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Abstract— On the PLC channel, noise is generated by 

electrical loads and by radiated disturbances from the 
environment. In the frequency range of 9-140 KHz, it is
dominated by narrowband interferences and impulse noise. 
Impulse noises are caused by on/off switching events and are 
different from frequently occurring periodic events. For 
instance, we have vacuum cleaners; hand-held drilling 
machines; Switch Mode Power Supply (SMPS) and heaters 
which are used daily in the network and introduce a lot of 
impulsive noise into the channel. This leads to an enormous 
loss in the capacity, as well as a decrease in the error rate 
performance.

Impulse noise can cause bit and bust errors in PLC. The bit 
error rate represents an important first order statistic of the 
data channel, but does not contain information about how the 
errors are distributed. In this paper, the distribution of errors 
at the output of a narrowband modem is investigated using gap 
recording. A gap recorder has been implemented for setting up 
a stochastic model. The Fritchman Markov model has been 
investigated to model the distribution of random impulses 
events. Values of the model parameters were obtained by 
analysing the distributions of the lengths of error gaps (error 
free intervals).

Two sets of measurements have been taken, one in an office
building and the other in a residential house.

Keywords: Power Line Communication (PLC), impulse noise, 
burst error, gap, gap recording, Markov model.

I. INTRODUCTION

The 220V low-voltage power network has not been 
designed for communication and is not a favourable 
transmission channel. One of its main disadvantages is that 
the PLC channel has a large and frequency-dependant 
attenuation, changing impedance, and unwanted noise 
sources (due to the electric devices connected to the 
network), which cause disturbances in the transmission [6].
The low-voltage network impedance depends on many 
factors such as the characteristic impedance of the line, the 
topology of the network and the nature of the electrical 
loads connected to the network [14].

A communication device is connected to the power grid via 
a coupling circuit whose role is to ensure a safe separation 
and act as a high pass filter, separating the communication 
signal (> 9 KHz) from the electrical power (50 or 60 Hz).
To reduce the electromagnetic emissions from the 
powerline, the coupling is realized between two phases in 
the access area; while connected between a phase and the 
neutral in the indoor environment [14].

Work done by Zimmermann and Dostert [8] and extended
by Hooijen [1], classified power line noise into five 
categories: 

1) Background noise: this is characterized by a low 
power spectral density (PSD), depending on
frequency. It is mainly caused by a summation of 
numerous noise sources with low power.

2) Narrowband noise: has a sinusoidal frequency 
wave form with modulated amplitudes. It is caused 
by the ingress of broadcast stations over medium 
and shortwave broadcast bands,

3) Periodic impulsive noise asynchronous to the 
mains frequency: a repetition rate typically 
between 50-200 KHz, with a discrete line spectrum 
spaced according to the impulse repetition rate. It is 
mostly caused by switch mode power supplies
(SMPS)

4) Periodic impulsive noise synchronous to the 
mains frequency: a repetition rate typically 
between 50-100 KHz. The impulses are of short 
duration (µs) and have a PSD decreasing with 
frequency. This is caused by rectifier diodes in 
power supplies as they switch in synchronization 
with the mains cycle.

5) Asynchronous Impulse noise: It is caused by 
switching transients in the network. They have 
short duration (µs to ms) with random occurrence. 
The PSD in this case can reach more than 50 dB 
above the background noise.

Noise types 4) and 5) may interfere with the 
communications channel for a period of milliseconds or 
microseconds. During the occurrence of such impulses, the 
PSD of the noise rises considerably and may cause bit or 
burst errors.

The focus of our research is asynchronous (random) impulse 
noise which is generated by electrical devices connected to 
the power line. This paper describes the use of a Markov 
chain-based statistical model, the Fritchman model, to 
model the distribution of error-free gaps in communication.
The paper is organised as follows: Section II introduces the 
measurement setup. Section III presents the Markov model 
used for the analysis of the statistical distribution of error- 
free events in the channel. An analysis of the results is 
presented in Section V, while the conclusion is presented in 
Section VI. 

