution to this study is evident in [11] [13] and [15] and all 

the contributing factors towards the characterisation of the power line channel are studied separately 

therein. The model proposed in [12] and refined in [13], has a fair agreement with practical 

measurements and hence most researchers adopt it to facilitate their work.  

Meticulous measurements are required in the investigation of each of the channel parameters and 

subsequent modelling of the same. The behaviour of the channel is better understood by varying 

different components, which in the case of PLC, are: the topology; the cable types; the cable length 

and number of branches; as well as the loads terminating at each end of the network. Once relations of 

the variations of these are obtained, any given network can therefore be sufficiently modelled. The 

current study however does not model noise in the PLC channel but is rather focussed on the other 

PLC components highlighted earlier in this paragraph.  

 

1.2. Research Objectives 

The objectives of this work entail the following; 

1. To study the power line cables of low voltage supply networks and compare the theoretical models 

to measurements, determining the influence of their properties on the characteristics of the PLC 

channel. 

2. To characterize and model the channel through extensive measurements coupled with theoretical 

derivations for different network topologies and load components, as well as drawing relations for the 

variation in channel properties. 

3. To compare different existing models to the measured channel transfer functions as applicable for 

different configurations. 

 

1.3. Methodological Approach 

1. Literature Review – establishing existing theoretical bases of the study, further establishing the 

existing techniques to characterise the medium. 

2. Power line network measurements- by setting up a test bed to measure the channel characteristics 

of the power line under different network topologies and conditions. 
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3. Data analysis – to characterise the data obtained from the measurements, with a view to 

determining the cable coefficients and establishing the relations of different network topologies and 

load conditions. 

4. Comparison and validation of the results obtained with existing models.  

1.4. Significance of the Study 

Accurate approximation of the line parameters, the characteristic impedance, and propagation 

constant, which in turn are used to determine the PLC channel constants, is essential in the channel 

transfer function calculations. Meticulous measurements are required in the investigation of the 

channel parameters and consequent modelling of the same where the behaviour of the channel is 

better understood by varying different components. Once relations of the variations of these are 

obtained, any given network can then be sufficiently modelled. The identification of the notches 

which prevent the use of the correspondent carriers discussed is an important tool which can be used 

in the prediction of the bandwidth of the communication channel. Due to the complexity of models 

found in literature effort is required to provide a model that serves as a general reference channel 

model for a network of the same cable parameters, helping in the design and development of PLC 

communication systems. 

1.5. Thesis Organization 

The rest of the dissertation is organized as follows; 

Chapter two entails the study of the indoor power cables, their characteristics and influence on the 

PLC channel characteristic. Further entailed is the study on the PLC channel characteristics 

determining factors in terms of the impedance mismatches which account for the reflection and 

transmission coefficients, attenuation and noise. 

In Chapter three, different techniques employed in the characterisation and modelling of the PLC 

channel, as well as their advantages and disadvantages are reviewed, a proposed model is presented. 

The investigation of channel parameters calls for exhaustive tests and measurements. The accuracy of 

the measurements is imperative if reliable PLC characterisation and models are to be established. 

Chapter four discusses the measurement methodology used for the extraction of intrinsic line 

parameters for the power line and presents measurement results.  

In Chapter five, the methodology used for obtaining the channel frequency response is discussed. The 

results obtained from the measurements are presented. The relationships between the different 

network topologies and the transfer functions obtained are drawn. These results to an extent demystify 

the unpredictability of the power line network for communication purposes. 

In Chapter six, concluding remarks for the work carried out in this dissertation are presented.  

Recommendations for future work are also presented in the same chapter.  
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CHAPTER TWO 

 

LITERATURE REVIEW 

 

2.1 Introduction  

The accuracy of a power line communications channel model is predominantly reliant on the primary 

parameters and algorithm [11]. In this chapter therefore, we study the characteristics of the channel, in 

terms of the primary parameters of the power  cables, and how they impede a signal passing through, 

to the factors dictating the power line channel behaviour, that is, the different channel parameters 

accounting for the time, frequency and location variant nature of the PLC channel.  

 

2.2 Transmission Line Theory 

2.2.1 Primary Transmission Line Parameters 

The typical low voltage power line for single phase distribution consists of three conducting cores; 

phase, neutral and ground. The cross sectional view of such a power line is shown in Figure 2.1. The 

three conducting cores are the live, neutral and earth conductors. Each is encapsulated in a 

homogenous dielectric jacket and all are further enclosed in an insulating sheath, also made of the 

same dielectric material. The thermoplastic, poly vinyl chloride (PVC), as the dielectric material 

forming the insulating sheath, is the one that is of interest of in this study. 

 

 

Figure 2.1: Cross sectional view of the typical indoor power line cable 

 

There are different closed current paths which may be applied in PLC applications with the use of 

three core power cables. When the live wire is considered as one terminal and the neutral as the other, 

it is regarded as differential mode coupling. When the neutral and live wires are used simultaneously 

to form one terminal and the other terminal formed by the ground conductor, it is regarded as 
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common mode coupling which has a disadvantage of posing a potential danger to customers [17]. In 

this study, differential mode coupling is considered.  

 

The two conductors are approximated as a two wire transmission line. The line is modelled by 

distributed elements as the high frequency wavelengths are comparable to the distances within an 

indoor power line network. The fundamental transverse electro-magnetic (TEM) wave propagation 

principles based on the distributed elements analysis are assumed. When the length of the cable is 

short, that is, its electrical length is less than λ/16 [18] or is less than λ/8[19] where λ is the 

wavelength of the signal, the transmission line analysis becomes unnecessary as at this length the 

voltage and current distribution is considered constant. As a result, determined by the signal 

frequency, the same line may be regarded as either electrically short or long. The signal frequency f 

and the propagation velocity    determine the electrical length as given in Equation 2.1 [20]: 

 

  
  
 

                                                                              

 

The phase velocity in (2.1) is given as [20]: 

 

   
  

√    
                                                                        

Where; 

εr = the dielectric constant 

μr = relative magnetic permeability of the dielectric  

Evaluation of the symmetrical three core indoor cables for high frequency signalling, qualifying the 

assumption of the two wire transmission model is provided by [21]. With the TEM wave 

consideration, the magnetic and electric fields are transversal to the propagating direction and 

orthogonal to each other [22]. As illustrated in Figure 2.2a and 2.2b the differential length x of the 

transmission line is described by distributed line parameters which are theoretically derived by 

electromagnetic field analysis of the transmission line. The electrical characteristics and cross-

sectional dimensions of the transmission line influence these parameters. These differential length 

elements are: 

 

i. R’, which is the resistance per unit length (Ω/m) 

ii. L’, which is the inductance per unit length (H/m) 

iii. G’, which is the conductance per unit length (S/m) 

iv. C’, which is the capacitance per unit length (F/m) 
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Figure 2.2a: Current and voltage definitions in a transmission line 

 

Figure 2.2b: The distributed lumped elements equivalent circuit of the transmission line  

 

At the locations x and x+x, the instantaneous voltages, are designated as        and          

and the instantaneous currents as         and         , respectively. By applying Kirchhoff’s 

voltage and current law, the differential equations describing these voltages and currents, also known 

as the telegraphers equations, are given as[23]: 

 

                                 
       

  
             

       

  
                                                               

                                  
       

  
             

       

  
                                                             

 

The distributed lumped elements parameters are determined by giving consideration to the conducting 

material, dielectrics characteristics and cross sectional dimensions of the cable as shown in Figure 2.3 

as follows: 

 

 

 

x 

v(x,t) 

i(x,t) 

x 

x 

i(x,t) 

   

R'x L'x 

G'x C'x v(x+x,t) 

i(x+x,t) 

v(x,t) 
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Figure 2.3: Cable cross section illustrating cable dimensions 

 

Resistance:  

The skin effect phenomenon, whereby the self-inductance within the conductor causes more current to 

flow near the outer surfaces of the wire causes an increase in the resistance of the cable, which 

heightens with increase in frequency accounting for the cable resistance as [21]: 

    √
      

     

[
 
 
  

  

√(
 
  )

 

   

 

]
 
 
 

                                                  

Where; 

f  = the wave frequency 

εr = the dielectric constant 

μr = relative magnetic permeability of the dielectric 

µ0 =          H/m 

ζc = the electric conductivity of conducting material equal to         S/m. 

r = the radius of the conductor  

D = the separation between conductors  

 

Inductance:  

When considering the two-wire transmission, the inductance L' is as a result of an internal inductance 

(Lin), the skin-effect’s internal impedance’s imaginary part and external (Lex) inductance formed from 

the fields outside the conductor. The inductance per unit length is therefore proportional to the 

magnetic field induced by current flowing on the line and given as [16]: 
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Where; 

f  = the wave frequency 

μr = relative magnetic permeability of the dielectric 

µ0 =          H/m 

r = the radius of the conductor  

D = the separation between conductors. 

