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Abstract—The perspective of extending the European Geostationary Navigation Overlay Service outside
the European Civil Aviation Conference area is of great interest for Europe. Ukraine is among the first
candidates for installation of the Ranging and Integrity Monitoring Station on its territory to provide
better coverage to the Eastern part of Europe, and it was a preliminary decision of European
Commission that one RIMS will be placed in Kyiv region. However, the special requirements have to be
fulfilled by the RIMS hosting candidates in technical, safety, and security aspects. The authors have made
investigation of the best locations for the RIMS at the territory of Ukraine in scope of UKRAINE project,
funded by the European GNSS agency (Horizon 2020, Grant Agreement #641514). It appeared that
Zhuliany airport was one of the most attractive locations among analyzed sites. Therefore, the purpose of
this article was to present some practical results from the measurement campaign in Zhuliany airport,
which is considered as a candidate for RIMS installation in Kyiv region. Raw GNSS measurements have
been collected from six points near the runways with use of double frequency geodetic type GNSS
receiver and limitation on the satellites’ elevation angles of 5°. Among the verified parameters were:
observed GNSS constellations, the "signal / noise" ratio of the received GNSS signals on L1 and L2; the
number of phase "slips”; the level of multipath in navigational observations on L1 and L2 frequencies.
The results of measurements and analysis are presented in corresponding graphs and plots in a paper.

Index Terms—Global navigation satellite systems; satellite based augmentation systems; European
geostationary navigation overlay service; ranging and integrity monitoring station; multipath level;

"signal / noise" ratio.
I. INTRODUCTION

The Global Navigation Satellite Systems (GNSS)
includes core constellation systems (like GPS,
GLONASS and the future GALILEO and Beidou),
and augmentation systems such as Aircraft Based
Augmentation Systems (ABAS), Satellite Based
Augmentation Systems (SBAS) — like WAAS in
USA and Canada, EGNOS in Europe — and Ground
Based Augmentation System (GBAS) [1].

The European Geostationary Navigation Overlay
Service (EGNOS) is a satellite-based augmentation
system (SBAS). It augments the GPS L1 positioning
signals and makes them suitable for safety critical
applications such as flying aircraft or navigating
ships through narrow channels. This system has
been developed by the European Space Agency
(ESA) under a tripartite agreement between the
European Commission (EC), the European
Organization for the Safety of Air Navigation
(EUROCONTROL) and ESA, signed in June 1998.
It is Europe’s first activity in the field of GNSS and

is a precursor to Galileo, the full global satellite
navigation system under development in Europe.

The Civil Aviation community benefits greatly
from the Safety-of-Life (SoL) service of EGNOS,
whose main objective is to support civil aviation
operations down to Localizer Performance with
Vertical Guidance (LPV) minima by improving the
accuracy and availability of user positioning
services. The SoL service was available starting
from March 2011, and LPV200 has been approved
for use in aviation in 2015 [2].

The newer version, EGNOS V3 is expected to be
released in 2024, and augment Galileo additionally
to GPS starting in 2025 [3]. It will offer improved
SoL services performances over Europe to Civil
Aviation community and new applications for
Maritime or Land users, and will improve robustness
against increasing security risks, in particular cyber-
security risks. Airbus has been selected by the ESA
as the prime contractor to develop EGNOS V3 [4].

Current EGNOS V2 system architecture together
with its service area is presented at the Fig. 1 [2].

© National Aviation University, 2019
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The system combines now interconnected ground
network of 39 Ranging and Integrity Monitoring
Stations (RIMS), 6 Navigation Land Earth Stations
(NLES), 2 Mission Control Centres (MCC) and 3
Geostationary satellites (two Inmarsat III and IV
satellites and one SES ASTRA GEO satellite SES-5)
with signal transponders [2], [5].