II. MEASUREMENT SETUP

The noise measurements presented in this paper were 
obtained using the following setup:
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A. Coupling circuit

This represents the interface between the power distribution 
network and the communication devices. It ensures galvanic 
isolation between the communication devices and the mains, 
as well as providing over-voltage protection [7]. It therefore 
requires a careful design as it involves two opposites 
systems (low power-high frequency against high power-low
frequency). The reader is advised to read [6] for more 
detailed information regarding coupling circuit design.
! The capacitor (Please refer to figure 2) is used to filter 

the low frequency signal while transmitting the high 
frequency signal. It also prevents the transformer from 
saturating and, together with the leakage inductance of 
the transformer; forms a resonant circuit and acts as a
high pass filter.

! Since the CENELEC (European Committee for 
Electrotechnical Standardization) access impedance 
fluctuates between 0.2-2! [19], a 1:7 step-up 
transformer is used for galvanic isolation and impedance 
matching. We will assume a transmitting impedance Zout

"#$!%

! The Zener diodes DZ1 and DZ2 (1N5333B) protects the 
output against power surges, while stabilizing the output 
voltage not to exceed 5V, usually used in 
communication devices.

Fig.2: Transmitter coupling circuit [18]

Asynchronous impulse noises are caused by switching 
transients happening in the channel. The shape observed in 
figure 3.a looks like a damped or superimposed damped 
sinusoids [5].  

B. “Rectifier” + Analog To Digital Converter 
block

The A/D block is used to digitize the signal. For accurate 
measurements, we used a PIC micro-controller to record real 
time sampling values. Since the A/D doesn’t allow negative 
voltages across its terminals, a “rectifier” was used to shift 
the signal to the positive side.

III. STATISTICAL MODEL 

A. Impulse detection method [20] 

This method was implemented by Kaenel et al [20] to 
overcome the problem of detecting impulse events with their 
specific duration, in a signal containing non-impulse events 
too. An impulse is considered when the noise amplitude falls 
within a range [V2, V1] for a considerable period of time t; 
where V1 and V2 represent the maximum and minimum 
threshold voltages.
A shortcoming of this method is that the characterization of 
an impulse depends on the threshold voltage set. If not 
chosen properly, a number of unexpected scenarios can 
happen. For example a background noise can be classified as 
an impulse or an impulse event of long duration can be 
considered as multiple short impulses and vice-versa.

Fig.1. Measurement Setup for random impulsive noise 
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B. Error analysis in the channel

As Kanal and Sastry stated in [2], “errors encountered over 
most real communication channels are not independent, but 
appear in clusters. The channel is said to exhibit memory, 
i.e. there is a statistical dependence in the occurrence of 
errors; and thus cannot be adequately represented by the 
classical memoryless binary symmetric channel”. It is 
therefore, very important to understand the way in which 
errors occur on communication channels. Errors mostly 
occur not only due to noise, but also due to a variety of 
transmission impairments, in some cases peculiar to the 
channel [3] [9]. Before proceeding, let us describe a number 
of important parameters of an error sequence taken [21]: 

1) Bit error rate
It is the ratio of the total number of errors to the total 
number of bits transmitted.

2) Gap Distribution
It is a region of error-free bits between any two consecutives 
errors, with length equal to the number of those error-free 
bits. The gap distribution is defined as the cumulative 
relative frequency of gaps of length m versus the run length 
n [11]. It gives some indication of the randomness of the 
channel. The gap process is called a renewal process, when 
successive gap lengths are uncorrelated.

3) Gap Recording
Gap recording is a means of compressing the data stored in 
the error sequence, removing the need for saving the whole 
sequence bit by bit, which necessites large storage 
capacities. For a channel with average bit error rate p, and 
error sequence of length l bits (l large), the number of errors 

will be ge plxplN "" . Assuming that each count can 

be represented by a fixed number, i.e. by xg bytes, the 
storage requirement will be as represented in 2) see [10].                                                

4) Burst Distribution
A burst is a region in which the ratio of the number of errors 
to the total number of bits in that region exceeds the burst 
&'()*+,- .o. A burst shall begin with an error (1) and end
with an error (1). The burst distribution is the plot of the 
cumulative relative frequency of the burst length versus the 
length of the burst.

