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1. Introduction 

The term "bio potential” can be used for any measurable signal produced by the human 

body.  The measurable quantity can be electrical, magnetic (EEG, MEG respectively), or 

may be represented by changes in pressure or volume such as heart rate, nerve activity, 

renal blood flow, arterial pressure, or respiratory signals.  

 

Typical biopotential sensing / stimulating systems are used to gather a growing variety 

of biopotential signal types or information from subjects or patients. These sensing and 

stimulating systems are also used to stimulate the patient with a known signal such that 

skin impedance and other information can be sensed from the subjects or patients. 

Typical biopotential/stimulating systems include two types of subsystems, biopotential 

sensors and associated external monitoring systems or instrumentation. While the 

medical information capable of being extracted from this biopotential information has 

increased significantly with advances  in medical science and technology, the usefulness 

of these systems remains as a limiting factor in patient treatment because of 

deficiencies of the typical biopotential sensing. Stimulating system. 

 

Standard biopotential measurement instruments have frequency response limitations of 

1 KHz. High frequency biopotentials are usually eliminated in order to obtain ECG, EMG 

and EEG. The existence of high frequency biopotentials appears controversial and their 

source and significance is rather unknown. In the present project, a proposed work is 

planned to study the body response to external electrical and electromagnetic signals 

specifically at higher frequencies.  

 

Electronics systems in a miniature form i.e. Embedded systems are around us for a 

while. Applications of embedded systems include communications gadgets, 

automobiles, medical applications etc. Further research and development in sensing and 



monitoring systems relates to system integration, biosensor development, sensor 

miniaturization, low-power circuitry design, telemetric links and signal processing. 

Moreover, issues related to quality of service, security, multi-sensor data fusion and 

decision support are active research topics. 

 

The integration of biosensors and embedded systems  is an emerging concept and leads 

to the development of multifunctional, wearable electro-textiles for applications 

integrating monitoring of body functions, actuation, communication, data transfer and 

individual environment control. 

 

The electrical responses of the body to electromagnetic radiations are difficult to 

quantify.  Ambient radiations from electrical and electronic appliances induce artifacts 

in biopotential measurements. Effect of higher frequency inductions in the causation of 

disease is being much researched. However, the electrical response of the body to these 

radiations has not been studied. The main reason behind not exploring it might be due 

to the limitations of recording instruments and that the high frequency components are 

treated as noise and therefore suppressed. 

 

Importance of study 

 

Although there is growing demand on research in the field of biomedical 

instrumentation in the country following the steady growth and demand on worldwide 

in this field, there are none the less no research in the field of biomedical 

instrumentation and embedded systems in the region. Realizing that biomedical 

instrumentation is one of the most rapidly growing fields of engineering, and since there 

is a great deal of global demand on research in the field of Embedded systems. 

 

The bioelectrical potentials generated within the human body are the result of 

electrochemical activity in the excitable cells of the nervous, muscular or glandular 



tissues. The ionic potentials are measured using biopotential electrodes which convert 

ionic potentials to electronic potentials. The commonly monitored biopotential signals 

are Electrocardiogram (ECG). In order to address the above mentioned concerns as well 

as many others, in the proposal focused attempts has been made to design embedded 

interface for biopotential measurements right from low frequency to high frequency 

measurements. 

 

The biological time-series analysis is necessary to identify hidden dynamical patterns, 

which could be important in revealing information on the physiological mechanisms.  

Achievements in the development of new tools for the acquisition and the use of new 

methodologies are of great advantage for the study of bio-potentials. 

 

Objectives of the work: 

 

The aim of this project is to develop an Embedded interfaces to study the body response 

to external electrical and electromagnetic signals at lower and higher frequencies. Some 

of the objectives for implementation of project are: 

(a) To select a device or sensor for bio potential measurements 

(b) To design a biopotential amplifier 

(c) To select simple filter or programmable filter 

(d) To design embedded interface for the biopotential measurements 

(e) To study the effect of electrical and electromagnetic signals on human body. 

 

Project at a glance 

The development of embedded interface for studying the body response has carried out 

in four different phases. 

For the first six months as per the schedule first two tasks of knowing the different 

biopotential and their origin was expected and the same was carried out so as to 

understand the requirements of the embedded interface. 



