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Abstract—Indoor broadband power-line noise is com-
posed of three main terms: impulsive components, nar-
rowband interferences and background noise. Most impul-
sive components have a cyclostationary behavior. However,
while some of them consist of impulses of considerable
amplitude, width and repetition rates of 50 Hz/100 Hz (in
Europe), others have lower amplitude and shorter impulses
and repetition rates of up to hundreds of kilohertz. Classical
studies compute statistics of the impulse characteristics
without taking into account these significant differences.
This paper presents a detailed analysis of these noise terms
with a clear distinction between their constituent terms. A
classification of the narrowband interferences according to
their power spectral density and their statistical behavior is
also given. Finally, the instantaneous power spectral density
of the background noise and its probability distribution are
investigated.

Index Terms—Impulsive noise, narrowband interfer-
ences, background noise, broadband power-line communi-
cations (PLC).

I. INTRODUCTION

IN the last decade, there has been an increasing

interest in the use of the power-line network for

broadband communications purposes. In a first instance,

the utilization of the low voltage distribution lines as a

last-mile technology attracted significant attention from

utility companies. However, the strong competition from

digital subscriber lines (DSL) and cable services has

discouraged the deployment of outdoor PLC systems

in most developed countries. Paradoxically, this high

penetration of DSL services has widened the possibilities

of indoor PLC applications. Since the objective of these

systems is to utilize the in-building power grid for

computer and entertainment equipment interconnection,

they are an appealing solution for the distribution of triple

play services in small offices and homes.

As a result of the considerable research effort carried

out in broadband PLC in the last years, there is a good

understanding of the channel response characteristics [1],

[2], and appropriate models for obtaining representative

frequency responses have been proposed [3], [4], [5]. On

the contrary, there are few works dealing with power-

line noise characterization and modeling [2], [4], [6],

[7], [8], [9]. Broadband power-line noise does not cer-

tainly follow the classical additive white Gaussian noise

(AWGN) model. It has two main origins: noise generated

by the electrical devices connected to the power grid and

external noise coupled to the indoor network via radiation

or via conduction. It is composed of the following terms

[7]:

1) Impulsive noise. It comprises different components

that can be also classified according to:

a) Periodic impulsive noise synchronous with the

mains. It is a cyclostationary noise, synchronous

with the mains and with a frequency of 50 Hz/100

Hz in Europe. It is commonly originated by silicon

controlled rectifiers (SCR) in power-supplies.

b) Periodic impulsive noise asynchronous with the

mains. It has been traditionally considered to be

formed by periodic impulses with rates between 50

kHz and 200 kHz. However, repetition rates outside

this range have been found in the measurements

accomplished in this work. Moreover, in addition

to these high repetition frequencies, this type of

noise also exhibits an underlying period equal to

the mains one, which allows to categorize it as

cyclostationary.

c) Asynchronous impulsive noise. It has an unpre-

dictable nature, with no regular occurrence, and is

mainly due to transients caused by the connection

and disconnection of electrical devices. Due to its

fitful appearance pattern, from now on it will be

referred to as sporadic impulsive noise.

2) Narrowband interferences. They are mostly formed by

sinusoidal or modulated signals with different origins:

broadcast stations, spurious caused by electrical appli-

ances with a transmitter or a receiver, etc. Their level

usually varies with daytime and, as it will be shown in

this work, in some cases they also vary synchronously

with the mains. Hence, some of them can be also

treated as cyclostationary.

3) Background noise. It encompasses the rest of noise

types not included in the previous categories. It can

be assumed to be cyclostationary, with a level that
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depends on the number and type of electrical devices

connected to the network.