 

Capacitance:  

Through the cable’s dielectric occurs a leakage between the conductors and so the capacitance per 

unit length is proportional to the electric field established by a potential difference between the two 

conductors and is determined as [24]: 

 

   
      

       (
 
  

)
                                                                 

Where; 

f  = the wave frequency 

εr = the relative dielectric constant 

ε0 =             F/m 

r = the radius of the conductor  

D = the separation between conductors 

 

Conductance: 

The conductance per unit length is mainly determined by dielectric losses of the insulating material 

between the live and the neutral wires. The following expression holds when the medium is 

considered homogenous [25]: 

                                                                             

Where;   

tan δ = the dissipation factor  

f  = the wave frequency 

 

The skin depth describes the distribution of current on the cross sectional area of the conductor, and is 

given by[26]: 



11 
 

   
 

√       

                                                                       

Where;   

ζc = the conductivity of conducting material equal to         S/m 

μc = the conductors relative permeability 

 

2.2.2 Transmission Line Wave Propagation 

From the lumped element circuit model as illustrated in Figure 2.2a and 2.2b, Equations (2.3) and 

(2.4) can be simplified to (2.10) and (2.11) when considering the steady state condition, with cosine-

based phasors [22] as: 

     

  
                                                                    

 

     

  
                                                                    

 

When further solved simultaneously, (2.10) and (2.11) give the wave equations for V(z) and I(z) as: 

 

      

   
                                                                       

 

      

   
                                                                         

 

Where; 

γ = the frequency variant complex propagation constant given as[27]: 

 

  √                                                                      

 

                                                                             

 

Where; 

α = the attenuation coefficient (Np/m)  

β = the phase coefficient (rad/m) 

ω = the angular frequency. 
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At any position z along the transmission line, the reverse and forward waves are summed and the total 

voltage and total current are found as [28]: 

         
            

                                                                     

         
           

                                                                     

where the wave propagation in the +z direction is represented by the        term, and in the –z 

direction represented by the       term.  

 

2.3      Representation by matrices 

The transmission line is also represented by defining it as a two port circuit describing the outputs and 

inputs by the use of matrices, forming a suitable tool for the channel transfer function calculations 

[29]. These include the scattering and ABCD matrices which are represented by Figures 2.4a and 2.4b 

respectively. 

 

The scattering matrix presents the relation of the terminals incident and reflected waves. The incident 

 

 

Figure 2.4a: The scattering matrix of a 2-port network 

 

 

Figure 2.4b: The ABCD matrix of a 2 port network 
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wave is represented by ai and the reflected wave by bi at the ith port. Mathematically, 

 

                                                                                

 

                                                                               

 

If transmission is considered to be from the source of voltage VS and impedance ZS to the load 

impedance ZL, the transfer function is expressed by [30]: 

 

  
  

  
 

               

                   
                                                    

Where: 

        
        
       

                                                                 

   
     

     
                                                                         

                 
     

     
                                                                        

 

The ABCD matrix gives the relation of the input current and voltage and the output current and 

voltage of the two port network. It is represented by [31]: 

 

[
  

  
]  [

                   
 

  
                

] [
  
  

]                                      

Where:  

γ = the propagation constant of the cable 

l = the length of the cable 

Zc = the characteristic impedance of the cable  

The transfer function of the two port circuit is [28]: 

 

  
  

               
                                                        

The input impedance of the two port circuit is calculated as [32]: 
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2.4 Transmission over Power-Line Communication Channel  

2.4.1  Impedance  

Impedance is a measure of the opposition to current flow in alternating current circuits. The power 

line channel impedance is frequency dependent and varies between several ohms to a few kilo-ohms 

[30]. Since loads with different impedances connected to the network are constantly varying, that is 

being switched on and off, with some being frequency dependent, the PLC channel impedance 

fluctuates according to the combination of all network and load impedances which therefore 

significantly affect the channel characteristics. The different impedance factors to consider in PLC 

channel characterization are sectioned as follows. 

 

2.4.1.1 The Characteristic Impedance 

The transmission line exhibits an intrinsic characteristic impedance Z0, this impedance determines the 

reflection and transmission coefficients at points of discontinuity. From the transmission line theory, 

at any point on an infinite length line as illustrated in Figure 2.5, the ratio of the voltage to the 

corresponding current in a power line cable is a constant (2.25a) which is referred to as the 

characteristic impedance Z0. This is determined from intrinsic line parameters based on the distributed 

element circuit model in Figure 2.2, and is defined in (2.25(b)) [27]. 
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Figure 2.5: A voltage source and an infinitely long transmission line 

 

Loads connected to the PLC network that are not properly matched to the characteristic impedance of 

the given network cable present points of mismatch which in turn cause reflections. 
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I1 I2 I3 In 
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Reflection forms a significant contributor of path loss in the transmission line and is caused by 

discontinuities and impedance mismatch. The standing voltage and current waves produced by 

reflection account for the power losses and the frequency variant nature of the input impedance. This 

is because it dictates the power levels the transmitter is able to deliver to the PLC channel as well as 

the power received by the receiver device. 

 

Change in the type of transmission line, branches connected to transmission line and load impedances 

not equal to the characteristic impedance of the transmission line are examples of points of mismatch.  

The application of the reflection coefficient characteristics are seen in a number of power line 

communication channel models in literature and in the formation of the multipath concept [34]. It is 

therefore imperative that proper calculation of the reflection coefficient is done. 

  

2.4.1.2  Impedance at a termination load  

The characteristic impedance is defined as the ratio of voltage to current, it is given as[28]: 

    
   

 

   
   

    
 

   
                                                                       

For the transmission-line circuit in Figure 2.6, the reflection coefficient of the load is the amplitude of 

reflected voltage to incident voltage, and is expressed as[28]: 

 

    
    

 

    
  

      

      
                                                                    

 

The transmission coefficient T is given by[20]: 

 

                                                                             

 

  
    

     
                                                                     

 

Where: 

 ZL = the termination load  

Z0 = the characteristic impedance of the transmission line 
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Figure 2.6: Illustration of the reflection at a termination load 

 

Using the load reflection coefficient, the following expressions hold [28]: 

 

        
           

                                                           

     
   

 

  
          

                                                           

Where; 

V0
+
 = the incident voltage 

γ = the propagation constant of power line  

z = the distance travelled by the signal. 

 

2.4.1.3  Impedance at a node  

An illustration of the reflection at the point of discontinuity formed by a branching node is given  in 

Figure 2.7. At a branching node, the reflection coefficient is derived by considering the branches as 

forming a parallel connection. Therefore, the total impedance of   branches on the node is [16]: 

 

                                                                          

Where; 

n = the total number of branches extending from the branch, all inclusive. 

 

If the network is formed by the same cable (all cables have the same characteristic impedance), the 

impedance seen by the incident wave is given by [35]: 
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Figure 2.7: Reflection at a branching node 

 

Where; 

n = the total number of branches extending from the branch, all inclusive. 

Z0 = the characteristic impedance of the cables. 

From Equations (2.27a, 2.27b and 2.28a), the reflection and transmission coefficient at the branching 

node are expressed as: 

  
         

         
 

   

 
                                                    

  
 

 
                                                                           

 

2.4.1.4  Input Impedance  

The input impedance is also a key characteristic of the PLC channel. The input impedance seen by a 

device connected to a PLC network varies due to the fact that devices are continuously connected or 

disconnected from the network. It changes with different topologies [36]. It therefore dictates the 

power the transmitting device is able to inject to the PLC channel as well as the power that gets to the 

receiver.  

 

When considering impedance in a power line channel therefore, parameters such as the characteristic 

impedance of the line, the network topology and the impedance of loads connected to the PLC 

network affect the overall impedance. This is seen by the resultant reflections caused at points of 

discontinuity. The reflections are significant as they can limit the distance traversed by the signal 

through the transmission line. 

 

incident wave transmitted wave 

reflected wave 

Z total 
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2.4.2 Signal Attenuation 

Extensive study of the attenuation characteristics of power line cables is found in literature[4, 13, 37]. 

The increase in signal attenuation as frequency and distance increase is one of the principal 

impairments of PLC channels. For the frequency band of interest in the current study, the signal 

attenuation in the channel is mainly due to three factors; resistive losses of conductors, dielectric 

losses of insulation and coupling losses [38]. Radiation losses are not considered a factor. This is 

because they are insignificant within the frequency range of interest (1.6 – 30 MHz), as the conductor 

separation is not a considerable fraction of the wavelength [18]. 

The resistive losses in power lines are caused by the finite conductivity of conductors as it has been 

mentioned earlier. Due to skin effect, the current flows on the surface of the conductor causing an 

increase in resistive losses with increase in frequency.  

