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Abstract:

The paper presents results of tests of a simple device,
consisting in the location of a source of disturbance emis-
sion by means of measurements within the near field
with manual positioning of the measuring probe. The
effectiveness of the source of disturbance location was
finally verified by a positive result of the radiated emis-
sion tests in the EMC laboratory using a standardised
method.
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1. Introduction

The ensuring of electromagnetic compatibility (EMC)
of the equipment under test (EUT) means that this
equipment is immune to electromagnetic disturbances
existing in the environment of its operation [1, 2, 3]
and can properly operate there, and that the EUT does
not generate and emit to this environment electromag-
netic disturbances [1, 4, 5] at such levels, that could
disturb proper operation of other equipment working
in the surroundings. The emission of electromagnetic
disturbances from the EUT may be intended, i.e., may
be an element necessary to ensure its functionality.
Such emission exists e.g., in the case of equipment with
radio communication, such as a mobile phone, where
the transmitted radio waves are an intended effect,
necessary to ensure wireless communication. Instead,
unintended emission of radiated electromagnetic dis-
turbances originates as a side effect of the equipment
operation (radiating cables, printed circuit tracks, or
conducting elements of the housing).

The level of disturbances generated and emitted
from the EUT, conducted and radiated, cannot exceed
the limits, which are specified in standards applicable
to the tested EUT and its operation environment [1, 4,
5], or in very strict requirements for military equip-
ment [6]. The electromagnetic compatibility plays a
big role in the initial stage of the lifecycle, from the
development to deployment of electric and electronic
devices, because each EUT prior to starting the pro-
duction should positively pass EMC tests, confirming
the compliance with requirements of the EMC direc-
tive [1]. Without a positive result of tests, the equip-
ment cannot be placed on the market.

It seldom happens now that even a simple elec-
tric device would not comprise active semiconductor
components and microprocessor circuits in its struc-
ture, which e.g., take care of proper execution of the
programmed functions. In addition, an increasingly
great degree of the equipment complication and pro-
gressing miniaturisation cause that the ensuring of
electromagnetic compatibility EMC for the planned
device becomes one of more difficult and important
tasks for the designer.

Nowadays, it is rare that even a simple electrical
device does not have active semiconductor elements
and microprocessor systems in its structure, which
include they watch over the correct implementation
of the programmed functions. In addition, the increas-
ing complexity of devices and the progressive minia-
turization make ensuring the EMC electromagnetic
compatibility for the designed device one of the more
difficult and important tasks for the designer. There-
fore, we are looking for effective methods of testing
the emission of radiated disturbances with the use of
relatively inexpensive equipment.

It should be emphasised, that the limits of emis-
sion levels specified in standards [4, 6] are very strict.
Therefore, issues with excessive emission radiated
during tests in the EMC laboratory using standardised
methods occur so often, especially if from the moment
of device prototype designing till the tests the ensur-
ing of EMC was neglected by the engineer due to time
and budget limitations. It also happens that, despite a
serious attitude to the ensuring of EMC for the new de-
vices under development, from the moment of project
implementation till the first prototype assembling (ap-
plication of design recommendations, performance of
verification measurements at various project stages),
after conducting tests in the EMC laboratory, it turns
out that it is necessary to introduce costly changes in
the device, mainly due to the excessive radiated emis-
sion. High purchase costs of professional testing instru-
ments and limited availability of EMC laboratories as
well as high costs of testing cause that the first tests of
radiated emission by means of standardised methods
are most frequently carried out only on a ready proto-
type of the device. Major problems occur then, threat-
ening the entire project success. The problems may
consist in e.g,, design assumptions mistakes, errors in
the electronic system, errors in the housing shielding:
metal elements of the housing ‘by chance’ become an-
tennas, also gaps in the shielded housing can take the
role of antennas (radiators) [7, 8].
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2. Research Problem