At present time, there are still many unknowns re-

lated to the above noise terms. Regarding the back-

ground noise, its probability distribution and instanta-

neous power spectral density (PSD) is usually accom-

plished without discarding the impulsive components

and the narrowband interferences. As a consequence, the

resulting probability distribution is clearly non-Gaussian

and a quite peaky PSD is obtained [4], [10]. Concerning

the impulsive noise, its analysis has been mainly accom-

plished in the time-domain by means of a digital oscillo-

scope triggered by a peak detector output. The stored data

is employed to compute statistics of the interarrival time,

pulse width and pulse amplitude [7], [8]. However, this

procedure does not take into account the different nature

of the three constituent components of this noise term,

e.g. it mixes periodic and aperiodic impulses. Moreover,

in the periodic noise type, it does not distinguish between

the synchronous and the asynchronous terms, which

have quite diverse characteristics: periodic synchronous

components usually have much higher amplitude and

width than periodic asynchronous ones but, on the other

hand, the latter have much higher repetition rates. In

addition, the presence of the remaining noise terms in the

captured data biases the estimation of the pulse width and

amplitude. Hence, statistics computed in this way are of

little use for the development of realistic noise models.

The aim of this paper is the characterization of

the different noise terms. The employed methodology,

which combines time-domain and frequency domain

techniques, provides both pulse waveforms and repetition

rates of the impulsive noise components. A classification

of the narrowband interferences according to their PSD

and their statistical characteristics, along with results on

the probability distribution and the instantaneous PSD of

the background noise are also given. Measurements em-

ployed in this work have been obtained from a campaign

performed in three scenarios: in laboratories and offices

of a university building, in an apartment of about 80 m2

and in a detached house of about 300 m2. The number

of noise registers exceeds 50, with a similar number of

them at the mentioned locations.

Results presented in this work are particularly helpful

for the development of noise models to be employed

in the design and optimization of digital communication

systems. This is especially applicable to coding schemes,

which must be particularly matched to the noise charac-

teristics. Similarly, a good knowledge of the predictable

characteristics of some noise components, e.g. periodic

asynchronous impulsive ones, can be also employed in

the optimization of modulation parameters and receiver

structures [11].

The rest of the paper is organized as follows. Section

II describes the measurement setup and the common

elements of the employed methodology. Section III de-

scribes the specific processing utilized in the analysis

of each noise term, provides representative examples

and summarizes their main characteristics. Concluding

remarks are given in section IV.

II. MEASUREMENT METHODOLOGY

The measurement setup consists of a PC with a 12

bits data acquisition card (DAC). It has a configurable

dynamic range and an input impedance of 50 Ω. The

DAC is plugged to the power network outlets through

a coupling circuit that acts as a passband filter and as

a balun that extracts differential mode signal. The mea-

sured bandwidth extends up to 25 MHz. The captured

data is real-time transferred to the PC, allowing recording

lengths equivalent to hundreds of mains cycles.

The performed analysis combines time-domain and

frequency-domain techniques. Although the signal pro-

cessing algorithms used in each case depend on the

particularities of the noise component under analysis, a

high resolution spectral analysis based on periodogram

averaging is employed in all cases. Because of the

cyclostationary nature of most noise terms, this averaging

is performed in a cyclic way. Let’s denote by To the

mains period and by Ts the sampling period, which is

selected to be a submultiple of To. The output signal from

the coupling circuit, x(n), is registered during the time

of C mains cycles. Each mains cycle, c, whose nominal

length is NC = To/Ts samples, and whose equivalent

time jitter is τ(c) samples, is also divided into L intervals

with NL =
⌊

To

TsL

⌋
samples. Hence, the captured signal

during the ℓth interval of the cth cycle can be written as

xc,ℓ(n) = x(n + cNc +

c∑

i=0

τ(i) + ℓNL), (1)

with 0 ≤ n ≤ NL − 1. The corresponding periodogram

is then computed according to

Pc(ℓ, k) =
1

UNL

∣∣∣∣∣

NL−1∑

n=0

w(n)xc,ℓ(n)e
−j 2π

NL
kn

∣∣∣∣∣

2

, (2)

where w(n) is a Hanning window of NL samples and

U is the normalization factor that removes the estimation

bias [12]. An estimate of the time and frequency sampled

version of the noise instantaneous PSD can then be

obtained by performing a synchronized averaging of the
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periodograms in (2)

ŜN (ℓ, k) = ŜN (t, f)
∣∣
t=ℓ TsNL,f= k

TsNL

=
1

C

C−1∑

c=0

Pc(ℓ, k),

(3)

where C = 234 and NL = 216, leading to a time and

frequency resolution of approximately 1.3 ms and 3 kHz,

respectively.

