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Abstract—Recently power-line network has been proposed 

for broadband power-line communications. The network 
construction in most of the countries is the mixture of overhead 
and underground networks. The underground cable power 
transmission system is widely used in urban low voltage power 
distribution systems. In order to access the performance of such 
distribution systems as a low voltage broadband power line 
communication (BPLC) channel, this paper investigates the 
effects of load impedance, line length and branches on such 
systems, with special emphasis to the power line networks found 
in Tanzania. From the frequency response of the transfer 
function (ratio of the received and transmitted signals), it is seen 
that position of notches and peaks in the magnitude are largely 
affected (observed in the time domain responses too) by the 
above said network configuration and parameters. The 
observations presented in the paper could be helpful in suitable 
design of the PLC systems for a better data transfer and system 
performance. 

 
Index Terms-- load impedance, broadband power line, 

transfer function, multipath, branched network, 
interconnections, low voltage channel, underground cable. 

I.  INTRODUCTION 

ECENTLY power-line have been proposed as an 
infrastructure for Broadband Services, digital  

entertainment systems, and other services in most of the 
countries. However, the network is affected in terms of 
channel attenuation, variable position of notches, signal 
distortions, etc. In literature e.g. [1-7], the stochastic signals 
attenuations, notches, etc. are due to switching ON/OFF of 
equipments (sudden changes in loads), addition of new lines 
or customers, etc. 

For this reason in the case of buried power transmission 
system working as a BPLC system, we shall study the 
influence of number of branches (Nob), line lengths (dL) from 
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transmitter to the receiver and branched line length (X), 
terminal loads (infinite and low) impedances (Zinf & ZLow) on 
the signal response based on transmission line analysis. 

The information presented in the paper could be helpful in 
BPLC system design that involves buried cables. 

II.  SYSTEM UNDER STUDY 

In general the transmission line equations that are to be 
solved for voltage and currents on the line are given by (1). 
Assume that the line oriented in the x direction. 
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In (1) V and I are the voltage and current on the line and Z 
and Y are the total series impedance and shunt admittance of 
the line. The configuration of an underground cable power 
line beginning from a distribution transformer is shown in 
Fig. 1a and the corresponding transmission line 
representation for an adjacent conductor return is shown in 
Fig. 1b. Fig. 1c shows the cross section of a typical power 
cable that has four conductors. Thus for the case with 
adjacent conductor return the series impedance and shunt 
admittance of the line needed for solving (1) including the 
possible skin effect phenomena [8] of the conductor are 
shown below ( ) ei LjjZjZ ⋅+= ωωω )(  and  
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Fig. 1a: The underground cable with adjacent conductor as a return conductor 
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Fig. 1b: Per unit length equivalent underground circuit with adjacent conductor 

as a return 

 
Fig. 1c: Cross section of a typical power line cable (4 conductors) 

For the configuration corresponding to fig. 1a, hk is the 
depth of the cable below the ground, with radius r and L is 
line length. The per unit length transmission line parameters 
are given by (4) for self inductance and capacitance of the 
line [6]. 
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III.  POWER LINE CHANNEL MODEL  

For a transmission line with distributed branches (e.g. fig. 2) 
the generalized transfer function can be represented by (5a) 
[9-16]. In (5a), TN  is the total number of branches connected 

at given node (e.g. see ‘node 1’ in fig. 2) and terminated in 
any arbitrary load. Let n, m, M, )( fH mn  and mLT , 

represent, any branch number, any referenced (terminated) 
load, number of reflections (with total of L number of 
reflections), transfer function between a given source point 
(transmitter) to a referenced load termination m, transmission 
factor with reference to any load termination m, respectively. 

