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Abstract

Abstract — This paper proposes a novel power line communication system utilizing minimum cables. Conventionally, more number of
cables is used to transmit data and power. This leads to increasing the cost, complexity in design and connections, maintenance issues
and high man power. In order to avoid these drawbacks, the power line communications system is proposed to transmit the data through
the existing power line cables by impressing a modulated carrier signal. The proposed power line communication system is divided into
two blocks in design say Transmitter design and Receiver design. At the transmitter side, the data is encoded by using Manchester encod-
ing scheme preceded by Frequency shift keying modulation.Similarly, at the receiver side, the process of demodulation and decoding are
used for the retrieval of the original data. In this paper, the STM8 Microcontroller is utilized for the real time validation of the proposed
power line communication system design.
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to superimpose the high frequency signal on to the A.C signal.
Similarly in the receiver end the main blocks are Transformer,
Band Pass Filter, Microcontroller and Triac section.

1. Introduction

The communication flow of today is very high. The applications

which are operating at high frequency and a fixed connection is 2.1, Transmitter design
always preferred. If we transmit the data through the existing
power lines to the customer it could make a tremendous break- ,
through in communication. By using a power line as a communi- l Sk Box
cation medium will also be a cost effective we compared to other

systems because it uses an existing infrastructure, wires exists to
ever household will be connected at any time and services being

provided at real time. Miceo.
Power Line Communication (PLC) is a promising emerging tech- Controllr
)

nology, which is attracting much attention due to the wide availa- (STIM
bility of power distribution lines. Power Line Communication
basically means any technology that enables data transfer at nar-
row or broad band speeds through power lines by using advanced
modulation technology. Power line communication is also called Squars to sina Second ordsr
as power line digital subscriber line, mains communication, power o ey
line telecom, power line networking, or broadband over power -
lines are the systems, which carries the data on a conductor and Fig. 2.1: Transmitter Block Diagram.

also used for electronics power transmission.

Home Automation System using power line communication is  The Transmitter of the PLC contains the following blocks.
user friendly and cost efficient. It requires only electricity torun 1) Power Supply

system. So this system is very simple and cheap. Electrical power 2) Microcontroller section

is transmitted over long distances using high voltage transmission 3) Square to Sine wave Converter

lines, distributed over medium voltages, and used inside buildings 4) Coupling section

at lower voltages.

Coupling
cireuit

Amplifiar

2.1.1. Microcontroller

2. Design methOdOIOQy In order to work with an components, basic requirement is power
supply. In this section there is a requirement of 5V, 12V DC pow-
In this, we designed transmitter and receiver. These can be operat-  er supply. In this we need to control three switches and generating
ed around 70-100 KHz. The major parts in the transmitter are  timing waveforms depending on the switch we pressed. Since we

Microcontroller, Square to Sine wave converter and Transformer  are using only 5 to 6 pins of the microcontroller. We have to select
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a microcontroller with low pin count, therefore we have chosen
STM8 microcontroller.
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Fig. 2.2: Microcontroller Section- Transmitter End.

In this transmitter part, microcontroller is used for generating tim-
ing waveforms using timer channel. These timing waveforms are
controlled depends on the switches connected in port C.

2.1.2. Square to sine wave converter

Square wave cannot be superimposed onto the power line. That is
why this square wave will be converted into sine wave. Literally
we can say that square wave can be converted sine wave by just
smoothing it. Hence a Low pass filter can be done this perfectly.
Since we are operating with frequencies more than 10KHz, its
cutoff frequency designed with 65KHz.
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Fig. 2.3: Square Wave to Sine Wave Converter.
2.1.3. Power amplifier

In this amplifier one transistor is used to amplify the positive por-
tion of the signal and other transistor is used to amplify the nega-
tive portion of the signal. The circuit is powered by symmetrical
DC voltage source +12V and -12V, with a complementary pair of
transistors (Q1 is an NPN and Q2 is a PNP). These transistors are
connected in such a way both cannot conduct simultaneously. The
signal coming from the power amplifier we are giving it to the
coupling circuit.
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Fig. 2.4: Power Amplifier.
2.1.3. Coupling section

This plays a major role in the transmitter part. This is used for
coupling the high frequency signals on to the A.C power line. The
sine wave from the square to sine converter will be redirected to
this mains coupling interface.
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Fig. 2.5: Mains Coupling Interface.