The propagation constant (Equation 2.12) can be determined using the condensed expression [39]; 

 

     √                                                          

 

Where; 

   ,   , and    summarise the geometry and material parameters.  

The real part of the propagation constant is the attenuation coefficient. R is proportional to √  and G 

is proportional to   as seen in Equations (2.5) and (2.8) respectively. G is mainly affected by the 

dissipation factor of the insulating material, which points to dielectric losses. 

Dielectric losses occur in the insulation material, and these are expressed by the dissipation factor or 

loss tangent     . Though it is not the only option, Poly Vinyl Chloride (PVC) is normally used in 

insulating low voltage cables. The impediment however is that general dielectric characteristics of 

PVC cannot be defined. This is because it is dependent on temperature, frequency and composition of 

the insulation material. Figure 2.8a and 2.8b show the relationship between the relative dielectric 

constant, frequency and temperature from measurements obtained in [40] for PVC.  

By employing the two conductor transmission line theory, attenuation coefficients are calculated 

using equation 2.14, for different cable cross sections and the different dielectric characteristics given 

in Table 2.1. These are taken from measurements given in [21] and [41]. Figure 2.9 illustrates that the 

dependence of attenuation is rather more on the dielectric and conductor properties than it is to the 

cross sectional area. The colours in the graph are correspondent to Table 2.1. The attenuation 

coefficients relative to frequency are nonlinear; this is due to the dielectric characteristics of the 

insulating material and skin effect. 
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(a) 

 

 

(b) 

Figure 2.8(a) and (b): Measured dielectric characteristics of PVC [40] 

 

Coupling losses are caused by discontinuities. Since the impedances at points of discontinuity are 

frequency dependent, attenuation caused by mismatch is therefore dependent on frequency, topology, 

characteristics of the transmission line and connected loads.  
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Cable type Dimensions Relative dielectric permittivity  Dissipation factor 

VVF 2.5mm2 −0.8802 log10(f) + 8.9964  70k ≤ f ≤ 5MHz 

−3.3333×10−9f + 3.116   5 ≤ f ≤ 35MHz 

 

 

−5.7257 × 10−10f + 0.06, 

for 70k ≤ f ≤ 35MHz  4mm2 

NYM 2.5mm2 -0.88 log(f) + 9.60    1.6 MHz <f < 5MHz 

-3.3333×10−9f + 3.71 5MHz< f <30MHz 

 

 

−5.7257 × 10−10f + 0.075, 

for 1.6MHz≤ f ≤ 30MHz  4mm
2
 

 

Table 2.1 Dielectric constant for different cable types 

 

 

Figure 2.9: Attenuation constant for different geometry and dielectric composition 

 

2.4.3 Noise 

The performance and reliability of the PLC system as stated earlier is affected by noise. Just as the 

transfer function models it is necessary that noise is also accurately characterised. Unlike 

conventional systems, it is not modelled by Additive White Gaussian Noise (AWGN). [42] provides a 

classification of the noise types present in PLC network as: 

1. Impulsive noise which is considered as the most significant, and is mostly generated by 

electrical appliances connected to the network. It is further classified as; 

a. Periodic Impulsive Synchronous to the mains, which is generated by power 

supplies with silicon controlled rectifiers. 
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b. Periodic Impulsive Synchronous to the mains, which is mostly caused by 

switched-mode power supplies. 

c. Asynchronous Impulsive noise which is generated by switching transients. 

2. Narrow-band noise which is mostly in sinusoidal form or modulated signal with various 

origins, and generated by the existence of broadcast waves and spurious instabilities 

caused by appliance with a transmitter or receiver. 

3. Coloured Background noise which is mostly generated by noise sources of low intensity 

and not of the nature of those included above. They are characterised by a power spectral 

density that decreases with frequency. 

 

2.5 Chapter Summary 

In this chapter, factors necessary for the modelling of the power line communication channel were 

studied. We theoretically examined the characteristics of the three core power cables used in low 

voltage networks. The cables are studied with respect to the two conductor transmission line model 

where the distributed elements modelling the power line are defined. Also, the two port circuit model 

of the power line by the use of matrices is studied. The effect of the dielectric material on the 

attenuation coefficients of the power line is considered. The parameters determining the 

characteristics and transfer function of a typical PLC channel were reviewed, showing their 

dependence on the network constituents and the power cable used in forming the PLC channel. 
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CHAPTER THREE 

MODELLING TECHNIQUES FOR THE PLC CHANNEL 

3.1 Introduction  

In the development of new communication systems, the technique chosen for transmission and other 

design parameters is informed by the properties of the channel transfer characteristics and capacity 

offered by the channel [43]. This calls for accurate models that can describe the transmission 

behaviour over the PLC channel with sufficient precision. Several techniques to model transfer 

characteristics of power line channels have been offered in the literature. For these models, 

essentially, the two factors which determine the reliability and accuracy of the model are the 

modelling algorithms and the model parameters. The modelling techniques can be classified into two 

approaches depending on the way the model parameters are obtained; the top-down approach and the 

bottom-up approach [11].  

In the top-down approach, which is also termed as the empirical approach, the model parameters are 

obtained from measurements [12, 34]. Little computation is necessary in this approach and it is easy 

to implement. In contrast, the bottom-up approach computed with a priori methodology begins with 

theoretical derivation of the parameters [11, 14, 15, 44], clearly describing the relationship between 

network performance and the parameters. 

The empirical and deterministic modelling approaches both have their advantages and disadvantages; 

the top-down modelling approach is easy to use as it calls for little computation and is easy to 

implement. The transfer function parameters are extracted from actual measurements of the given 

PLC channel or network. Its main setback however is that it is susceptible to measurement errors and 

cannot be used to reproduce the channel characteristics of a different PLC network. 

The bottom-up modelling approach derives all parameters of transfer function from a theoretical 

basis. For a given channel, it necessitates detailed knowledge of all components and their respective 

characteristics. These details are the topology, lengths of the links, cable properties, and impedance 

values at every given branch termination. The network behaviour in relation to the model parameters 

is therefore clearly defined. Changes in the transfer function are predictable given the changes in the 

network configuration. The characterisation is however affected significantly if the values of some of 

the parameters are not known. Realistically, this approach is time consuming and requires more 

computational efforts. 

The modelling techniques for the PLC channel transfer function are achieved in either time or 

frequency domain depending on the algorithms used. With the time domain, the channel is defined by 

a multipath model where the channel is viewed as a multipath environment. With the frequency 
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domain algorithms, the network is often fragmented and regarded as elements in cascade, defined 

with either transmission or scattering matrices [45].  

In the following Sections of the Chapter, a number of models derived from the two modelling 

approaches are reviewed. 

 

3.2 Top-Down PLC channel modelling 

3.2.1 Echo Model 

In the pioneering work by Phillips [12], the power line channel is considered as a multipath 

environment. The existence of several branches and impedance mismatches that cause multiple 

reflections bring about the multipath nature of the power line channel. When the powerline is 

characterized, each transmitted signal reaches the receiver on a direct path as well as on various other 

paths, which are delayed and mostly attenuated as a result of the reflections at impedance 

discontinuities. The receiver therefore obtains the transmitted signal via   different paths. Figure 3.1 

depicts the implementation of Philipp’s echo model with   paths. 

 

The transfer function for   paths is described by a set of three parameters, given by [12]: 

 

     ∑    
        

 

   

                                                               

 

Where; 

  = the number of signal flow paths 

i = each flow path  

ηi  = the time delay 

 ρi = the complex factor which is the product of transmission and reflection factors. 

 

This complex attenuation factor is given by [12]: 

 

   |  |   
                                                                             

Where:  

        (
      

      
)                                                              
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Figure 3.1 Conceptual sketch of Philipp’s echo model 

 

The transfer function is obtained by a Fourier transformation of the measured impulse response, this 

impulse response is represented as a sum of   Dirac pulses delayed by τi and multiplied by   , and is 

expressed as [46]: 

 

     ∑|  |   
             

 

 

   

                                                           

 

3.2.2 Multipath Model 

Zimmermann and Dostert [13] adapted the echo model in [12,46], and extend it by factoring the 

attenuation of signal as it traverses the network and consider the communication channel, by very few 

relevant parameters as a black box in the frequency range of 500kHz to 20MHz. The multipath 

propagation scenario with frequency selectivity is adopted considering that the signal is not 

transmitted to receiver along a quasi 'line of sight' path, but rather encounters reflections at points of 

discontinuities. These points of discontinuity are presented by, for example, cable joints, different 

cable characteristic impedance, series joints and connection boxes.  They define the channel transfer 

characteristics by a frequency response [13] given as: 

 

     ∑    
        

     

 

   

                                                       

Where; 

   =the number of paths of propagation 

     the weighting factor 

    ,    and exponent k = the attenuation coefficients 
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    = the path length, 

    = the path delay given by the following [13]:  

 

   
  

  
 

  √  
  

                                                                            

Where; 

    =the insulating material's dielectric constant 

    =the speed of light  

di = the length of a path and 

 νp =the propagation speed  

 

To describe the multipath scenario a T node as in Fig 3.2 which is merely a link with one branch 

consisting of elements (1), (2) and (3) which have lengths L1, L2 and L3 and the characteristic 

impedances ZL1, ZL2 and ZL3 respectively, is considered. When points A and C are assumed to be 

matched, ZA = ZL1 and ZC = ZL2, the reflection points are reduced to be at points B and D, with 

reflection coefficients    ,    ,     and the transmission coefficients denoted as    ,    .  