In the second phase of implantation of the project, as per the schedule the focus was on 

designing an embedded interface for amplification and selecting the proper filters for 

biopotential measurements.  

In the third phase of implementation of the project a 8051-based microcontroller 

system has been used to design the embedded hardware. Assembly language programs 

for 8051 microcontrollers were developed and simulated using simulator on the PC.  The 

integration of hardware and software was carried out using the principles of hardware 

and software co-design.  Similar attempts were made to carry out time analysis and FFT 

analysis of the signals using MATLAB. 

In the last phase of the project, measurements were carried out to study the effect of 

external signals on human body. Two major external signals usually dominate the body 

response, these are electrical and electromagnetic signals. 

 

Achievements: 

In the present system, an embedded interface has been developed for 8051 based 

microcontroller based system for biopotential measurements. Other task like program 

development and simulation were carried out on PC. Following electronic systems and 

programs/software were developed through the project: 

1. Biopotential amplifier 

2. Signal calibrator/generator for ECG 

3. 8051 based microcontroller system and embedded interface  

4. Assembly language programs for interfacing  

5. Utilization of simulator 

6. MATLAB programs for time analysis and FFT analysis of signals 

 

 

 

 

 



2. Literature review 

 

The human body is beautifully complex consisting of mechanical, electrical, and 
chemical systems that allow us to live and function. An example of a mechanical system 
in the body is the actin and myosin filaments found in muscles that allow them to 
contract. Chemical systems include the neurotransmitters that are released by neurons 
for communication with other cells. Finally, electrical systems include the electrical 
potentials that propagate down nerve cells and muscle fibers. These potentials are 
responsible for brain function, muscle movement, cardiac function, eye movement, 
sensory function, and many other events in the body. These electrical potentials are 
created by the flow of ions in and out of cells. The flow of these charged ions creates 
potential differences between the inside and outside of cells. These potential 
differences are called biopotentials[1]. Biopotentials can be measured with electrodes 
and electronic instrumentation to provide insight into the functioning of various 
biological systems. 

 

Bioelectric potentials are produced as a result of electrochemical activity of a certain 
class of cells, known as excitable cells, that are components of nervous, muscular, or 
glandular tissue. Electrically they exhibit a resting potential and, when appropriately 
stimulated, an action potential.  The individual excitable cell maintains a steady 
electrical potential difference between its internal and external environments. This 
resting potential of the internal medium lies in the range _40 to _90 mV, relative to the 
external medium. 
 
Another property of an excitable cell is its ability to conduct an action potential when 
adequately stimulated. An adequate stimulus is one that brings about the depolarization 
of a cell membrane that is sufficient to exceed its threshold potential and thereby elicit 
an all-or-none action potential which travels in an unattenuated fashion and at a 
constant conduction velocity along the membrane. Because of the steady resting 
potential, the cell membrane is said to be polarized. 
 
 
 
Reference: 

1. “Introduction to biopotential and the BioRadio”, CleveLabs Laboratory Course 
system, www.biomed.engr.sc.edu 

2. “The origin of biopotential”, John W. Clark, article at  www.unc.edu  
 
 
 
 

http://www.biomed.engr.sc.edu/
http://www.unc.edu/


 

3. Design of Embedded Interface  
 

 
The powerline medium is an unstable transmission channel owing to the variance of 

impedance caused by the variety of appliances that could be connected to the power 

outlets. As these have been designed for energy distribution and not for data 

transmission, there are unfavorable channel characteristics with considerable noise and 

high attenuations. Because it is always time varying, the powerline can be considered as a 

multipath channel that is caused by the reflections generated at the cable branches 

through the impedance discontinuities. The impedance of powerline channels is highly 

varying with frequency and strongly depending on the location, variations in a range 

between some few ohms up to a few kilo-ohms. The impedance is mainly influenced by 

the characteristic impedance of the cables, the topology of the considered part of network 

and the nature of the connected electrical loads. Statistical analysis of some achieved 

measurements has shown that nearly over the whole spectrum the mean value of the 

impedance is between 100 and 150[1]. However, below 2MHz, this mean value tends to 

drop toward lower values between 30 and 100. Owing to this variance of impedance, 

mismatched coupling in and out and the resulting transmission losses are common 

phenomena in the PLC networks [2]. 