In EMC laboratories the emission of radiated electro-
magnetic disturbances is most frequently measured
in SAC (Semi Anechoic Chamber) type chambers by
means of an antenna and disturbance receiver, and
it is expressed as an amplitude spectrum of electric
field Ein dBpV/munits, in a selected frequency range.
During such measurements the antenna, according
to document [9], may be situated at a distance of 3,
5, or 10 m from the tested equipment, depending on
the chamber sizes. As a result of such measurements
an amplitude spectrum of the electric field is ob-
tained, determined as the level of radiated emission,
and it is referred to emission limits specified in the
standards for the assessment of tested equipment
conformity with the standard. The obtained results
of radiated emission measurements, in the form of
an amplitude spectrum graph within the selected
frequency range, provide engineers with general in-
formation, whether the EUT meets the requirements
of the standard, or whether the standard limits have
been exceeded. If the radiated emission limits are ex-
ceeded, the information is available on: the level of
individual spectrum components, for which frequen-
cy ranges the excesses have occurred, and for which
orientation of the measuring antenna in space (azi-
muth, polarisation). The information obtained from
such measurements is usually not sufficient to find
and remove the main reason for exceeding the limits
of radiated emission, although it is useful for further
analyses and measurements. Therefore, methods for
testing the emission of radiated disturbances are
necessary, which allow to illustrate in space the dis-
tribution of electromagnetic field intensity around
the tested EUT. The identified highest values of com-
ponent amplitudes of the spectrum prove a close lo-
cation of the disturbance source in the EUT, which
is the information required to introduce dedicated
and right design changes, which should result in the
reduction of the radiated emission level, generated
by the tested equipment.

Methods for measurements of electromagnetic
field intensity, carried out in the near zone, feature
such properties; depending on the nature of distur-
bance source and selected probe they allow to meas-
ure the electric component of field, E, or magnetic
component of field, H. A near electromagnetic field
exists at a small distance from the transmitting anten-
na. In the case of emission radiated from the EUT, that
means that the near electromagnetic field exists at a
small distance from the EUT (close to radiating ele-
ments in the EUT).
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Fig. 1. Nature of electromagnetic field and the distance

from the disturbance source [10]

Fig. 1 presents a graph of wave impedance chang-
es versus the distance from the disturbance emission
source [10], which illustrates changes of the nature of
electromagnetic field with increasing distance from
the radiated emission source. Simplifying, the zone
of near electromagnetic field is situated at a distance
from the source, smaller than r, where:
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A — wavelength (m); f — frequency (MHz).

Around the point r = A/21 there is a transition
area between the near and far field, referred to as the
Fresnel zone [11]. In Fig. 1 one can notice, that the
field intensity in the near zone goes down with in-
creasing distance from the source, inversely propor-
tionally to the square or third power of the distance,
depending on the type of source. In the far-field zone
the field intensity diminishes inversely proportionally
to the distance. In the near-field zone the electric or
magnetic field becomes dominating. If the field source
has low impedance, then in the near zone the magnet-
ic component prevails, while at high impedance of the
source the electric component prevails. In the meas-
urement methods in the near electric or magnetic
field, the measured quantity is the voltage or current
of disturbance induced in the measuring probes of
the near field E and H (E - electric field, H - magnetic
field), which in the spectrum analyser are converted
into an amplitude spectrum.

This paper is aimed at presentation of a location
method for radiated disturbance sources in the EUT,
with manual positioning of the measuring probe in
the near-field zone, using an example of a simple test-
ed device EUT, for which negative results of radiated
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emission measurements in the EMC laboratory have
been obtained. The disturbance source within the
tested EUT was searched for by carrying out meas-
urements of electric field E intensity by an E field
probe or measurements of magnetic field H intensity
by means of an H field probe. The probe is positioned
manually in space around the tested EUT. The posi-
tions of probe arrangement in space are determined
manually, measurements of E or H field intensity are
made then by a fixed probe. The effectiveness of this
location method of a disturbance source, described
further on, has been confirmed by the obtained posi-
tive result of radiated emission tests in the EMC labo-
ratory. This method, despite some limitations, in cer-
tain cases may be used as one of engineering tools to
locate disturbance sources in the tested prototypes of
equipment.

Because, in view of frequently occurring problems
with excessive emission of electromagnetic distur-
bances radiated from equipment prototypes, such
measurement methods and techniques are being
sought, which would be a tool supporting designer
engineers. The tool, which will allow to evaluate the
emission radiated from the equipment prototype
possibly at any stage of product (equipment) devel-
opment, i.e., single printed circuit boards (PCB), as-
sembled models without housing, a prototype in the
target housing, as well as the tool, which will facilitate
resolving problems identified during the first emis-
sion tests in the EMC laboratory. For PCBs there are
already commercially available tools at an acceptable
price, but for finished prototypes, which dimensions
exceed the size of a cube with a 40 cm side, there
are no effective tools and methods, apart from those
standardised, used in EMC laboratories. Hence fur-
ther on in the paper the properties of a method with
manual positioning of the measuring probe have been
presented, using a practical example.

