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Abstract: In this paper an attempt is made to analyze 

various techniques that can be used for using power line as a 

channel in a Integrated Home Automation Controller 

(IHAC). The power line is used for the purpose of 

transferring information of a home automation controller to 

various devices and also getting the sensor signals. This study 

is a part of the Integrated Home automation Controller 

which can be used for device controlling, security 

management and energy management.  
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I. INTRODUCTION 
 

Power line is used as a channel for transferring 

information and control signals. Cost of [1] wireless 

devices and the electromagnetic radiation is reduced. At 

home excess electromagnetic radiation may be harmful for 

human being. Apart from controlling the devices IHAC 

can be used for power generation and energy management 

in rural areas [2].  Lot of research has been done in control 

or automation using wireless methods [3] but the 

drawback is that it also requires an interfacing device to be 

connected to each equipment or system which also 

consumes power.   An economical and viable approach is 

to make use of the already exiting operational power line 

which is having connection to all the equipments inside 

the home. Looking at short coming of wireless controller 

we have conducted an experiment with simple devices. 

Power line interface is one of the major issues in the home 

automation controller. 

 

II. BACK GROUND 
 

Power line can be used as a promising medium for the 

transfer of data and control signals [4], [5]. Amplitude 

Shift Keying (ASK) modulation is one of the suitable  

methods that can be used in high noise and low signal 

applications [6]. Centralized controller with master and 

slave configuration is not user friendly for home 

automation control configuration [7]. Authors in [8], [9] 

have developed web based technologies for home 

automation.  In India, internet has not yet reached to the 

rural places and people are not familiar with the usage. In 

our work of power line control the first task is to design a 

miniature controller which can be plugged in to the 

equipment and power line interface so that it can provide 

complete automation and control to a particular home. 

This can be easily extended to the colony which is 

connected by a single transformer. Authors in [10] have 

used Signal coupling scheme with inductors that makes 

bulky. In this work an attempt is made to use simple com- 

ponents which are compact. 

  

III. METHODOLOGY 
 

In the present work, functional modeling using simulink 

of matlab, circuit simulation using LT Spice tool is done 

before hardware implementation.      

Functional model is a block representation of the system 

within defined scope with respect to input and output 

signals. The purpose of function model is to describe the 

functions and processes on the input signals and moving 

towards output. This provides ideal mechanism to simulate 

various functional models at higher level.  

Functional models give mainly the input out puts 

relations. Practically the implementations require many 

circuits.  The circuit simulation tools are used to see the 

inputs and outputs for various circuits.  Simulation tools 

give the flexibility that we can use the libraries of device 

models and many commercial and non commercial 

simulation tools are available. We can know the 

difficulties if any in the actual implementation beforehand 

without going through the hardships of actual hardware 

implementations.  

For the hardware implementation and testing one has to 

relay on available components in the market.  In the 

testing section different implementations are compared 

with respect to their efficiency.   

A.  FUNCTIONAL MODELING 
It was required to send the high frequency control 

information over the power line to control the devices that 

are connected to the same power. The power supply in 

India is 230 volts with frequency of 50Hz.  the control  

information  is usually  digital in nature obtained from any 

digital circuit over the lines the information has  to be 

modulated digitally and  sent  If two  voltages are  

superimposed  then it may cause ripples in the voltage. 

 

 
Fig 3.1 Functional modeling of power line communication 

using simulink 
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Ripples in the supply may cause mal functions of the 

equipments under control. In order to reduce the ripples in 

the supply the control signal has to be super imposed near 

the zero crossing part of the waveform.  This is visualized 

using simulink. 

 

Fig 3.2 Output waveforms of scope 

 

The figure 3.2 shows the concept of overall functional 

behavior of communication interface of IHAC. Sinusoidal 

waveform is having amplitude of 230Vrms and 50Hz 

frequency as in the scope. The hit crossing detector 

produces a pulse whenever waveform reaches 0 volts 

equivalent of zero crossing detector. This is shown as a 

very short duration triggering type of pulse in the scope 

which is the second waveform from bottom. This duration 

will be too small to send any control information. In every 

periodic duration of the waveform, we get two triggering 

type pulses of short duration. If the duration of this trigger 

pulse can be increased to some comfortable time enough 

control information can be sent.  Monostable block shown 

in fig 3.1 is equivalent of the monostable multivibrator 

circuit that can be used to time the duration of control 

information transfer over the power line whose waveform 

is shown as third waveform from bottom in the Fig 3.2. 

