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Overview  
Achieving Electromagnetic Compatibility (EMC) compliance for electrical 
and electronic products is a must before entering the market. However, 
development and maintenance of a specific EMC measurement facility in 
accordance with standards is a large burden for industry. One solution is 
to use the facility in EMC laboratories but not only is it expensive and 
time consuming; for most of the time it is not possible for large or 
stationary equipment under tests (EUTs). Improved methodologies and 
procedures are required for industry in terms of EMC test and 
measurement applications. 
There are a few existing alternative test methods used in industry. In 
spite of the fact that these non-standard alternative methods are 
increasingly used in industrial environments, there is no substantial 
information available on their performance, characterization, validations 
and traceability. In addition, no satisfactory correlations of these 
alternative methods with the actual standard tests are available. 
Moreover, the uncertainty calculations for the alternative methods are 
still open. This JRP will address these limitations. 
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LISN simulation 

Highlighted results 

Conducted emission tests 
 
For conducted emission tests, 
correction factors that will link the 
results obtained on-site in industry 
to those obtained in the laboratory 
were successfully obtained for 
actual EUTs on actual mains 
without LISN (Line Impedance 
Stabilization Network). In addition 
to successful measurements on 
actual mains, the design and 

research of LISN simulation and 
improvement in usage of the 
CISPR16 voltage probe have been 
finalized. It has been demonstrated 
that they can be used as an 
alternative conducted emission test 
method to the standard LISN method 
when standard LISNs and voltage 

probes are not available due to limitations such as high current and 
unknown impedance. All results obtained in the alternative conducted 
methods were successfully connected to the measurements on the LISN 
RF port. Several conducted emission alternative test methods (such as 
current and voltages probes) were evaluated and a detailed report 
highlighting the benefits and constraints of each method has been 
produced. 
Research results are published in: 
S. Cakir, O. Sen, M. Cinar and M. Cetintas, “Alternative conducted emission measurements 
for industry,” in Proc. 2014 International Symposium on Electromagnetic Compatibility 
(EMC Europe), 2014, pp. 1037-1042. 
O. Sen, S. Cakir, S. Acak and M. Cetintas, “Alternative Conducted Emission Measurements 
with LISN Simulation & CISPR16 probe,” in Proc. IEEE International Symposium on 
Electromagnetic compatibility and EMC Europe, 2015, pp. 1243-1247. 
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Measurement results of grid impedance 
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In addition, a new time-domain conducted emission alternative test 
method based on an oscilloscope has been successfully developed and 
tested. The final result is a 
fast reliable new testing 
method. Time domain 
emissions measurements 
allow the reduction in the 
time needed to cover the 
frequency range required by 
the standards. The one shot 
oscilloscope measurement 
is very useful in difficult 
measuring scenarios (for example industrial in situ measurements).  
Research results are published in: 
G. Costa, M. Pous, A. Atienza and F. Silva, “Time-Domain Electromagnetic Interference 
Measurement System for intermittent disturbances,” in Proc. 2014 International Symposium 
on Electromagnetic Compatibility (EMC Europe), 2014, pp.833-837. 

 
 
Also, new impedance measurement methods have been developed to be 

used in industry to assist in 
evaluation of conducted emissions.  
The measurement is done in time 
domain. A multi-tone signal is 
injected through an injection probe 
and the generated loop currents in 
the circuit are measured using a 
receiver probe and a monitor 
probe.The method is able to 
measure load impedances at “power 
on” condition and obtain accurate 
results which the other methods in 

literature cannot realize at this frequency range. Besides, simple 
measurement instruments and mathematic deduction make this method 
easy to be implemented wherever the measurement is needed. 
Research results are published in: 
J. Tan, D. Zhao and J.A. Ferreira, “A method for in-situ measurement of grid impedance 
and load impedance at 2 k - 150 kHz,” in Proc. 9th International Conf. on Power Electronics 
and ECCE Asia (ICPE 2015-ECCE Asia), 2015, pp. 443-448. 

 
Uncertainty calculations have been completed for the improved and 
developed conducted emission test methods.  
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Finally, new coaxial-type to 
banana adaptors for precise LISN 
calibrations to obtain traceability 
have been developed. These 
adapters are fully calculable and 
their modelling is traceable to the 
International System of Units (SI) 
through dimensions and 
permittivity measurements. Using 
these adapters improves the 
measurement accuracy and 
traceability of LISN. The necessary 
correction applied to the 
measurement by using these 
adapters (up to 5° for the phase) is 
larger than uncertainties (2° for the phase) provided by test laboratories. 
For the first time, it has been clearly demonstrated that there is great 
importance of properly using these adapters in EMC test laboratories. 