With these assumptions, the link may have an infinite number of propagation paths. Each path i, 

representing the product of the reflection and transmission coefficients along the path, has the 

weighting factor gi. Therefore, after a reasonable number of paths, typically between 5-50 paths [47] 

the weight factor becomes negligible and the model is computed with a finite number of paths.   

From the complex transfer function measurements of the channel, the parameters of equation (3.5) are 

obtained. The factor          
      is considered the attenuation factor, forming the scaling operation 

describing linear path loss. Its parameters are determined therefore from the average magnitude of the 

 

Figure 3.2:  Single multipath signal propagation 
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frequency response where k is predictably between 0.5 and 1[34].  The factor          is considered 

the delay portion. The parameters   ,    as well as the weighting factor gi are obtained from the 

channel's impulse response. The summary of the parameters is given in Table 3.1. 

 

The amplitude of the weighting factor and the delay factors are illustrated in Figure 3.3. These are 

obtained when the frequency response acquired from measurements is converted to time domain. The 

amplitude decreases with increase in delay. This is due to the reduction in signal power as it traverses 

through points of discontinuity as well as the line attenuation. 

 

Parameter Description 

i The path number. The shortest delay being the first path, i=1 

ao,a1 Attenuation coeffients 

k Exponent of the attenuation factor 

gi 

The ith paths complex weighting factor which is a combination of the reflection and 

transmission coefficients in the related path 

di The length of path i 

 i The delay of path i 

 

Table 3.1 Multipath transfer function model parameters  

 

 

Figure 3.3: Graphical representation of a typical Impulse Response for a T-network topology.  
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3.3 Bottom-Up PLC channel modelling  

3.3.1 Multipath Model 

The analytical model by [34] [13] of the PLC Channel transfer function can be reconstructed into a 

deterministic approach. Models proposed by [44] and [48] and several others use this approach. For a 

given number of paths, an estimate of the path attenuation, weighting and delay factor are determined. 

The intrinsic line parameters (the characteristic impedance and propagation constant) are derived prior 

to the calculation of the transfer function shown in (3.7).  

     ∑    
     

 

   

  
     

  
                                                

With the Zimmerman and Dostert analogy, the T node network (Figure 3.2), the reflection and 

transmission coefficients are computed as [48]: 

 

     
   ||       

   ||       
             |   |                                                 

     
      

      
                                                                            

     
   ||       

   ||       
            |   |                                                

 

The backward reflections that occur at points of discontinuity are however assumed to be negligible 

[48]. A disadvantage with this modelling approach is that presenting the paths when the node has 

more than one branch becomes pretty complex. The possible paths and weighting factors for the T 

node are obtained as suggested in Table 3.2. 

Table 3.2 Signal Propagation parameters 

 

 

path no signal direction path length (  ) weighting factor (  ) 

1 A→B →C l1+l2 t1b  

2 A→B →D→B→C l1+2l3 + l2 t1b x r3d x  t3b  

3 … … … 

N A→B → D→B)
N-1→C l1+2(N-1)  l3 + l2 t1b x r3d x( r3d  x r3d )

N-2
t3b  
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3.3.2 Anatory et al. Model 

This model presents developed transfer characteristics of power line channels based on reflection and 

transmission factors, while taking into consideration loads, distances and interconnection nodes [49]. 

For a transmission line with multiple branches at a single node as in Fig. 3.4 where ZS is the source 

impedance, Zn is the characteristic impedance of any terminal with source while VS and ZL are source 

voltage and load impedance respectively, Anatory et al. formulated a generalized transfer function 

denoted by [15]: 

      ∑ ∑                           

  

   

 

   

                                              

 

Where; 

NT, = the total number of branches connected at node B and terminated in any arbitrary load 

N = any branch number, m= any referenced (terminated) load  

M= number of reflections (with total L number of reflections)  

Hmn (f) = transfer function between line n and a referenced load m  

TLM= transmission factor at the referenced load m, respectively 

With these the signal contribution factor αmn is given by:  

        
      

                                                                           

 

Where; 

 ρmn = the reflection factor at node B between line n and the referenced load m 

 γn = the propagation constant of line n that has line length Ln.  

With the exception  at source where ρL1 = ρS is the source reflection factor, all terminal reflection 

factors PLn in general are given by: 

     {
                

                   
                                                               

A further comprehensive case relevant to any line formation of a power line network with a range of 

branches was considered as shown in Fig. 3.5. The transfer function of such a network is denoted by 

(3.14) [50].  

    
    ∑ ∑ ∑                            
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Figure 3.4: Power line network with multiple branches at a single node 

 

 

Figure 3.5: Power-line network with distributed branches 

 

Where; 

          
       

                                                                           

      {
                        

                            
                                                          

 

In (3.14) the parameters used have the same significance as mentioned above , that is, all parameters  

used in (3.11-3.13) are similar to (3.14-3.16), respectively, but with reference node d [49] and: 

   = the total number of distributed nodes 

  = any referenced node (1… MT), 

         = the transfer function from line n to a referenced load m at a referenced node d.  
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3.3.3 Meng et al. Model 

This frequency-domain modelling approach mainly focuses on the type of cable used and the 

impedances at terminations. The  low voltage single phase power cable is modelled as a two 

conductor transmission line to compute the two intrinsic line parameters, the characteristic 

impedance, Z0 and the propagation constant, γ [11]. The low voltage power network is considered as 

an N-branch network as in Figure 3.6, which is subdivided into several cascades of single branch 

channels. The channel transfer function is determined by deriving first the scattering matrix for each 

single-branch network and then the scattering matrix of the whole channel by using the chain-

scattering matrix method. 

 

The topology shown in Fig. 3.7 is used to evaluate the s-parameters of a single-branch network. In 

this derivation, the power line on the direct signal path (excluding the branches) is defined as the path 

line. Line 1 is the path power line with line parameter Zo, γ, Line 2 is the branch power line with line 

parameter Zo, γ, Line 3 is the transmission line with 50𝛺 characteristic impedance. 

 

Where: 

   = the source voltage 

Zs = the source impedance,  

ZL =the load impedance, 

Zb =the load impedance at the branch end. 

Zin1 =the input impedance of the network on the right of the tap,  

Zin2= the input impedance of the branch network,  

Zin =the input impedance of the single branch network. 

Γ2= the reflection coefficient from path end,  

Γ1 =the reflection coefficient from tap point calculated as: 

 

       
       

      
                                                                      

 

     
    ||       

    ||       
                                                                 

 

The parameters S11 and S21 are computed as according to [51]: 
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The S21 parameter is indirectly calculated from: 

       
   

   
    

   

   
   
   
  

                                                             

 

 
   
   

 
    

        
                                                                   

 

 

 

Figure 3.6: The simplified in house power line channel 

 

Figure 3.7: Single-branch network 
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Shifting in reference planes is applied as according to [28] to obtain the ratios: 

 
   

   
  

        
    

     
    

                                                                        

 
   

   
  

        
    

     
    

                                                                        

 

Having calculated the S paramenters for a single branch, calculation for the whole network is done by 

cascading the T-matrices of each branch. Another possible method is the use of flow graphs which is 

not employed here due to its complexity. The T-matrix is given as [48, 51]: 
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The N branch network will have a total T-matrix given by: 

[ ]  ∏[  ]

 

   

                                                                             

Where: 

 Tk = the T-matrix of the k
th
 cascaded element in network.  

Conversion of the total T-matrix is done to obtain the S-matrix of the whole network using the 

following equation: 
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3.3.4 Esmailian et al Model 

In this model, the transfer function of a sample power line channel with a single node is obtained 

using the ABCD matrix. The channel transfer function of multiple networks with a single tap is 

computed first and multiplication of the ABCD matrices is then done. The transfer function for a two 

port circuit is given by Equation 2.23. In the case of the network section consisting of a branch, an 

equivalent impedance Zeq is given by[14]: 
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Where; 

γb = the propagation constant of the branch cable 

lb = the length of the branch cable 

Zb = the characteristic impedance of the branch cable 

Zc = the characteristic impedance of the cable 

The resulting simplified circuit is given by Figure 3.9, where the ABCD matrices for each section are 

formed (Equations 3.29b - 3.29e) and the total circuit ABCD matrix determined by: 

  ∏   
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Where; 

  = characteristic impedance for the second sub-circuit 

  = propagation constants for the second sub-circuit 

   = characteristic impedance for the fourth sub circuit 

   = propagation constants for the fourth sub circuit. 

