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Abstract: The paper proposes an approach to investigate the fine structure of the
voltages circulating in the industrial network within the range of 300 kHz-20 MHz,
which serves to do some measurements of real lines in real operating mode. It is
shown that the interferences can be divided into basic —with spectral density chang-
ing slowly with frequency alteration and narrow-band (frequency-pulse). It is also
indicated that the frequency concentrated interferences occupy usually 1-5% of the
frequency range studied and their intensity is deeply modulated with the doubled
frequency of the power supply voltage. There are areas with distinctly expressed low
interferences around the zero transitions. The study is motivated by the search for
sophisticated methods of high-speed data exchange through the power network.
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1. Introduction

The low voltage network (220 V) is very appropriate as a medium for information
transfer because due to its wide spreading it reaches almost all points, which could be
either a source or a user of information. The interest towards it has increased greatly in
the last decade with the introduction of systems for house automation, local informa-
tion networks and the wide use of Internet connections.

Nevertheless it is not very user-friendly as a medium for information flow
channeling. Built as universal source of energy, it is not very appropriate for informa-
tion signals transmission. The usual parameters that characterize a transmitting line —

* This research work is sponsored by investigation project NoH 1003/2000 of the Ministry of Education
and Science, Bulgaria and investigation theme 010046 of IIT-BAS.
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constant of distribution, wave resistance, coefficient of the reflection are not very suit-
able for its description.

In their prevailing part the interferences are a result of commutations: injection on
the part of electronic apparatus connected to the network, result of the functioning of
different collector motors — from luminescent illumination, controlled halogen lamps,
penetration of signals from radio waves propagation, especially in the range 5-10 MHz.

Investigations concerning the character of the voltages interfering in the network
have been accomplished since many decades. At first they have been realized in con-
formance with some requirements for electromagnetic compatibility of different users
switched on in the network. The requirements towards its use as a medium for informa-
tion transmission have been defined since 1-2 decades. A survey of all the significant
investigations may be found in [1, 2, 5].

The growth of the information flows in modern society stimulates the variability
and the expansion of the physical media, through which these flows are transmitted, as
well as the efficient use of the basic resources — time interval, frequency band and
output power.

The linear or nonlinear suppression, including clipping with cutting out of the
signal received in the regions where the interferences are concentrated, is a general
approach in the fight with noise. This could be done in time, as well as in frequency
domain, in localized areas of the frequency-time surface, suppression in different trans-
formation regions, where the interference energy may be concentrated in a narrow band.

The paper presented has the purpose to investigate the fine structure of the inter-
fering voltages circulating in a network within the range 200 kHz-20 MHz, to give
guantitative estimates of the parameters, allowing evaluation of the network capacity,
choice of constellation of the information signals, development of adequate methods for
their suppression.

The method suggested enables the determination of the spectral constitution of the
interfering voltages in a real network, its invariability, estimation of the speed of altera-
tion, change of the spectrum as a function of the network voltage phase, separation of
the narrow-band interferences, accumulating of statistics for different networks, in dif-
ferent hours of the day, as well as for certain days in the week or in different seasons.

2. Measurement equipment

In order to record the interferences, a measurement head is used comprising a high-ohm
divider and a high frequency and a low-frequency filter serially connected, which limit
the frequency band studied to the range of 300 kHz-20 MHz.

The interferences are examined synchronously with the network voltage for its
separate complete periods. For this purpose a short pulse is generated at the beginning
of the negative half-wave of the network voltage, which is accepted as measurement
starting. The scheme is shown in Fig. 1.

The signals from the detector head and the synchronized signal as well are input to
FRAZ20 circuit analyzer. After regulated amplification in it, the signal is sampled with
frequency of digitization of 65 MHz, resolution of 200 uV in 14-bit words. The signal
recorded, which is of 20 ms length (a complete period of the network frequency), is
processed and represented by 32 frequency bands with the help of a short-time Fourier
transform (STFT).
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Fig. 1. Measurement head

The structure, with the help of which the analysis is done, is shown in Fig. 2. The
spectrum of the input flow x(i) is

shifted around the zero frequency, X o b oy, .| STFT
for middle of the band investigated % 160

f., after which a band of 200 kHz g 277 IERNI
is filtered, then decimated 160-fold Fig. 2

and the data obtained are Fourier
transformed into 32 segments (each one with length of 625 ps). The frequency-time
resolution obtained is 1.6 kHz x 625 ps.

