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Czech Technical University in Prague

Theory of electromagnetic field

Computational electromagnetic using analytical and
numerical methods

Electromagnetic compatibility

Design of induction colls, antennas, microwaves
circuits, RFID sensors

New radiative (coupling) (meta)structures
SIW
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Methods of tuning of complex input impedance of
antennas for passive RFID transponders and
Implantable sensors for UHF and microwaves
frequency bands

Methods of space diversity for increasing of
identification transponders on human body in
spaces with shading of identified persons

Low profile antennas for passive RFID
transponders in UHF frequency band

Coupling of microwave energy into human body for
Implantable sensors
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WG2

» Analysis of electromagnetic field of induction coils
and extraction their circuit parameters

» Analysis of power losses of inductive wireless
power transmission

» Homogenization of inductive wireless power
transmission for moving appliance

» Optimization of induction coils



WG3

» New radiative (coupling) structures, metastractures
» SIW and human body
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CTU Team

Jan Kracek, 2 (field coupling)

Vitézslav Pankrac 2 (field coupling)

Jan Machac 3 (SIW, metamaterials)

Lukas Jelinek 2,3 (field theory, metastructures)
Milan Polivka 1 (RFID, wearable antennas)

Milan Svanda 1 (RFID, wearable antennas)
Tomas Korinek 2,3 (experiments, antennas)
MiloS Mazanek 2,3 (inductive coupling, antennas)



Antenna Theory — MoM/Char. Modes
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Parallelization (multiple cores / workstations), GPU computing
Adaptive frequency sampling
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Antenna Theory — MoM/Char. Modes
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Antenna Theory — MoM/Char. Modes

» Reactive energies of antennas, Q-factor, superposition of modal quantities
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Antenna&Sensor Design — electrically small
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Biological effects of electromagnetic field
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Clinical Testing of Thermotherapy




Industrial Applications of Electromagnetic Field

Microwave Drying and Heating

Type = E-Field (peak) U/m
Monitor = e-field (f=2.450)

Waveguide Type

Resonant Type Heating of Acid




EMC/EMI measurement methods

Full Anechoic Chamber
500 MHz — 120 GHz

Semi-Anechoic Chamber
80 MHz -2 GHz

Measurement of Shielding Effectiveness
of chambers and thin materials




Propagation Measurements for
Satellite/HAP/UAYV Systems using a Remote-
Controlled Airship

»  Remote-Controlled Airship

> 9m long

> max. payload of 7 kg
> CW generators at 2.0, 3.5, 5.0 and 6.5 GHz
> spiral antennas circular polarization (LHCP)

»  Receiver station on the ground —ver. A
> broadband LHCP spiral antenna
> portable receiver R&S PR100
> control sw for measurements at all 4 freq.

»  Receiver station on the ground — ver. B
> 4 narrowband antennas (linear/circular polarization)

> 4-channel receiver, SISO, 1x4 SIMO/MISO, 2x2 MIMO configurations
> measurements at 2 GHz only (10 kHz sampling)




Penetration Loss Measurements

» Measurement trials were conducted at 2.0, 3.5, 5.0 and 6.5 GHz to study signal penetration into buildings as a function of
> elevation angle
> frequency
> receiver position within the building
> building type and surroundings

4rd floor

ground floor

* place of measurement

= e —

[1] Kvicera, M. - Pechac, P.: Building Penetration Loss for Satellite Services at L-, S- and C-band: Measurement and Modeling, II}
Transactions on Antennas and Propagation. 2011, vol. 59, no. 8, p. 3013-3021.

[2] Kvicera, M. - Horak, P. - Pechac, P. - Perez-Fontan, F.: On a Definition of Building Penetration Loss for High Elevation Angles,
IEEE Transactions on Antennas and Propagation. 2010, vol. 58, no. 12, p. 4115-4118.




New Propagation Modelling Approach

»

Basic ray launching, but interactions with obstacles modelled using 3D probability radiation
pattern , Diffuse scattering etc. considered while classical complicated calculations (Fresnel coef.,

UTD/GTD ...) avoided

[1] Subrt, L. - Pechac, P.: Advanced 3D indoor propagation model: calibration and implementation, EURASIP Journal on Wireles}

Communications and Networking 2011. 2011:180.
[2] Subrt, L. - Pechac, P.: Semi-Deterministic Propagation Model for Subterranean Galleries and Tunnels, IEEE Transactions on

Antennas and Propagation. 2010, vol. 58, no. 11, p. 3701-3706.



Free-space optics

«Atmospheric influence evaluation
Diversity techniques

Ultra-short pulse research
*Beam propagation analyzes
*Indoor optics

4 FSO links of DEF

FlightStrata G by LightPointe,

2 x WaveBridge 500 by Plaintree
MRV TereScope
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Laboratory

* Modular measurement chamber




Microwave spectroscopy

»

Fourier Transform Microwave Spectrometer
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[1] Cerny, P. - Piksa, P. - Zvanovec, S. - Korinek, T. - Kabourek, V.: Improved axial feeding of Fabry-Perot resonator for high-resolution spectr py
applications. Microwave and Optical Technology Letters. 2011, vol. 53, no. 11, p. 2456-2462. ISSN 0895-2477.
[2] Zvanovec, S. - Cerny, P. - Piksa, P. - Korinek, T. — Pechac, P. - et al.: The use of the Fabry-Perot interferometer for high resolution microwave
spectroscopy. Journal of Molecular Spectroscopy. 2009, vol. 256, no. 1, p. 141-145. ISSN 0022-2852
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