   = source impedance 

    = equivalent branch impedance 
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Figure 3.8: Transmission line with a single tap representation 

 

Figure 3.9: The circuit equivalent to Figure 3.8 

 

3.4 Proposed Model  

As discussed in the previous chapter, the PLC channel is time and frequency variant and therefore 

tracking the load impedances at multiple branch terminals is cumbersome. To serve as a general 

reference channel model for a network of the same cable parameters, this proposed model will help in 

the design and development of PLC communication systems by considering the extreme cases, that is, 

the short circuit and open circuit branch termination impedances. The characteristic impedance of the 

cable is assumed to be uniform and the source and load impedances at transmitter and receiver 

respectively are known. 

The power line is described as a cascade of series resonant circuits (SRC) by [12], where one series 

resonant circuit connected to a line with impedance Z is represented as in Figure 3.10. The resulting 

amplitude and phase response of each resonant circuit is depicted in Figure 3.11.   

 

The impedance of the frequency dependent resonant circuit ZS is described by: 
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Where:  

R = the series resistance 

L= the series inductance  

C = the series capacitance. 

 

The transfer function for each resonant circuit is given by: 

      
     

       
                                                                          

Where: 

Z = the line impedance. 

An evolutionary strategy is employed by [12] to determine the optimized component parameters of 

the SRC. The model by [52] uses the two conductor transmission line theory unit length parameters as 

given in Equations (2.5 – 2.8). When considering measurement results shown by various literature and 

as shown in the following chapters, the transfer function can be viewed as a cascade of the amplitude 

response for a single SRC, with different resonant frequencies following a certain gradient.  

 

From measurements in the Section 5, a correlation of the notches to the branch properties was 

obtained. The transmission line theory for short circuited and open circuited ends is employed. By 

analysing the input impedance characteristics around a resonant wavelength λr, circuits in Figure 

3.12a and Figure 3.12b behave like a series RLC circuit [53]. We take Figure 3.10 therefore to 

represent our equivalent circuit for the branch line as in Figure 3.9.  

 

For the open circuited end, the length of the cable is in odd multiples of λr/4 and for the short 

circuited end, the length of the cable is in even multiples of λr/2. Table 3.3 summarizes the 

determination of the series RLC parameters [53]. 

 

Each resonant circuit is described by a transfer function Hri(f) and the overall transfer function is given 

as: 

      ∏      

 

   

                                                                              

Where: 

n =the number of series resonant circuits forming the total transfer function  

A = the average path loss factor from transmitter to receiver distance determined by      
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Figure 3.10: The series resonant circuit 

 

 

Figure 3.11: The amplitude and phase response of a series resonant circuit [12] 

 

 

Figure 3.12a and 3.12b: Types of transmission line series resonant circuits 

 

 

 

 

Z 

R 

L 

C 

Vin V
out

 

𝑙  
  𝑛    𝜆𝑟

 
 𝑙  

𝑛𝜆𝑟
 

 

open short 

(a) (b) 



37 
 

 

Resonance 

Quarter wavelength (λr/4) Half wavelength (λr/2) 

Open circuit Short circuit   

R 

 

 
      

 

 
      

L 

   

    

 
   

    

 

C 

 

     

 
 

     

 

Q 

  

  
 

  

  
 

Table 3.3 Series resonance RLC parameters  

Where; 

   = the characteristic impedance of the line 

   = the resonant angular frequency 

  = the attenuation constant of the line 

   = the wavelength at resonance  

   =     

 

3.5 Chapter Summary 

Presented in this chapter are different techniques and tools used to model the PLC channel. The 

demand for accuracy in the derivation of intrinsic line parameters is identified. Bottom-up and Top-

down modelling approaches are studied and their complexities examined. A model based on the 

transmission line theory on series resonance circuit equivalence at quarter and have wavelength is 

proposed and its formulation is explained.  

 

  



38 
 

CHAPTER FOUR 

INTRINSIC POWER LINE PARAMETER EXTRACTION 

 

4.1 Introduction 

Having discussed the modelling techniques, algorithms and parameters used to formulate the power 

line communication channel transfer functions, the calculation of accurate distribution parameters of 

the cables forming the PLC networks is seen to be an important aspect in PLC research. The 

following sections outline the techniques and measurement setups used to obtain the parameters of 

low voltage cables commonly used in building power networks. . The cables used in the carrying out 

of measurements were the Cu        and         Cabtyre flexible PVC cables. 

 

4.2 Line Parameter Extraction Technique 

To obtain the primary line distributed parameters, that is, the unit length resistance, inductance, 

conductance and capacitance, the vector network analyser S11 parameter measurements for a defined 

length are taken. The measured normalized parameter gives the reflection coefficient from which we 

calculate the input impedance. 

  

Considering Figure 4.1, from transmission line theory, the input impedance Zin looking into the 

transmission line terminated by a load Z
L
 at a distance l from the generator end, the input impedance 

     of the transmission line is determined by [54]: 

 

           
             

            
                                                        

 

 

Figure 4.1: The reflection coefficient consideration 

 

 

Z0 

Z
L
 

l 
z 

Z
in

 



39 
 

 If the terminal is short circuited, making ZL equal zero, (4.1) the input impedance      is given by : 

                                                                                                

If the terminal is open circuited making ZL equal to infinity (4.1), then: 

 

                                                                                                 

 

From (4.2) and (4.3), the characteristic impedance is therefore given by [55]: 

 

                √                                                                                

 

And, the propagation constant is determined from [55]: 

 

               
 ⁄         √       ⁄                                              (4.5) 

.  

For each cable, the network analyzer gives an estimate of the reflection coefficient versus the 

measured frequency,  f. From the complex S11 parameter measurements we derive from Equation (4.6) 

the input impedance for series component and input admittance for shunt component as shown in 

(4.7): 

        
        

       
                                                                

      

      
     

                                                                    

                                                                          

Where;  

 Z0 =the reference impedance of the network analyzer port 

   = the measured reflection coefficient 

 

4.3  Measurement Setup 

The aim of the measurements is to obtain the distributed elements unit length values for our cables so 

as to compare them to theoretical results. The ZVL Rohde & Shwarz Vector Network Analyzer was 

used for the measurements after one port calibration. This calibration procedure included three 

standardized loads implementing a 50Ω load, a short and an open circuit, ensuring high precision 

measurements to minimize measurement errors. 
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A. Resistance and Inductance 

To measure these parameters, we short circuit the end of the cable, effectively establishing a 

connection through the series elements R' and L' as illustrated in Figure 4.2a and then the complex 

input impedance is measured. 

 

B. Conductance and Capacitance 

To measure these parameters, we open circuit the end of the cable, which effectively establishes a 

connection through the shunt elements, G and C as illustrated in Figure 4.2b, and then measure the 

complex input impedance. 

 

Apart from obtaining elements R and L from the short circuit ended input impedance and elements G 

and C from the open ended circuit input admittance, from the characteristic impedance and 

propagation constant the elements may be obtained as follows [56]: 

 

                                                                                   

                                                                                   

                                                                               

 

 

Figure 4.2a: Illustration of the short circuit ended measurement 

 

 

Figure 4.2b: Illustration of the open circuit ended measurement 
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Where; 

ω = the angular frequency  

   and   denote the real and imaginary parts respectively 

 

4.4  Line Parameter Measurements Results 

The S parameters measured are used to obtain the cable input impedances for short circuited and open 

circuited ends so as to obtain primary line parameters as discussed in Section 4.2. Presented in Figure 

4.3a and 4.3b for both open circuit and short circuit ended measurements is the input impedance for 

the 4mm
2 
cable used. 

 

 

(a) 

 

(b) 

Figure 4.3: Input impedance of (a) short and (b) open circuit cable end 
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These measurements were obtained using a 99m cable. It can be seen that there are peaks in the lower 

frequencies, but these diminish with increase in frequency. The cable length is comparable to the 

wavelength within the frequency range, and the peaks are due to the cable resonance at the particular 

frequencies. With the cable losses increasing with frequency, at high frequencies, the wave reflected 

back from the point of mismatch is attenuated nearly completely. The primary cable parameters were 

measured from this cable length but followed the measured input impedance trend, that is, oscillations 

in lower frequencies, which die down at higher frequencies. The line under test therefore needs to be 

electrically short. 