3. Test Methods for Radiated Emission in a
Near Electromagnetic Field — Review of
Market Solutions

Methods for measurements of electromagnetic field
intensity in the near zone are used for preliminary
verification of the equipment condition from the
point of view of level of radiated electromagnetic
emission and/or location of disturbance sources. The
emission of radiated electromagnetic disturbances is
understood as the measured level of electric E com-
ponent of electromagnetic field intensity, expressed
in dBuV/m units. In the case of measuring the mag-
netic component H of the electromagnetic field, it is
converted into the electric component for consistency
of units and to facilitate the analysis of signal levels
comparison. Measurement methods for the electro-
magnetic field intensity in the near zone are most
frequently used after a previously obtained negative
result of tests in the EMC laboratory by a standardised
method. Measurement methods in the near zone al-
low to identify pretty effectively sources of unwanted
emission [12, 13, 14], but for simple equipment, with

small dimensions, or printed circuit boards PCB. Mea-
surements in the near zone may be carried out using
a spectrum analyser and a set of near-field probes,
moving the probes manually or automatically, using
commercially available scanners for EMC tests.

3.1. Solutions with Automated Probe Positioning
(EMC Scanners)

An instrument of the Detectus company is one of com-
mercial solutions for EMC scanners (Fig. 2), which au-
tomatically carries out amplitude measurements of
spectrum components of electromagnetic field inten-
sity, using a near-field probe moved automatically at
a short distance from the tested object. This solution
allows to measure the electromagnetic field intensity
from components, cables, PCBs, and entire products
in a measuring area of up to 600x400x400mm. The
system consists of a numerically controlled robot,
moving the measuring probe of E or H field in 3 axes:
X-Y-Z. The system is equipped with a set of near-field
probes, a spectrum analyser, and a PC with special-
ised software managing the entire measuring process.
During the test the near-field probe is moved by a ro-
botic arm in the selected range (the measuring grid
is defined by the user) above the tested object. At the
end of measurement, the user obtains a measurement
result in the form of a 3D graph of component ampli-
tudes of the spectrum of electromagnetic field inten-
sity, imposed on the tested object, which facilitates
the analysis of results. The measurement time with
the EMC scanner, depending on the frequency range,
selected measuring grid, and the object dimensions,
can last even 24 hours.

Fig. 2. EMC scanner — a Detectus RSE series.
Source: https://astat-emc.pl/produkty/
urzadzenia-pomiarowe/skaner-emc/seria-rse/

Another type of an EMC scanner is the solution of-
fered by the Canadian company EMScan, which of-
fers a family of near-field scanners named EMxpert
(Fig. 3). An example of scanner contains a fixed matrix
of 1218 magnetic field sensors. The solution is dedi-
cated for measurements in the near field of electro-
magnetic field intensity from a PCB with maximum
dimensions of 31.6x21.8 cm, with resolution of 3.75
mm, and features a high speed of carried out mea-
surements. Paper [15] presents studies using such a
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scanner to locate a source of unwanted emission (dis-
turbance source) in a prototype of equipment from
the automotive sector. A printed circuit board PCB of
a DC-DC converter was the tested equipment. Finally,
the effectiveness of disturbance source location and
the effectiveness of introduced design changes was
verified by the measurement in an SAC type chamber
by means of a standardised method (acc. to CISPR 25
standard); a good correlation of results was obtained.
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Fig. 3. EMC scanner —an EMScan EMxpert EHX.
Source: https://www.emcfastpass.com
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3.2. Solutions with Manual Positioning of the
Probe

Because of greater affordability of measuring sets, a
manual method for probe moving is most frequently
used to identify sources of radiated emission. Also, in
this solution a spectrum analyser with a set of near-
field probes is used. A measuring probe is moved
manually above the equipment under test. In this
way amplitudes of spectrum components are mea-
sured for the signal detected for various areas of the
tested equipment. The obtained results of measure-
ments are presented as spectrum characteristics of
the measured value in the selected frequency range,
for each position of the measuring probe in relation
to the tested equipment. A separate characteristic of
the emission spectrum is obtained for each position
of the probe. For a large number of measuring probe
positions a large number of graphs is obtained, result-
ing in a time-consuming and complicated analysis. On
this basis engineers try to identify circuits, fragments,
and elements of the equipment housing, which are
unwanted sources of electromagnetic radiation, plac-
es of maximum levels of signal measured in selected
frequency ranges.