The estimated instantaneous PSD in (3) is used as

the starting point for the analysis of all noise terms.

The next section describes the specific signal processing

employed in each case, along with representative results

and a summary of their main characteristics.

III. MEASUREMENTS RESULTS

A. Periodic Impulsive Noise Synchronous with the Mains

This noise component manifests itself in a twofold

manner: as a series of isolated impulses of considerable

duration (up to hundreds of microseconds) and ampli-

tude, and as impulse trains that always appear in the

same instant of the mains cycle but in which the number

of impulses and separation between them varies from

cycle to cycle. These impulses use to be shorter and with

lower amplitude than the first ones. However, both of

them appear with a repetition rate of 50 Hz/100 Hz (in

Europe). From now on, the former term will be referred

to as type 1 and the latter as type 2. Fig. 1 depicts the

time-domain representation of the noise registered in an

apartment with a detailed view of the aforementioned

components. The increase in the noise level that occurs

around 5 ms and 15 ms are caused by two synchronous

narrowband interferences.
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Fig. 1. Noise registered in an apartment during one mains cycle with
detailed view of the periodic synchronous impulsive components.

The procedure employed to obtain pulse waveforms

makes use of the estimated instantaneous PSD in (3).

Their position within the mains cycle is detected by

identifying significant and frequency localized variations

of the level in successive intervals of ŜN (ℓ, k), since the

resolution of the spectral analysis is insufficient to appre-

ciate the harmonics due to the 50 Hz/100 Hz periodicity.

Pulses are then extracted by performing a multiband

filtering over the corresponding interval. Finally, the

periodic behavior is verified by correlating them with

the overall noise register.

As stated before, type 1 impulses usually have large

amplitudes. However, the presented procedure is able to

obtain pulses with similar level to the remaining noise

terms. Fig. 2(a) shows the pulse waveform, p(t), of

a type 1 periodic synchronous impulse obtained with

the proposed methodology and Fig. 2(b) depicts the

corresponding Energy Spectral Density (ESD), defined

as

ESD(f) = 20 log10 (|P (f)|) (dBV), (4)

where P (f) is the Fourier Transform of p(t) in volts.
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Fig. 2. Pulse waveform (a), and ESD of a type 1 periodic synchronous
impulse measured in a detached house (b).

Measurements accomplished in this work reveal that

periodic synchronous impulsive noise terms exhibit re-

markable disparity between locations. Table I summa-

rizes their main characteristics. It is interesting to note

that, from a communication system perspective, type 2

is generally the most harmful term, despite its lower

amplitude, since type 1 impulses are usually located

below 1MHz.
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TABLE I
SUMMARY OF THE PERIODIC SYNCHRONOUS IMPULSIVE NOISE

CHARACTERISTICS

Parameter Type 1 Type 2

Number of
impulses
within a

mains cycle

less than 10 less than 10

Duration
from 2 µs up to

300 µs

train duration up to
500 µs and impulse

duration smaller than
1 µs

Amplitude
from 5 mV up to

1.5 Volt
less than 50mV

Central
frequency

typically below
500 kHz, occasionally

up to 3 MHz
up to 7 MHz

Bandwidth
typically below

250 kHz, occasionally
up to 2 MHz

up to 11 MHz

B. Periodic Impulsive Noise Asynchronous with the

Mains

This noise component takes the form of short duration

impulse trains that always appear at the same instants

of the mains cycle. Repetition rates range from approx-

imately 12 kHz up to 217 kHz. Since the frequency

resolution of the spectral analysis is about 3 kHz, these

noise terms manifest in the instantaneous PSD as very

narrow peaks. To obtain the pulse waveforms and the

repetition rates, a spectral mask, M i
ℓ(k), that identifies all

the spectral peaks due to the ith periodic asynchronous

component of the ℓth interval is determined according to

the algorithm described in [13]. Given that M i
ℓ(k) = 1 if

the corresponding asynchronous noise term has a spectral

peak in k and zero elsewhere, the pulse waveform can

be obtained as

pi(n) = IDFT
{
M i

ℓ(k)DFT {xc,ℓ(n)}
}

, (5)

where DFT {·} and IDFT {·} denote the NL-point Dis-

crete Fourier Transform and Inverse DFT, respectively.

