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A Signal Anti-reduction System for Power Line Communication
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ABSTRACT

A new communication system is suggested using a single-phase full-bridge inverter with high efficiency ferrite core for

power line communication (PLC). The conventional system has a decreasing signal voltage problem due to internal

resistance. The proposed system has almost zero internal impedance and replaces a linear amplifier.
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1. Introduction

According to the developing information society, the
implementation of power line communication was a great
decision by the electronics industry, especially for
building automation, home automation and LAN systems.
Though many attempts were made, none were successful
until the late 1970’s I'!. Home automation will cut energy
costs by allowing precise, intelligent control over energy

usage! !,

A PLC system using a spread spectrum
technique is designed to overcome disturbances especially
narrow-band impairments'"®). Computers, power supplies,
inverters, converters and motor drive systems are all
examples of loads that have a capacitor component at
home or in the business world. These capacitors increase
the leakage carrier current due to their low impedance

against the carrier frequency in the PLC system. In the
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conventional system, due to internal resistance, this
leakage current causes the signal voltage to be decreased
by about 20Q during transmission'®. To overcome this
problem, blocking filters with high Q factor can be
connected to block the effect of the load capacitance on
the carrier frequency. However, this method requires
blocking filters for each piece of equipment. This paper
proposes a

special switching amplifier with high

efficiency ferrite core as signal anti-reduction equipment.
2. Simple mathematical modeling

Since proposed switching amp that has small internal
resistance reduces that problem of the signal reduction. In
order to solve these problems, the amplifier of a
transceiver must have a low internal resistance and be able
to supply reactive power. A block diagram of the proposed
system is given in Fig. 1. A switching amplifier composed
of a single-phase full-bridge inverter is inserted between
the transmitter and the receiver. As shown in this figure,
the switching amplifier replaces a linear amplifier.
Furthermore, we suggest using one with a high efficiency
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Fig. 1 Block diagram of a PLC system

ferrite core. This core phenomenonally reduces the
leakage reactance of the coupling circuit. This means that
there is no reduction in the signal due to internal resistance
or leakage inductance. This is depicted in Fig 2, where *
is the internal impedance of the amp, R is the line

resistance, L is the inductance, C is the line capacitance,

C, is the load capacitance, V, is the signal voltage and

V) is the power voltage.

Receiver

Transmitter

Fig. 2 A load equivalent circuit

In Fig.2 the noise effect, impedance characteristic and
signal reduction must be considered in the power line.
Using a Laplace Transform to obtain the load voltage

between the two terminals; the load current 7 is given

by:
I(s)=sC,V (s)[LC,s* +(r+ R)C,s+1] (1)
where C, =C,+C, . Therefore the signal current is

obtained under the influence of the capacitor C, in

receiving node.

3. Simulation and Experimental Result

To verify the prediction, a switching amplifier system with

Copyright (C) 2003 NuriMedia Co., Ltd.

low internal resistance is proposed. It can provide reactive
power and has low impedance between the transmitting
and the receiving node. The new system consists of a
MOS Field Effect Transistor(MOSFET). Unlike a linear
amplifier, the full-bridge switching amplifier has low
internal resistance and is able to provide reactive power. A
bridge inverter can replace the linear amplifier found in a
conventional amplifier system. In the conventional system,
the internal resistance of the amplifier is between 20~50Q.
However, it is almost zero for the MOSFET in operating a
saturation region in the proposed method. Furthermore,
this system has high efficiency core for transforming a
signal to a power line. This high performance ferrite core
reduces the leakage inductance and the weakening of the
signal. Therefore the line impedance decreases. Fig. 3
shows the block diagram of a new amplifier for spread

spectrum communication (SSC) using phase information
[11[21(4]

Ts

Power
Line comparator

Ts ‘svi(ch ——I

Fig. 3 Block diagram of the new amplifier for SSC and control
signal generator

This system adopts a FET which switches much faster
than a normal transistor. "So" is a signal from a chip set
for SSC. This signal is converted into the control signal by
a comparator. Part of the control signal generator is shown
in Fig. 3(b). The comparator signal changes the
inverter-switching signal. At this time "Ts" signal
synchronizes the overall system. Adding a switching
device on the load line prevents low impedance between
the transmitting and receiving node as shown in Fig. 3(a).
Therefore, if the switch is on, the switching amplifier
system running full-bridge inverter can transmit the data.
When the switch is off, the new system is waiting to
receive a signal. The ferrite core coupling also reduces the

leakage flux signal between transmitter and receiver.
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4. Simulation and Experimental Results

The simulation and experiment were done using a PLC
system. The simulation results in Fig. 4 show the
waveform from the conventional system with load
capacitor and internal resistance. This simulation uses

very simple circuits so that the real system equivalents

will not be too complex.