 

Characteristics of Power Line Channel 

The propagation of signals over powerline introduces an attenuation, which increases 

with the length of the line and the frequency. This attenuation is a function of the 

powerline characteristic impedance Zl and the propagation constant γ. According to [3] 

and [4], the power line characteristics and propagation constant  can be defined by the 

primary resistance R’ per unit length, the conductance G’ per unit length, the inductance 

L’ per unit length and the capacitance C’ per unit length, which are generally frequency 

dependent, as formulated by Eq. 1 and Eq. 2. 
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By considering a matched transmission line, which is equivalent to regarding only the 

propagation of the wave from source to destination, the transfer function of a line with 

length l can be formulated as follows 
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In different investigations and measurements of the properties of the energy cables, it has 

been concluded that )('2)(' ffLfR  and )('2)(' ffCfG   in the considered 

frequency bandwidth for PLC (1–30MHz). Moreover, the dependency of L’ and C’ on 

frequency is neglected so that the characteristic impedance ZL and the propagation 

constant γ can be determined using the following approximations; [3]: 
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To get the expression for the reel part Re{} of the propagation constant as a direct 

function of frequency f, we substitute R’(f) by its formula given in Eq. 7 where  and k 

represent the permeability constant and the conductivity; respectively; and r is the cable 

radius. 
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The measurements have shown that G’(f) ~ f , and this is also substituted into the 

expression of the reel part, as expressed in Eq. 8. 
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By summarizing the parameters of the cable ( LZ , r, etc.) into the constants 1k , 2k and 3k , 

the real and the imaginary part of the propagation constant can be expressed by: 

 

fkfkf ..}Re{)( 21                                                                          (9) 

fkf .}Im{)( 3                                                                                       (10) 

 

The results obtained from the diverse achieved measurements of the propagation loss 

were compared with the values obtained from Eq. 9, and an approximation was done in 

order to get an equation representing the real (or near the real) propagation loss behavior 

in frequency domain, which was presented. The approximated formulation of this loss is 

given by Eq. 11, where 0a , 1a and k  are constants. 
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Measurements of the propagation loss over the whole PLC spectrum can be found in [4]. 

If the propagation loss calculated above represents the loss of the medium per unit length, 

then the attenuation over a medium is a function of its length l. By a suitable selection of 

the attenuation parameters a0, a1 and k, the powerline attenuation, representing the 

amplitude of the channel transfer function, can be defined by the Eq. 12 [3].  
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Power Line Channel Frequency Response 

In this section, frequency response of AC power line channel has been explored. 

Referring to work carried out in previous sections, the experimental set up should include 

coupling circuit as well. The experiments need to be carried out for achieving the best 

status of channel properties and to find out the proper modulation techniques robust to 

Power Line environment.     

Unpredictable behaviors of the Power Line channel might be expected because of the 

unknown Power Line cable length and unknown number of appliances connected to the 

Power Line. It is therefore essential to evaluate channel frequency response, which 



includes firstly cable length effects (attenuation issues) and secondly the effects of the 

presence of appliances in the Power Line channel network branches.  

The experimental setup of frequency response measurements for Power Line channel 

consists of transmitter, channel “Power Line” and receiver. The transmitted data is a 

square wave generated from a function generator, which is further connected to high pass 

coupling filter consisting of 1µF capacitors and transformer (for blocking the 60 Hz, 

230V main voltage). The channels exhibit behavior that is similar to analytical 

predictions [5]. Measurements have been performed between line and Neutral (Line-

Neutral) wires in the Power Line network in the Electronic Science research laboratory.  

As mentioned in the previous section, the Power Line channel is frequency dependent [6]  

, therefore it exhibits unpredictable characteristics due to the impedance variations and 

multipath channel properties of the Power Line network. Both impedance mismatch and 

multipath properties are due to unstable frequency response of the channel to the signal 

transmitted. Frequency response measurements for in building power line channels in the 

frequency range of 1-15 MHz have been illustrated in [7]. 