This procedure is able to retrieve pulse waveforms

with such low amplitude that would be undetectable with

the traditional measurement procedure based on a digital

oscilloscope triggered by a peak detector. Fig. 3 shows

an example of this situation. Fig. 3(a) depicts a small

interval of the noise captured in an apartment. The y-axis

has been scaled according to the amplitudes registered

during the first 1.3 ms. This makes difficult to notice

that the term around 1.5 ms is a high amplitude periodic

impulse synchronous with the mains. As seen, there is

no visual trace of any periodic asynchronous impulsive

component. However, the estimated PSD for this interval,

shown in Fig. 3(b), clearly reveals its presence. The

proposed methodology gives the pulse waveform drawn

in Fig. 4, which consists of a set of two impulses with

a repetition rate of 70 kHz.
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Fig. 3. Time-domain representation of the noise registered in an
apartment (a), and estimated PSD of the first 1.3 ms (b).
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Fig. 4. Pulse waveform of the periodic asynchronous noise existing
in the noise register shown in Fig. 3.

Fig. 5(a) depicts an example of a low repetition rate

periodic asynchronous impulsive noise registered in a

university laboratory. It is basically composed of two

short pulses (duration around 1 µs) that alternate their

polarity once per period. The repetition rate of this

component is 26.3 kHz, which is quite below the range

typically assigned in the literature to this noise type. Fig.

5(b) shows the ESD corresponding to the first impulse

in Fig. 5(a).

Fig. 6 shows an example of a periodic asynchronous

impulsive noise with high frequency components. Fig.
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Fig. 5. Time-domain representation of a low repetition rate periodic
asynchronous impulsive noise (a), and ESD of the first impulse (b).

6(a) depicts the time-domain waveform, which is com-

posed of a higher amplitude and a low amplitude pulse

that repeats with 48.93 kHz, and Fig. 6(b) shows the

corresponding ESD.
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Fig. 6. Time-domain representation (a), and ESD of a periodic
asynchronous impulsive noise with high frequency components (b).

Periodic asynchronous impulse terms usually appear

only in certain instants of the mains cycle. Although there

are a great variety of behaviors, a common appearance

pattern is composed of two impulse trains symmetrically

located within the mains cycle. A pattern in which the

trains appear both in the vicinity of the zero crossings, the

minimum and the maximum values of the mains is also

typical. Situations in which some noise components are

present during the whole mains cycle but with different

amplitudes have been also found [13]. In all cases,

impulses are generally present in at least 50% of the

mains cycle duration. Table II summarizes the main

characteristics of the measured periodic asynchronous

impulsive noise.

TABLE II
SUMMARY OF THE PERIODIC ASYNCHRONOUS IMPULSIVE NOISE

CHARACTERISTICS

Parameter Value

Number of different
components in a mains

cycle

one or none in weakly disturbed
scenarios and more than 3 in

highly disturbed ones

Appearance pattern
present all the time, 2 states

(on/off) per mains cycle, 4 states
(on/off) per mains cycle & others

Duration
typically less than 1.5 µs,

occasionally up to
10 µs

Amplitude
typically less than 4 mV,

occasionally up to
40 mV

Repetition rates
12.6 kHz, 15.6 kHz, 26.3 kHz,
48.9 kHz, 56.5 kHz, 59.1 kHz,
70 kHz, 90.1kHz and 217.2kHz

Central frequency from 2 MHz up to 13 MHz

Bandwidth from 2 MHz up to 9 MHz

C. Sporadic Impulsive Noise

This is the most unpredictable impulsive noise term.

Two types of sporadic components have been observed.

The first one consists of isolated impulses with consid-

erable amplitudes and widths, and from now on will be

referred to as type 1. The second one takes the form

of impulse trains with arbitrary separation between the

constituent pulses, and from now on will be denoted as

type 2. These pulses use to have lower amplitude and

smaller duration than those of the first type.