We have to be able to vary the duration of this pulse in the 

actual circuit implementation. The switch block shown in 

Fig 3.1 has two inputs one output and one control input. 

Output of the monostable block controls the selection of 

one of the two inputs reaching the output through this 

switch. When the monostable pulse is high PN sequence 

coming from the PN sequence generator will reach the 

output else the sine wave will reach the output. The PN 

sequence is equivalent of the binary control information 

serial bit stream.  But in the actual implementation every 

bit is going as a ASK modulated high frequency signal. In 

fig 3.2 PN sequence is second from top and top most is the 

output of the switch.     

 
Fig 3.3 Output waveform of hit cross detector.     

 

The second hit cross detector reproduced the PN 

sequence that was sent during the monostable triggered 

duration.  We have received only a part of PN sequence as 

we are transmitting the control information only during 

small duration decided by monostable output near to zero 

crossing detector trigger. We have to time the shifting of 

serial data coinciding with the monostable output duration 

triggered by zero cross detector both during transmission 

and reception. 
B. CIRCUIT SIMULATION 

Amplitude shift keying of digital binary control 

information is done using high frequency sine wave 

carrier. As this signal has to be superimposed on the 50Hz 

230V power sine signal it is obvious that we cannot use 

opamp adder circuit as one is high voltage signal. If we 

have to use coupling transformer, it has disadvantages like 

bulkiness and the high frequency signal will be attenuated 

as coupling transformer are having iron core. Out of the 

various signal coupling methods ferrite core pulse 

transformers [11, 12] used in high voltage applications to 

trigger power devices like triac was found to be a better 

choice. To simulate the working of such circuit element 

the LT Spice simulator was having the model of ferrite 

bead with mutual inductance. For practical application 

involving high frequency signals ferrite core transformers 

are used. Figure 3.4 shows the control information 

/message information a circuit is simulated with the 

LTSpice as in Fig 3.4. The waveform in figure 3.5 is the 

250 volt 50Hz signal superimposed with 5 volts 50MHz 

sine wave. 

The ferrite bead used in the simulation is from library of 

Wurth Electronic. It is having inductance of 3.541 micro 

henries, series resistance 0.1 ohm, parallel resistance 1146 

ohm, parallel capacitance 2.55 pico farad, peak current 1.5 

amperes, impedance at 100 Mhz  is 691.6 ohm and 

maximum impedance is 1145.9 ohm at 53 Mhz. 
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Fig 3.4 LtSpice circuit used for the superimposition of 

high frequency signal over the 250v, 50 Hz sine wave. 

 

 
Fig 3.5 LTSpice simulated waveform show the 

superimposition of high frequency signal over the 250v, 

50 Hz sine wave.  
 

 
Fig3.6  Spice model of ferrite bead  

 
Figure 3.6 gives the details of ferrite bead used in 

simulator having inductance of 3. 541 micro henries, 

series resistance 0.1 ohm, parallel resistance 1146 ohm, 

parallel capacitance 2.55 pico farad, peak current 1.5 

amperes, impedance at 100 MHz is 691.6 ohm and 

maximum impedance is 1145.9 ohm at 53 MHz.    

 
Fig 3.7 Zoomed  view of output of fig 4.2 indicating super 

imposition of high frequency signal over 230v 50Hz 

signal. 

The information cannot be communicated   in the form 

of an analog signal over the power line. As the power line 

is suitable only for certain frequencies. Channel 

characteristics [13] of Power line is very important 

because power line is not designed for data transmission 

and is hostile for communications. [13] Presents the 

testing results of channel properties of power line 

communications networks in China. According to the 

nature of distribution networks, office blocks and 

residential buildings were tested respectively. The testing 

results shows that the main reason influencing the reliable 

communication of high speed data of power line is the 

attenuation of the high frequency signal, which exhibits 

more obviously in the branch of power line at distribution 

transformer. This disadvantage is overcome with the aid of 

  

 
FIG. 3.8  ASK MODULATOR AND ASK DEMODULATOR  

 

the repeater. For the multi-story building, it is possible to 

use the frequency range from 2MHz to 20MHz to realize 

the reliable communication. In this work circuit given fig 

 3.10 is used to find out the band width of the channel. 

