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The consortium consists of two organizations:
Department of Electromagnetic Field of the Faculty of
Electrical Engineering at the Czech Technical University
in Prague (CTU) and the Frequency Engineering
Department of the Czech Metrology Institute (CMI).
CTU brought to the consortium expertise in propagation
modeling, diffraction experiments, and software imple-
mentation. CMI contributed with its experience in long

term propagation and radiometeorological experiments
and expertize in the area of terrestrial links and ITU-R
recommendations. space technologies. Working closely
with engineers from across Honeywell, new technologies
created by our ATE organisation are developed for
productionization and ultimately rolled out to the
aerospace industry.

There were two main objectives of the project. The first one was

to develop and experimentally validate propagation models and
relevant input data for the statistical prediction of radio interferen-
ce on ground terminals of satellite systems. The second one was to
implement the models into a software tool.

The propagation model development and validation was based

on extensive measurement trials. The experimental campaign was
carried out in summer 2012 at six frequencies to address diffraction
propagation phenomena. The trials took place at seven selected
representative locations. At each scenario, a number of transmitter
and receiver height combinations were achieved using truck-
-mounted access platforms reaching up to 46 meters above the
ground level. A sufficiently large dataset was obtained to be used
for terrain diffraction model testing and development. In addition,
long-term experimental measurements at the frequencies of 11 and
38 GHz were carried out on a 50 km long path. Five 11 GHz receiver
antennas and a single 38 GHz antenna were located at different
heights to investigate both line-of-sight propagation, as well as
terrain diffraction, due to a single terrain obstacle. The datasets
were used for the testing of the overall path loss prediction related
to the interference statistical analysis. Together with the received
signal levels, vertical profiles of air temperature, relative humidity
and pressure were measured in one-minute intervals at the receiver
site by means of corresponding sensors located at 19 heights up to
150 m above the ground level with an average spacing of about 7.5
m to investigate the refractivity distribution in the boundary layer.

As input data a new global radiometeorological database based on
the ERA-Interim reanalysis database containing data from the last
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33 years were derived. The results of the activity, the new models
and algorithms, software tool and experimental datasets, can

be used not only in the area of the satellite telecommunications,
but also in interference planning of terrestrial, Earth observation,
navigation, and deep space systems.
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World map of surface refractivity quantile corresponding to 10% of time.

Antennas located on the TV Tower Prague.

What would you name as main benefits of the project to you D
and your company?

“I consider winning the project in a standard open
competitive tender as a great success for our team.
It allowed us to conduct interesting experiments
and come up with valuable results which were
submitted to ITU-R. We have gained advanced
experience in the area of interference at radio
frequencies and generally in doing business with
ESA”
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Resitelské konsorcium tvofi dvé organizace —

Ceské vysoké uéeni technické v Praze (CVUT)

a Cesky metrologicky institut (CMI).

Vyzkumny a fesitelsky tym CVUT se sklada z pracovniki
Katedry elektromagnetického pole Elektrotechnické
fakulty. CMI je zastoupen skupinou vyzkumnych pracovnikd

z oddéleni kmitoctového inZenyrstvi. CVUT prineslo do
konsorcia znalosti v oblasti modelovani Sifeni signdlu a
softwarovou implementaci. Cesky metrologicky institut
prispél zkusenostmi s dlouhodobymi radiometeorologic-
kymi experimenty a znalostmi z oblasti pozemnich spojud a
doporuceni ITU-R.

Projekt mél dva hlavni cile. Prvnim bylo vyvinout a experimentalné
ovéfit modely Sifeni radiovych vin a odpovidajici vstupni data pro
statistickou predikci ruseni radiovych signdlt pozemnich stanic
druzicovych systéma. Druhym cilem byla implementace modell do
softwarového néstroje.

Vyvoj modeld Sifeni a jejich ovéreni byly zaloZeny na experimental-
nich méfenich. Série experiment( byla provedena v 1été roku 2012
na Sesti riznych kmitoctech pro vertikalni i horizontalni polarizaci
s cilem sledovat difrakéni ztraty. Experimenty se konaly v sedmi
rznych reprezentativnich situacich pfi vyskytu jedné nebo vice
terénnich prekazek.V kazdém z experimentu byla vyzkousena

fada kombinaci vyskovych rozdili mezi vysila¢cem a pfijimacem za
pouziti méfici zakladny umisténé na vysokozdvizné plosiné o vysce
az 46 metrl nad okolnim terénem. Timto zplsobem byl ziskdn
dostatecné rozsahly datovy soubor, ktery byl pouzit k vyvoji a tes-
tovani modell difrakenich ztrat. Déle byla od roku 2012 provadéna
dlouhodoba experimentalni méreni na frekvencich 11 a 38 GHz na
vzdalenost 50 km. Pét antén pfijimajicich signal o kmitoctu 11 GHz
bylo umisténych v riznych vyskach, aby mohlo byt sledovano jak
sifeni na pfimou viditelnost, tak vliv difrakce zptisobené terénnimi
prekazkami.

K vyzkumu vertikaIniho rozlozeni refraktivity ve spodni vrstvé
troposféry byly spolu s pfijatymi signdly méfeny v minutovych
intervalech také vertikaIni profily teploty vzduchu, relativni vlhkosti
a tlaku, a to na strané pfijimace za pomoci senzord umisténych

v devatendcti riznych vyskach az do 150 m nad terénem s primér-
nym rozestupem 7,5 m.

Mezi vysledky projektu patii prislusné modely a algoritmy Siteni
rusivych signald, softwarovy nastroj a experimentalni soubor dat,

Trvani projektu: 2012 az 2014
Vedouci projektu: Prof. Pavel Pechac
pechac@fel.cvut.cz

které mohou byt pouZzity nejen v oblasti druzicovych teleko-
munikaci, ale i v oblastech vyhodnocovani ruseni v systémech
pozemnich, dalkového priizkumu Zemé, navigacnich a priizkum-
nych meziplanetarnich sond.
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Mapa povrchové odrazivosti v kvantilu odpovidajicim 50% casu.

Antény umisténé na televiznim vysilaci v Praze na Zizkove.

Co vam ucast v projektu pfinesla? D

JSkutecnost, Ze jsme uspéli ve standardni

otevrené soutézi a projekt ziskali, hodnotnim jako
veliky uspéch naseho kolektivu. Umoznilo ndm to
realizovat fadu experimentd, ze kterych vyplynulo
mnozstvi vyznamnych zdver, které byly preddny

k dalsimu zpracovdni ITU-R. Ziskali jsme nové
znalosti a zkusenosti v oblasti interferenci radiovych
signdlii a vseobecné v jedndnich a interakci s ESA