In all cases, those intervals of the mains cycle contain-

ing these noise types have larger energy than the remain-

ing ones. Hence, the procedure employed to detect them

divides the mains cycle into L intervals and computes

their energy, leading to

E(c, ℓ) =

NL−1∑

n=0

|xc,ℓ(n)|
2
. (6)

Then, high energy intervals that do not appear in succes-

sive cycles are searched.

Fig. 7 depicts results obtained when computing the

energy of 100 mains cycles divided into L = 15 intervals.

As seen, cyclostationary noise components are clearly

identifiable by the vertical stripes around 0 ms, 8 ms

and 18ms. A type 1 sporadic impulsive noise with very
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high energy can be observed around 16ms in the 64th

cycle. Fig. 8 displays the corresponding pulse waveform

and its ESD.
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Fig. 7. Spectrogram of the energy computed over 100 mains cycles
with L = 15 intervals per mains cycle.
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Fig. 8. Time-domain representation (a), and ESD (b), of the sporadic
impulsive noise identified in Fig. 7.

Fig. 9 shows an example of the type 2 sporadic

impulsive noise. Fig. 9(a) displays the impulse train,

Fig. 9(b) shows a detail of the impulse with higher

amplitude (although all of them have essentially the

same waveform) and Fig. 9(c) depicts its ESD. As seen,

type 2 impulses use to have lower amplitude and higher

frequency components. Table III summarizes the main

characteristics of both sporadic noise types.

Previous analyses, in which interarrival and ampli-

tude distributions are computed without differentiating
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Fig. 9. Time-domain representation (a)-(b), and ESD of a type 2
sporadic impulsive noise (c).

TABLE III
SUMMARY OF THE SPORADIC IMPULSIVE NOISE

CHARACTERISTICS

Parameter Type 1 Type 2

Duration
from 15 µs up to

150 µs
less than 20 µs

Amplitude
from 20 mV up to

150 mV
from 3 mV up to

50 mV

Central
frequency

typically below
1 MHz

up to 7 MHz

Bandwidth
typically below

1 MHz
up to 11 MHz

between the two periodic noise terms, show that impulses

with greater width and amplitude have higher probability

in weakly disturbed scenarios [7]. This can be easily

explained according to the results presented in this work.

Thus, measurements indicate that the difference between

weakly and highly disturbed scenarios is essentially due

to the background noise level and to the number of

periodic asynchronous impulsive components. Sporadic

impulses and periodic synchronous terms are generally

the only impulsive components in weakly disturbed en-

vironments. Hence, according to data presented in Table

I-III, most of the impulses registered in these situations

have large amplitude and duration.
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D. Narrowband Interferences

This disturbance type is easily detected in the esti-

mated instantaneous PSD because of its significant level

over the background noise and, in general, over the

remaining noise terms. They can be classified according

to the shape of their PSD into the following categories:

1) Interferences with multiple discrete frequency com-

ponents. The PSD of these interferences consists of

several equally spaced narrowband components (less

than 5 kHz bandwidth). However, contrary to the

peaks due to periodic asynchronous terms, they are

not harmonically related, i.e. denoting by fj , with

j = 0, 1, ..., the frequencies of the spectral peaks,

it happens that fj − fj−1 = fj+1 − fj but there is

no f0 that satisfies fj = pf0, for j = 0, 1, ... and

p ∈ N
+. They are usually located above 4 MHz and

frequency spacings up to 50 kHz have been observed.

Fig. 10(a) shows the estimated PSD of an interference

of this type. As seen, it has the shape of the DSB

(Double Side Band) modulation of a periodic sig-

nal. Fig. 10(b) depicts its corresponding time-domain

waveform, obtained by applying a bandpass filter to

the noise register.

2) Interferences with one frequency component. The PSD

of these interferences consists of a single narrowband

term (bandwidth below 20 kHz) and a significant

level over the background noise (even more than

30dB). They can be typically found below 2 MHz and

above 20 MHz. Interferences from commercial AM

(Amplitude Modulation) radio stations are an example

of this category.
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Fig. 10. PSD of an interference with multiple discrete frequency
components (a), and its corresponding time-domain waveform (b).

