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Abstract

In powerline communication, both the RF data and low frequency electric power flow through
the same line. Where the power-line is actually designed for the transmission and distribution of
electrical power. Therefore, the cables/wires are so chosen as suitable for the use of high voltages
at low frequencies. But RF transmission requirement is low voltages at higher frequencies. So,
the transmission channel for RF signal finds some unfavourable factors in the channel such as,
high attenuation, isolation of transformer, varying impedance, noise, etc. These factors lead to
low data rates, which tend to limit its performance for applications like home automation or

monitoring. A power transformer used in a PLC line intended to handle the power transformation
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of the power line of very low frequency. But when a RF PLC signal is applied to the line its
behavior and response to RF frequencies will be different from its response to power frequencies.
At the power frequency, all power lines are electrically short in terms of wavelength. At RF
carrier frequencies, however, most lines are many wavelengths long because of the much shorter
wavelength. In this paper, an analytical approach made to investigate the behavior of a power
transformer used in a PLC system and find out the losses of RF signal due to the presence of a

transformer, and mitigate the same using diversity reception.
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I. INTRODUCTION

The public power line network is designed for transmission of AC power at typical frequencies of
50 or 60Hz. It has only a limited capability to carry higher frequencies [3-4]. Now a day, higher
frequency signals are superimposed to the signal of the power wave for communication purpose.
In order to ensure that the power wave does not interfere with the data signal, the frequency range
used for communication is very far from the one used for the power wave (50 Hz in Europe and
60 Hz in the U.S). The frequency range used for PLC narrowband applications is 3 kHz to 500
kHz and from 1 MHz to 30 MHz for broadband applications [5].

One of the major causes of high frequency attenuation in a power line communication channel is
attenuation due to reflections from abrupt discontinuities and mismatched impedances (e.g.,
underground to overhead risers, taps, transformers and capacitors) that occur along the power line.
These reflections cause part of the signal to be diverted away from the receiver and absorbed in

other parts of the system [6].

The low voltage power line grid connects the subscribers of a PLC network with the medium/low
voltage transformer where probably the first level nodes of such a communication network will
be placed. Because of the fact that telecommunication signals suffer large attenuation when

passing through this transformer [7], and it can be regarded as a physical boundary.
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Since users are supplied through a LV transformer, one needs to know the behaviour of LV
transformers, as they will have a significant effect on the PLC signals. If the PLC signals are to
be generated at MV or HV substations, then the PLC signals must pass through the LV
transformers, just like the ripple control signals do at present. If the PLC signals are coupled
directly onto the LV lines, then the impedance of the transformer may be such that most of the

PLC signals are lost in the transformer and do not reach the consumer [8].

Generally power transformers are accepted as being a high shunt impedance at the carrier
frequencies. Depending on their location in the carrier channel, their effect may or may not affect
carrier channel performance. It is also commonly accepted that a power transformer connecting
two transmission lines of different voltages constitutes a broad band high-frequency blocking
device, preventing carrier on one line from reaching the other. Thus when a power transformer is

at the terminal location of a carrier channel it will probably appear to the carrier signal as a trap.

Experimentally it is proved that delta connected windings are more capacitive than wye-
connected ones. This high capacitance produces lower impedance to ground than might be
expected. If the transformer impedance is low, then the impedance at the tap point will be high
and the tap will have little effect. On the other hand, if the transformer impedance is high, then
the impedance at the tap point will be low and the tap will have a significant effect on the carrier
channel. In the case of taps at even quarter wavelengths, the high terminating impedance will be
reflected as a high impedance with little effect on the channel and the low terminating impedance

is reflected as a low impedance with a large effect.

The shunt capacitance component present in a transformer will offer a short circuit to the high
frequency signals. However, this capacitance is in parallel with inductances and thus may
resonate and present high impedances at least for certain frequencies. Ultimately, the

transmissions of signals through a transformer become a very strong function of frequency.