The basic drawback of this solution consists in a
complicated and time-consuming analysis of results
for alarge number of measuring points. Moreover, the
measurement with a manually moved probe brings
about inaccuracies resulting from the need to keep a
fixed distance between the probe and the measured
element, which is very important for the assessment
of the measurement uncertainty. Assuming that
sources of unwanted radiated emission have been
identified, design changes should be introduced (sys-
tem changes, shielding, filtering, etc.), to reduce the
level of disturbances emitted from the equipment. In
the next stage the effectiveness of introduced chang-

es is verified by the next measurements of emission
radiated in the near zone at the same positions of the
measuring probe. The assessment of effectiveness
consists in the comparison of measurement results
obtained prior to changes and after the change im-
plementation. The result is satisfactory, if levels of
spectrum components of the electromagnetic field
intensity decreased after the implementation of de-
sign changes, otherwise the measurements should be
continued and the introduced design changes verified
until the required effect.

The described method of testing, albeit very
time-consuming and requiring a complicated analysis
of results, in certain cases gives good results. The ef-
fectiveness of this method depends on the structured
and meticulous attitude to the performance of meas-
urements and analyses, i.e., on the experience of the
person carrying out measurements. An example of
effective identification, by means of this method, of
emission sources of radiated disturbances is present-
ed in results of the research further on in this paper.

4. Research on Radiated Emissions in the
Near Electromagnetic Field — a Literature
Review

Standardised methods are known for measurements
of electromagnetic radiated emission, carried out in
the near-field zone. The document IEC TS 61967-
3:2014 [16] is an example, defining assessment
methods for the electric and magnetic component of
electromagnetic field in the near zone for integrated
circuits installed on any printed circuit board, PCB.
The method allows to map E or H components of the
near electromagnetic field in a frequency range of up
to 6 GHz. The resolution of measurements depends on
dimensions of the measuring probe and the precision
of the probe positioning system. Paper [17] presents
results of studies on the correlation between the re-
sults obtained by the method presented in the docu-
ment IEC TS 61967-3:2014 [16] and the results of
studies obtained with the use of a TEM chamber acc.
to IEC 61967-2 [18].

Other widely known methods, based on measure-
ments carried out in the zone of near electromagnetic
field, used by engineers to resolve problems with exces-
sive radiated emission or for preliminary assessment
of equipment prototypes [11], are not standardised but
were published in many scientific papers [11, 12, 19-
21]. Paper [11] presents general principles of emission
measurements performance in the near-field zone and
the usability of such measurements in the engineer-
ing practice. This method in the closest way describes
the aspects of the method with manual positioning of
probes and is similar to the method described in this
paper. Instead, paper [12] presents a method for radi-
ated emission measurement in the near zone, using a
robotic arm positioning the probe in space around the
tested equipment in a repeatable way. These measure-
ments were used to evaluate the shielding. In turn, the
method from paper [21] applies to measurements of
emission in the near zone, but in relation to integrat-
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ed circuits. Methods, which are based on the measure-
ment of electromagnetic field intensity by means of a
spectrum analyser with a set of near-field probes and
software for the acquisition and visualisation of meas-
urement data, supported additionally with a system
for the measuring probe positioning against the tested
equipment, are most frequently used.

The knowledge of fundamental principles of
measurements for the emission radiated in the zone
of near electromagnetic field is necessary to interpret
the obtained results properly. Because the results ob-
tained in the near field to a large extent depend on
the geometry of emission sources and its properties
(domination of E or H field) [11]. The complexity of
such measurements performance and interpretation
of results causes that there are numerous research
studies in order to search for effective methods of
radiated emission measurements, carried out in the
zone of near electromagnetic fields. These studies fo-
cus on the identification (location) of unwanted emis-
sion sources [11, 12, 14, 22], and on conversion of
results obtained in the near zone into results of emis-
sion measurements in the far zone, to enable prelim-
inary assessment of conformity based on the level of
electromagnetic emission radiated in the near zone
[13], using the emission limits specified in standards
and referring to measurements in the far zone.

For example, in paper [12], the radiated emission
in the near field was investigated by conducting meas-
urements using a robot and a magnetic field probe. On
this basis a radiation model of the disturbance source
has been developed, which was used to predict the ef-
fectiveness of shielding of equipment enclosures. Con-
siderations included the method of measuring probe
calibration and the influence of the entire measur-
ing path (antenna coefficient of the probe, amplifier
gain, cables attenuation) on the measurement results.
The radiated emission by the tested equipment was
modelled based on measurements of the near field, in
which the radiation sources were presented by means
of equivalent magnetic dipoles.