  

In order for a line to be electrically short, at the highest frequency it is required that the length of the 

line to be [26]: 

 

  
 

  
  

 

  

  
    

                                                          

 

 Where; 

λ = the wavelength 

  = the propagation velocity 

    = the highest frequency to be measured 

 

The parameter measurements that follow were obtained from a line length following the criterion in 

Equation (4.13). 

 

Directly obtained from the vector network analyzer, for the 3x2.5mm
2 

cabtyre PVC cable, the 

normalized complex S11 parameters for short circuited and open circuited cable ends are shown in 

Figures 4.4a and 4.4b respectively. For the 3x4mm
2 

cabtyre PVC cable, the normalized complex S11 

parameters for short circuited and open circuited ends are as shown in Figures 4.4c and 4.4d 

respectively.  

Figure 4.5a and 4.5b show the capacitance per unit length for the CU 3x4mm
2
and 3x2.5mm

2 
cabtyre 

PVC cables compared to the theoretical model calculation as given in (2.7). Figures 4.6a and 4.6b 

show the inductance per unit length for the 4mm
2
and 2.5mm

2 
cabtyre three core cables compared to 

the theoretical model calculation as given in (2.6). Figures 4.7a and 4.7b show the resistance per unit 

length for the 2.5mm
2 

and 4mm
2 

cabtyre three core cables compared to the theoretical model 

calculation as given in (2.5). Figures 4.8a and 4.8b show the conductance per unit length for the 

2.5mm
2 

and 4mm
2 

cabtyre three core cables compared to the theoretical model calculation as given in 
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(2.8). Figure 4.9a and 4.9b show the characteristic impedance for the 4mm
2
and 2.5mm

2 
cabtyre three 

core cables compared to the theoretical model calculation as given in (2.25b). 

 

 

(a) 

 

 

 

(b) 

Figure 4.4: The 2.5mm
2
 (a) short circuited and (b) open circuited ended cable normalized S11 

parameters 
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(c) 

 

 

(d) 

Figure 4.4: The 4mm
2
 (c) short circuited and (d) open circuited ended cable normalized S11 

parameters 
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Figure 4.5a: The capacitance per unit length for the 2.5mm
 2
 transmission line 

 

 

 

Figure 4.5b: The capacitance per unit length for the 4mm
 2
 transmission line 
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Figure 4.6a: The inductance per unit length for the 2.5mm
 2
 transmission line 

 

 

Figure 4.6b: The inductance per unit length for the 4mm
 2
 transmission line 
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Figure 4.7a: The resistance per unit length for the 2.5mm
 2
 transmission line 

 

 

Figure 4.7b: The resistance per unit length for the 4mm
 2
 transmission line 
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Figure 4.8a: The conductance per unit length for the 2.5mm
 2
 transmission line 

 

 

 

Figure 4.8b: The resistance per unit length for the 4mm
 2
 transmission line 
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 Figure 4.9a: The characteristic impedance for the 2.5mm
 2
 transmission line  

 

 

Figure 4.9b: The characteristic impedance for the 4mm
 2
 transmission line 

 

The root mean square error (RMSE) between the measured and calculated characteristic impedance 

values for the 3x2.5mm
2
 cable is 2.809 and for the 3x4mm

2 
is 3.58. 

 

The measurements show good agreement with the theoretical models. However deviations are noted 

with the resistance and conductance which are dependent on the dielectric material characteristics. 

0

20

40

60

80

100

120

140

160

180

200

0 5 10 15 20 25 30

|Z
o

|(
𝛺

) 

Frequency (MHz) 

2.5mm2 cable 

Calculated

Measured

0

20

40

60

80

100

120

140

160

180

200

0 5 10 15 20 25 30

|Z
o

|(
𝛺

) 

Frequency (MHz) 

4mm2 cable 

Calculated

Measured



50 
 

This shows that the characteristic impedance is mainly dependent on the distributed inductance and 

capacitance parameters of the cable.  For the calculations dielectric characteristics estimates obtained 

by [41] from experiments were used. However the composition of the PVC varies with manufacturers 

and therefore the results vary for the two cases. 

 

4.5 Propagation velocity  

From the measurements an estimate of the proper propagation velocity was obtained and is shown in 

Figure 4.10 compared to the calculated propagation velocity [38] discovered that propagation 

velocities of the electromagnetic wave in measured PVC cables are in the range of 0.57co to 0.66co, 

However, [57] determined that the approximate value of 0.5co is sufficient and our measurements 

agree with his results. 

 

The dielectric constant has much significance on propagation velocity values. The dielectric constant 

is given as [58]: 

 

   (
  
  

)

 

                                                                        

 

The relative dielectric constant of the PVC material of the cable is deduced from measurements and 

its fit is presented in Figure 4.11. 

 

 

Figure 4.10: Propagation velocity 
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Figure 4.11: Dielectric constant fit 

 

 

4.5 The Attenuation Constant Analysis 

Each transmission line is characterized by the characteristic impedance and its propagation constant, 

which are complex, see (2.12). The real part of the propagation constant is the attenuation constant 

which determines the path loss. From the measurements, the attenuation coefficient was deduced and 

the values obtained plotted in Figure 4.12 against the theoretically calculated attenuation coefficient.  

 

The attenuation constant is often expressed as [34]: 

 

        
                                                            (4.15) 

 

From the measured attenuation constant, a fit is generated using the Least Absolute Residual (LAR) 

robust method. The maximum and minimum bounds are then determined. The coefficients obtained 

are given in Table 4.1. The calculated and measured average attenuation constant regression fit show 

a good agreement, with the RMSE between the two being 0.000702. The attained maximum and 

minimum attenuation constant coefficients are used to determine the average path loss bounds for the 

transfer function of the channel of a given length. It is seen that the attenuation coefficient increases 

as a function of frequency. To ascertain on the nonlinearity at frequencies above 8MHz, multiple 

measurements at different cable lengths may be considered and an average obtained in future work. 
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Figure 4.12: The measured and calculated attenuation coefficient for the 2.5mm
2
 cable 

 

Table 4.1 Attenuation constant coefficients 

 

4.6 Chapter Summary 

This chapter entails the line parameter extraction techniques, the measurement setup and results 

obtained for low voltage power cables. From the line parameter results, we conclude that the 

characteristic impedance of the cables under consideration can be modelled with the parameters R' ,L', 

G' and C' given the closeness of the measured values  to the theoretically calculated values. To cater 

for the divergences noted at frequencies less than 400 kHz, several measurements may be done and 

results averaged for future work. The insulation materials and conductor materials are seen to play a 

significant role in the high frequency characteristics of the power cables and therefore need to be 

specified for the PVC material used so as to ensure accurate calculations. The propagation velocity 

and dielectric characteristics for  the particular cables are further deduced from the measurements. 

From the measurements, the attenuation constant coefficients are attained as well as the confidence 

bounds.  
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CHAPTER FIVE 

CHARACTERISING AND MODELLING OF THE PLC CHANNEL 

 

5.1 Introduction 

In Chapter Three, different top-down and bottom up modelling techniques and their theoretical basis 

were discussed. Subsequently, accurate approximation of the line parameters which in turn are used to 

determine the PLC channel constants, the characteristic impedance Z0, and propagation constant γ 

were determined in Chapter Four. These constants are essential in the channel transfer function 

calculations. The test bed set up, extraction techniques and measurement results of the channel 

frequency response for different configurations are discussed in the following subsections. 

 

5.2 Channel Frequency Response Extraction Technique 

5.2.1 Coupling Method and Circuit 

Measuring equipment, in our case, the Vector Network Analyzer, are sensitive and rather expensive. 

What acts as a protection interface between the communications equipment and the power line is a 

power line coupler. When there are either faults or switching transients or there are surges on the 

power line when lightning strikes or even when at nominal operating voltage, the power lines carry 

high levels of energy. Therefore, to minimize risks associated with isolation installation, properly 

designed and tested couplers are imperative [60]. Explicated below is how this was achieved. Figure 

5.1 shows the circuit diagram of the designed coupler to be used for interfacing the measuring 

equipment to the power lines. 

 

 

Figure 5.1: Proposed coupling circuit model 

L 

N  
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A differential mode based passive coupling circuitry has been designed to couple the communication 

signals onto and from the power line. One terminal was connected to the live conductor (L) and the 

other to the neutral conductor (N). Single and parallel capacitors are often used due their capacity to 

block low voltage signals [60][61].This is explained by its frequency varying impedance nature. A 

high voltage capacitor was used. The capacitor also prevents saturation of the coupling transformer 

[62]. 

Between the communication and power line circuitry, the transformer offers galvanic isolation and 

acts as a limiter [63]. Extra protective circuitry is included to the coupler design; the back to back 

zener diodes are included to limit the output level as well as grip fast transient disturbances. A metal 

oxide varistor (MOV) is included for surge protection through its capability to limit overvoltage 

spikes, therefore avoiding damage to the capacitor. 