With these the signal contribution factor mndα  at referred 

node‘d’ is given by (5b), where nmdρ is the reflection factor 

at node the referred node d between line n to the referenced 

load m, ndγ is the propagation constant of linen at referred 

node ‘d’ that has line lengthndl . All terminal reflection 

factors LndP in general are given by (5c), except at source, 

where sL ρρ =1 is the source reflection factor [10]. AlsosZ is 

the source impedance, nZ is the characteristic impedance of 

any terminal with source whilesV and LZ are source voltage 

and load impedance respectively based on fig.2. MT is the 
total number of distributed nodes (1, 2...d...MT). 

 
Fig. 2: Power line network with distributed branches 
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In (6) )(thmMT is the impulse response obtained by inverse 

Fourier transform of (5a). 
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IV.    INFLUENCE OF LINE LENGTH 

A.  Length from transmitter to the Receiver 

We consider the power line cables used in low voltage 
systems, whereby the line ABC (see fig. 3) is NAYY150SE 
with radius (r) per conductor equal to 6.9099mm, the 
insulation thickness (a=1.8mm), relative permittivity=4, 
using (4) the per unit length parameters are 
(L1=0.32735µH/m, C1=0. 27191pF/m). The branched cable 
BD is NAYY35RE with radius (r) per conductor equal to 
5.9161mm, the insulation thickness (a=1.2mm), relative 
permittivity=4, using (4) the per unit length parameters are 
(L2= 0.45179µH/m, C2= 0.19702 pF/m) [5-7]. The 
characteristic impedance of the line was calculated 

as )()( ωω jYjZZ =  while the propagation constant 

as )()( ωωγ jYjZ= , whereby the parameters )( ωjZ and 

)( ωjY is as described previously. The characteristic 

impedance of line AB is Z1 while the characteristic 
impedance of BD is Z2. In fig. 3, ZL=Zs=Z1. For sensitivity, 
analysis the line length AC was varied as 1.2km, 600m, 
300m and 150m, with point B always at mid point of AC. 
The branched line length (BD) was kept constant at 15m and 
terminated in 10kΩ. The transfer function was calculated by 
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taking the voltage ratio of point C to that of A i.e. using (5). 
Fig.4 (a-d) shows the transfer function relating the voltages at 
the load and sending end for various lengths of AC with the 
same boundary conditions at line terminations. From fig.4, 
the peaks and notches in frequency response do not vary with 
either frequency or line length. The position of peaks and 
notches is independent of the line length from transmitter to 
receiver. However, the attenuation is increasing as line length 
and frequency increases. The effects of branch length are 
studied next. 

 
Fig. 3: Power line network with branch 
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Fig. 4: Simulation Results for underground cable of a link with one branch (a) 

1.2km  (b) 600m (c) 300m (d) 150m. 

B.  Branched Length  

The configuration is same as in fig. 3; but now the length AC 
is kept constant at 1.2km, while the length of BD was varied 
as 10m, 20m, 30m and 40m. Point D was terminated in 
10kΩ. Similar investigations as done previously were carried 
out using (5). The transfer function for all cases relating the 
voltage at the load (ZL) and launched voltage at point A is 
shown in fig. 5(a-d). It is observed that the position of notches 
and peaks are case dependant (dependant on branched line 
length). As the branched line length increases, number of 
notches increase. The attenuation in each case is increasing 
with the frequency. The generalized expression for frequency 
position (fi in MHz) of an ith notch in terms of branched line 
length (X in m) is approximately given by (7). Next let us 
study the effect of number of interconnected branches. 
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Fig. 5: Simulation Results for Low voltage channel of 1.2km with one branch of 

length (a) 10m (b) 20m (c) 30m (d) 40m. 

