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The electromagnetic compatibility (EMC) course is divided in 4 parts/lessons. The first 
one is an introduction to EMC, some reminders on basic notions and the legal part based 
on European directive and standards. 
The other parts are: (2) coupling, disturbances and Power Quality, (3) measurements and 
(4) the design of electric and electronic circuits. 



In ULg, EMC activities are included in the research unit called ACE (Applied and 
Computational Electromagnetics) of Professor Christophe Geuzaine. 
EMC team is Prof. Geuzaine, Véronique Beauvois, Engineer and responsible of this 
activity, 1 PhD and 2 operators. 
This research unit is also concerned by electromagnetic modelling and simulations, with 
10 PhD and post-Doc. 
The activity is also based on laboratories and many measuring equipment. 
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I would like to give you a short history of the EMC activities in ULg. 
In 1996, a European directive (89/336/EEC) was published and mandatory, and 
transposed in the Belgian law; this directive concerns EMC. 
Since then all Belgian companies who want to put in the market new electronic products 
should be in conformity with this new legislation. 
For Walloon companies, and especially SMEs, there were no EMC lab in the region and 
many of them would like to find EMC competence, advices and measurements, as well as 
an independent and accredited laboratory. 
It ‘s why the Walloon Region government had invested at ULg to build an EMC 
laboratory, with some European Funds (Feder Objectif II). 
This is in the building mentioned on the picture (white circle) where the lab was built 
(this high building was previously a high voltage lab, for which the activities were very 
law). 
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After a public market, during summer 1997, the installation of a semi anechoic chamber 
(9 x 6 x 6 m) and a control room to perform EMC measurements. 
Moreover some instrumentation was installed. 
The total budget was around 1.5 million of euros. 
An official opening was organised in March 1998 with the minister and many companies 
of the region. 
Due to the pressure of the competition and the requests of the potential industrial 
customers, the laboratory get an accreditation in 2003 by BELAC (Belgium 
Accreditation) based on ISO 17025 standard, showing the competence of testing 
laboratories. 
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This slide is showing some pictures of our laboratories and the name of some companies 
from Wallonia and Brussels region who trust us since many years. These companies are 
active in different domains as power electronic (ABB), telecommunications (Gillam Fei), 
railway applications (Alstom), image processing (EVS, Euresys, Deltatec) and product 
certification (SGS, one of the most important product and system certification company 
in the world, we work with his office in Brussels). 
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After around 10 years, and according to the evolution of EMC, we had detected that we 
could not answer to all requests, in particular in the military and space applications, 
which are very important in Wallonia (see also CSL - Centre Spatial de Liège from ULg 
at 5 minutes by car of our laboratory). 
Therefore we had requested a new budget to the Walloon region, and we get 1.6 millions 
of euros, 50% financed for research and 50% for industry services. 
With the amount, we built a reverberating chamber and bought many equipment to 
generate higher electric fields or to cover larger frequency band (up to 18 GHz). 
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Regarding our research activities, we had participated or participate to different research 
projects, e.g. 
-  Research on alternate measuring methods for on site measurements (with KUL) 
-  EMC measurements on PLC systems (PLC for Power Line Communication – transfer 

of HF signals on power lines 
-  Near field electromagnetic field measurement over PCB (with ISIL) 
-  Measurements for railways applications (Alstom, SNCB) 
Currently: 
-  We just finished of project called Temptrack (financed by Walloon Region) on effects of 
electromagnetic fields emitted by RFID systems on Baxter products, liquid bags. 
- We just finished a European project called SECRET with ISTTAR, Alstom and SNCF 
on electromagnetic attacks of railway systems. 
- We are involved in two projects with FN Herstal (financed by Walloon Region) on the 
development of a new Pod and a new electronic machine gun. 
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After this introduction on our activities, we had now an introduction of EMC. 
Let’s start with a brief history. 
 
At the beginning of years 30s, radio communications appeared and very quickly 
problems of interferences appeared, especially related to sparks generated by dc motors 
(brush). 
In reaction in some countries some standardisation committees have been created on 
radio frequency fields, as in Germany with VDE (Verband der Elektrotechnik Elektronik 
Informationstechnik e.V., in english Association for Electrical, Electronic &Information 
Technologies) in 1924, in Netherlands in 1931, in England in 1993 with the initiative of 
IEE (Institution of Electrical Engineers). 
On the international level, in 1933, IEC (International Electrotechnical Commission) 
creted a special committee called CISPR (International Special Committee on Radio 
Interference) to develop standards to limit electromagnetic interferences. 
 
We should know that wars are always promoting new technologies, and during the 
second world war, the development of electronic and radio communications exploded, 
and this indeuced many probelms related to interferences. 
Therefore CISPR had continued to develop new publications on measurement methods 
and emission limits, some European countries had transposed this in their own 
legislation. 
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Let’s continue with the brief history. 
In electronics, some developments had an important impact on EMC as transistors, 
integrated circuits, the increasing of components density, microprocessors, … but also the 
increasing of the bandwidth of the frequency band to transmit more information. 
Those developments had increased the susceptibility of the electronic circuits and they 
are more vulnerable. 
 
In the history, we can add that United States in 1979 with the FCC (Federal 
Communications Commision) had created emission limits for all electronic appliances. 
 
Finalyy in Europe, in 1996, all electronic appliances that we would like to introduce on 
the European market (even if they are produced out of Europe) should be in conformity 
with a European directive (89/336/EEC) concerning emission and immunity, especially to 
protect communication and telecommunication systems from interferences. 
Since that they had to get the CE marking. 
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Some examples of interferences or critical situations should exist in your everyday life : 
-  The developments in electronics for automotive applications had given a lot of 

problems, e.g. with the development of ABS (in German Antiblockiersystem, in 
English Anti-lock braking system) (a car blocked suddenly on the highway because it 
passes near a radar installation on Germany). 