At the moment, EGNOS offers good performance
in all EU countries with the exception of certain
places located in the northern, southern, and eastern
extremes of EU territory (Figs 1, 2) due to current
infrastructure limitations. Currently, Ukraine is not
fully covered by this service, only some small
western part, where the availability is >99.9%
(Fig. 2) [6]. However, technically EGNOS has the
capability to be extended here by implementation of
one or few additional RIMS.
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Fig. 1. High-level scheme of EGNOS infrastructure
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II. PROBLEM STATEMENT

As a matter of fact, the perspective of extending
the EGNOS outside the European Civil Aviation
Conference (ECAC) area is of great interest for
Europe not only at technical level but also at

commercial and political ones. According to the
agreements with the EC, at least one RIMS station
will be placed in Ukraine, in Kyiv region in the
nearest few years. This initiation is confirmed by
corresponding agreements between EC and Ukraine.

It has to be mentioned that special requirements
are made to the RIMS hosting candidates, which
should be capable to fulfil the technical, safety, and
security requirements and who are prepared to
provide support during the deployment and on-site
integration and validation phase. The most
significant technical constraints concerning RIMS
hosting are given in [7]. Here we will refer to some
of them, which were checked during our
measurement sessions.

To provide two independent measurement flows
to the Central Processing Facilities (CPF) to each
MCC, distance between two RIMS antennas on a
given site shall be separated by several tens of
meters: not less than 60 meters, with an objective of
120 m (when feasible taking into account site
constraints). At the same time, cable run from
receiver to antenna must not exceed 80 meters in
order to limit the radio frequency (RF) losses.

The site shall allow a RIMS antenna location
with clear horizon above 5° elevation.

To ensure that multipath level is acceptable,
taking into account the large spectrum of RIMS site
surrounding: various type of reflective source,
multiple multipath signals, multipath dependency
with elevation.

In order to be sure that mentioned above
requirements are satisfied, comprehensive survey
campaigns have to be done at each possible
candidate host site.

Actually, in scope of Ukraine project, funded by
the European GNSS agency (Horizon 2020, Grant
Agreement # 641514), the investigation of the best
locations for the RIMS at the territory of Ukraine
has been done by the National Aviation University
(NAU). The research included simulation for the
whole territory of Ukraine and comprehensive
measurement surveys for the selected and agreed
with the State Space Agency of Ukraine (SSAU)
locations near Kyiv region, namely, premises of
Zhuliany and Boryspil airports, Main center of
special control (Horodok of Zhytomyr region), State
Enterprise "KyivPrylad" and NAU [8].

The aim of this paper was to present the results of
the measurement campaign from Zhuliany airport,
which has been selected as the most suitable location
for the RIMS installation in Kyiv region.
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III. RELATED STUDIES

The authors have been investigating different
aspects of EGNOS performance on latitude 50.5 °
and longitude 30.5 ° starting from 2009, when its
operability was declared [9] — [11].

In full, these materials are presented on the
website of the Aerospace Center [12] and in the
repository of the NAU [13] in the form of reports
automatically generated by the PEGASUS software,
containing positions processed information: HPL
versus HPE, VPL versus VPE, for vertical guidance
approaches, LPV200, as well as information on
integrity, availability, multipath, signal-to-noise
ratio, Stanford diagrams, position statistics.

IV. EXPERIMENTAL MEASUREMENTS AND RESULTS

The measurement points in Zhuliany airport are
presented in the Fig. 3, from which it can be seen
that GNSS antennas have been placed in a manner to
form triangle shapes with sides of = 80 m length. As
it can be seen from the figure, redundant number of
points have been taken, in order to choose the best
location inside the airport premises.

] %77

Fig. 3. Measurement point in Zhuliany airport

To register the measurement information double
frequency geodetic type GNSS receiver (DL-4, on the
basis of Novatel OEM4-G2 board) with 703GGG
NovAtel antenna have been used. The limitation on
the satellites elevation angle has been set to 5 ° to
fulfil the requirement mentioned above. The photos
from the measurement session in Zhuliany are
presented in the Fig. 4, where the adjustment of

equipment and data recording process may be seen.

The following features of measurement session
have been analyzed:

e observed GNSS constellation;

» the "signal / noise" ratio of the received GNSS
signals on L1 and L2;

* the number of phase "slips";

* the level of multipath in navigational
observations on L1 and L2 frequencies.