5) Burst-interval Distribution
A burst interval is the region of transmitted bits between 
two bursts. The burst-interval distribution is the plot of the 
cumulative relative frequency of the bursts interval versus 
burst-interval length.

6) Cluster Distribution

It is a region of consecutive error bits. The cluster
distribution is the cumulative relative frequency of clusters 
of length m versus run length m.

C. Generative Markov Models

These models have the ability to generate error sequences 
with statistics that are similar to those observed on a real 
channel. It represents a Markov chain with a finite or infinite 
number of states with defined transition probabilities. It also 
enables us to produce Markov states sequences, and attempt 
to simulate the transitions in real channel behaviour from 
one state to the others. It can be easily simulated on the 
computer. Several models were attempted, including an 
initial two state model (Gilbert model), a modified attempt 
(Gilbert-Elliot model) and models with a larger number of 
states (Fritchman model) [2]. 

a. Fritchman model
The transition diagram is the following:

Fritchman [4] investigated a finite state Markov model with 
N states, partitioned into two groups: K Error-free state, and 
N-K error states. It has the capability to produce error free 
bits in more than one state. The model is simplified, with 
transition probabilities being removed. The process is a non-
renewal process with one error state. 

IV. PROCESS FLOW DIAGRAM

The complete algorithm implemented in this process is
represented as follow:

Fig. 5: Error sequence

Fig. 6: Fritchman Model
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V. RESULTS

Two experiments were taken, one in an office building and 
the other in a residential house. Reference voltages of 1.5 V 
and 1.0 V were used. The parameters of each model were 
found using the Levenberg-Marquardt non-linear curve-
fitting algorithm implemented in C++. A very large number 
of bits were used to have a good accuracy of the results. The 
BER between the Original and Decoded Message = 
0.008789. 

A. Office Building
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Fig. 8: Gap Distributions curve obtained from an office building

Fig. 9: Cluster Distributions curve obtained from an office building

Fig. 10: Burst Distributions curve obtained from an office building

Fig. 11: Burst-Interval Distributions curve
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Fig. 7: Algorithm flow diagram
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The Fritchman transition matrix for N= 4 states is the 
following:  

!
!
!
!

"

#

$
$
$
$

%

&

' 7339.00170.01434.01396.0

5568.04432.000

4256.005744.00

5852.0004148.0

Fig. 12: Error-Free Run Distributions curve

Fig. 14: Gap Distributions curve

B. Residential Home

Fig. 13: Fritchman model for n = 4 states

Fig. 15: Cluster Distributions curve

Fig. 16: Burst Distributions curve

Fig. 17: Burst-Interval Distributions curve
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VI. ANALYSIS OF RESULTS AND CONCLUSION

The Fritchman models obtained in both situations show a 
good fitting at n=4 states (3 error-free states and 1 error 
state) proving that it is suitable for the modeling of 
asynchronous impulse noise on a power line; despite the 
fact that it has more parameters than the other models. One 
needs to note that the higher the number of states, the better 
the accuracy. The results can be valuable to improve on 
various error correction schemes (FEC, ARQ, etc...). 

Even though the amplitude threshold method has some 
shortcomings, it has well-suited for our measurements. The 
detection of an impulse is sometimes a problem because if 
the threshold is not chosen properly, noise could be 
misclassified as impulses and the duration of an impulse 
may be incorrectly measured.

It was also observed that impulses in a residential area are 
more severe as they have larger amplitude than the impulses 
that were measured in the building.

The higher order error distributions obtained from the 
!"#$%&"!"'($) *"&") +,'") %$-'.) /0=0.1 and the Bit Error 
Rate (0. 0008789 < 0.001) shows that the powerline channel 
can be very favourable for communication purposes.
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The Fritchman transition matrix for N= 4 states is the 
following:  

!
!
!
!

"

#

$
$
$
$

%

&

7197.00003.01874.00927.0

5337.04663.000

5415.004585.00

5062.0004938.0

Fig. 18: Error-Free Run Distributions curve
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