V.  INFLUENCE OF NUMBER OF BRANCHES 

A.  Multiple Branches at single node 

Consider the configuration in fig. 6. The line length of AC is 
1.2km with all branches 15m long concentrated at node B 
and terminated in 10kΩ. We vary the number of branches as 
2, 4, 5 and 6 and fig. 7(a-d) shows the transfer functions for 
different number of branches. It is seen that the sharpness of 
notches are decreases with increase in number of branches at 
the same node, but with further increase in number of 
branches there is a tilt in the notch shape leading to a 
reduction in attenuation. 
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Fig. 6: Power line network with five multiple branches at a single node 
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Fig. 7: Simulation results for medium voltage channel with multiple branches at 

single node (a) 2 branches (b) 4 branches (c) 5 branches (d) 6 branches 
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B.  Distributed Branches 

Now consider the underground cable with distributed 
branches as in fig 8. The number of branches was increased 
in the link between point A and J. The length AJ was 1.2km 
while all branches were 15m. The number of branches was 
increased as 2, 5, 10 and 15 such that in each case they were 
equally distributed between A and J. The terminations were 
each branch in any of the case was 10kΩ. Fig. 9(a-d) is the 
transfer function for different number of branches. It is seen 
that the positions of deep notches are not changed. As the 
number of branches increase the attenuations tends to 
increase.  
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Fig. 8: Power line low voltage network with distributed branches 
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Fig. 9: Simulation results for low voltage channel with distributed branches (a) 2 

branches (b) 5 branches (c) 10 branches (d) 15 branches 
 

VI.  INFLUENCE OF LOAD IMPEDANCE 

A.  Low Resistive Load 

We now consider the effects of load impedances. The load 
impedances at point D in fig. 3 were varied as 5Ω, 10Ω, 20Ω 
and characteristic impedance. The length of AC is 1.2km and 
BD is 15m. Fig. 10(a-d) is a transfer function for all cases. It 
is seen that as the load impedance increases towards 
characteristic impedance the notches tend to improve. 
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Fig. 10: Simulation results for low voltage channel with distributed branches (a) 

5Ω (b) 10Ω (c) 20Ω (d) Zo 
 

B.  High Resistive Load 

We consider the same case as in previous example but now 
with higher impedances for the load varied as50Ω, 100Ω, 
1kΩ and 10kΩ. Fig. 11(a-d) is transfer function. It is seen 
that as the load impedance tends to be higher than channel 
characteristic impedance, the notches become tend to be more 
prominent.  

The general expression for position of notches with open 
circuit load impedance is given by (8). 

)21(
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Next let us see the influence of load impedance, line length 
and branches on the channel capacity of the underground 
cable. 
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Fig. 11: Transfer function Response for low voltage channel with distributed 

branches (a)50Ω (b) 100Ω (c) 1kΩ (d) 10kΩ 

VII.  CONCLUSION 

For underground low voltage cable channel the position of 
notches in frequency response do not vary with either 
transmitted source frequency or direct line or link length 
connecting the transmitting and receiving ends. However the 
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signal attenuation increases as link length and frequency 
increases. Additionally the distortion increases in such a way 
that the signal tend to lose its original shape. The position of 
notches is case dependant, i.e. dependant on number of 
branches, branched line length and terminal impedances on 
those branches 

As the branched line length increases, number of notches 
increase. The signal distortions also increase. The sharpness 
of notches are decreasing with increase in number of 
branches at the same node, but with further increase in 
number of branches there is a tilt in the notch shape leading 
to a reduction in attenuation. The increasing number of 
branches at the same node causes the received signals to be 
more attenuated and distorted. As the number of distributed 
branches in the link between the sending and receiving ends 
increase the attenuations tends to increase in such a manner 
that there could be a reduction in the available bandwidth. 
The reason could be due to the successive reflection from the 
distributed branches. 

As the terminal impedances on the branches increase to 
line characteristic impedance, the notches tend to improve 
and both signal attenuation and distortions tend to reduce. As 
the load impedance is increased beyond corresponding line 
characteristic impedance, the notches tend to be more 
prominent and both signal attenuation and distortions 
improves further. It can be concluded that the adaptive means 
is appropriate to be able to communicate appropriately and 
equalizers is needed to overcome signal distortion. In addition 
for underground cables a number of repeaters are needed for 
feasible communication. 
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