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Electromagnetic Compatibility and
Numerical Methods in Electrical
Engineering

GROUP LEADER

Dragan Poljak

Full Professor

ectrical Engineering at the Department of Electronics, with the University of Split. Facul
y of Electrical Engineering Mechanical Engineering and Naval Architecture in Split deals
with an advanced computational electromagnetics and related applications in areas of
EMC, antennas and propagation, human exposure to electromagnetic fields magnetohy

drodynamics and plasma physics

\ research Group for Electromagnetic Compatibility (EMC) and Numerical Methods in
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The group has established 2 research laboratories: Lab for EMC and Numerical Methods
in Electrical Engineering and Lab for Antennas and EMC
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THE GROUP AT A GLANCE

Activities of the Group for EMC and numerical methods in
engineering can be divided in following areas of fundamen
tal and applied research areas:

FUNDAMENTAL RESEARCH

Advanced formulations in electromagnetics

The group main activity is a development of advanced for
mulations in electromagnetics (classical electromagnetic
field theory) based on several space-frequency and space
time differential, variational, integral and integro-differen
tial equations, respectively. Of particular interest are topics
related to antenna theory, three-dimensional scattering,
transmissien line models and magnetohydrodynamics.

Advanced numerical methods in engineering
Of particular interest is a development of several efficient
schemes of Finite Element Methods (FEM), Boundary Ele
ment Methods (BEM) and Finite Difference Methods (FOM)
for the solution of various types of differential and integra
equations. respectively. Several research codes and wser
friendly software packages have been developed.

Radio-channel modeling

Channel models for various frequency bands hawe been
analyzed. Besides the cdassical wide-band modeling based
on deterministic methods and channel statistics as in mo
bile metworks, of specdial interest are the narrow-band radio
channels for ramsmission of power and the development of

spherical mode theory (5MT) based channel models.
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APPLIED RESEARCH

Electromagnetic compatibility of thin wire
structures

Various antenna and transmission line models for antenna
systems, owverhead wires, lightning chanmel, lightning rods
and buried cables have been developed in either frequency
or time domain. These models are based on related systems
of integral equations. The corresponding equations of inter
est have been solved via originally developed numerica
methods based on Finite Element Methods (FEM), Bound
ary Element Methods (BEM) and Finite Difference Methods
(FDM).

Analysis and design of grounding system

Statiomary and transient analyses of realistic grounding
systems of highly complex geometries placed in inhomoge
necus media have been carried out with a particular em
phasize to wind turbine grounding systems being highly
vulnerable to lightning strikes. Mamely, to reduce potentia
damage that may cocur due te lightning strike, it is neces
sary to design an efficient lightning protection system, with a
particular emphasis on accurate electromagnetic modeling.

Human Exposure to electromagnetic fields

Many technigques of incident field dosimetry and interna
electromagnetic-thermal dosimetry methods have been
uzed to assess human exposure to electromagnetic fields
from extremely low (ELF) to microwave range. A number of
human body models from simplified canonical geometries
to amatomically based realistic representations have been
developed. In particular, some dosimetry methods for the
analysis of bicmedical applications of electromagnetic fields
have been developed.

The brain model



Wireless power transmission

Analysis of wireless power transmissicn to moderate dis
tances by electrically small antennas (ESAs) has been carried
out with special attention to the possibilities of decreas
ing transmission frequency and antenna size. It has been
proven by means of spherical mode theory antenna mode!
(SMT-AM) that the radiation efficiency is a decisive factor for
achieving the best transmission performances. Hence, the
methods of increasing the radiation efficiency of ESAs while
maintaining proper antenna impedance and mode ratio
have been developed. The power transmission to multiple
receivers and the adjustment related problems are to be
dealt with thoroughly.