3. General characteristics of the interferences

The intensity of the interferences depends mainly on the phases of the network voltage.
They have their minimums around the zero transitions, and their maximums — around
the peak values, the relation between them being always greater than 10 dB. Local
maximums are also observed, though weakly expressed, which coincide with the maxi-
mums of the separate phases of the three-phase network. This character is preserved
for the whole frequency range measured — from 300 kHz up to 20 MHz. In order to
illustrate the above said the typical form of the interference is shown for the whole
range of 0.3-20 MHz for a complete network cycle in Fig. 3a, and in Fig. 3b — the time
development of a narrowband interference with frequency of 460 kHz for a complete
line cycle also. The latter is obtained by inverse Fourier transform of the range selected

Fig. 3
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a) b)
Fig. 4

for frequency representation. The deep amplitude modulation with doubled network
frequency is observable.

The interferences in the frequency range have a well-defined discrete structure.
They consist of separate narrow-band practically harmonic fluctuations. Fig. 4a shows
the spectral characteristics of a given realization within the frequency range of 0.3-1.1
MHz, and Fig. 4b — for the range of 0.3kHz-20MHz. A narrower band is selected for
the first figure in order to underline its discrete structure. The control computations for
the separate narrow-band interferences show that their efficient band is within the lim-
its 100-300 Hz. Such spectrum can be regarded as deeply amplitude-modulated har-
monic variation.

It is typical for the interferences that they change too slowly. The alterations are
caused by changes in the network load, consumers switching on or off .

Fig. 5a shows the spectrum of interferences within the range 0,3-20 MHz with
resolution of 200 kHz for some realizations (60 in number) recorded through intervals
of 7 min, and Fig. 5b — for different hours and days. The characteristics are recorded
through 7 min for periods with smooth changes and for areas with different powers the
realizations are in different days.

Fig. 5

4. Interferences representation

Convenient analytic representation of the interferences is possible in the time-frequency
domain. We have chosen a short Fourier representation for our discussion, since it is
close to tele-communication specialists and could be directly used in order to define
some important parameters such as capacity, probability for error receiving, optimal
modulation.

The power spectrum is determined by the expression:
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In the paper considered the window h(i) is accepted as rectangular with length of
20/32 ms, one cycle of the network voltage is investigated into 32 time intervals, at
achieved frequency resolution of 1600 Hz.

In order to estimate the alteration of the interferences during operation, the Euclidian
distance between the time-frequency representations for the separate cycles of the net-
work voltage is used according to the expression
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In this expression k denotes frequency, j — time window, i — the sequential number
of the realization studied. Index O denotes the reference spectral line with respect to

which the comparison is made, o, = »_ > S,(j,k) — the power of the reference inter-
j ok

ference for a complete cycle of the network voltage. For J=1, the distance d gives gives
an idea about the invariability of the integral spectral distribution for a complete cycle
of the network volatge. Assuming the distribution averaged as S (j, k) and for a suffi-
ciently great I, d can be interpreted as distribution dispersion. The distance between
successive realizations (1=0, S (j,k) = S, ,(j,k)), detects efficiently the alterations in the
interfering picture.