 
Research results are published in: 
F. Ziadé, M. Ouameur, D. Bélières, A. Polétaeff, D. Allal, M. Kokalj and B. Pinter, “Adapter 
and method for improving the LISN input impedance measurement accuracy,” in Proc. 
IEEE International Symposium on Electromagnetic compatibility and EMC Europe, 2015, 
pp. 1254-1259. 
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The need for conducted measurements below 150 kHz 
Although not covered by standards yet, the widespread use of non-linear 
low power loads on the mains power network call for standardization of 
measurements in the frequency range of 2 to 150 kHz. These loads, 
although low power, produce synchronous load current spikes that tend 
to add-up to serious waveform distortions at the locations of these 
synchronous spikes. These effects are most pronounced if many 
identical small loads are used like Compact Fluorescent and Light 
Emitting Diode Lamps (CFL and LED). A very useful device is the 1000:1 
Mains Waveform Monitoring Probe, originally designed by Schaffner. 
The unit has two 1000:1 resistive dividers, one for the Line and one for 
the Neutral conductor (phase-)accurate from 0 to 100 kHz. For 
monitoring only, the -3 dB transfer point is approximetely 3 MHz. 
This device has also been built for a three phase outlet. Both units have 
been calibrated by VSL. 

 
A special filter has been designed and built to be used in combination 
with this monitoring probe with a passband of 2 kHz to over 3 MHz to 
measure common-mode (CM) and differential mode (DM) noise on the 
mains lines. The passband attenuation is 34 dB. The waveform 
monitoring probe is used to trigger an oscilloscope that measures the 
CM and DM noise. 
Research results are published in: 
B.J.A.M. van Leersum, R.B. Timens, F.J.K. Buesink and F. Leferink, “Time domain 
methods for the analysis of conducted interference on the power supply network of 
complex installations,” in Proc. International Symposium on Electromagnetic Compatibility, 
EMC Europe Gothenburg, 2014, 
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Conducted immunity tests 
For conducted immunity tests, loop 
impedances on the standard 
conducted immunity setup and 
non-standard setups were 
measured and correction factors 
have been produced between the 
standard setup with CDNs and the 
alternative setups without CDNs 
like in the industrial environment. 
Consequently, the first efficient link 
between the standard and the alternative methods has been established 
for conducted immunity testing. The impact of the induced impedance of 
the used current probes on the conducted immunity test results was also 
taken into account. In addition, the multi-CDN method has been 
developed to allow the use of CDNs also for high-current EUTs. With the 
multi-CDN method, the high EUT current can be split into several parts 
that one CDN can handle and subsequently CDNs become available 
also for high-current EUTs. 

A simple wire-winding for injection 
purposes is also investigated and it 
was shown that a simple wire can be 
reasonably used for frequencies up to 
80 MHz in narrow places of industry 
and also on thick cables for which a 
commercial CDN or BCI probe is not 
available.  
 

Research results are published in: 
S. Cakir, O. Sen, S. Acak and M. Cetintas, “Alternative Conducted Immunity Testing with 
Multiple CDNs and Wire Winding,” in Proc. IEEE International Symposium on 
Electromagnetic compatibility and EMC Europe, 2015, pp. 1060-1065. 
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Radiated emission tests 
For radiated emission tests, a report on “how the Q value of the on-site 
facility can be increased and definition of related rules” has been 
prepared. The report summarizes the information from the literature 
study and experience from measurements in different environments. In 
addition, a report “Method for alternative radiated emission test involving 
changing Q value in the absence of OATS (Open Area Test Site) or 
anechoic chamber” was developed to shows how to determine the Q 
value when an industrial site environment has relevant similarities with a 
reverberation chamber.  

An alternative radiated emission 
method with the use of BCI (Bulk 
Current Injection) probe is proposed 
and tested. 
A cabinet power supply is used as 
DUT in the measurement. The 
correction factor needs to be derived 
firstly in the calibration procedure. 
After applying the correction factor, 

this method gives reasonable results. It can be a candidate for an 
alternative radiated emission test method in the industrial environment. 
 
A time domain electromagnetic 
interference (TDEMI) 
measurement system, that 
employs an alternative approach 
and different algorithms in 
comparison to previously published 
works that address this subject, 
has been developed. In order to 
keep the measurement setup as 
accessible and practical as possible, the direct measurements are 
recorded with a general purpose digital oscilloscope and processed with 
a commonly available personal computer. It is feasible to build it with a 
relatively small budget. 
One of the principal advantages of this TDEMI system is that it can be 
continuously improved through signal processing implemented via 
software. In addition, the measuring and processing time required by this 
TDEMI measurement system is much lower than the required by 
conventional EMI test receivers, Also, in this TDEMI measurement 
system the algorithms detect robustly the transient EMI pulses and 
automatically adjust the oscilloscope parameters and acquisition modes 
to capture only the pulse of interest with the optimal instrument  
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configuration, thus the measuring system manages more effectively 
aspects such as the dynamic range and the ambient noise. These 
advantages make this system an attractive alternative for performing in-
situ measurements on industrial environments or under situations where 
the equipment under test can’t be properly installed within a controlled 
measurement facility such as a semi-anechoic chamber. 
Research results are published in: 
M.A. Azpurua, M. Pous and F. Silva, “A Measurement System for Radiated Transient 
Electromagnetic Interference Based on General Purpose Instruments,” in Proc. IEEE 
International Symposium on Electromagnetic compatibility and EMC Europe, 2015, 
pp.1189-1194. 
 