The network analyser has an input impedance of 50𝛺, the value of the capacitor chosen is10nF.  The 

capacitor was chosen so as to set the low frequency -3dB cut-off, which is determined by [64]: 

     
 

    
                                                                     

Where; 

R = the terminating resistance  

C = the capacitance.  

The transfer function of the coupler is given in Figure 5.2. The -3dB cut off is at 318 kHz as per the 

design specifications. The transfer function of the couplers back to back is given in Figure 5.3. The 

LAD4613 transformer used has a limit frequency of operation of 55MHz according to specifications. 

If the coupler was to be used as a band-pass filter, a series inductor would be added to the leakage 

inductance of the transformer to determine the high frequency –3dB cut-off point, given by [63]: 

 

     
 

   
                                                                  

 

Where; 

R = the terminating resistance, 50Ω 

L = the inductance in series added to the transformer leakage inductance 
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Figure 5.2: The transfer function of the designed coupler 

 

 

Figure 5.3: The transfer function of the couplers back to back 

 

The cable type and its length used to connect the coupler or any device under test to the network 

analyzer will affect the results if not properly matched and offset at the output terminals. The 
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the band of interest.  
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5.2.2 PLC Channel Test Bed Setup 

 

Figure 5.4:  Schematic representation of the PLC channel measurement setup 

 

To measure the transfer function of the different networks and topologies, a setup illustrated in Figure 

5.4 was used. All measurements were carried out using the use of the Rohde & Shwarz ZVL Network 

Analyzer. On sending a signal at one port and receiving it on the other port, accurate measurements of 

S-parameters are obtained. For isolation and protection purposes, the network analyzer is connected to 

power line network through couplers designed as discussed in the previous section and to obtain the 

actual transfer functions of the PLC channel, it was ensured that the coupler behaviour was 

compensated. As opposed to switching off all power supplies and connect the analyser directly, this 

setup is done to best replicate the actual characteristics of the PLC channel. 

Using equation (4.7) where Z0 denotes the equipment's impedance, the power line’s input impedance 

is attained. Different network configurations are tested in a similar manner. 

For the multipath model, a conversion from frequency domain to time domain is required. To achieve 

this, the Inverse Fast Fourier Transform is applied on measured data.  

 

5.3 Channel Frequency  Response Measurement Results 

Two test networks were built in order to explore and characterise the PLC channel under different 

conditions and topology. The networks are constructed using the same cable type. The variations in 

transmission and receiving points forming the different test configurations are shown in Table 5.1. 
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5.3.1 Straight Path Channel 

The frequency response of a direct connection of two different cable sizes (4mm
2
, 2.5mm

2
) measured 

is shown in Figure 5.5. The cables are 99 m in length. The transfer function has significant notches 

above 5 MHz. This is due to the length of the cable appreciating to multiples of the relative quarter 

wavelength. The difference in the average path loss of the two cables, shows that a difference in the 

ratio of the conductor cable core radius to the separation distance will produce a difference in 

attenuation constant, which in turn determines the attenuation profile of the transfer function. 

 

  Transmit Receive 

Network1 Config_1 (1) (3) 

 

 

 

Config_2 (2) (3) 

Config_3 (1) (2) 

Network2 Config_4 (2) (3) 

 Config_5 (1) (3) 

 Config_6 (1) (4) 

 Config_7 (2) (4) 

Table 5.1: The different configuration of the transmission and receiving points for the two 

networks 

 

 

Figure 5.5: The transfer function of different cable cross sectional area sizes 
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5.3.2  One Branch Network 

A live network with a single branch as depicted in Figure 5.6 is tested and the different S-parameters 

were obtained to get the frequency response for different configurations, that is, for different test 

points as given in Table 5.1. The utilization of S-parameters for the characterisation of the power lines 

is discussed in Section 3 of Chapter 2. Shown in Figure 5.7a and 5.7b are the |S11| and |S22| parameters 

for the different configurations of the single branch network, respectively.  

Figure 5.8a shows the channel transfer function and Figure 5.8b shows the phase response for the 

different configurations of the single branch network. For config. 1 and 2 a positive gain is noted for 

frequencies less than 5 MHz. As this is a passive channel this can be attributed to the reflection 

coefficient being non-zero, that is, as the incident and reflected wave pass each other in opposite 

directions, there are points where the voltages of the two waves add to produce a voltage higher than 

that of the incident wave because the two are in phase with each other at this points. This is the 

standing wave pattern which appears in transmission lines which are mismatched or terminated in 

impedances other than the characteristic impedance[65]. 

The typical features of the channel transfer functions are notches at different points and the low pass 

filter characteristic. To determine the average path loss for the different configurations, the least 

squares method is used and the logarithmic regression estimates are determined. Although there is a 

marginal difference in the average path loss for the three configurations, the gradient is seen to be 

slightly larger with the increase in the distance from the transmitting end to the receiving end. The 

phase responses show distortion at frequencies where notches in the transfer function are found. 

Unless stated, the branch terminals are open circuit ended. 

 

 

Figure 5.6: The one branch network (Network 1) 
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(3) 
14m 

10m 
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Figure 5.7a: The S11 parameters for different configuration of the one branch network 

 

 

Figure 5.7b: The S22 parameters for different configuration of the one branch network 
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Figure 5.8a: The transfer function for different configurations with one branch and total 

network length 

 

 

Figure 5.8b: The Phase response for different configurations with one branch and total network 

length 
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5.3.3 Two branch network 

A similar approach was employed and the frequency response of a two branch network shown in 

Figure 5.9, for different configurations as given in Table 5.1 is determined by measurements. The 

transfer functions and phase response for the different configurations are shown below in Figures 

5.10a and 5.10b and Figures 5.11a and 5.11b. The transfer functions of the 2 branch network also 

have deep notches at selected frequencies as well as a low pass filter characteristic. Except where the 

configuration has equal branch lengths (config_6) the notch separation is none uniform as it is seen 

with config_1-3 (Figure 5.7). This is as a result of the different branch lengths. There still appears to 

be a marginal difference in the average path loss obtained from the least squares method for each 

network configuration. 

 

 

Figure 5.9: The two branched network  

 

 

Figure 5.10a: The transfer function for different configurations with 2 branches and one total 

network length 

-30

-25

-20

-15

-10

-5

0

0 5 10 15 20 25 30

|H
(f

)|
(d

B
) 

Frequency (MHz) 

Config_4

Config_5

Log. (Config_4)

Log. (Config_5)

(1) 

(2) 

 

(3) 

10m 

5m 

20m 

5m 

10m 
(4) 

(5) (6) 

) 



62 
 

 

Figure 5.10b: The phase response for different configurations with 2 branches and one total 

network length 

 

 

Figure 5.11a: The transfer function for different configurations with 2 branches and one total 

network length 
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Figure 5.11b: The phase response for different configurations with 2 branches and one total 

network length 

 

Although there exists the low pass filter (LPF) characteristic of the PLC channel considering channel 

frequency responses of all the network configurations considered so far, where the cut off frequency 

is  2.4 MHz for config 1-3, 1.2 MHz for config 4-5 and 2.6MHz for config 6-7, the study of the PLC 

channel in the entire frequency band is still vital. This is because every channel is generally a LPF and 

to mitigate this effect, repeaters and regenerators are used. For broadband use, one needs to know the 

channel response over the entire frequency band and thus a purpose served by this presentation. 

 

5.4 Comparison of models to measurements 

5.4.1 One branch network 

In Figure 5.12 and 5.13, the channel frequency response of network 1 config_1 obtained from 

measurements is plotted against the deterministic model by [11] and the parametric model by [34]. 

The models compare well with the measured frequency response. The notches are consistent with a 

slight difference in the average attenuation. There is also a slight difference in the phase response of 

the models to measurements with distortions seen at corresponding notch frequencies.  

 

The normalized impulse response obtained by converting the frequency response from the frequency 

domain to the time by applying the inverse fast fourier transform is as shown in Figure 5.14. From the 
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peaks in the impulse response considered. The frequency variant input impedance of the channel in 

this configuration was also measured and is shown in Figure 5.15. 

 

 

Figure 5.12: Comparison of frequency response of measurements to different PLC models 

 

 

Figure 5.13: Comparison of phase response of measurements to different PLC models 
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Figure 5.14: The impulse response of the one branch network 

 

 

Figure 5.15: The input impedance of the one branch network  

 

5.4.2 Two branch network 

For config_6, the channel frequency response for the two branch network is compared to the 

deterministic model by [11] and the parametric model by [34], as shown in Figure 5.16 and 5.17. 