The assessment of power line characteristics starts with examining the variations in 

Power Line cable length at data transmission at frequency up to 2MHz. This experimental 

work ends with studying the effects of presence of many appliances in the Power Line 

channel under test.          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

       Implementation and Testing 
 
 

Cable Length Impacts 

The main goal of this study is to find out the impact of cable length on data transmission 

properties. Like traditional channels the signal transmitted through Power Line will be 

facing attenuation due to increasing cable length. Frequency response measurements have 

been realized for Power Line channel in the frequency range of 400 kHz-2 MHz.  

  

 
Figure 1: Channel Frequency Response Measurement Setup 

 

The measurement set-up circuitry is shown in Figure 1. It consists of four parts, 

transmitter, receiver, coupling filter, and Power Line as a communication channel. The 

frequency response measurement arrangement includes the function generator is 

connected to Power Line through coupling filter  which consists of transformer 1:1 turn 

ratio and a pair of capacitor 1µF 500 volt. The capacitors are connected via Power Line 

wires (Line and Neutral). For observing the transmitted data through Power Line an 

oscilloscope has been connected to the coupling filter in the receiver part.            

The function generator has been used as transmitter in the setup circuit (model: Philips 

FG 8002) and an oscilloscope has been used as a receiver type (model: Aplab 3305) 

covering functional frequency range up to 20MHz. The coupling filter consists of 

transformer 1:1 for transmitter and receiver and capacitance 1µF for each wire of Power 

Line where has been connected serially. 



This system contains a components differ from those have been used in communication 

system in chapter three, because the frequencies of data transmitted in this arrangement 

were higher than those have been used for the designed system. The differences were 

only in the value of the transformer turn ratio 1:1 and capacitors 1µF. 

The length of Power Line wires is changed from 5 meters up to 20 meters in steps of 

5meters. For these given length of the power line channel, the attenuation at various 

frequencies is measured and shown in Figures 4.5-4.8. These Figures provide information 

about Power Line channel frequency response. The wire length varies from five to twenty 

meters when using parallel wire type PVC cable 0.75 mm². These curves include the y 

axis which represents the signal magnitude in (dB) and x axis represents the frequency in 

(kHz). 

The results obtained experimentally have been authenticated by simulation using 

MATLAB tool. The transfer function suggested by Manfred Zimmermann… et.al [8]  

for the Power Line as a multipath channel is considered for simulation. The simulation is 

carried out for the same experimental conditions and the wire length variation (from 5 to 

20 meters). The results thus obtained are compared with the experimental one.  It has 

been made by merging the experimental results with simulation results obtained from 

applying below Transfer Function Eq. 13 [8] as described above: 

 

                                                     (13) 

 

Where: 

 i:  Number of path. 

 f:  frequency of data 

ig : Weighting factor for path i.   

id : Length of path i. 

i : Delay of path i. 

This Transfer function composed from three parts: 

 Weighting factor = 
ig  

 Attenuation term =   

        Where    Attenuation parameters 

 Delay term = 
p

i

v

d
fj
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Equation 4.2 of transfer function )( fH , represents the basis of models, describing the 

complex transfer function of typical power line channel. Using this model all the 

substantial effects of the transfer function characteristics of power line channels can be 

modeled by small set of parameters described in reference [3] Referring to the 

information mentioned in [3], the transfer function is presenting a sum of N paths. 

Simulation of equation 4.2 means that one path should be used and neglecting the effects 

of other paths. The short distance of our cable is permitting this procedure.  

Therefore the equation 4.2 is as bellow: 

           

                                        (14)  

 

In our experimental work only weighting factors are changed  corresponding to 5 

meters lengths of wire of Power Line . The unique variable is the frequency f. 

weighting factors are determined from the table of parameter of the model [3]. The 

available parameters have been implemented in the equation 14 for simulation using 

MATLAB™. The experimental results and simulation results have been merged in single 

curve for different lengths of wire.  

 



Figure 3: Experimental and Simulation Results for 5 Meter Cable Length  

 

As shown in Figure 3, this figure represents the effect of length of 5 meter only on the 

signal transmitted. As seen in this figure the general tendency of both curves is the 

decreasing the signal magnitude (dB) to -14 dB, but in certain frequency there are some 

fluctuations of the curves, for example 1MHz, 1.2MHz and 1.4MHz.   