One of literature examples is the study, in which,
based on results of measurements obtained by means
of a near-field scanner and equivalent measurements
of the far field obtained in a semi-anechoic chamber,
a statistic relationship between the intensity of mag-
netic field in the near field and electric field intensity
in the far zone was achieved [13]. Based on statistic
measurements the limit for the tested EUT, deter-
mined in the standards for the far field, was convert-
ed into an equivalent limit in the near field. For such
approach statistical measurements were performed
for 14 multi-layer PCBs, in which the oscillator fre-
quencies were 10, 25, and 50 MHz. It was found, that
the method features a potential as a tool for prelim-
inary EUT assessment in terms of radiated emission
requirements. Phase measurements were not used in
the research, which resulted in under- or over-esti-
mation of the emission amplitude at certain frequen-
cies. The author indicated the need for further studies
for a larger number of PCB samples, as well as using
the phase measurements in research.

Other literature examples, where the issue of the
effect of estimation or prediction of measurement re-
sults of the emission radiated in the near field on the
emission radiated in the far field is considered [20,
21, 23, 24], apply mainly to small and simple devices
or their fragments (printed circuit boards, radiating
integrated circuits, radiating tracks). However, there
are no studies, which would try to estimate the results
of emission radiated in the near field onto results in
the far field, referred to entire and also large and com-
plex EUTs, closed in shielded casings. Partial issues
are considered in the mentioned scientific papers. For
example, for the case of a radiating micro-strip line
there are attempts to predict the radiated emission
in the far field based on emission measurements in
the near field [20], and to develop numerical mod-
els allowing to calculate components of the far-field
emission [23]. Another example is the research, re-
lated to the estimation of measurement results from
the near field onto the far field for integrated circuits
[21]. Instead, the approach presented in [13] utilises
statistical relationships between the emission in the
near and far field with regard to the testing of printed
circuit boards PCB. There is also a study [24], in which
a method based on modelling of disturbance sources
by means of an array of dipoles, using the regularisa-
tion techniques, was applied to develop models used
for conversion of results of emission measurements
from the near field into the far field. The actual meas-
urement results of radiated emission, obtained in the
near field and in the far field for integrated circuits,
were used to develop this method.

The most recent study [14], related to the meas-
uring systems operating also based on a near-field
scanner principle, is directed towards increasing the
precision (resolution) of the spatial distribution rep-
resentation of the near field, for a more precise loca-
tion of disturbance emission sources in PCB circuits
of high packing density.

Apart from methods of scanning in the near elec-
tromagnetic field, other location techniques for dis-
turbance sources comprise so-called emission source
microscopy (ESM) techniques, in which electromag-
netic disturbance sources are located via the meas-
urement of the amplitude and phase of electromag-
netic field intensity in the far-field zone, at a distance
from the equipment determined as a few wavelengths
[25, 26]. These methods are fit for location of electro-
magnetic disturbance sources in complex and large
devices, but the authors emphasise, that they still re-
quire further research.

5. Results of Research

The research were aimed at identification of radiated
emission sources in the equipment based on mea-
surement results of electric field intensity in the near
zone, with the use of manual positioning of the probe.
The subject of the research consists of a control and
measuring device, used to control parameters of an
insulated supply network. Because of the confiden-
tial nature of results of the research, carried out for
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a commercial customer, the actual view of the device
and its full name cannot be used in the description of
this study. The EUT-1 name will be used.

a)

apfannhl
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Fig. 4. a) EUT-1 test object — external view of the
housing; b) EUT-1 test — a view of PCB, schematic
representation of the source of unwanted radiated
emission and of the measuring probe positions (1, 2, 3)

5.1. Measurement in the EMC Laboratory —
Negative Test Results

Tests of radiated emission with a standardised meth-
od in the laboratory in the SAC chamber, at a distance
of 3 m from the antenna to the EUT-1, provided the
obtaining of radiated disturbance emission in the
range of 30-1000 MHz (Fig. 5 and 6). The results
were negative, i.e. the limit of radiated emission has
been exceeded at both polarisations of the measuring
antenna (vertical and horizontal). The negative test
results presented in Figs. 5 and 6 are related to mea-
surements of the emission only for the vertical polari-
sation of the antenna, because the exceeding of limits
was the highest in this configuration.
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Fig. 5. Measurement results for emission of radiated
disturbance of the EUT-1 object, in the range of 30 —
230 MHz, at the vertical polarisation of the antenna.
The limit of PN-EN 55011 standard was exceeded
highest for class B at frequencies: 100 MHz, 150 MHz,
and also 200 MHz and 225 MHz