Alternatively, interferences can be classified according

to their statistical properties into:

1) Stationary. They can be composed of multiple equally

spaced narrowband components or just a single term,

but their levels do not change along the mains cycle.

Most of the registered interferences fall within this

group.

2) Cyclostationary. These interferences can be also com-

posed of multiple frequency terms or a single one.

However, their distinctive feature is their synchronous

character with the mains. Fig. 10 shows the time-

domain representation of a noise register that contains

this type of interference. It depicts the detailed view

of a 76 kHz cyclostationary narrowband interference

that appears just before the two periodic synchronous

impulses with highest amplitude. The superimposed

effect of an AM interference with a carrier fre-

quency of 882 kHz and smaller amplitude can be

also observed. The cyclostationary behavior of the

76 kHz interference is corroborated by the zoomed

region around 8ms, where only the AM interference

is present. As shown in Fig. 10, these interferences

usually precede the periodic synchronous impulses.
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Fig. 11. Noise registered in an apartment during one mains cycle with
detailed view of two narrowband interferences.

E. Background Noise

The analysis of the cyclostationary background noise

is aimed to estimate its instantaneous PSD, ŜBN (ℓ, k).
To this end, the spectral peaks caused by the periodic

asynchronous impulsive noise components and the nar-

rowband interferences must be removed. This objective

is achieved by applying the following algorithm to each

time interval ℓ:
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1) Estimate the instantaneous PSD of the registered

noise. An estimate of the noise instantaneous PSD,

ŜN (ℓ, k), is obtained according to (3). The number of

time intervals, L, determines the time and frequency

resolution of the estimation. Its selection involves the

following trade-off. An excessively high value of L
results in a poor frequency resolution that veils the

presence of the periodic asynchronous noise terms. On

the other hand, an excessively low value of L leads

to a poor time resolution, causing cyclostationary

interferences and periodic synchronous noise com-

ponents to overestimate the background noise level.

An appropriate value is L = 15, which leads to a

time and frequency resolution of 1.3 ms and 3 kHz,

respectively.

2) Determine the set of frequencies corresponding to

the spectral peaks in ŜN (ℓ, k). Denoting by ki
ℓ, with

i = 0, 1, ..., the frequencies where ŜN (ℓ, k) has a

spectral peak, the output of this phase is the set

Kℓ = {k0
ℓ , k1

ℓ , ...}.

3) Eliminate the spectral peaks in ŜN (ℓ, k). The objec-

tive of this step is to generate a new PSD, S̃N (ℓ, k),
equal to ŜN (ℓ, k) but with no trace of the spectral

peaks due to the narrowband interferences and to the

periodic asynchronous impulsive components. To this

aim, the values of ŜN (ℓ, k) for k ∈ Kℓ are replaced by

the minimum value taken by ŜN (ℓ, k) in an interval

centered in k,

S̃N (ℓ, k) =





ŜN (ℓ, k) k /∈ Kℓ

min
κ=k−W/2...k+W/2

{
ŜN (ℓ, κ)

}
k ∈ Kℓ.

(7)

The interval length, W , is fixed to obtain an equiva-

lent bandwidth of 30 kHz, approximately.

4) Smooth the staircase behavior of S̃N (ℓ, k). The pro-

cessing in (7) gives a staircase behavior to S̃N (ℓ, k) in

the vicinity of k ∈ Kℓ. To remove it, a weak low-pass

filter is applied to S̃N (ℓ, k), yielding to an estimation

of the background noise, ŜBN (ℓ, k).

Fig. 12 depicts the ŜN (ℓ, k) of the noise registered

in a university laboratory. It corresponds to a heavily

disturbed scenario, with a lot of periodic asynchronous

components. A zoom of the frequency band between 6

MHz and 7 MHz has been included to appreciate them.

Fig. 13 shows the values of ŜBN (ℓ, k) corresponding to

the PSD shown in Fig. 12. Additionally, the estimates

of the background noise obtained in a detached house

and in an apartment have been also included. As seen,

the background noise PSD of the noise registered in the

university laboratory does not fit the simple exponential

models proposed in previous works [4], [14]. These

models are appropriate for weakly disturbed scenarios

and, in some cases, for medium disturbed ones. However,

they do not capture the spectral richness of the noise

existing in highly disturbed environments.