The interferences spectral characteristics give the basis for their division in two
additive types — basic and pulse (frequency pulse). Those that have density, which
depends slowly on frequency are basic, and the pulse (frequency pulse) are those with
clearly expressed frequency dependence. The structure shown in Fig. 6 is used for
division. The low-frequency filter 2 separates the basic interference, regarding as such
any disturbance with spectral density greater than 1+y times of the averaged value
S,(K). In the present paper the one with a=0.1 is considered as such, which corresponds
to 0.4 dB over-passing of the averaged value. The node 3 forms the spectrum of the
pulse interference and node 4 — the windows, in which the presence of pulse interfer-
ence is registered. The division can be realized for separate realizations, for averaged
realizations, and for separate time windows of the network cycle as well.
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Fig. 6
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The structure shown enables the definition of:
S,(k) — spectral characteristics of the basic interferences;
S, (k) — spectral characteristics of the pulse interferences;

o, = kZK Shi (k)— power of the basic interferences for a desired frequency range;
S

2 —
Oh = kezK Shi (k) — power of the pulse interferences for a desired frequency range;

2
Op
=72, 2 —relative part of the pulse interferences in the total power;
o, + (o
_2¢(k) : , :
B= N relative part of the pulse interferences in the whole frequency range
used;

2.8 kEk)

/’L — _ . . .
Wj weighed part of the pulse interferences in the frequency range

used. It takes into account the interference power.

The present study estimates the invariability of the average frequency and the
efficient frequency band of every narrow-band interference. They are evaluated as weight
center and inertial radius respectively according to the expressions:

kZJ kzj

3 ks (k) Z@—Kj)s,(k)

f=8  AF=KAF;  Af =

] kzj ] kzj

2.S(k) 2 .5(k)

k=ky k=ky;

AF .

AF is the frequency expansion of the Fourier transform; k1j and k2j are the begin-
ning and the end of j-th pulse interference.

The time form of the separate pulse interferences is obtained by inverse Fourier
transform of the frequency representation for a complete cycle of the network voltage.
As expected, the form is dominated by the deep amplitude modulation with doubled line
frequency.

5. Experimental results

In order to accomplish the measurements and to obtain a number of indicators, the
functional system shown in Fig. 7 is realized. It contains the nodes from Fig. 6 en-
hanced to a more detail form by functions computing the separate parameters, data
storing and visualization.

A number of measurements have been accomplished at separate points of the
network loaded with electronic apparatus, air conditioning, and illumination. Some of
the typical results are shown here.
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Fig. 8a,b, ¢, d shows the time-frequency distribution of the interferences for the
sub-ranges 0.3-2.1 MHz, 2.1-5 MHz, 5-10 MHz, 10-20 MHz. The time axis is shown
in milliseconds and contains one full cycle of the network voltage of 20 ms.
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Fig. 8

A view upon the time-frequency picture shows the presence of deep planes in the
time intervals around the network voltage transitions, where the interferences level is
an order lower. There are planes, more in number and not so wide along the frequency
axis as well. The interferences are particularly intensive in the range up to 1.5 MHz,
getting very weak up to 4 MHz and above 7 MHz they decrease in several orders in
comparison with the preceding areas.
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The measurements show that the alterations are too slow. Fig. 9 shows the spec-
tral density of the interferences for 60 realizations, taken down through intervals of 7
minutes. The variation field is too narrow, being under 10% in the extremum points.

Fig. 10a shows the spectrum of the basic interference for a separate realization
within the range of 0.3-1.1 MHz, and Fig. 10b — the averaged spectrum for the same
range of 100 realizations, recorded through intervals of 60 s. The character of the two
figures is rather close. Gradual increase in the spectral density is noticed with fre-
guency increase.

UsridraraZzesads spekirans platnast ma buzowis shum Usrednenai0lperioda spektraina platnost na bazowia shum
» k3

S | s

f'm’

B

=]

) f, Hzl ' : f, Hz
a) b)

Fig. 10

Fig. 11 shows the power of the basic interference for 100 separate realizations
from Fig. 10. The alterations lie within the limits +10%, a value being too small for
interferences in an interval of 100 min.

The frequency-pulse (narrow-band) components — the spectral density for a sepa-
rate realization and the complete narrow-band power for the separate 100 realizations
are shown in Fig. 10 and Fig. 12.

The distance between the time-frequency representations for successive realiza-
tions prowdes a more strlct estlmatlon of the mterferences variability. Fig. 13a and b
show these distances for 9 and
10 successive realizations.
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the line mode. Fig. 13b shows that before and after this alteration the differences are
within the limit of 10 %.