Level in dBuV/m ‘
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Fig. 6. Measurement results for emission of radiated
disturbance of the EUT-1 object, in the range of 230 —
1000 MHz, at the vertical polarisation of the antenna.
The limit of PN-EN 55011 standard was exceeded
highest for class B at frequencies: 500 MHz and 600
MHz

The analysis of the obtained results has shown,
that the exceeding of the limit was observed at the fol-
lowing frequencies:

e Fig. 5,the range of 30-230 MHz: 50 MHz, 100 MHz,
150 MHz, and 200 MHz;

e Fig. 6, the range of 230-1000 MHz: 500 MHz and
600 MHz; high levels, which did not exceed the
limit, were observed at the following frequencies:
250 MHz, 300 MHz, 350 MHz, and 400 MHz.
Based on the list of frequencies, at which high am-

plitude levels of electric field intensity, resulting in ex-
ceeding the standard limit, have been observed, it is
easy to notice, that the frequency of fy = 50 MHz was
the common divisor, the next cases of limit exceeding
are multiplicities of the frequency f;, they are har-
monics of 50 MHz frequency.

5.2. Measurements in the Near-Field Zone -
a Method for the Source of Disturbance
Emission Location with Manual Positioning of
the Probe

Fig. 7 shows a block diagram of the algorithm pre-
senting the method for disturbance sources location
based on measurements in the near-field zone. This is
a general method for proceeding, which was used to
locate a disturbance source in the tested equipment
after obtaining negative results of radiated emission
tests by means of the standardised method in the EMC
laboratory. Following the algorithm, the source of dis-
turbance was then eliminated and the effectiveness
of source location and its elimination was confirmed
by measurements in the near-field zone and by labo-
ratory measurements by means of the standardised
method.
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Fig. 7. Block diagram of the algorithm for location of
disturbance emission, taking into account the process
of disturbance sources elimination through the
introduction of design changes

A trial to locate the source of unwanted emission,

applying the method of measurements with the use
of a spectrum analyser and a set of near-field probes,
with the use of the algorithm from Fig. 7, comprised
the following sequence of actions:

1. The configuration of the EUT-1 device was

reproduced on a test station, like during the
tests in the EMC laboratory (in accordance with
the standards), maintaining the same mode of
operation and arrangement in space.

Preliminary experimental measurements
were performed in the near-field zone, aimed
at choosing the probe type and selection of
measurement places, guided by the best sensitivity
of the measuring path.

The method to choose a near-field probe:
Based onpreliminary experimental measurements,
with the working EUT-1 device, it was found that
the best effects (the best sensitivity) resulted from
the application of an E electric field probe, ball
type. Hence further measurements were carried
out using this probe.

The selection of measurement places (selection

of probe positions grid in relation to the EUT-1):
For the EUT-1 device, due to its small dimensions
(165 x 90 x 65) mm excluding cables, based on
the experimental measurements a decision was
made to perform measurements at a distance of
5 cm at three points above the device, as shown
in Fig. 9. During the preliminary experimental
measurements, it was found, that it is relatively
easy to find such a location of the measuring

probe in relation to the tested equipment, in
which there is the maximum level of the measured
signal (maximum emission) for the frequency of
150 MHz (frequency at which during the tests in
the laboratory the emission limit was maximally
exceeded - Fig. 5). Hence it was decided to record
results of measurements for further analyses only
for three locations of the probe close to the EUT-1.
If it is not possible to clearly identify the place
with the highest level of disturbance emission, the
measuring grid should be compressed.
Configuration of the measuring instruments:
A PMM 9010 measuring receiver, with a module
of PMM 9030 extensions, with a set of near-field
probes, and a pre-amplifier and a computer with
the software for data acquisition, were used
for measurements. During the measurements
performance the probe was positioned in space
in relation to the tested equipment by means of a
stand, made of a non-conducting material.
Measurements were carried out by means of a
peak value detector (PEAK), at the RBW filter set
at 120 kHz (settings like during the measurement
in the EMC laboratory, in accordance with the
standard); the shape of the spectrum graph was
then similar to that obtained by the standardised
method during the laboratory measurements,
which facilitated the analysis.

