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Abstract— The main aim of this paper is to assess the 

suitability of OFDM as a digital modulation technique for 

power line communication. The work involved modeling of 

an orthogonal frequency division multiplexing (OFDM) 

based power line communication channel. A two-port 

network model was designed and developed, and the same 

was used in network distribution. In this paper, it’s 

theoretical & simulation description and mathematical 

analysis have been presented. Bit error rate versus Signal to 

noise ratio curves for different digital modulation schemes 

are presented in this paper. 
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I. INTRODUCTION 

A cost-effective option for implementing any 

communications infrastructure in an area spanning more 

than one square kilometer, even with low node density, is 

wireless technology [1]. The main reasons responsible for its 

origin was that the communication over telephone was very 

poor therefore the engineers at the operating power plants 

makes use of Power Lines for management of operation 

with colleagues. But the communication was very slow and 

also susceptible to distortion and noise to a large extent till 

the introduction of digital techniques. 

The other reason for the power lines to find its 

application for data communication is its already established 

infrastructure and having the capability to switch the devices 

On/Off, especially those devices which consume a large 

amount of power such as air conditioners, water heater etc. 

The advantage of this is to ensure a better management of 

energy which is more often called as Demand Side Energy 

Management [2], [3]. 

II. POWER LINE COMMUNICATION (PLC) 

Power line communication (PLC) carries data on a 

conductor that is also used simultaneously for AC electric 

power transmission or electric power distribution to 

consumers. It is also called as power line carrier. 

PLC systems operate by impressing a modulated 

carrier signal on the wiring system. Differing kinds of PLC 

use completely different frequency bands, depending on the 

signal transmission characteristics of the power wiring used. 

Since the power distribution system was originally meant 

for transmission of AC power at typical frequencies of fifty 

or sixty Hz, power wire circuits have solely a restricted 

ability to hold higher frequencies. 

A. Advantages of PLC 

One of the biggest advantages of Power Line 

Communication Network is the availability of an already 

established infrastructure which reduces the establishment 

cost as well as endeavors, also reducing the level of 

congestion which could have risen if another network had 

been placed. 

Because of a well-established infrastructure in case 

of a local area network connection which usually operates at 

millions of bits per second and meant for office building or a 

limited geographical premises there will not be any 

requirement for a separate dedicated network cabling.  

Unlike Wireless Communication, a dedicated link 

is present in between transmitter and receiver therefore the 

signal will not be affected by a Doppler’s shift which is one 

of the major limitations of wireless network. [4, 5]  

B. Power-Line as a Communication Channel 

A coupling circuit is employed to connect the 

communication system to the powerline. The aim of the 

coupling circuits are: Foremost, it prevents the damaging 50 

Hz signal, used for power distribution, to enter the 

equipment. Secondly, it certifies that the main part of the 

received/transmitted signal is inside the frequency band used 

for communication. This will increase the dynamic range of 

the receiver and makes sure the transmitter introduces no 

meddlesome signals on the channel. 

 
Fig. 1: A digital communication system for the power-line 

communication. 

Fig. 1 shows a digital communication system using 

the power-line as a communication channel. The transmitter 

is shown to the left and also the receiver to the right. 

Essential parameters of the communication system are the 

output impedance, Zt, of the transmitter and the input 

impedance, Zl, of the receiver. 

C. Channel Model of the Power-Line Communication 

Channel 

 Some impairment that reduce the performance of a 

power-line communication system: 

 Impedance mismatches at the transmitter 

 Channel attenuation 

 Disturbances (noise) 

 Impedance mismatches at the receiver 

 Time-variations of the impairments 
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Fig. 2: Impairments present on the power-line channel. 

Fig. 2 indicates a model of the power-line channel 

with the parameters above. All impairments except the noise 

are shown as time-variant linear filters characterized by its 

frequency response. The disturbance is shown as an additive 

interfering random process. 

All the impairments above can be incorporated into 

a single filter model, shown in Fig. 3, consisting of a time-

variant filter and additive noise. 

 
Fig. 3: A simplified model of the power-line channel. 