Fig. 14 shows the efficient frequency band in Hz — for the different narrow-band
interferences separated by 50 s for two realizations. The efficient frequency band occu-
pied for the first and the second realization is 7.8 and 7.2 kHz respectively, which
makes about 1% of the band investigated.

The sum of all the frequency windows &(k) in Fig. 6 can be accepted as upper
estimate for the band considered. This estimate does not take into account the energy of
the separate interferences, considering as narrow-band interference each surpassing of
the spectral density by 10% with respect to its near neighborhood. The narrowband
interferences occupy 4% of the band studied in this approach.

It is interesting that the efficient width of the separate narrow-band interferences
lies within the limits 100-400 Hz, which enables their interpretation as harmonic vari-
ations, amplitude modulated by the line doubled frequency.

It also should be noted that the frequency-concentrated interferences, though oc-
cupying a too narrow frequency band have power, that is considerably greater than the
basic ones, in spite of the fact that their spectrum is continuous. This difference is
5-fold for the realizations in Figs. 11 and 12. In order to give a more complete idea
about the interferences character, the results from measuring the spectral averaged
interfering voltages for separate bands in the frequency range investigated, are given in
the Appendix.

6. Conclusion

The measurements accomplished show that the industrial network possesses consider-
able possibilities relating to the interfering voltages for high-speed data exchange with-
out the need of any additional procedures. The relative invariability of the interferences
enables their efficient neutralization and compensation.

Taking into consideration of the cyclic character of the interferences power 6
offers additional potential to increase the network capcity.

7. Appendix

Fig. 15 a, b, ¢ shows the spectral power density of the frequency-concentrated interfer-
ences, of the basic interferences and the frequency band of each one of the pulse inter-
ferences within the range 0.3-1.3MHz. The figures show the efficient value of the pulse
and basic interferences and the frequency band occupied by every pulse disturbance.
Fig. 16 a, b and ¢ shows these relations for the frequency band of 1.3-2 MHz, and
Fig. 17 — for the band 2-3 MHz.
Figs. 18-23 give the computational results for the pulse interferences only.
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WNuTepdepennnn B Mpexara HUICKO HalpeXeHue

30pasxo Huxonos, Bacun Bacunes, Cmanucnas babanos

Huemumym no ungopmayuonnu mexuonoeuu, 1113 Cogus
znikolov@iit.bas.bg wasilev@iit.bas.bg stanislaw.babalov@mps.bg

(PezwmMme)

[Ipennara ce MeToaMKa 3a M3CIeIBaHE Ha (PMHATA CTPYKTypa Ha LUPKYIUPAILUTE B
MpoMUIITIeHaTa Mpexa HanpekeHus: B auanazona 300 kHz—20 MHz, no kosito ca
HPOBEICHH PELa M3MEPBAHUs HA peaHi MPEeXH B peasieH paboreH pexxuM. ITokazano
€, 4e CMyILEHUATA MOXE J1a C€ PAa3IeNsT Ha 0a30BH, ¢ GaBHO IPOMEHSIIIA CE C UecToTara
CIEKTpaJiHA MJIBTHOCT, U TECHOJNCHTOBH (4ecToTHO-uMIysicHu). [Tokazano e, de
YECTOTHO ChCPEAOTOUEHUTE CMYIIEHHs 3aeMaT OOMKHOBEHHO 1-5% oT u3cnenBanus
YeCTOTEH JIMAaIa30H 1 UHTEH3UBHOCTTA UM € JIbJIOOKO MOIYIIPaHa C yJBOEHaTa 4ecToTa
Ha MpPEXOBOTO HampexeHue. OKOIO HylIeBUTE NMPEXOAH ChIIECTBYBAT 001acTu ¢
[OAYEPTAHO U3Pa3eHU HUCKY CMYIIEHUs. M3cienBaHeTo € MOTUBUPAHO OT ThPCEHETO
Ha cOPUCTUYHYU METO/U 32 BUCOKOCKOPOCTEH OOMEH Ha JaHHU I10 CHJIOBaTa Mpexa.
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