-  You should not use electronic appliances or mobile phones in planes (even if there is 
an evolution on that forbidding. 

-  You should not use your mobile phone in hospitals or nearby some places in hospitals. 
-  Some restrictions exist on active implants (as pacemakers, hearing implants). 

In some books on EMC, you can find some historical examples as: 
-  In 1967, aircraft carrier Forrestal was destroyed during Vietnam war. An on-board 

radar disturbed the firing system of rockets under a plane, the rocket was launched 
accidently, hit a plane which exploded and set on fire the deck. 

-  In 1982, HMS Sheffield missile destroyer was destroyed by an Exocet missile – the 
antimissile detection system interfered with the satellite communication system 
(Falklands war – Argentina vs United Kingdom). 
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This is an illustration provided by Thales (Netherlands) who is in charge of the 
delopment of the fire ststem control and the radar systems, as well as war control systems 
for a lot of ships in the world. In the Thales group, Thales Nethermands is the Excellence 
Centre for radar technologies. 
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Since the beginning, we are talking about interferences. They can be classified in 
different categories and in different ways. The following classification is well known : 
natural (those generated by storms, lighting, solar activities, cosmic noise and 
electrostatic discharges) and artificial (generated by men activities). In the artificial type, 
you can use also the following classification : unintentional (generated by the normal 
functioning of an electronic equipment) and intentional (as the signal created by a 
specific action, as an electromagnetic jammer). 
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And now what is electromagnetic compatibility ? As we have talked about 
electromagnetic interferences since now. 
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In order to define EMC, we have taken the definition from the current European directive 
(2014/30/EU), in application since April 20 2016, which is: 
the ability of equipment to function satisfactorily in its electromagnetic environment 
without introducing intolerable electromagnetic disturbances to other equipment in that 
environment. 
 
On the scheme, we had represented an electronic equipment and its environment, and we 
had shown that EMC concerns the impact of the equipment on environment (and 
therefore all other equipment present in this environment) and also the impact of the 
environment on the equipment. 
We can have different classes of environment on an electromagnetic point of view, and 
we can imagine that the electromagnetic environment of an office, a satellite, a railway 
station or a heavy industry is not similar at all. 
 
In the definition, we have highlighted 2 words as « satisfactory » and « intolerable », 
these words are very indefinite. Indeed what is satisfactory to you is not necessary the 
case for me (someone could consider that a salary of 1500 EUR per month is satisfactory 
as another one could consider the contrary). 
As the definition is indefinite, we should be helped by numbers to take decisions (those 
numbers are given in the standards, as we will see in the next part of this first lesson). 
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As we have seen on the previous scheme, the arrows between equipment and 
environment are bidirectionals. 
 
Therefore, EMC has two sides : 
-  What we called emission, means the effect of the equipment on the environment, as 

the signals emitted by the equipment though lines (signal or power) or in the space 
throuhg electromagnetic fields, 

-  What we called immunity or susceptibility, as the effect of the environment on the 
equipment (by lines or air). 
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The scheme is now completed, as EMC is emission and susceptibility, and in both cases, 
we have conducted and radiated phenomena. 
 
In French, « émission » et « immunité ». 
In English, EMI for Electromagnetic Interference and EMS for Electromagnetic 
Susceptibility. 
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The conducted and radiated phenomena are concerned, so in the standards they define 
what des called « ports » (accès in French) of equipment/apparatus: 
-  Envelop / enclosure, which interacts through fields, 
-  Power ports (AC : DC), 
-  Signal ports. 
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How EMC is evolving in time? 
What is EMC gap? 
 
The sensitivity to electromagnetic interferences of electronic apparatus is increasing in 
parallel with an increasing of the electromagnetic pollution of the environment. 
This sensitivity is related to the very high density of the components integration (VLSI, 
Very Large Scale Integration) and also with the development of microprocessors, to do 
many tasks and to replace some tasks done previously by analogue or electromechanical 
means. 
The decreasing of the energy level susceptible to provoke disturbances is also impacting 
this sensitivity. 
 
Furthermore, there are more and more radio communications, more transmitters and the 
increasing of field level. 
The high number of applications using digital electronic and wireless systems is 
increasing emissions which affect radiocommunications, creating a real electromagnetic 
smog. 
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What is compatibility margin in EMC? 
 
You can see on the scheme that any equipment emits a certain level of emission 
(Emission level) and that this level should be lower that emission limit. 
On the other side, this equipment is susceptible to a certain immunity level which should 
be higher that that the immunity limit. 
 
Between the two limits, there is an important margin, meaning that emission limit is 
significantly lower than immunity limit. 
Indeed, we have to take into account the fact that there are a lot of apparatus in the 
environment, each of them emitting; in the worst case, these emissions add up to each 
other. 
 
Typical example: for IT equipment, emission limit is 50 dBmicroV/m and immunity level 
is 3 V/m. 
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Frequently Power Quality and EMC are associated, but what is exactly Power Quality 
and what are the differences? 
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We will continue with some basic concepts, useful for the EMC lesson. 



There are two ways of representing a signal: 
-  In the time domain, amplitude versus time. In that case, we use a scope to measure the 

signal. 
-  In the frequency domain, amplitude versus frequency. We use a spectrum analyser. 

-  How to convert them? 
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Professeur C. Geuzaine. 
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Written here for a surface S fixed (not depending of time). 
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