IJRET: International Journal of Research in Engineering and Technology elSSN: 2319-1163 | pISSN: 2321-7308

OPTIMAL NARROWBAND AND BROADBAND DATA
COMMUNICATION TRANSMISSION IN LOW-VOLTAGE POWER
LINE

Ndolo A.O.!

Tutorial & Research Fellow, Electrical and Electronic Engineering Department, Machakos University College
(A Constituent College of Kenyatta University), Republic of Kenya
tonindolo@machakosuniversity.ac.ke

Abstract

We investigate the usage of low-voltage electrical power supply network as a communication channel for the provision of data
communication services. This is done through simulations and measurements of the power line channel transfer function in the
frequency band of 0-30 MHz. A Parallel Resonant Circuit (PRC) channel model is then proposed to model the power line network
and results compared to a Series Resonant Circuit (SRC) model. The model is simulated and validation done through
measurements on a test bed for a cascaded network with three T-node branches. Transverse Electromagnetic (TEM) transmission
line resonant circuit theory is employed to calculate and optimize the obtained parameters of the model. From the results
obtained, the simulated models and measurement results are confirmed to compare very well with each other, and thus the
proposed PRC model is considered appropriate for the characterization and modelling of the power line network channel.
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1. INTRODUCTION

The electrical power supply networks are viewed as
alternative channels for broadband data transmission due to
increased demand for data communication and information.
This is attributed to the fact that the electrical power supply
network infra-structure is in existence and less cost is
incurred in the set up and installation. As a result, the
electrical power line is transformed into a multifunctional
medium for the delivery of electrical energy, voice, and
video and data information. Because of the considerable
difference in topology, structure and physical properties
from the normal and conventional wired transmission
mediums like fibre optical cables [1],[17], the electrical
power line network presents a very harsh and unfavorable
environment for high frequency digital communication. In
the recent research and development of the low-voltage
electrical power line network for communication of high
frequency data signals, various modelling techniques have
been wused to characterize such network with design
parameters being informed by the properties of the channel
transfer characteristics and capacity offered by the channel
[1].[2],[3],[17]. This calls for accurate models that can best
describe the characteristics and transmission behavior over
the PLC with adequate precision [2],[4],[17],[18]. Currently,
there is no universal standard model for the PLC. The two
common approaches used to model the power line network
are the top-down and bottom-up methods. The models

presented in [3],[6], among other researchers, employs the
top-down approach by using measurement data to model
and calculate the parameters of the models. In [1], [2], [4],
[71.,[8],[18] the bot- tom-up approach is used where the PLC
is characterized, parameters calculated and models defined.
The paper’s objective is to investigate and model the power
line characteristics as a channel for data communication in
the frequency band of 0-30 MHz using the bottom-up
method. Transmission line parallel resonant circuit is used to
obtain the model parameters. In [2], a series resonant circuit
model is presented and transmission line theory is used to
calculate the parameters of the model, while in [5],[6] an
evolutionary approach is employed to obtain the optimized
component parameters of the presented series resonant
circuit model. In this research, we use the power line cable
primary parameters that were obtained and presented in [10]
with an assumption that the cable supports only TEM mode
signal propagation only. These parameters include: power
line cable characteristic impedance, Z, propagation constant,
v, attenuation constant, a, and propagation velocity v. This
paper has analysis of transmission line parallel resonant
circuit is presented and the effects of short circuited
transmission lines studied. The obtained parallel resonant
circuit function transfer is analyzed and presented.
Simulation and measurement results are presented to
evaluate the performance of the model. Analysis and
discussion of the results is discussed.
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2. TRANSMISSION LINE RESONANT CIRCUIT

At high frequencies of signal transmission, the usual lumped
LC resonant circuits are replaced by open or short circuited
sections of transmission lines [11], [12], [13], [18]. By
analyzing the input impedance characteristics around the
resonant wavelengths of the circuits of Figure 1, we can
confirm that these circuits behave and possess the
characteristics of a parallel resonant circuit.
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Figure 1. Types of transmission line parallel resonant
circuits with length (a) a quarter wavelength. (b) a half
wavelength [12], [13], [18]

In this section, the study and quantitative analysis of a
resonant transmission line section is presented. We derive
the parameters of the model with an assumption that the
cable supports TEM mode signal propagation only [10],
[14], [18].