Considering the signal’s attenuation, the lower frequency 
range is more suitable for the high-speed data 

communication of power line. So the frequency range of 

2MHz-10MHz is suitable for the high-speed data access 

system of power line.  The attenuation problem can be 

addressed by using relaying technique.  

 

 There are many Digital modulation techniques 

available. We have used the amplitude shift keying. 

Reason for using (ASK) is the simple to implement. The 

amplitude shift keying is visualized in the simulink using a 

switching block.  Any control information or message can 

be converted to digital form. If a high frequency carrier is 

modulated by such digital wave form using any of the 

digital modulation techniques The ASK modulated signal 

is sent over the power line. As digital signal will have 

discrete voltage levels of high and low just like a square 

wave signal we can initially develop a communication 

interface over the power line using square wave instead of 

actual message or control information. So an ASK 

modulator and ASK demodulator was simulated using 

LtSpice. This is shown in the figure. 3.8 

 In  LTspice  ASK modulator can be implemented using 

a transistor as switch. The high frequency sine wave 

carrier is passed from the collector terminal, whereas the 

square wave is given to base of transistor.   

The working of the circuit in fig 3.8  depend on the 

frequency response characteristics of the transistor and the  
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dc biasing voltages of the signals that are used  as  high 

frequency carrier and  square wave.  If small signal high 

frequency transistors are used then one can design ASK 

modulator for higher message bit rate. This is because 

higher the frequency sine carrier then higher the frequency 

of digital pulse.  With this one can achieve higher message 

data transfer rate only to be limited by the property of 

power line as channel.  This limitation is found by 

conducting experiment as in figure 3.10.    

In the hardware implementation for  power line 

communication interface the ASK modulated signal will 

be superimposed on the low frequency power wave using 

ferrite core transformer(pulse transformer). This device 

provides good isolation for the high voltage low frequency 

signal. When a capacitor is connected in series with pulse 

transformer, it passes only the high frequency signal 

blocking the low frequency high voltage signal [14]. The 

reactance of any line is given by  �� = / ��� where Xc 

represents the capacitive reactance f frequency and c 

capacitance. Reactance for 5 MHz signal for a capacitance 

of 3.3KPf  : Xc = 1/2π3.3x10-9
x5x10

6 =
9.645754ohm. 

 

Fig.3.9: Simulated output of ASK modulator and 

demodulator. 
 

A.1st row VN(001) reconstructed square wave from 

Schmitt trigger  

B.2nd row VN (004) Amplified output from non 

inverting amplifier. 

C.3rd row VN (011) ASK demodulated output. 

D.4th row VN (009) ASK modulated output. 

E.5th row VN (008) Digital information. 

F.6th row VN (006) High frequency simulation 

C. Circuit Implementation 
Reactance for 50Hz signal for a capacitance of 3.3KPf : 

Xc = 1/2π3.3x10-9
x50=964575.4ohm. Inductive reactance 

depends on the frequency as XL= ���.  For our work the 

specifications of the how much power is transferred from 

one end to the other is not important. But one should 

worry about the maximum current limit. by all means see 

that high frequency component should not be attenuated 

and also to o be superimposed on the 230V 50Hz.In the 

simulation  results it is observed that there is attenuation of 

high frequency signal which is due to the fact that the 

inductive reactance XL  is  directly proportional to 

frequency. The frequency of the  sine wave carrier used 

for ASK modulator  is decided by the power line channel 

character for various frequencies, bandwidth of  isolation 

device(XL) and  power signal blocking capacitive 

reactance (Xc).  

An experiment is conducted to practically find out the 

bandwidth.     A simple test set up was made as in Fig 3.10 

and   frequency response was found out.  The reading of 

the same experiment is given in Table 3.1 with 

calculations of gain. 

 

 
Fig. 3.10 Set up to find the frequency response of pulse 

transformer 

 

The plot of the frequency response in Fig 3.11 clearly 

shows there is not much difference in the gain due to the 

power line being connected to source and load.  Losses 

occurring for high frequencies can be easily controlled by 

using the suitable interfacing devices to couple the 

required high frequency signal to the power line. 