INTERNATIONAL COLLABORATION

The Group has established contacts and developed a
long-term active cooperation with many international re
search groups. The most intensive on-going collaboration is
achieved with the following institutions:

1. Université Blaise Pascal. Clermont-Ferrand, France
(EMC of antenna systems and transmission lines)

2. Wessex Institute of Technology, Southampton, UK
{modeling of human body exposed to electromagnetic
fields)

3. Technische Universitat limenau, llmenau, Germany
(TMS)

4. Ecole Polytechnique Fédéral de Lausanne, Lausanne,
Switzerland (greunding systems)

5. Otto-von Guericke Universitat Magdeburg, Magdeburg,
Germany (aced formulations in electromagnetics)

Forms of collaboration include joint research work, publish
ing scientific and professional papers, writing of bilateral
and multilateral project proposals, etc.
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HIGHLIGHTS

In last two years the Group was involved in one internation

al, one bilateral project and one professional project. There
were one PhD Viva in the period from the beginning of 2012
to the end of 2013, M. Cvetkovic. (December/2013).

In lastthe period 2012-2013 several advances were achieved
in modeling of complex wire configurations related to EMC
problems (antennas, lines, cables, lightning channel, ground

ing systems), human exposure to electromagnetic fields and
biomedical applications of electromagnetc fields.

Of particular importance were EMC aspects of the analysis
and design of wind turbines (WTs). Sophisticated models
pertaining to WT struck by lightning, grounding systems for
WTs and EMI impact of WT's for radar systems have been
developed.

Furthermore, realistic modeling of the human eye and brain,
respectively has been undertaken based on the correspond
ing boundary integral equation methods.

The radio-channe! models based on SMT-AM for wireless
power transmission have been investigated and efficient
ESAs design for the purpose has been considered.

The Group has developed and upgraded several research
codes:

»  SoAPLInCS (Software for the Analysis of Power Line
Communications Systems)

»  STAGE (System for Transient Analysis of Grounding
Electrodes)

Note: These codes can be considered to be extensions of
the TWINS (Thin Wire Numerical Solver) code developed by
early 2009 and published in UK and USA together with the
related book.
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SAR and temperature increase in the eye due to EM wove with power density 10 W/m2 ot: f=1 GHz.

TrAnSolBS (Tranmsient Analytical Solver for Buried Struc
rures)

SoHuBraD (Software for Human Brain Dosimetry)

RSD (Diffractiom Loss Caloulations by Approximate
Methods)

The intensive on-going group activities deal with magneto
hydrodynamic based fusion related research activides. In
particular, significant efforts of the group are devoted to
wiards the solution of current diffusion equation and Grad
Shafranowv eguation fior plasma equilibrium in tokamak.
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Fields and waves in electronics
Electromagnetic waves
Electromagntic fields
Electromagnetic ecology and
dosimetry
Radiocommunications

Radars

Mobile communications
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Our Research group courses

(some of them...)

Radars 2017./2018.:

24 students from graduate studies:

- Electronics and Computer Engineering,
- Communication and Information Technology, and
- Computing

NASTAVA
studiji predmeti nastavnici
Radari euzs)
- OPCENITO SADRZAJ | LITERATURA PROVEDBA NASTAVNE JEDINICE

2017/18 GODINA
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15.10:
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I1ZBORNI

Mobilne
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Radari
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I laboratorijske vjezbe 30 sati
2 sata fech,

3kiljo Maja

DODATNI MODERATORI: (@) uredi moderatore
$kiljo Maja, BlaZevi¢ Zoran



Motivation

A low-cost frequency modulated continuous wave
(FMCW) GPR for educational purposes is developed
within the framework of COST Action TU1208 "Civil
Engineering Applications of Ground Penetrating
Radar,,.

* During the Action TU1208 a lot of free resources was
developed and given, which is very practical and
convenient for educational use, e. g. books, journal
papers, free software, case studies and open
database with various useful GPR data sets.

 Also, MIT Lincoln Laboratory sponsored a radar
short-course with goal to increase student interest in
RF electronics, antennas, radio propagation and
signal processing- cheap Ilaptop-based FMCW
synthetic aperture radar (SAR).
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Goals

* To build a GPR in one semestar based on two free
resources:

1. V. Ferrara, M. Chizh and A. Pietrelli, ,,Guide to building a GPR
prototype for educational use”, Warsaw, Final Conference of Cost
Action TU1208, in Warsaw, Poland

2. Gregory Charvat, Jonathan Williams, Alan Fenn, Steve Kogon, and
Jeffrey Herd. RES.LL-003 Build a Small Radar System Capable of
Sensing Range, Doppler, and Synthetic Aperture Radar Imaging.
January IAP 2011. Massachusetts Institute of Technology: MIT

OpenCourseWare, https://ocw.mit.edu. License: Creative Commons
BY-NC-SA.