A method is proposed to accomplish 
in-situ measurements in the 
presence of strong neighbour 
disturbance noise sources and back 
ground noise (BGN). 
In the approach, two additional 
channels are used to capture the 
background noise and the emission 
from the DUT in near field. 

Employing near-field triggering creates the possibility for identifying the 
emission of the EUT from the BGN and neighbour disturbances. The 
measurements are done in the time domain. This ensures capture of the 
shortest transient signals which is a significant improvement over 
traditional EMI measurement systems based on frequency sweeping.  
 
 

Radiated immunity tests 
For radiated immunity tests, alternative test methods with the use of BCI 
probes up to 1 GHz are currently being developed and as a first step, the 
report on “alternative radiated immunity tests with BCI” has been 
prepared. The critical items for further examination to extend the 
frequency range up to 1000 MHz for bulk current injection tests in 
industrial environment have been identified based on the literature study 
on the developments in bulk current injection testing and its challenges.  
In addition, an alternative method for improved alternative on-site 
radiated immunity testing using antennas at close range to EUTs and 
effects of non-standard measurement distance and near-field effects on 
radiated immunity tests are investigated. 
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Comparison of emission and immunity tests 
For the comparison measurements and reference devices, a report on 
“The analysis of the available validation methods and their use in the 
project” and a piece of software 
to perform the comparison using 
the different measurement has 
been produced. The key to this 
method lies in the idea of 
weighting the different indicators 
of the traditional feature selective 
validation (FSV) method. The 
weighting function may be 
changed to accomplish the application-specific needs of the case which 
is being validated. 
Research results are published in: 
R. Jauregui, M. Pous and F. Silva, “Use of reference limits in the Feature Selective 
Validation (FSV) method,” in Proc. 2014 International Symposium on Electromagnetic 
Compatibility (EMC Europe), 2014, pp. 1031-1036. 
 
 

Inter-laboratory comparisons can be an important tool to evaluate the 
capabilities of EMC test laboratories. A prerequisite is the availability of a 

suitable test device. A new device is 
proposed which is able to assess 
the immunity test capabilities of a 
laboratory according to the IEC 
61000-4-6 standard. The device is 
intended to be tested as a normal 
EUT. It is equipped with appropriate 
detectors that record all important 

parameters associated with a chosen test set-up. The evaluation of the 
device performed shows that the device is able to identify a large set of 
faulty test procedures or mistakes in the setup.The concept and 
prototype for a conducted immunity reference source were completed 
and it is ready now for intercomparison immunity tests.  
Research results are published in: 
E. Tas and F. Pythoud, “A new Conducted Immunity Test Device for Inter-laboratory 
Comparisons,” in Proc. IEEE International Symposium on Electromagnetic compatibility 
and EMC Europe, 2015, pp.855-860. 
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Moreover, a concept and prototype 
for a conducted emission reference 
source were designed. The 
development of this source has also 
enabled a wide diversity of emission 
spectra and levels to be produced 
and could be used for household 
devices in addition to industrial 
devices. For measurements done 
above 30 MHz, the results show the 
correlation between the results of 

using CDNE method and the LISN method. The device is now circulated 
around Europe for inter-comparison. 
Research results are published in: 
D. Zhao; G. Teunisse and F. Leferink, “Design and implementation of conducted emission 
reference source,” in Proc. 2014 IEEE International Symposium on Electromagnetic 
Compatibility, 2014, pp.12-17. 

Impact 
On the 16-22 Aug. 2015 in 
Dresden, at the venue of 
International EMC Europe 2015 
Symposium, the consortium 
successfully delivered several oral 
and poster presentations. 

Consortium 
JRP start date and duration:  01 July 2013, 36 months 
JRP-Coordinator:  
Mustafa ÇETİNTAŞ, TUBITAK     Tel:  +90 262 679 50 00  (ext. 2020)          
E-mail:   mustafa.cetintas@tubitak.gov.tr 
JRP website address:   http://www.emc-industry.com/ 
JRP-Partners: 
JRP-Partner 1: TUBITAK, Turkey 
JRP-Partner 2: CMI, Czech Republic 
JRP-Partner 3: INTA, Spain 
JRP-Partner 4: LNE, France 

 
JRP-Partner 5: METAS, Switzerland 
JRP-Partner 6: SIQ, Slovenia 
JRP-Partner 7: SP, Sweden 
JRP-Partner 8: VSL, Netherlands 

REG-Researcher: 
(associated Home Organisation): 

Frank Leferink , Netherlands 
UTwente, Netherlands 

REG-Researcher: 
(associated Home Organisation): 

Ferran Silva, Spain 
UPC, Spain 
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