Results of Experimental and Simulation of 5 meter cable length are shown in Figure 3. 

The purpose of the experimentation is to select proper range of frequencies for 

communication and avoid the use of certain frequency ranges for communication through 

Power Line channel. These are undesirable frequency ranges which are not recommended 

for power line communication. Therefore if a communication system designed under 

these considerations all the disadvantages can be avoided and the system will operate 

reliably.  

As can see in Figures 3 for the black curves (experimental) the frequency range used for 

both cases is almost similar, it is up to 2 MHz there is resemblances of all portions of the 

curves. Noting that, the minimum dB in both curves is around -14 dB for a frequency 2 

MHz while maximum dB is around 0 dB for a frequency 400 kHz.  

 
Figure 4: Experimental and Simulation Results for 10 Meter Cable Length 



 

The experimental curve is seemed identical in the majority of frequency ranges with the 

simulation. A different on magnitude (dB) around -2dB for a frequency 1MHz 

and1.4MHz has been noted. The fluctuation of dB magnitude of the transfer function is 

due to the impedance mismatch between transmitter and receiver. The unpredictable 

reaction of Power Line behaviors regarding frequency variation is due to time variant 

altitude which reflecting the conditions of the Power Line channel.                  

Same arrangement has been used for same cable type for another cable length for 10 

meter see Figure 4. Simulation for also 10 meter length applied in transfer function 

equation 14. 

Frequency responses of the 10 meters cable length is shown in Figure 4. The black curve 

and red curve which are representing experimental and simulation behaviors respectively. 

 

 
Figure 5: Experimental and Simulation Results for 15 Meter Cable Length  

 

The same procedures have been applied to the next two wire lengths 15 meters and 20 

meters. As shown in Figure 5 and Figure 6 respectively. The results are differ from those 

have been obtained for previous wire length. The attenuation is high and the general 

tendency of the curves is also increasing of dB but to values around -22dB.              



 
 Figure 6: Experimental and Simulation Results for 20 Meter Cable Length 
  

The effects of cable length on Transfer Function Characteristics shown in Figures 5 and 6 

are approximately identical for the frequency ranges and magnitude. Both arrangements 

(Line-Neutral) for 15 and 20 meter cable length using same wire type. 

In the frequency around 1 -1.6 MHz the fluctuations of magnitude in dB is maximum 

around -10 to -15 dB. The minimum frequency on the starting point of experimental work 

is 0dB for frequency 400 kHz.  

Simulation of the same case of wire length effects on Transfer function Characteristics is 

identical except in the frequencies 1MHz, 1.2MHz, 1.4MHz and 1.5MHz.   

There are two properties related to channel have been noted as following: 

 Attenuation increases as the frequency increases. 

 The channel exhibits frequency selective attenuation. 

 

Effect of presence of Appliances  

In this section, a new arrangement is prepared for testing the effects of surrounding 

appliances on the power line behaviors along with the effects of wire length.  

 



Varity of appliances have been connected to Power Line, including three power supply, 

personal computer, tube light, function generator and oscilloscope. 

The block diagram of the arrangement along with all appliances attached to the system 

has been sketched in Figure 7. The transmitter side consists of Frequency Generator 

connected to power line through coupling filter.  

Coupling filter consists of high pass filter for blocking 230 Volt, 50 Hz and transformer 

1:1 to isolate the TTL side from main power supply (Interfacing circuit). A PC (Personal 

Computer) and tube light A (40 Watt) has been connected to distribution board A for 

generating impulsive noises.    

 

 
Figure 7: Lab Setup for Signal Transmitted Behaviors Observations for Power Line 

Cable Type PCV 0.5 mm² and PVC 0.75 mm² 

 

The channel consists of three portions of power line. First portion is three meter of 

parallel wire commonly used in home insulation type (PCV 0.5 mm²) consisting of three 

wires for Line-Neutral-Ground. 

 Second portion consists of three small portion of another type of wire (PVC 0.75 mm²) 

around nine meters length. This type of cable is used for main installation for outdoor 

purposes. Third portion contains the power supply wiring for instrumentation which is 

around 1.5 meter length. The receiver consists of three power supply (PS1, PS2 and PS3), 



tube light B (40 Watt) and interfacing circuit which consists of the same components of 

the transmitter interfacing circuit. This experimental work has been carried out by using 

different length of cable starting from 10 meter to 20 meters in steps of 5 meter each 

time. Following observations can be made from Figure 8: 

 The maximum and minimum gains in (dB) have -3dB differences for the 

status of all appliances are ON and all appliances are OFF respectively. 