The observed working GNSS constellation was
compared with planned constellation, calculated by
means of almanac data for the current time and
location of measurement session. In case when really
observed constellation didn't coincide with the
planned one the possible sources of such discrepancy
were defined (not sufficient number of GNSS
receiver channels, low elevation angles of observed
satellites, low signals level, limitations on the way of
signals propagation, tracking losses, etc.) [1], [14].

Then the multipath levels of navigation
observations were calculated, correspondent
graphics and maps were plotted, the possible sources
of increased multipath occurrence were identified
and, in case of such possibilities, the ways of its
decreasing are defined (for example, removal the
sources of signals reflection, GNSS antenna
allocation in another place, etc.).

To process the data, the TEQC utility and
OCTAVA PPA complex have been used [13] —[18].
The results of the analysis of the information
registered at point 1 are presented at the Figs 5 — 11.
Here Fig. 5 demonstrates the intervals of satellites
visibility. The signals multipath levels at the
frequencies L1 and L2 are represented at the Figs 6
and 8 correspondently. The signal/noise ratio on L1
and L2 frequencies, plotted according to the data from
the TEQC utility (corrected from phase "slips"), are
demonstrated at the Figs 7 and 9 correspondently.

It has to be clarified that Figs 6 — 9 are plotted in
the form of sky plots, where the satellites’ path
together with elevation angles may be seen. The
information regarding signals multipath level and
signal / noise ratio is shown by corresponding colors
of satellite tracks.

SN

Fig. 4. Measurement equipment adjustment and GNSS data recording
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Satelite visinility
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Fig. 5. Intervals of GPS satellites visibility

Fig. 7. Signal / noise ratio on L1 frequency (dB) Fig. 9. Signal / noise ratio on L2 frequency (dB)



20 ISSN 1990-5548 Electronics and Control Systems 2019. N 4(62): 16-23

The analysis of the measurement information
registered at point 1 near the runway of the Zhuliany
airport (Fig. 3) showed that the receiver tracked all
planned satellites, with no limitations. The mean level
of signals multipath was 20-25 cm at the frequency L1
and 30-40 cm at L2. The maximal value of multipath
levels at low elevation angles didn't exceed 1.5 m.
However, there was one abnormal portion of
measurements with duration of ~30s (04.02.2016,
15:37:27-15:38:01). Here the rapid decrease of the
signal / noise ratio (Figs 10, 11) and increase of the
signals multipath for all satellites happened (especially
on L2 frequency).
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Fig. 11. The signal / noise ratio and elevation angle for
satellite number 20

As a result, the GNSS receiver lost tracking of
four satellites (numbers 8, 11, 18 and 20). Satellites
8, 11, 18 had been observed at low elevation angles
(about 10 °), and the satellite 20 was at a sufficiently
high elevation angle (about 24 °). The signal / noise
ratios together with elevation angles for the satellite
8 and 20 are presented correspondently in the
Figs. 10 and 11. Since the azimuths of mentioned
satellites were different, then this abnormal portion
of measurements can't be caused by a limited
visibility. At 15:38:01 the receiver started tracking
again all visible satellites, sharp fluctuations in the
signal / noise ratio disappeared.

It has to be underlined that the results, similar to
the ones presented in Figs 5 — 9 (excluding abnormal
portions), have been obtained for the rest five points
(Fig. 3) and other days during 2 months of
measurement campaign as well [8]. Therefore, they
may be used to characterize Zhualiany measurement
site in general.

VI. CONCLUSIONS

Comparison of the analysis results of the raw
measurement data collected in all points in Zhuliany
airport showed that information in all points were
practically of the same quality. Restrictions to the
signals’ reception were absent and the receiver
tracked all planned satellites. Typically, the average
signals multipath level didn't exceed 45 cm at the L1
and L2 frequencies. The maximum value of
multipath levels at low elevation angles did not
exceed 1.5 m.