For radio frequency use, transformers are sometimes made from configurations of transmission
line, sometimes bifilar or coaxial cable, wound around ferrite or other types of core. This style of
transformer gives an extremely wide bandwidth but only a limited number of ratios (such as 1:9,
1:4 or 1:2) can be achieved with this technique. The core material increases the inductance
dramatically, thereby raising its Q factor. The cores of such transformers help to improve

performance at the lower frequency end of the band. RF transformers sometimes use a third coil
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(called a tickler winding) to inject feedback into an earlier (detector) stage in antique regenerative

radio receivers.

In RF and microwave systems, a quarter-wave impedance transformer provides a way of
matching impedances between circuits over a limited range of frequencies, using only a length of

transmission line. The line may be coaxial cable, waveguide, stripline or microstripline.

II. SYSTEM BLOCK DIAGRAM

The block diagram of a power line communication channel using normal power transformer
considered for this analysis is shown in fig 1. The system consists of a transmitter, powerline
channel and a receiver. In the transmitter, the radio signal is initially processed and then suitably
modulated to get carrier signal. At the receiving end signal is received through demodulation

Process.
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Fig 1: PLC with transformer block diagram

III. POWERLINE CHANNEL MODEL

A. BER analysis of a PLC system

In a PLC system the signal is transmitted through the powerline cables where orthogonal
frequency division multiplexing (OFDM) found to be more suitable [9]. When the power cable in
a PLC system is exposed in the open weather, the whole cable acts as an antenna for high
frequencies. The noise it picks up from the atmosphere in mainly impulsive. So, for BER analysis

only impulsive noise will be considered.

Considering OFDM modulation, the signal transmitted in a PLC channel can be expressed as
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S(t)y= ) s,(1) (1)

k=1
And the received signal is given by,
r(t) = s(t)® h(t) @)
Where, the impulse function h(t) is given by
h(t) = FT [ H (f)] 3)

B. Formulation of Transfer Function and BER without considering the Presence of

Transformer

In powerline communication, the transfer function model for power line in the radio frequency

range (1-30MHz) is given by [10]

hr
5 Evd.  —9rifr
H(f) = gi € (ao+a1 f*)d; —2m]fr;

i=1 )
here, g; = weighting factor for path i
ap and a; = attenuation parameters
f= frequency
k = exponent of attenuation factor (0.5...1)
d; = length of the path and the delay is 7;

For orthogonal frequency division multiplexing (OFDM)), if the PSD (power spectral density) of

the overall noise be Nm; where Nm is given by
Nuw=No + PiN; )

Considering additive white Gaussian noise (AWGN) noise power is No and impulsive noise

power is Ni, then we define
p = Ni/No

and, BER under AWGN and impulsive noise is
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P, = Q( i} (©6)

E,/N
P, = 2 b ) 7
’ Q[\/ 1 + pd Tnoise } 2

P, = 0.5 erfc E, /Ny (8)
1 + pd Tnoise

So, the BER under AWGN and impulsive noise in OFDM is given by [11]

E,/N, 2
BER :]1[—2 0.5 erfc \/14—/1/1 Thnoise |H(f)| 9)
Considering m=Rb/B,
-E, /N
MW(MZ (10)

N
BER =%Z 0.5erfc | |1+ ul Tnoise
i=1

C. Formulation of Transfer Function and BER in the Presence of Transformer
The impulse response of the powerline is given by h(t) = F-'[H(f)]
so from equation (4), we get
N k
/’ll(t) — Z g, e (@oraf )dié‘(t -7))

So, i=l (11)
To formulate of the transfer function, let,

H, (f)=3{h(); (12)

so, Hi(f) can be calculated as follows,

i=1

= k -27fr;
Hl(f) — |:Z g, e—(ao+alf )die 2 zf ,} (13)
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For an outdoor network, the powerline consists of the channel having number of transformers that
exhibit this periodic time-varying behavior in different frequencies. A simple approximation for

modeling the periodic channel of the transformer, the impulse function is given by [12]

hy(t) = o{sm A7 4y ﬁ}hc(t)
AC (14)
= a h (1) Sin 2t a B R (1)
AC
And
H,(f)=3{ h(1)) (15)
Now the total impulse function of the outdoor channel is given by
h(t)=h (1) ® h,(t)
N k
h(t) = {Z g e NS (-1 f)}
i=1
x {O{Sin;:—ﬂﬁ ﬁ}hc(t)}
AC (16)
Or, H,(f)=3 {a h_(t) Sin ;” t+ aﬂhc(t)}
AC
= Iahc(t)Sin AT 4 e gy
- TAC
(17)

+ j af h (t) e > di
where o is gain constant, B is positive offset, and h(t) is a common channel response.