(a) (b)

Fig. 4 Input waveform of the transmitting and receiving node

(a) Transmitted signal (C=0.0087 ¢ F R=0.62Q r=25Q)
(b) Received signal (C=0.0087 x# F R=0.62Q) r=25Q )
(c) Received signal (C=0.0158 ¢ F R=0.62 Q) r=25 Q)
(d) Received signal (C=0.0158 i F R=0.62Q 1=0.02Q)

Fig. 4(b) shows the voltage of the receiving node at 1V
in case of low capacitor load. Capacitors in the system
reduce the transmission signal as shown in Fig. 4(c).
Because it is the load capacitor, Fig. 4(c) shows that the
received voltage of the amplifier system having the
internal resistance of =25 Q is low at less than 1Vp-p.
If the value of internal resistance is small, the voltage will
be more than 2Vp-p — a 100% improvement. Therefore, as
shown in Fig. 4(d), the voltage drop is decreased when the
internal resistance is reduced as much as possible.
Experimental waveforms are showed in Fig. 5~7. This
experiment adopts the Intellon SSC P400 Network 1C [6].
The SSC P111 PL Media Interface IC provides the output

signal amplification. The coupling of the transmission
(SU8) {p

signal is obtained by SN-20 made by Samhwa Co.

this experiment, we used the power line of the building,
which powers many computers, inverters, and converter
systems. As explained before, a ferrite core coupling is
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used in this experiment. In this experiment the load
consists of many computers and converters. The voltage of
the receiving node is measured fl in each case. Fig. 5
shows the transmitting and receiving waveforms of the
conventional and the proposed system.
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Fig. 5 Comparison of the signal on the power lone with no load
(a) (¢) The conventional system
(b) (d) The proposed system

The receiving voltage waveform in Fig. 5(b) is bigger
than in Fig. 5(a). So the proposed system has a low
influence on the load of the pre-existing power line. The
received signal is not exactly the same as the source signal
because of the power line filter, stray inductance and the
capacitor. Fig. 6 shows a comparison of the received
signals where the power rate compensation capacitor of

50 H F is connected to the midpoint between the
transmitting and receiving nodes. As shown in Fig.6 (a)
we can obtain 2Vp_p as a received signal voltage, however
we cannot get exact information because of the inexact

zero crossing signal.
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Fig. 6 Comparison of the signal on the power line with load
(a) (¢) The conventional system
(b) (d) The proposed system
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On the other hand, the voltage of the proposed system
shows 8Vp-p. Thus, performance has been improved by
400%. Since a signal reduction cannot be completely
avoided at high frequency, the received voltage could not
be greater than 10Vp-p. However, the proposed system
also received effective data excellently. A Fourier
transformed signal is shown in Fig 7(a) and 7(b) obtained
from Fig 7(c) and 7(d), respectively. This shows that the
magnitude of the meaningful signal has increased.
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Fig. 7 A load with blocking filter

(a) (¢) The conventional system

(b) (d) The proposed system
The y-axis represents frequency and the x-axis
represents time. As shown Fig 7(a), there is no switching
noise. However, the transmitted signal is smaller than Fig.
7(b). The magnitude of the signal is -13.20 dB. For the
proposed system, even though there is a lot of switching
noise across the whole frequency, the magnitude of the
transmitted data is 14.15 dB. We can say that the signal is
transmitted well to the receiver. The transfer speed can be
increased if we use a high speed switching device greater
than 1 MHz.