Despite of its simple form this model captures a 

whole range of properties essential to communication 

system design and to the consistent performance. The 

transfer function and the noise can either be estimated 

through measurements or derived by theoretical analysis. 

III. TRANSMISSION LINE MODEL 

Various methods used to simulate and study the 

transmission line behaviour are described [5-6]. Most of 

them are obtained from the time dependent telegrapher’s 

equations which are for the elementary line transmission 

cell. 

                  (1) 

               (2) 

 
Fig. 4: Elementary cell of a transmission line 

The Elementary cell of a transmission line is 

depicted in Fig. 4. In the above equations x denotes the 

longitudinal direction of the line and R', L', G' and C' are per 

unit length resistance (Ω/m), inductance (H/m), conductance 

(S/m) and capacitance (F/m), respectively. The electric 

quantities are dependent on the geometric and constitutive 

parameters. Transmission lines are described using the 

characteristic impedance Zc and the propagation constant γ: 

                            (3) 

        (4) 

 

The characteristic impedance Zc and the 

propagation constant γ are related to the per-unit length 

parameters of the transmission line. It is supposed that the 

per-unit parameters depend on frequency as [7]. 

            (5) 

IV. MODULATION SCHEME FOR POWER LINE 

COMMUNICATION SYSTEM 

The selection of a modulation scheme for PLC systems must 

account for three major factors: The presence of noise and 

impulse disturbances causing a relatively low signal-to-

noise ratio (SNR); The time-varying frequency-selective 

nature of the channel; and, Regulatory constraints with 

regard to electromagnetic compatibility that limit the 

transmitted power. 

OFDM is a parallel transmission scheme where a 

high rate serial data stream is split into a set of low rate sub-

streams, each of which is modulated on a separate 

subcarrier, thereby the bandwidth of subcarriers becomes 

small compared with coherence bandwidth i.e. the 

individual subcarriers will experience flat fading which 

allows the use of simple equalization. This implies that the 

symbol period of the sub streams is made long compared to 

the delay spread of the time dispersive radio channel. 

Therefore, a major requirement is to select a set of 

completely orthogonal signals; a high spectral efficiency can 

be obtained because of being completely orthogonal the 

mutual influence among the subcarriers can be completely 

avoided although the spectra of the subcarriers overlap with 

each other [8]. 

                     (6) 

                             (7) 

                 (8) 

where, Cki= ith information symbol for the kth 

subcarrier, Sk=Waveform for kth subcarrier, Nsc=Number 

of sub-carriers fk=Frequency of kth subcarrier Ts=Symbol 

Period ∏(t)=Pulse shaping function (rectangular in this 

case). 

Fig. 5 shows the basic block diagrams of the 

OFDM transmitter and receiver is as shown in figure and it 

is shown that the baseband signal is modulated by using an 

IFFT block followed by an up-conversion whereas at the 

receiver the signal is down converted to baseband and then 

the demodulation is performed using an FFT block. 
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Fig. 5: Block Diagram of OFDM Transmitter and Receiver 

Systems 

V. RESULTS 

Simulation parameters used in this work are given in the 

following Table 1. 

PARAMETER SELECTED TYPE OR VALUES 

Digital Modulation 

Type 

BPSK, QPSK, 16-QAM, 64-

QAM 

FEC Code Convolutional Code, RS Code 

Considered Channel 
Power Line Communication 

Channel 

FFT Size 256 

Cyclic Prefix ¼ 

Channel Bandwidth 20 MHz 

Table 1: Simulation parameters used for Power Line 

Communication 

These results have been obtained over PLC 

channel. In order to decide proper switching levels from this 

plot, we have to decide what our operating point or desired 

BER is. Here we choose to use 10-1, 10-2 and 10-3 as our 

operating points. The case is studied having more number of 

bits in transmission but at a cost of greater SNR values. 

 
Fig. 6: Combined SNR vs BER curve 

VI. CONCLUSION 

Simulation results were obtained for different modulation 

schemes for OFDM system using powerline communication 

channel. The effect of PLC channel is demonstrated in 

change in BER vs SNR curves. Least BER is found in 

BPSK and highest SNR obtained in 64-QAM, but most 

favorable condition that occur in 16-QAM. 
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