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Czech Technical University in Prague is the largest techni-
cal university in the Czech Republic with 300 hundred
years of tradition. The University has about 3200 employe-
es in 8 faculties and several independent institutes.

Faculty of Electrical Engineering targets activities in re-
search and education towards state-of-the-art research in
selected areas of electrical engineering, telecommunicati-
ons, automation, informatics and computer science.

The focus of the Department of Electromagnetic Field is
on antennas and propagation, electromagnetic field the-
ory, microwave and milimetre wave techniques, terahertz
spectroscopy, optical communications, EMC/EMI. Teaching
and research in the field of antennas and radiowave propa-
gation has long tradition at the department. Shielded ane-
choic antenna chamber and microwave laboratories sup-
port the activities by large variety of implemented mea-
surements methods in frequency bands from few MHz up
to 110 GHz. The department disposes of several professio-
nal software tools for antenna and microwave circuits de-
sign as well as of in-house developed software for advan-
ced propagation predictions.

The objective of the project Building Penetration Measurement and
Modelling for Satellite Communications at L, S and C-Band was to
address satellite-to-indoor propagation channel for future satelli-
te services.

An extensive measurement campaign, covering a representative set
of typical buildings in an urban area and aimed at building penetra-
tion loss for satellite services at L, S and C-band, was performed in
Prague in the summer of 2009. Throughout the measurements, a re-
mote-controlled airship was used as a pseudo-satellite carrying a
transmitter.

The theoretical part of the project started by the review of existing
models for the satellite-to-indoor propagation channel. Selected
models were later validated and compared with the obtained expe-
rimental data and the new derived empirical models. For these pur-
poses, the experimental data were statistically processed and cate-
gorized at first, namely to investigate building penetration loss as
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a function of frequency, elevation angle, azimuth angle with re-
spect to the building orientation, floor number with respect to
surrounding roof heights, position within the indoor environ-
ment, type of the building and its surroundings, and receiver an-
tenna orientation. Each measurement scenario was thorough-

ly investigated to identify all the predicted effects influencing the
wave propagation. The theoretical part of the project followed
both the statistical/empirical approach to provide efficient mo-
dels for propagation modelling as well as deterministic approach
to understand the wave propagation mechanisms of the satelli-
te-to-indoor channel.

As the main result, new empirical models of building penetration
loss for satellite services at L, S and C-band were proposed. The re-
sults were published as journal papers and presented at several
conferences.

Remotely controlled airship. Transmitter station is on close-up.

What would you name as main benefits of the project to you p
and your department?

“The ESA project Building Penetration Measurement
and Modelling for Satellite Communications at L,

S and C-Band was our first ESA research project.
Primarily we have gained valuable experience and
insight in doing business with ESA and made new
contacts with top international experts in the field.
We believe that this cooperation will continue. The
project itself was, of course, very interesting for us

as well. Based on unique experiment trials, we have
developed new models of the building penetration

ot loss for satellite mobile systems.”
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Katedra elektromagnetického pole, FEL CVUT v Praze
Ceské vysoké uceni technické v Praze je nejvétsi technic-
ké univerzita v Ceské republice s vice nez 300-letou tradici.
Univerzita ma pres tfi tisice zaméstnancd, osm fakult a né-
kolik samostatnych instituci.

Fakulta elektrotechnicka (FEL) je zaméfena na vzdélavani,
vyzkum a vyvoj ve vybranych oblastech elektrotechniky,
telekomunikaci, automatizace a informatiky.

Katedra elektromagnetického pole je zamérena na anté-
ny a Sifeni vin, teorii elektromagnetického pole, mikrovin-
nou a milimetrovou techniku, teraherzovou spektroskopii,
optické komunikace a EMC/EMI. Vzdélavani a vyzkum v ob-
lasti antén a Sifeni elektromagnetickych vin ma na katedre
dlouholetou tradici. Je k dispozici stinéna bezodrazova
anténni laboratof s rozsahlymi méficimi moznostmi ve
frekvenc¢nim rozsahu od jednotek MHz az do 110 GHz.
Katedra disponuje nékolika profesionalnimi softwarovymi
nastroji pro design anténovych a mikrovinnych obvodd,

a mimo jiné také programem pro pokrocilé predikce Siteni
elektromagnetickych vin, ktery byl vyvinut na katedre.

Cilem projektu Méfeni a modelovani pronikani signalu do budov
pro druzicové komunikace v pasmech L, S a C byl vyzkum 3ifeni
elektromagnetickych vin z druZice do budov v zéstavbé pro potie-
by budoucich druzicovych systému.

V |été roku 2009 byla v Praze, v péti reprezentativnich typech bu-
dov, realizovéna rozséhld méfeni ztrat pfi pronikani signalu do bu-
dov pro druzicové sluzby v pdsmech L, S a C. Pfi méfenich byla jako
tzv. pseudo-druzice vyuzita mala déalkové fizend vzducholod; kterd
nesla vysilaci ¢ast méfici aparatury.

Teoretickd ¢ast projektu zacala revizi existujicich modeld Siteni sig-
nalu od druzice do budov. Vybrané modely byly posléze validova-
ny a porovnany se ziskanymi daty a nové odvozenymi empiricky-
mi modely. Pro tyto Ucely byla experimentalni data nejdfive statis-
ticky zpracovéna a rozttidéna, aby bylo mozné studovat utlum jako
funkci frekvence, elevace, azimutu vzhledem k orientaci budovy,
¢isla podlazi vzhledem k vysce okolnich stfech, poloze ve vnitinich
prostorach, typu budovy a jejimu okoli a orientaci pfijimaci antény.
Kazdy méreny scénar byl dikladné prozkoumdn za ucelem zjisténi
vsech predvidatelnych efektl ovliviujicich Sifeni signalu. Teoreticka
¢ast projektu byla zalozena jak na statistickém a empirickém pfistu-
pu, za Ucelem vyvoje vhodnych modelQ, tak i na deterministickém
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pfistupu, ktery umoznil porozumét pfislusnému mechanismu pre-
nosového kandlu.

Hlavnim pfinosem projektu je navrh novych empirickych mode-
I pro utlum pronikéni signalu do budov pro druzicové systémy
v pasmech L, S a C. Vysledky byly publikovany v mezinarodnich
casopisech a prezentovany na nékolika konferencich.

Schématické zndzornéni prelett vzducholodé s vysilaci stanici nad kazdym mérenym stanovistém
a kalibracni méreni na volném prostranstvi.

Co vam ucast v projektu pfinesla? D

LUcast v projektu ESA Méfeni a modelovdni proni-
kdni signdlu do budov pro druzicové komunikace
vpdsmech L, S a C, ktery byl nasim prvnim vyzkum-
nym projektem ESA, pro nds znamenala prede-
vsim ziskdni cennych zkusenosti v oblasti spoluprd-
ce s ESA a navdzani novych kontakt( se Spickovy-
mi zahrani¢nimi odborniky v dané oblasti. Vérime,
Ze tato spoluprdce bude i naddle pokracovat. Velmi
zajimavé bylo samoziejmé i samotné reseni projek-
tu, kdy jsme diky unikdtnim experimentdim vyvinu-
li zcela nové modely pro pronikdni druzicovych sig-
ndld do budov.”