. The selected sphere-type probe of electric field

E was used to measure the disturbance emission
background on the test station.

. The EUT-1 device was started and reference

measurements were performed in the near the
device, in accordance with the determined grid
of probe positions (Fig. 4). During the emission
measurement at each position the probe was set
at a distance of 5 cm from the top point of the
housing. An example of measurement results for
position 3 of the measuring probe is presented in
Fig. 8.

. The results of measurements recorded in the

near zone for 3 determined probe positions were
analysed (amplitude spectra were compared for
frequencies of the maximum levels occurrence).
Figs. 9, 10 and Table 2 present the specification of
results. (At this stage, if analyses do not indicate
clearly the location of the disturbance source,
the grid of measuring probe positions should be
compressed).

. The analysis of recorded results has shown, that

the place marked with number 3 in Fig. 4 was
the area of the device, at which the maximum
amplitude of the radiated emission spectrum was
observed. Based on the results of measurements
a hypothesis was suggested, that the element
or fragment of the circuit, operating at the
frequency of 50 MHz, was the main basic source
of emission, because the observed high levels of
the measured signal were multiplicities of this
frequency. The maximum signal amplitudes were
registered for 150 MHz and 500 MHz (these are
also multiplicities of 50 MHz), hence the frequency
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of 50 MHz was chosen for the further analysis, as
well as two frequencies, for which the maximum
signal amplitude was measured, i.e., 150 MHz and
500 MHz.

For the transparency of the described methodology,
further analyses were limited to the frequency
range of 30 MHz - 500 MHz, despite the fact that the
measurements were carried out in a wider range
up to 1 GHz, excluding the (88-110) MHz band,
due to a high level of environment disturbances
background, caused by the existence of radio
station transmitters. Attention should be drawn
to the fact, that high emission levels at frequencies
above 500 MHz also existed at multiplicities of 50
MHz frequency, but to simplify the analysis, for the
needs of this paper; the results from this frequency
band were not analysed.

7. The identified area (measurement point 3), with
the highest levels of the amplitude of spectrum
components of the measured signal at 150 MHz
and 500 MHz, was subject to analyses of:

- the entire device design from the mechanical

and electrical point of view,
- diagrams of electric circuits and tracks in the
area of measuring point 3.
As a result of analyses and consultations with the
device designer a hypothesis was suggested, that
the 50 MHz oscillator was the source of emission,
connected e.g., to the microprocessor system and
circuits responsible for ensuring communication
via the Ethernet interface. In the tested version of
the device this interface was not used or software
supported. The device expansion with the
Ethernet interface was planned by the producer
in an unspecified future, to cut the design costs
of a new device version. Hence it has turned out
that at the moment of testing the elements, being
the source of excessive radiated emission, could
have been removed via unsoldering, without a
loss of device functionality. The 50 MHz oscillator
(Fig. 4b) was removed, and the oscillator tracks
were short-circuited with a resistor to the system
ground.

8. The effect of introduced changes was confirmed
by the measurement of radiated emission at the
same place and for the same settings and EUT-1
configuration, and the measuring instruments at
the measuring point (location) 3. Based on the
comparison of levels of component amplitudes
of the measured signal spectrum (Fig. 11), the
suggested hypothesis was confirmed, related to
the frequency ofthe disturbance source; the source
of excessive radiated emission was successfully
eliminated. As a result, the device was corrected
to the situation of conformity with the standard
requirement, which has been finally confirmed in
the EMC laboratory. Figs. 12 and 13 present the
results.
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Fig. 8. Results of the reference measurement of
disturbance emission using a probe of near field E for
position 3 of the probe (immediately after testing in
the EMC laboratory, without introduction of design
changes)
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Tab. 1. Comparison of measurement results for the
electric field intensity, for each of three positions of the
measuring probe

Intensity amplitude of electric field

121

El Frequencies [dBuV/m]

g [MHz]

b Point 1 Point 2 Point 3

=

'% 50 105.1 99.83 104.61

o

§ 150 90.53 100.37 120.07

L

? 500 89.08 99.51 111.94
a)

[dBRV/m]

120
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Fig. 11. Results of measurements of radiated
disturbance emission in the near zone for the
measuring point 3 before design changes and after the
changes introduction: a) spectrum within the 30-300
MHz range; b) spectrum for a frequency of 150 MHz
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Fig. 12. Results of measurements of radiated
disturbance emission in the far zone of the EUT-1
object, in the range of 30-230 MHz, at the vertical
polarisation of the antenna — a positive result
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Fig. 13. Results of measurements of radiated
disturbance emission in the far zone of the EUT-1
object, in the range of 230-1000 MHz, at the vertical
polarisation of the antenna — a positive result

6. Conclusion

The location method for the source of radiated distur-
bances, applied in the paper, provided good results; its
effectiveness was confirmed by experimental tests. The
duration of disturbance source location was relatively
short, the entire process took a few hours. However, it
is necessary to emphasise, that the analysed case was
simple, the tested device was small, featuring a simple
structure, with one source of unwanted emission.