At the same time, several abnormal portions of
measurement had been revealed. At these portions
the decrease in signal level and increase of multipath
level, sometimes even loss of signals tracking for
satellites with low elevation angles have been
observed. The most likely reason of the anomaly
was the interferences to the signal reception caused
by radiation from exterior radio equipment, maybe,
transmitting means of Zhuliany Airport. To
determine the source of those interferences it was
recommended to use special technical means (like
radiogoniometers, spectrum analyzers), and perhaps
to compare timetable of the airport's radio equipment
work with time of abnormal portion of
measurements.

The results of the further research, done by the
European GNSS Agency (GSA) with use of the
specialized radio measurement equipment are not
presented here, but general conclusions regarding
necessity to detect and mitigate possible interference
source coincide.
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B. M. Kongpariok, B. B. Konin, C. I. Inbannbka, O. B. Kynenko. Aeponopt 7KynsiHu K MOKIUBHI KAaHANIAT
HA BCTAHOBJICHHS CTAHIII MOHITOPMHTY AaJbHOCTI Ta wimicHocTi y KuiBcebkiii odnacti

[lepcriekTrBa po3mIMpeHHS E€BPOINEWCHKOI CIY)KOM TeOCTalliOHAPHOI'O HABITAIIHOrO ITOKPUTTS 11032 30HOI0
€BporneicbKkol KOH(epeHIil IMBIUIBHOI aBialii CKJIafae BENUKUH iHTepec s €Bponu. YKpaiHa BXOOHUTH IO YHCIa
MepIINX KaHIUAATiB HAa BCTAHOBJICHHS Ha ii TepuTOpii CTaHIii MOHITOPHHTY nanbHOCTi Ta wimicHocti (RIMS) mms
Kpaioro oxoruieHHs CxinHoi wacturu €Bporu. [lomepenuro 3 €Bporneiichkoro KoMiciero O0ylio y3romkeHo, o oaHa
RIMS cranriist Oyne po3miniena Ha KuiBnuai. OHaK KaHAWIAT HAa BCTAHOBJICHHS TaKOi CTAaHINIT TOBHHEHE BiAMOBITaTH
MIEBHUM BHMOTaM II[0/I0 TEXHIKU Ta Oe31eKku. ABTOPH MPOBEIN JOCITIHKEHHs Kpamwx Jiokawiit s RIMS Ha Tepuropii
Vxpainu B pamkax npoekry UKRAINE, mo ¢inancyBaBcs €ponericekum arenrctBom ['HCC (T'opumzont 2020,
I'pantoBa Yroma Ne641514). BusBuiocs, mo cepen NpoaHali3oBaHHMX JIOKaIliii aeporopT JKylsHH € ONHIE i3
HalnmpuBabiauBinmx. ToMy Meroro Ii€i cTarTi OyJao IpeACTaBUTH MAEsAKi IMPaKTUYHI pe3yJIbTaTH IPOBENEHOT
BUMIpIOBAIBHOI KammaHii B aeponopty KyisiHuU, SIKUH BBa)Kae€ThCS KaHIMIATOM Ha BcTaHOBieHHA RIMS craHumii Ha
KuiBmumHi. 3 mectu TOYOK OIS 3JITHO-MIOCAJKOBHX CMYT 3i0paHo mepBuHHI BuMipioBaHHs curHamnie [HCC, 3
BUKOPHCTAaHHSM JIBOXYACTOTHOTO ITpUiiMaya Ta HAKJIaJeHUM Ha HhOIO OOMEXEHHSM 00 KYTIiB MiIHOMY CYITyTHHKIB
y 5°. Cepen mpoaHajizoBaHHX HapaMmeTpiB Oymu: croctepexxyBaHi cy3ip’st THCC; cmiBBiIHOIICHHS «CHUTHAN / ITyM»
orpumanux ['HCC-curnanmiB Ha vactotax L1 i L2; kimbkicTh ()a30BHX «KOB3aHBb»; PIBeHb 0araTOMpPOMEHEBOCTI Y
HaBIraliiHUX CIOCTEPEKEHHSIX Ha vactorax L1 1 L2. Pe3ynpTatu BHMiprOBaHb Ta aHaji3y MPEICTABICHI Ha
BiJIMOBiTHUX rpadikax y CTaTTi.