The output of pulse transformer connected at receiver 

side is demodulated using ASK demodulator. Circuit 

diagram of ASK demodulator is given in Fig 3.13. 

Schottky diode is used as square law detector. The 

schottky diode is used for low voltage and high frequency 

applications to remove the noise after rectification. Low 

pass filter is used using RC circuit.  The R=10 Kilo Ohm 

and C=100Pico Farad. The carrier for the ASK is having   

5MHz. Capacitive reactance Xc = 1/2π100x10-12x5x106 

=318.31 ohm. 

During the transition capacitor gets charged and stores 

up energy. But when the high frequency input signal to 

diode is reducing from peak value towards the zero the 

capacitor cannot discharge through the same path as that 

of charging path through the diode as the diode is 

becoming reverse biased. The discharge path is through 

the R which is 10KiloOhm. Discharging time is very large 

as the capacitor has to discharge through 10kiloohm 

resistance which allows only small current to pass. When 

the circuit consists of only a charged capacitor and a 

resistor the capacitor will discharge its stored charge 

through the resistor. Here the capacitor and resistor are in 

series so the voltage across the capacitor can be found 

using Kirchhoff’s current law. The current discharging 
through the capacitor is equal to the current through the 

resistor according to differential equation  C tV+
VR = .  

Solving this equation for V yields     V t = V e− tRC, V  is 

the capacitor voltage at time t = 0.  The time required for 

the voltage to fall to   
V0is called the RC time constant and 

is given by  τ = RC. Selection of RC time constant  is 
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important in the design of ASK demodulator as the time 

constant has to be sufficiently smaller than pulse duration 

but has to be sufficiently greater than one cycle duration of 

high frequency sine wave carrier. The non inverting 

amplifier is used to amplify the ASK demodulated output. 

One has to choose the opamp with high bandwidth. For a 

non inverting amplifier the Vo = Vi + RR . Rf is 

negative feedback resistor and R1 is resistor from 

inverting terminal to ground. A small dc offset  can be 

given to the non inverting terminal to nullify any 

unwanted bias effect. 

 

Table 3.1: Reading of the experimental set up in Fig 3.10 
 

Freq 

MHz 

B 

I/P 

V 

C 

O/P 

V 

D 

O/P 

V 

Gain of 

 C 

Gain of 

D 

  Without 

power 

With 

power 

  

0.5 7.6 0.8 0.8 -19.554 -19.554 

0.6 8.2 1.2 1.2 -16.693 -16.693 

0.7 8.4 1.4 1.4 -15.563 -15.563 

0.8 8.6 1.8 1.6 -13.585 -14.608 

0.9 9 2.2 1.8 -12.236 -13.979 

1 9 2.4 2 -11.481 -13.064 

1.1 9 2.8 2.4 -10.142 -11.481 

1.2 9 3 2.8 -9.5424 -10.142 

1.3 9.4 3.4 2.8 -8.833 -10.519 

1.4 9.2 3.4 3 -8.6462 -9.7333 

1.5 9.2 3.4 3 -8.6462 -9.7333 

1.6 9.2 3.4 3.2 -8.6462 -9.1728 

1.7 9 3.4 3.2 -8.4553 -8.9819 

1.8 9 3.4 3.2 -8.4553 -8.9819 

1.9 8.8 3.4 3.2 -8.2601 -8.7867 

2 8.6 3.4 3 -8.0604 -9.1475 

2.1 8.6 3.2 3 -8.587 -9.1475 

2.2 8.4 3 2.8 -8.9432 -9.5424 

2.3 8.4 3 2.8 -8.9432 -9.5424 

2.4 8.2 3 2.8 -8.7339 -9.3331 

2.5 8 3 2.6 -8.5194 -9.7623 

2.6 7.6 2.8 2.6 -8.6731 -9.3168 

2.7 7.4 2.8 2.6 -8.4415 -9.0852 

2.8 7.2 2.6 2.4 -8.8472 -9.5424 

2.9 7 2.4 2.4 -9.2977 -9.2977 

3 6.8 2.2 2.2 -9.8017 -9.8017 

3.1 6.6 2.2 2.2 -9.5424 -9.5424 

3.2 6.6 2.2 2.2 -9.5424 -9.5424 

3.278 6.4 2.2 2.2 -9.2751 -9.2751 

 