The difference in the intensity amplitude of elec-
tric field at a frequency of 150 MHz before and after
the introduction of design changes was 42.5 dBuV/m
for measurements performed in the near-field zone,
while for measurements carried out in the labora-
tory in the far zone, the difference was similar, i.e.
39.5 dBuV/m (Table 2). Measurements in the near
zone were performed above the housing at the place,
where the disturbance source was identified.

Tab. 2. Assessment of introduced changes effectiveness, bas
frequency of 150 MHz

ed on the measurement of electric field intensity for a

Intensity amplitude of electric
field for 150 MHz

Method of emission
before introduction of changes

Intensity amplitude of electric
field for 150 MHz
after introduction of design

Difference in the intensity
amplitude of electric field
before and after introduction of

t:
measurements changes (source removal) changes for 150 MHz
[dBuV/m] [dBuV/m] [dBuV/m]
In th -field
n the near-fie .zone 1201 77.6 425
(Results based on Fig. 11 b).)
Standardised in the EMC
laboratory 56.5 17 39.5

(Results based on Fig. 5 and 12)
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In this method it is very important to prepare a
plan of studies: configuration determination of the
station, instruments, and the tested equipment, and
then it is important to meticulously observe the made
assumptions, because measurements of the near field
give only relative results, which may be compared
with each other, provided that they are performed at
the same settings and conditions before and after the
introduction of changes in the EUT [11].

In the measurements of radiated electromagnet-
ic emission in the near-field zone a low level of the
electromagnetic background is important in the sur-
roundings of the place of studies, to be capable of ef-
fectively carry out measurements and rightly locate
the source of disturbances in the tested equipment.
Hence it is best to perform the measurements in a
shielded room.

The described method of studies is fit for location
of disturbance sources in simple and uncomplicat-
ed equipment. It does not have limitations in terms
of the equipment dimensions, but it has also many
drawbacks, such as:

- time-consuming analysis of the results of studies,
because for each measuring point at least one
graph is obtained; the more configuration cases
- the more graphs, hence the analysis of results
becomes complicated,

- it is required to strictly stick to the test plan and
configuration settings, to ensure repeatability,

- orientation of the probe in space is changed
manually, hence the imprecision of the probe
orientation in space can result in measurement
errors and the distortion of the image of
disturbance emission from the device.
Summarising, the location methods for distur-

bance sources known from the literature, using meas-
urements in the near-field zone for printed circuit
boards PCB [13, 14, 15, 17, 20, 23] and for integrated
circuits [21], are a good approach leading to the de-
sign compliance with the requirements of standards,
and later on to a smooth passing through the stage of
EMC tests in the laboratory. However, in the case of a
more complex equipment, e.g. a mobile robot or an-
other large-size piece of equipment, which contains
many various PCBs, cabling etc., this approach does
not guarantee success. Even if all PCBs in the process
of designing were verified by scanning methods in
the near field, to locate and eliminate all disturbance
sources, their integration into one multi-function
equipment does not give certainty of obtaining a pos-
itive results of radiated emission tests in the laborato-
ry. The more complicated the equipment is, the higher
is the risk of radiating from the equipment of distur-
bances with overly high levels, and the identification
of such sources is more difficult.

Considering the current state of knowledge and
technology, we are short of methods for disturbance
sources location and visualisation for the equipment
of larger sizes, and featuring a complicated structure
(irregular shapes). So it seems, that the construction
of a test station for measurements of radiated emis-

sion in the near-field zone, with the idea of operation
similar to EMC scanners positioning the measur-
ing probe in 3 perpendicular axes, but intended for
equipment of larger sizes, is a right attitude. However,
the issue of optimisation in terms of measurements
duration remains to be resolved, as well as selection
or development of dedicated measuring probes of the
near field, to ensure that the process of disturbance
sources location and assessment of the radiated emis-
sion level, if any, is as effective as possible. Further re-
search will be carried out in this direction.
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