H,(f)=ah/ (1) _[Sin ;:—ﬂt. e 27 dt

00 AC

+ afh, (1) j e gt
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T
H,(f)=ah/(1) PPRE =
V4 :
2] 2y
AC
+ af h. (1) !
j2af,
ah, (t T )
(=220 T ;B ()
4_TAC fac 2fac
So, the combined transfer function of a powerline network becomes
H(f)=H,(f) H,(f) (19)
N k
OI”,H(f) — Z gie_(a0+al.f )d;e—ZﬂfT,- x a hc(t) TAC2 —— IB
i=1 7 4_TAC fac 2fth
LY 2|H (/) E, (20)
Pbk - N_IZ:O 0 [\/ N . J
So, SNk« |H (f)| ;and BER is given by
BER :1—ZNL 0.5erfe | | L \H (I (21)
N & N,
Now SNR = E,
NVN
E, = PT,
SNR = ;z ; (Pn=0,")
VR E,/T, _[ E, [1/Tbj
(N, /2 B N, B
(22)

So, the BER equation becomes
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BER :V; O.Serfc[ |m N_0|H(f)| J (23)

IV. RESULT AND DISCUSSION

In this paper, we have developed a suitable model for transfer function of powerline carrier
communication network considering the presence of power transformer. Following the same, a
BER equation has been derived for the PLC with OFDM in the presence of impulsive noise. The
performance of the OFDM PLC channel has been evaluated by MatLab simulation with and
without transformer in impulsive noise environment is shown in fig 2 to 4, which show the
comparison of BER plot with and without transformer. In figs 5, the BER penalty in different
channel bandwidth with the presence of Transformer is shown. These analysis show that there a
loss of BER at about 10-15 dB for transformer. The BER penalty due to transformer is shown in
fig 5.

The BER performance with diversity reception and performance improvement in the presence of
transformer is shown in figs 6-9. The overall performance improvement in BER by using more

number of receivers (upto 8 in number) in the presence of transformer is shown in fig 10.

The performance degradation due to the presence of power transformer in a PLC channel can be
improved by increasing the number receivers (diversity reception), and furthermore there is
additional amount of improvement of the system performance by this proposed technique.
However, the optimum number of receivers and transformers can be used for best performance

are not calculated, remain as future works.

A. BER Performance with and without transformer
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Fig 2: BER performance in 20 MHz range in the presence of transformer with impulsive noise.

Fig 3: BER performance in 40 MHz range in the presence of transformer with impulsive noise.
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| Bandwidth = 60MHz
L1, without transformer
L2, with transformer

BER

Fig 4: BER performance in 60 MHz range in the presence of transformer with impulsive noise.
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Fig 5: BER penalty with transformer in different channel bandwidth

B. BER Performance Improvement in the presence of Transformer by diversity reception
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Case I: Without Transformer
(Dotted lines)
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Fig 6: BER performance in 20, 40 and 60 MHz range in impulsive noise environment with and without

transformer.
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Fig 7: BER performance in 20 MHz BW with and without transformer in impulsive noise environment

(with 1, 2, 4 and 8 receivers).

21



—=— With tmasformer, L
100 | T With tmasformer, L.

—*— With tmasformer, L:
—*— With tmasformer, L:
— Without tmasformer,
1071%°| 7 Without tmasformer,

| Bandwidth =40 MHz || Ttey L
— Without tmasformer, . j I ! .

— Without trasformer, i i i | w

40 50 60 70 80 90 100
SNR(dB)

Fre-®R

® BN =

Fig 8: BER performance in 40 MHz range with and without transformer in impulsive noise environment

(with 1, 2, 4 and 8 receivers).
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Fig 9: BER performance in 60 MHz range with and without transformer in impulsive noise environment

(with 1, 2, 4 and 8 receivers).
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Fig 10: BER performance improvement by increasing the no of receivers (diversity reception).
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