» Cooperation of students from different programmes
* Project based course?



Building a cheap GPR prototype

 Graphical user interface (GUI) is developed
during Short-Term Scientific Missions: Years 4

& S5 of COST Action TU1208

 Python software program and firmware {for
microcontroller

* This provides flexibility in further development
of GPR where the firmware can remain
unchanged while all modifications can be done
in the software.

V. Ferrara, M. Chizh and A. Pietrelli, ,,Guide to building a GPR prototype for educational
use”, Warsaw, Final Conference of Cost Action TU1208, in Warsaw, Poland
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Building a cheap GPR prototype

GPR tool to set radar signal parameters:
Frequency range (Fmin, Fmax) and Period (T) of the Waveform
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V. Ferrara, M. Chizh and A. Pietrelli, ,,Guide to building a GPR prototype for educational
use”, Warsaw, Final Conference of Cost Action TU1208, in Warsaw, Poland
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Building a cheap GPR prototype

Broadband
Amplifier
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Receiving
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5
Amplifier + ZX05-43MH+ LNA
low pass Filter ZX60-P105LN+

V. Ferrara, M. Chizh and A. Pietrelli, ,Guide to building a GPR prototype for educational
use”, Warsaw, Final Conference of Cost Action TU1208, in Warsaw, Poland
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V. Ferrara, M. Chizh and A. Pietrelli, ,Guide to
building a GPR prototype for educational use”,
Warsaw, Final Conference of Cost Action
TU1208, in Warsaw, Poland

range (m)

2 targets walking in the woods

Gregory Charvat, Jonathan Williams, Alan Fenn, Steve
Kogon, and Jeffrey Herd. RES.LL-003 Build a Small Radar
System Capable of Sensing Range, Doppler, and Synthetic
Aperture Radar Imaging. January IAP 2011. Massachusetts
Institute of  Technology: MIT  OpenCourseWare,

https://ocw.mit.edu. License: Creative Commons BY-NC-SA.
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V. Ferrara, M. Chizh and A. Pietrelli, ,Guide to
building a GPR prototype for educational use”,
Warsaw, Final Conference of Cost Action
TU1208, in Warsaw, Poland

Gregory Charvat, Jonathan Williams, Alan Fenn, Steve
Kogon, and Jeffrey Herd. RES.LL-003 Build a Small Radar
System Capable of Sensing Range, Doppler, and Synthetic
Aperture Radar Imaging. January IAP 2011. Massachusetts
Institute of  Technology: MIT  OpenCourseWare,

https://ocw.mit.edu. License: Creative Commons BY-NC-SA.
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prototype

RTl with 2-pulse cancelor clutter rejection
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University of Split, FESB
Research group for electromagnetic compatibility
and numerical methods in electrical engineering
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GPR antenna design

-GPR antennas operate in harsh environment near
the ground and the second antenna.

-They are required to transmit and receive fast
transient signals with a large frequency bandwidth
with negligible distortion.

-Compact, light weight, small-size and low-cost.

-Our goal: to find and analyze the antenna design
that covers the entire frequency bandwidth od the
FMCW GPR prototype, achieves high directivity,
small size and low cost.
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GPR antenna design

e Horn antenna

12 T T T T T T T T
——horn antenna simulation results

——horn antenna measurement results
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GPR antenna design

 LPDA- log-periodic dipole antenna array

14

——LPDA transmitter -20 X: 7.331

——LPDA receiver Y. 2718
124 ——LPDA receiver 5 cm above floor H ]
— LPDA receiver on the floor

SWR
P (dB)

f (GH2)

10 15 20
t (ns)

a s (dB)=32.5+20log f (GHz) +
+20logd(m) — (Ggy + G4y )
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Conclusion

Building a FMCW GPR prototype for educational purpose
is not a straightforward task.

Students and professors need to have a certain
background in various fields: programming, electronics,
antenna design, numerical modeling, radio wave
propagation and signal processing.

We continued the work on the GPR prototype focused on
antenna design, beacuse our field of research is related
to antennas and propagation.

Future work:
— next academic year: signal processing and antenna design
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