KarwudoBi cnoBa: rnobanbHi HaBiraliiHi CyIyTHHKOBI CHCTEMH; CYIIYTHHKOBA CHCTeMa (DYHKIIIOHAJIBHOTO
JIONIOBHEHHS; €Bporieiickka ciry)0a HaBiraliifHOro reocTallioHapHOr0 MOKPHTTS; CTaHIliSi MOHITOPHHTY JaJbHOCTI Ta
LTICHOCTI; piBeHb 0araTorpoMeHEBOCTI; CITiBBIJHOLICHHS «CUTHA / IIIyM.
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[epcniextuBa pactmpenus EBporeiickoil ciayx0bl Te0CTalMOHAPHOTO HABUTAIIMOHHOTO TOKPBITUS 33 MPENeIbl 30HbI
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obecrieueHnsl JIy4IIero MOKPHITHS BOCTOYHOM uacth EBpombl. CornlacHO INpeaBapUTENbHON JOrOBOPEHHOCTH C
EBporeiickoit komuccuerr omHa u3 RIMS cranumii Oyner pacnonokena B KueBckoir oOnactu. Tem He MeHee,
npuHuMatomMu RIMS kaHanaaTamu TOIKHBI OBITH BHIITOJHEHBI CIIEHHANbHbIE TPEOOBaHUS B TEXHUYECKUX ACTIEKTaxX
1 1o 0e30MacHOCTH. ABTOpHI MPOBEIM MCCIIEA0BAHUE JY4IIHX MecT pazMmenieHus RIMS Ha Teppuropun YKpauHbI B
pamkax mpoekta UKRAINE, d¢unancupyemoro Epponeiickum arentctBom ['HCC (Horizon 2020, I'pantoBoe
cornmamienue Ne641514). Cpenu aHaAIM3WPYeMbIX OOBEKTOB a’poropT JKyasHBI oOKas3alcs OIHUM M3 CaMbIX
TIPUBJIEKATENbHBIX MecT. [I0aTOMY 1IeNbl0 JaHHOW CTaThbU OBUIO MPECTaBUTh HEKOTOPHIE MPAKTHYECKUE PE3YIbTAThI
HM3MEPUTENIbHOW KaMIaHuU B a’pornopTy JKymsHbI, KOTOPBIM paccMaTpuBaeTcss B KauecTBE KaHAWIATa Ha YCTAHOBKY
RIMS cranumm B KueBckoit obmactu. B mrectn Toukax BOJSM3M B3JIETHO-NIOCAJAOYHBIX II0JIOC OBLIM 3aIlCaHbBI
neppuyHble ['HCC wu3MepeHust ¢ HCIONB30BaHMEM JIBYXYaCTOTHOIO TNPUEMHHMKA TIe0[e3U4YeCKOro THIAa U
OrpaHMYEHUSIMA Ha HEM [0 yIjiaM Mecra ChnyTHMKOB B 5 °. CpeaM NpoaHaIM3MPOBAHHBIX IMApaMeTpoB ObLIN:
HaOmonaemble co3esnus ['HCC; orHomenne «curnan / mrym» npunsateix [HCC curnanoB Ha uvacrorax L1 m L2;
KOJIMYECTBO (ha30BBIX «IPOCKANIL3bIBAHUIT»; YPOBEHh MHOTOJY4€BOCTH B HAaBHI'AIIMOHHBIX HAOJIOACHUSAX HA 4aCTOTAaX
L1 u L2. Pe3ynbraTel M3MepeHHi U aHaIHM3a MPECTaBICHbl HA COOTBETCTBYIOMIMX I'padHKax B CTATHE.
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U LIEJIOCTHOCTH; YPOBEHb MHOTOJIY4EBOCTH; OTHOLIEHUE «CUTHAI / IIIyM».
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