Transformer is used here for isolation from the A.C mains line to
the DC side. Coupling to the power line requires some passive
components. In the circuit when the high frequency signal (50-
70KHz) is given as the input, the capacitor will give the low reac-
tance for these frequencies. And for lower frequencies (let us say
50Hz) it will offer ver high reactance. So at the primary side of the
transformer it will allow only high frequency signals. Similarly at
the secondary side we use very low capacitance. So that it can
allow high frequency signals and those will superimpose onto the
230V AC signal.

2.2. Receiver design
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Fig. 2.6: Receiver Block Diagram

In the receiver board the main functional blocks are
1) Coupling Section
2) Band Pass Filter Section
3) Schmitt trigger
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4) Microcontroller
5) Trial Section

2.2.1. Coupling Section
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Fig. 2.7: Coupling Section.

This is same as what we used in the transmitter side. Same circuit
will be used for receiver also. It will allow only high frequency
signals to the DC side. So that the Band Pass Filter can detect the
signal from this.

2.2.2. Band pass filter

Band pass Filter function is to allow certain band of frequencies.
In the AC mains power lines there are many fluctuations in the
voltage. So the noise is very high. After decoupling the signal
from the transformer signal consists of noise. And it is unpredicta-
ble. To pick out the desired frequency, we need the following
section.
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Fig. 2.8: Band Pass Filter.

A four stage band pass filter is designed using four pole high pass
filter and a four pole low pass filter. In above figure first two stag-
es are the individual 2-pole high pass filter (Multi feedback filter
structure). Last two stages are the two individual 2-pole low pass
filter (Sallen-key Filter structure). For designing this BPF we need
quad opamp.

2.2.3. Schmitt trigger

For this Schmitt trigger we are giving the input signal from the
band pass filter. This Schmitt trigger is converting the sine wave
signal to the square wave. The resultant signal from the Schmitt
trigger we are giving to the microcontroller. Because, microcon-
troller will respond to only 1°s and 0’s.
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Fig. 2.9:Schmitt Trigger.

2.2.4. Microcontroller
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Fig. 2.10: Microcontroller Section — Receiver End.

The function of the microcontroller at the receiver end is to meas-
ure the frequency of incoming signal. For this the TIM1 is pro-
grammed in Input Capture Mode. With this we can measure the
frequency. The TIM1 clock is operating at 16MHz. With reference
to this clock frequency the input signal frequency can be meas-
ured.

When the measured frequency is equal to the transmitted frequen-
cy then, based on that frequency we will get our transmitted data
in Manchester code format. From Manchester code we will decode
it to our actual data. Then if the transmitted data is belongs to this
receiver microcontroller then the GPIO port pin will be ena-
bled/disabled depending upon the previous state of that port. This
will be given to the Triac Section.

2.2.5. Triac section
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Fig. 2.11:Trialsection.
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Triac section will control the loads at the receiver end. The micro-
controller output connected to the Opto isolator (MOC3021). For
this device at the input side when we apply high voltage, the LED
will glow and the TRIAC part at the secondary side of MOC3021
will be on. Then the load will be ON. Similarly when the input to
the device is low, the TRIAC will not be active.

3. Simulation results

When the switch is pressed in the transmitter side the microcon-
troller reads the switch status, and it will take the data which is
assigned to that switch. After that we are encoding that data by
using Manchester encoding scheme. Now we are modulating this
encoded data by using FSK modulation. Finally we will get FSK
signal from the microcontroller when switch pressed.
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Fig. 3.1:FSK Waveform from Microcontroller.

In AC mains noise will be add more on square waves as compared
to sine waves. So we need to convert the above FSK signal into
sine wave. For that reason we are using one Low pass Filter to
smooth the above wave.

'.Fig. 3.2:Sine —\/vé\}eform from Sqdére to Sine ConVérter.

A Low pass filter is designed in such a way that, to convert square
wave to sine wave. For that reason we chose the cut off frequency
of the filter lower than the two frequencies of the FSK signal.
Using a transformer section we superimposed the sine wave on to
the A.C 230V mains power lines. For this transformer we use
large capacitance at the primary side compared with the secondary
side. Because, this will restrict the 50Hz wave to the secondary
side, it will not affect the primary side of the transformer.

Fig. 3.3:A.C Signal after Superimposing the High Frequency Signal.
4. Conclusion

The actual implementation of the system is to design a power line
communication system to transmit the data through the existing
power cables. Here we used the FSK modulation, because noise
effect is less. When we superimposed the data on to the power
lines more noise is added to the actual data because of lot of fluc-
tuations will be in AC mains power supply. By using the band
pass filter we picked out the desired signal.
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