 The curves are having the similar shape for this frequency range. 

 Oscillations of the all shapes are starting from 250 kHz and ending on 

1MHz for the first part of the curves and from 1.25MHz to 1.75MHz for the 

second part of the curves.  

 

 
Figure 8: Appliance effect for 10 meter length power line  

 

 The status of appliance has small effects on power line voltage gain. 

 The Curves have the similar form and they are almost too close to each 

other. 

 The signal received has been also carried out for the case when power 

Line is not connected to power supply. For this case the magnitude in dB is 

the upper curve which showing the null effects of appliances on data 

transmitted.       



Further, following observations have been extracted from Figures 9 and Figure 11 for 15 

and 20 meter cable length respectively, furthermore referring to [7]:  

 The features of this curve are for showing frequency effects on the voltage 

gain through power line channel.  

 The case of no connection to power line network the two curves are 

having the exactly same shape fluctuation around 2 dB due to the power line 

characteristics only. 

  

 
Figure 9: Appliance Effects for 15 meter length power line  

 

 Switching OFF appliances gradually increases the gain. 

 The all status of switching OFF appliances is more close to each other for 

20 meter cable length due to impedance mismatch of transmitter and receiver. 

 Increasing the frequency decreases the voltage gain as length increased as 

well.  

 Maximum 0 dB when connected to power supply is beginning from 0 dB 

and finishing on -12 dB for 15 meter wire length due less length of cable.  

  Maximum 0 dB when connected to power supply is beginning from 0 dB 

and finishing on -14 dB for 20 meter wire length due to the use of more 

length.  



  The cases when using 15 and 20 meter power line cable the case when 

switching OFF all appliances exhibit the maximum voltage gain due to the 

cancellation of other appliances effects.    

 

 
Figure 10: Appliance Effects for 20 meter length power line 

 

 

The cases of 15 and 20 meters cable length are differ from the 10  the curves are more 

close to each other having  similar shapes and same attenuation values. The case when 

not connected to power supply the curves are typically identical for these cases the effects 

appliances are canceled. The worst case when all appliances are ON as shown in figures 

(9, 10, and 11). Only these cases for maximum effect of appliances have been considered. 

Therefore the Power Line characteristics behaviors shown for 20 meters cable length 

exhibits the higher attenuation in the signal transmitted comparing to other cable lengths. 

The best case of transmission is when using 10 meter cable length (bleu curve). The best 

and worst case curves having a different attenuation value around -6.5 dB with 

remarkable phase shift around 30º these differences are occurred because of appliance 

impedance mismatching between transmitter and receiver and multipath effects of 

different branches connected in between transmitter and receiver. 

 

 



Results and Discussion  

Very important factors affecting signal transmitted via AC power Line are discussed. 

Firstly, the cable length influences the power of the signal due to attenuation of the 

channel, normally the attenuation is present in all type of communication channel, but in 

our channel comparatively it exhibits less due to the cross section area of some common 

cable used in indoor installation and it varies from place to another due to same cause. 

Essential result obtained from studying effect of length of cable on signal transmitted: is 

that the increasing of cable length increases the attenuation, the same results has been 

noted by simulation of transfer function stated in the previous section. Large difference 

between the experimental and simulation results is due to the ideality of the transfer 

function equation and the random assumption suggested by the authors.           

Secondly, electrical devices present in ON status in the Power Line network makes the 

noisy environment of the channel unpredictability of distortion. The next section 

describes the noises type due presence of appliances.             

 

Simulation of Noises Expected inside Power Line Using SIMULINK™ 

Power line channel background and impulsive noise are presented. Usually background 

noise in a communication system limits the channel capacity. Therefore in system 

simulation random source has been added to data transmitted signal as background noise 

as shown in Figure 11. While impulsive noise is usually characterized as a random pulse 

waveform whose amplitude is much higher than the background noise. Often external 

devices connected to the power line are major sources of impulsive noise. Three 

important properties of impulsive noises are: width and inter-interval time distributions. 