Figure 5.18 shows the normalized impulse response of the channel obtained from the conversion from 

frequency domain to time domain. A selected number of 6 paths was used to obtain the multipath 

model. The input impedance of the channel measured is shown in Figure 5.19. 
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Figure 5.16: Comparison of 2 branch network frequency response of measurements to 

different PLC models 

 

 

Figure 5.17: Comparison of 2 branch network phase response of measurements to different 

PLC models 
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Figure 5.18: The impulse response of the 2 branch network 

 

 

Figure 5.19: The input impedance of a two branch network 
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Figure 5.20: Transfer function for Network 1 config_3 compared to the SRC Model 

 

 

Figure 5.21: Transfer function for Network 2 config_6 compared to the SRC Model 
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shown with this result is the addition of the transfer function obtained from config_2 and config_6 

independently, that is: 

                                                                       

The measured transfer function for the three-branch network follows the same trend as the one 

obtained from the adding that of config_2 and config_6. The variations are due to the difference in 

impedance at the cascade point, instead of a receiver termination of 50Ω for network 1 and transmitter 

input impedance of 50Ω for network 2, the cables are joined to form a straight connection from the 

same cable type. 

 

Figure 5.22a: The three branch network 

  

 

Figure 5.22b: Transfer function of the two networks cascade  

-60

-50

-40

-30

-20

-10

0

10

0 5 10 15 20 25 30

|H
(f

)|
  (

d
B

) 

Frequency (MHz) 

Cascade2and6

Config_8

(1) 
10m 

5m 

10m 

5m 

25.5m 
(2) 

14m 

20m 



70 
 

5.5.2 Effect of cable length variation 

The same network topology for network 1 config_3 was used to take measurements for different 

branch lengths (15.5 m, 10.5 m, 7.5 m). The channel frequency response acquired from the 

measurements is as shown in Figure 5.23. From the ability of the deterministic model by [11] to 

replicate the transfer function of the PLC channel given the channel properties, analysis of the 

variation in network topology is also done using this model and the transfer function for the different 

branch lengths shown in Figure 5.24. It should be noted that the average path loss for the channel with 

the same direct path but different branch length has relatively the same average path loss, bringing us 

to the conclusion that the branch length has little effect on the attenuation profile where matching the 

branch termination will see to a less frequency selective channel. 

 

A trend can be seen in the notches occurrence; the separation between the notches is seen to be equal. 

We consider the electric length of the branch expressed in units of the wavelength λ, related to the 

propagation velocity    and signal frequency f by Equation (2.1). 

 

As the impedance of the channel is frequency dependent, for the open circuit end, the first notch will 

occur at a resonant frequency, relative to the length of the branch, which we shall refer to as d, and 

propagation velocity  , related by:  

 

   
  

  
                                                                              

From the measurements the propagation velocity was estimated to be          . Given the first 

notch of the open circuit ended branch termination, solving for d will give a value of 15.5m. 

 

The subsequent notches will be at frequencies given by: 

 

    
  

  
                                                                

  

For the short circuited branch termination the notch will occur first at zero and then at the frequencies 

given by: 

    
  

  
                                                                

This is directly related to the transmission line theory for an open circuited end line length of (5.6) and 

(5.7) for a short circuited line end as discussed in Section 3.4, where [53]: 
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 Therefore if the branch length is known, we will be able to determine the notch positions and 

separation for the open circuited and short circuited branch terminations. Moreover having a reference 

branch length, varying the length by a factor n will give a resulting first notch at frequency: 

  
  

 

 
                                                                                      

For a variation in the total length from the transmitter to receiver for a two branch network is explored 

analytically. Config_6 is taken to be reference length and the transfer function is calculated for twice 

and five times the reference length. The results are shown in Figure 5.25. The notches are seen to be 

at the same frequencies for all three cases with a variation in the path loss gradient.  

 

 

Figure 5.23:  Measurement results for variation in branch length of the same network 
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Figure 5.24:  Analytical results for variation in branch length of the same network 

 

 

Figure 5.25: Analytical results for variation in total length of the same network, same 

branch length 

 

 

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

5

10

0 5 10 15 20 25 30

|H
(f

)|
 (

d
B

) 

Frequency (MHz) 

branchlength x5

branchlength x2

branchlength x1

-80

-70

-60

-50

-40

-30

-20

-10

0

0 5 10 15 20 25 30

|H
(f

)|
 (

d
B

) 

Frequency (MHz) 

length x5

length x2

length x1

Poly. (length x5)

Poly. (length x2)

Poly. (length x1)



73 
 

5.5.3 Influence of load impedance 

The extreme cases for the branch load impedance, that is, short circuited and open circuited branch 

termination are considered and measurements taken are shown in Figure 5.26. The separation distance 

between the notches is seen to be equal for both cases. Since the network is made from the same cable 

with the attenuation constant maximum and minimum bounds given in Table 4.1, the average 

attenuation bounds were calculated and shown in Figure 5.26. It can be seen that the average 

attenuation for the channel falls in between the two prediction bounds. 

 

 The analysis is also done using the deterministic model by [11] and the transfer function for open 

circuited, short circuited and matched terminations plotted in Figure 5.27.The matched load branch 

end gives a transfer function without deep notches and close to that of the regression fit of the transfer 

functions determining the average path loss.  

 

 

Figure 5.26: Measurement results for variation in branch load impedance of the same 

network with average path loss prediction bounds 
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Figure 5.27: Analytical results for variation in branch load impedance of the same network 

 

5.6 Chapter Summary 

In this chapter we examined the characteristics of the PLC channel. The measurement methodology is 

discussed and the channel frequency response results are shown. The frequency response of the 

channel is seen to be modelled well by the chosen deterministic and empirical models. The proposed 

SRC model is compared to the transfer function measured for the two networks considered. The 

channel characteristics are seen to be dependent on length, load and power line characteristics as 

highlighted in Chapters Two and Three. The typical features of the channel transfer function are 

notches and low pass filter characteristics relative to the load, length and number of branches as well 

as the overall channel distance. The notches in the transfer function are seen to be directly dependent 

on the branch length and a relation to this effect is formed for short circuited and open circuited 

branch terminations.   
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CHAPTER SIX 

CONCLUSION 

 

6.1 Concluding Remarks 

The ever increasing demands in the area of communications call for advances in the Power Line 

Communications (PLC) technology. This is seen to by proper system design which necessitates 

accurate channel transfer function models which form the basis for computer simulations. For 

appropriate models to be formed, the characteristics of the PLC channel have to be well understood. 

The PLC channel is dependent on multiple factors, resulting in it being referred to as a hostile and 

unpredictable channel.  

In this work we sought to bring a meaningful contribution to the study and application of power line 

communication modelling through firstly providing a comprehensive summary of transmission 

properties of typical low voltage power supply networks when used for data transmission. The 

intrinsic parameters of the power line forming a PLC channel as a transmission line are theoretically 

derived with respect to the two conductor transmission line theory, the effects of cable composition as 

well as the dependence of the channel characteristics on the network constituents and topology. This 

formed the foundation for the analysis of impedance, attenuation and noise as major parameters 

impeding the communication signal. 

Different modelling techniques employing the fundamental line parameter characteristics used to 

model the PLC channel networks are then studied. A review of the fundamental modelling 

approaches, that is, the bottom-up and top-down approaches is presented. The formulation of a 

proposed model following the bottom-up approach is also explained. 

A measurement methodology to obtain the parameters of the low voltage cables used in building 

power network is explained. The theoretical derivations are compared to the measurements where the 

RMSE between the measured and theoretically derived characteristic impedance and attenuation 

constant coefficients are found respectively. The close correlation between the measured and 

theoretical values is confirmed. 

Power line couplers are designed and prototypes made to provide an interface between the measuring 

equipment and the mains. Measurements results were presented, ascertaining the characteristics of the 

PLC channel and the channel frequency responses compared to models commonly found in literature 

as well as a proposed model. The dependence of the PLC channel's characteristics on the network 

constituents and properties is determined. A correlation of channel response characteristic to some 

different topologies of the power line communication channel is formed. As a result, all research 

objectives enumerated in the first chapter were attained. 
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6.2 Future Work 

It has been seen that extensive measurements inform the prediction of the channel frequency response, 

better equipping the modelling process. Essential effects in the simple network configurations for 

simulation based PLC system performance applications have been covered. Therefore, we propose 

that further investigations on the variations in network topologies by exploring more complex 

networks be done, by so doing also confirm the deductions made here.  

 

The much adopted empirical model based on the multipath scenario is seen to replicate the transfer 

function of a PLC channel fairly well represented by the number of paths less than 10. This therefore 

is an interest that an optimal number of paths necessary to model a power line channel be found to 

reduce computation complexity. An optimal number and length of branches given a large network 

would be explored following this. This would be done by employing scattering theories, especially 

Mie and Raleigh scattering used in wireless communication where the multipath effect is extensively 

studied to model the channel.  
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