2.1 Parallel Resonant Circuit Model

A practical transmission line cable is as shown in Figure 1.
This line will behave as a parallel resonant circuit when the

length is in odd multiples of l% or in even multiples of

i%. The input impedance Z;, from Figure 1 that will be
seen by the signal is given as [11],[12],[13],[18]:

. TOW
al+ j—
[
1+ jal—
0
@
oW
al — <1
The assumption in (1) is that ~ ©0 . Therefore, a /4

long transmission line at the resonant frequency, will be
[11], [12][13].[18]:

Zin zZ0 (2)

Now, using an equivalent parallel resonant circuit shown in
Figure 2 below, the frequency dependent input admittance,
Yi, (f) seen by the input signal is given in [11], [12], [13],
[18]:
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Figure 2. Equivalent Parallel Resonant Circuit
[14].[17].[18].
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where Z,,, R, L, and C; are the parallel input impedance,
resistance, inductance and capacitance respectively. For a
loss prone circuit, the input impedance will be equal to 1/R,
at resonance. For a A/2 open circuited transmission line, the
input impedance can be approximated in [11],[12],[13],
[18]:
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From these equations the following can be computed, Z, -
characteristic impedance of the power line cable, A, .
resonance wavelength, o — attenuation constant, R, - parallel
resistance, L, - parallel inductance, C, - parallel capacitance,
Q - resonance quality factor, B, = n/L - phase constant at
resonance and o, - angular resonance frequency.

3. MODELLING OF CHANNEL IN REQUENCY
DOMAIN
3.1 Model Cable Lengths and Notch Positions

To establish the position and separation of the notches or
resonant points along the transfer functions, we consider the
electric length of the branches. A relationship expressed in
terms of the wavelength, A, propagation velocity, v, and
frequency, f.

For open circuit ended branches, the first notch will occur at
a resonant frequency relative to the branch length, L given
in [2], [16],[18]:

f =2
0 f ()

The following notches or resonant points along the open
circuit branches are given by (6), while for the short circuit
ended branches, the first notch occurs at zero and
subsequent frequencies are given by (7) in [2], [16].
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Where k=1, 2, 3...... A =1.49x10°m/sand L is the

length of the branch.

For a cascaded network configuration, the function transfer
will be observed to follow a trend of addition in the function
transfer. Thus the function transfer can be calculated
illustrated in [17], [18].
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3.2 PRC Transfer Function

Having obtained the frequency dependent input impe-dance,
Z o(f) in (3), the transfer function hy (f) for each resonant
circuit or point along the frequency span for a given length
[17], [18]:
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Thus for n resonant circuits in a branch length, the transfer
function H,; (f) can be determined [17], [18]:

Hy () =TTha(h) )

Therefore, the overall network transfer function H(f) is
calculated by the product of all the branch transfer function
which can be expressed as:

H() = B] [H. (1) a

Hence, N is the number of branches in the network and B is
the direct path attenuation factor from the transmitter to the
receiver [2], [3]:

B(f 1|) — e—(a+j,3)| — e—al (12)

where a and S are the attenuation and phase constants of the
power line from the propagation constant, f is the frequency
of the signal and | is the direct path length from the
transmitter to the receiver.

4. SIMULATION AND MEASUREMENT

Figure 3 is schematic wiring diagram of the test bed network
used, while Figure 4 shows results.
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Figure 4. Configuration measurement and results for the
network Figure 3.

5. RESULTS’ SUMMARY AND CONCLUSION

From the transfer function results, it is observed that the
number and depth of notches along the transfer function is
dependent on the length of the branch. That is, the longer the
branch, the more the number of notches with low depths as
compared to shorter branch lengths that have few number of
notches but with more pronounced deep notches. It can also
be observed that, having successive branches of the same
length results in more pronounced and wider notches. This
is not a desirable effect for data transmission as the signal
will be subjected to severe loss. Thus the operation band
should be chosen such that notches are avoided. The transfer
function is seen as a cascade of the amplitude responses for
individual resonant circuits which correlates well with both
the simulations and measurement results presented here.
This is because of the multiple cascaded single resonant
points along the cable as the signal propagates. In this
research, we employ the transmission line equivalent PRC to
obtain the optimized values for the RLC component
parameters. It is worth noting that as the frequency and
branch length increases, the signal amplitudes are
consequently attenuated. This implies that attenuation in the
power line channel is a factor of frequency and cable length.
In our research, the PLC channel has been characterized and
studied as a transmission line composed of a cascade of
parallel resonant circuits connected to a line of known
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characteristic impedance. Based on this characterization, a
PRC model is presented. A network is built based on the
simulated model and measurements done for validation.
Simulation and measurement results compare very well with
the SRC model results and therefore the power line network
has been successfully modelled as a communication channel
using the PRC model. The PLC channel transfer function is
observed to have notches whose position, depth and width
are dependent on the branch length, load and characteristics
of the power line.
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