These properties have been studied in [9]. Simulated system shows that for this type of 

noise; random source and Rician noise generator can be used to approximate simulation 

of the impulsive noise. The impulsive noise is usually characterized as a random pulse 

waveform whose amplitude is much higher than the background noise.  Simulated system 

shows that for this type of noise; Random noise source, Gaussian noise, and Rician noise 

generator can be used to estimate simulation of the additive noise presents in power line 

channel. The system shown in Figure 11 is consisting of transmitter channel and receiver. 

The transmitter consists of the random generator (Bernoulli Binary Generator) it 



generates random zeros and ones in a specific time range can be chosen according to the 

study needs it is used as a transmitter. 

Using M-ary FSK modulation suitable for power line communication introduce the 

different noise model from the white Gaussian noise which is called Middleton’s Class A 

noise model [10].  

The signal transmitted with the help of differential coding technique and FSK 

modulation, consideration of power line channel has been taken to estimate that the basic 

power line is as AWGN channel [11], but the channel has been simulated with the 

additional noises by adding extra blocks to Power Line channel environment [12]. 

 



Figure 11: Simulation of Data Transmitted and Received Through Power Line [12] 

 

 

 
Figure 12:  Different Stages of Data Behavior through Power Line.  
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Figure 13:  Recovered Data from Power Line.  
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Summary and Conclusion 
 
 

 

Results and Discussion 

Very important factors affecting signal transmitted via AC power Line are discussed. 

Firstly, the cable length influences the power of the signal due to attenuation of the 

channel, normally the attenuation is present in all type of communication channel, but in 

our channel comparatively it exhibits less due to the cross section area of some common 

cable used in indoor installation and it varies from place to another due to same cause. 

Essential result obtained from studying effect of length of cable on signal transmitted: is 

that the increasing of cable length increases the attenuation, the same results has been 

noted by simulation of transfer function stated in the previous section. Large difference 

between the experimental and simulation results is due to the ideality of the transfer 

function equation and the random assumption suggested by the authors.           

Secondly, electrical devices present in ON status in the Power Line network makes the 

noisy environment of the channel unpredictability of distortion.  

 

Conclusions 

Noise and distortion problems are presented in Power Line permanently and randomly 

because of their unpredictable nature and time of occurrence. Therefore our task is to find 

out a model which merging the expected types of noise which can be presented in Power 

Line channel in a single mathematical equation. The Power Line models have been 

thoroughly discussed in the beginning of this chapter. The selection of a model among 

the variety of existing models has been made regarding the simple, logical and useful 

one.     

Multipath model suggested by Zimmermann et al [8] has been chosen for carrying out 

some of the simulation results depending on the mathematical equation of this model. 

Noises existing in Power Line channel have been also discussed. Generalization of Power 

Line noise has been made referring to the assumptions imposed by prior works. The 

narrow band noise levels are varying along with the background noise which forming the 
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generalized noise model. As a consequence a view has been made about what happened 

in side power Line channel. Hence a communication system has been designed using 

SIMULINK™. The communication channel is simulated by merging the signal a few of 

noise generators to accomplish the status of noisy channel. 

Harmonic distortion is explained by assuming the availability of two types of harmonic 

voltage and current harmonic distortion. Simulation has been carried out for the most 

important and problematic case. Assignment of the three phase motor as a worst case can 

be found as current harmonic distortion. The current flow in this motor has been checked 

according to the loads which assigned by the torque. Ten times torque variations leads to 

obtaining that the three phases motor current also changing accordingly. Furthermore the 

effects of unbalancing status of the motor has been discussed and compared to the 

balanced condition.                   

Harmonic distortion is uncontrollable parameters presented in power line grid because 

they are created by uncontrollable machines “Generators” and also by load which are 

time variant presence. 

An effort has been done in this chapter to recognize the fundamental status of the issues 

described above by simulation and find the solution to overcome their effects. Designing 

a reliable and robust AC Power Line communication system to counter distortions has 

been a challenging task. 

Therefore, chapter five is showing the final design of a reliable AC Power Line 

Communication system using a combination of particular modulation and coding 

techniques. 
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