5. Conclusions

This paper shows the PLC system can be analyzed as a
simple R-L-C circuit. Using a single-phase full-bridge
inverter as a switched amplifier can reduce the signal
reduction caused by an inductor or capacitor. The
simulations and experiments in this paper clearly
demonstrate the effectiveness of the proposed inverter. If

we use a faster switch, the system response will increase.

Copyright (C) 2003 NuriMedia Co., Ltd.

References

[1] M. H. Shwehdi, A. Z. Khan: ‘A Power Line Data

Communication  Interface using Spread  Spectrum
Technology in Home Automation’, IEEE Transactions on
Power Delivery, Vol. 2, No.3, July 1996.

[2] Min-Sang Seo, Seuk-Kyung Sung, Byung-Gyu Ann: ‘Spread
Spectrum Method based Power Line Communication for
Plant Monitoring and Control System’, The Transactions of
the Korean Institute of Power Electronics, 1997, pp 17-19.

[3] Masaoki Tanaka: ‘High Frequency Noise Power Spectrum,
Impedance & Transmission Loss of Power Line in Japan on
Intra-building Power Line Communications’, [EEE
Transaction on Consumer Electronics, Vol.34, No.2, May
1988.

[4] Denny Radford, Member IEEE: ‘New Spread Spectrum
Technologies Enable Low Cost Control Applications for
Residential and Commercial Use’, Intellon Corporation
Ocala, Florida 34482 USA.

[5] K. C. Abraham & S. Roy: ‘A Novel High-Speed PLC
Communication Modem’, [IEEE Transaction on Power
Delivery, Vol. 7, No. 4, October 1992, pp 1760-1768.

[6] ‘SSC P400 Hard ware Design Reference - Technical

Reference Note #0026°, Intellon.

Jong-Sun Ko was born in South-Korea, on
March 20, 1960. He received the B.S.
degree from Seoul National University,
Seoul, South-Korea, in 1984, and the M.S.
degree from Korea Advanced Institute of

: Science and Technology (KAIST), Taejon,
South-Korea, in 1989. He received Ph.D. in Electrical
Engineering at KAIST in 1994. He had been with Production
Engineering R&D Center of Samsung Electronics Co. from 1983
till 1996. He was visiting scholar of University of Tennessee in
1999. He was a Prof. of Electric & Electronic Engineering in
Wonkwang University, Iksan, South-Korea from 1996 till 2003.
He is a professor of Electric Electronic Computer Engineering in
Dankook University, Seoul, South-Korea since 2003. His
research interests are in the drive system, digital control, robust
control, and factory automation. He is a member of IEEE, KIEE
and KIPE. He was visiting scholar of University of Tennessee.
He has done 18 projects in Samsung Company and Wonkwang
University in field of automatic production, automatic controller,
PMSM controller, and Torque Observer for PMSM.



260 Journal of Power Electronics, Vol. 4, No. 4, October 2004

Hyun-sik Kim was born in South- Korea in
1978. He received the B.S. degrees in
electrical engineering from University of the
Wonkwang , Korea, in 2004. University of
the Dankook, where he takes M.S. His

research interests are in the drive system,

digital control, control of ac motors.

Soon-chan Hong was born in Chung, Korea,
on 1950. He received the B.Sc., M.Sc., and

Ph.D. degrees in electrical engineering from

> Seoul National University, Seoul, Korea, in

i . 1973, 1975, and 1985, respectively.  He
b",}
Instructor (1976-1978) at Korea Naval Academy, Jinhae, Korea.

served as a Lecturer (1975-1976) and an

In 1978, he joined the Department of Electrical Engineering at
Dankook University, Seoul, Korea, where he is currently a
Professor. From 1986 to 1987, he worked as a Visiting Scholar
in the Department of Electrical Engineering at Texas A&M
University. His major areas of interest are the power
semiconductor circuits and its applications to machine
control.  Dr. Hong is a senior member of IEEE and the former
President of the Korean Institute of Power Electronics, Korea. At
present, he is a Dean of the School of Engineering at Dankook

University.

Copyright (C) 2003 NuriMedia Co., Ltd.



	A Signal Anti-reduction System for Power Line Communication
	ABSTRACT
	1. Introduction
	2. Simple mathematical modeling
	3. Simulation and Experimental Result
	4. Simulation and Experimental Results
	5. Conclusions
	References
	저자소개