The received signal from the ASK demodulator even 

after amplification may be having slopes. The schmitt 

trigger circuit in fig 3.13 is used to get square wave from 

any distorted wave form.  A wide band opamp LM318 is 

used in this work. Complete experimental setup is shown 

in fig 3.14 

 

Fig.3.11: Frequency response plot for the Table 3.1 

 

 
 Fig 3.12 Circuit diagram of connecting pulse transformer 

to ASK modulator 

 

 
Fig 3.13. ASK Demodulator circuit diagram 
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Fig 3.14 Experimental set up of power line communication 

interface 
 

IV. RESULT AND DISCUSSION 
 

The ASK modulated signal was successfully 

superimposed to the 230v 50Hz signal over the power line. 

Then the square wave was retrieved from the ASK 

demodulator output. The 20 KHz signal was also 

successfully recovered. 20 KHz message bit rate was 

achieved using this simple power line communication 

interface. This is shown in fig 4.1 .High frequency cut off 

is controlled by internal device capacitance and low 

frequency cut off is determined by external capacitance 

components. To increase the carrier frequency which is 

required for high bit rate messages, wide band opamps are 

to be used. The noise effects present in the demodulated 

pulse can be removed by using a simple Schmitt trigger 

circuit [15]. When the Schmitt trigger circuit is used in no 

inverting configuration the change over or switching from 

high to low and vice versa happens when the input raises 

above a threshold and when the input fall below a 

threshold. 

For Schmitt trigger circuit   �� = + �� ���� 

where Vin is output voltage. R2 is feedback resistance. 

Using virtual ground concept current in resistor R1 

connected to inverting terminal is Vin/R1 and the same 

current passes through R2. Therefore 

Vout=Vin+���R2=Vin(1+
�� ). The diode present in the 

feedback path and the Vsup given to the opamp control the 

triggering voltage and the output voltage of the opamp 

respectively. 

Using Schmitt trigger circuit is promising solution in 

power line communication interface as it is observed in the 

practical results shown in fig 4.3. If the message or control 

information is transmitted throughout the complete 

periodic duration, the superimposition causes the voltage 

to increase or decrease over and below the normal voltage 

at positive and negative peaks. There can be many varying 

techniques to avoid this. The superimposition of the 

message or data can be done on to the power wave at 

avoiding the peaks or only during time near to the zero 

crossing. 

In fig 4.4.,  result of  zero crossing detector is 2
nd

 

waveform and 1
st
 waveform is power signal 230v 50 Hz 

given through x10 attenuator probe at upper scope screen 

shot. Zero cross detector output is used to generate pulse 

of any required duration using a monostable  

multivibrator. Output of monostable multivibrator is 

bottom most waveform in fig 4.4. Such pulse can be used 

to time the generation of carrier signal for the ASK 

modulator and to shift the digital data from a parallel to 

serial converter. In this technique as the data or message is 

transmitted the zero cross detector output and the output of 

monostable  multivibrator act as control signals to 

properly start and stop the operation of ASK 

modulator/demodulator and time shifting  operation of 

registers having data. 

 

 
Fig 4.1 Non inverting amplifier and Schmitt trigger 

successfully restored the square wave. 

 

 
Fig 4.2  Received 20KHz pulse using same set up but 3 

MHz carrier for ASK modulator. 

 

In Fig 4.5 superposition of ASK modulated output to 

power wave at zero crossing is shown. ASK modulation is 

more reliable [6] in power line communication due to the 

high attenuation characteristics of power line. As digital 

techniques are used for message /data transfer the presence 

of 1/0 is important rather than any delays or shift in 

received bit. 
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Fig 4.3 Square wave restoration is possible for highly 

noisy signal. 

 

 
Fig 4.4. Output of zero crossing detector and monostable 

multivibrator 

 

 
Fig 4.5 Result of superposition of ASK modulated output 

to power line at zero crossing. 

 

V. CONCLUSION 

 

One can achieve higher message data rates by selecting 

wide band isolation device with higher current rating. 

Miniaturization can be done using signal coupling 

techniques which can be small in size along with efficient 

high voltage isolation. A hybrid IC can be fabricated 

which can be used along with a DSP processor to develop 

a universal home automation adapter. Such universal 

controller can be changed to either master or slave with a 

simple switch.  
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