@ A B@ BA C@ CAD BB@D B@@DE@DF@DG@DH@DA@DI@

JKLMNLOPQ RSTUV
W WXY WXZ WXW WX[ \]^_`]^__]a`]a_][`][_

bcdefdghi jklmno (
)pqrstuvwxyz

{|} =~ � (
)�������������� =�

Fig. 12. Estimated PSD of the noise registered in a university
laboratory.
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Fig. 13. Background noise PSD obtained from Fig. 12, and from the
noise registered in a detached house and in an apartment.

The cyclostationary nature of the background noise

can be observed in Fig. 14. It depicts the estimated

PSD of the background noise registered in a university

laboratory. This cyclostationary behavior has been ob-

served in all the scenarios. However, it has been more

frequently found, and with higher level differences, in

highly disturbed environments.
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Fig. 14. Estimated PSD of the background noise registered in a
university laboratory.

The presented algorithm cannot be applied to estimate

the background noise PSD of those intervals with peri-

odic synchronous impulsive noise, since the operation in

(7) does not remove them from the PSD because of the

insufficient resolution of the spectral analysis. However,

this is not a serious impairment because these impulses

are time-localized and occupy only a small percentage

of the mains cycle.

F. Noise Probability Density Function

According to the noise components described up to

now, it is clear that broadband PLC noise does not have

a Gaussian nature. This fact has been already reported

in the literature [4] and contrasts with published results

for narrowband PLC noise [15], where the noise is said

to have a Gaussian distribution.

The method employed in this work to estimate the

noise PDF divides the mains cycle into L intervals.

However, to obtain a higher time resolution, L is fixed to

a much higher value than in previous sections: L = 976.

The estimated PDF of the ℓth interval is then obtained

from the samples of xc,ℓ(n) for c = 0...C − 1. Fig.

15 shows some of the PDFs estimated over the noise

register acquired in a detached house. A Gaussian PDF

of the same variance is also included for reference.

PDFs exhibiting higher probabilities than a normally

distributed variable for extreme values correspond to

intervals with impulsive noise components. However, it is

worth noting that in those intervals with no trace of these

noise components, the obtained PDF is indistinguishable

from the Gaussian one. Hence, it can be concluded that

the background noise is Gaussianly distributed.
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Fig. 15. Estimated PDFs of the noise registered in a detached house
at different time intervals.

IV. CONCLUSION

This paper has presented a detailed analysis of the

indoor broadband power-line noise components. The em-

ployed methodology combines time-domain techniques

with a high resolution spectral analysis based on pe-

riodogram averaging that captures the cyclostationary

nature of most noise terms. The study relies on a mea-

surement campaign performed over more than 50 noise

registers in three different scenarios.

Concerning the impulsive noise, it has been shown

that periodic synchronous terms have a twofold nature:

a series of isolated impulses, of considerable duration

and amplitude, and impulse trains that always appear in

the same instant of the mains cycle but in which the

number of impulses and separation between them varies

from cycle to cycle. These impulses use to be shorter

and with lower amplitude than the first ones. Except for

the latter type, periodic synchronous components use to

occupy the frequency band below 1 MHz. Similarly, the

analysis of the periodic asynchronous noise has revealed

that they also exhibit a synchronous behavior with the

mains. Repetition rates from 12.6 kHz up to 217.2 kHz

have been measured. Similarly, a procedure to extract

sporadic impulsive noise, which is the most unpredictable

term, has been presented. Examples of pulse waveforms

and their corresponding energy spectral densities have

been given in all cases.

A classification of the narrowband interferences ac-

cording to their PSD and their statistical behavior has

been also given. It has been shown that some of them
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exhibit a cyclostationary behavior. Finally, a procedure

to compute the background noise power spectral density

has been presented. It has been demonstrated that the

classical exponential model does not captures the spectral

richness of the heavily disturbed scenarios. It has been

also shown that, according to the accomplished measure-

ments, the background noise has a Gaussian distribution.
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