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ACCURACY ANALYSIS OF EGNOS POSITIONING  
IN FLIGHT TEST IN AIR TRANSPORT
ANALIZA DOKŁADNOŚCI POZYCJONOWANIA EGNOS W EKSPERYMENCIE 
LOTNICZYM W TRANSPORCIE

Streszczenie

Celem niniejszej publikacji jest określenie do-
kładności pozycjonowania EGNOS w lotnictwie 
przy użyciu danych korekcyjnych z satelitów ge-
ostacjonarnych PRN120 i PRN124. W artykule 
zastosowano system GPS z poprawkami EGNOS 
w celu określenia pozycji statku powietrznego 
i określenia dokładności pozycjonowania statku 
powietrznego. W badaniu wykorzystano dane 
z eksperymentu lotniczego przeprowadzonego 
w Mielcu. Dane GNSS zostały opracowane w try-
bie post-processingu w oprogramowaniu RKTLIB, 
a analizy numeryczne wykonano w programie 
Microsoft Excel. Średnia dokładność pozycjono-
wania EGNOS z wykorzystaniem danych z satelity 
PRN120 dla współrzędnych B, L, h wyniosła 0,9 m, 
0,2 m i 0,3 m. Natomiast średnia dokładność po-
zycjonowania EGNOS przy użyciu danych z satelity 
PRN124 również wynosi 0,9 m, 0,2 m i 0,3 m dla 
współrzędnych BLh. Zaobserwowano, że dokład-
ność pozycjonowania w danej epoce pomiarowej 
zależy od liczby obserwowanych satelitów GPS. 
Ponadto w badaniu dokładność pozycjonowania 
EGNOS z wykorzystaniem poprawek z satelitów 
PRN120 i PRN124 została porównana z wymaga-
niami certyfikacyjnymi Organizacji Międzynaro-
dowego Lotnictwa Cywilnego.
Słowa kluczowe: SBAS, EGNOS, dokładność, po-
zycja statku powietrznego

Abstract

The purpose of this publication is to determine 
the accuracy of EGNOS positioning in aviation us-
ing correction data from the PRN120 and PRN124 
geostationary satellites. The paper compiles GPS 
satellite data with EGNOS corrections to deter-
mine the position of aircraft and to determine 
positioning accuracy. The study used research 
material from an airborne experiment carried 
out in Mielec. GNSS data were elaborated in 
post-processing mode in the RKTLIB software, 
and numerical analyses were performed in Mi-
crosoft Excel. The average accuracy of EGNOS po-
sitioning using data from the PRN120 satellite for 
B, L, h coordinates was 0.9 m, 0.2 m and 0.3 m, 
respectively. In contrast, the average accuracy of 
EGNOS positioning using data from the PRN124 
satellite is also similarly 0.9 m, 0.2 m and 0.3 m 
for BLh coordinates. It was observed that the po-
sitioning accuracy at a given measurement epoch 
is dependent on the number of GPS satellites ob-
served. Furthermore, in the study, the accuracy 
of EGNOS positioning using corrections from the 
PRN120 and PRN124 satellites was compared 
with the certification requirements of the Inter-
national Civil Aviation Organisation.

Keywords: SBAS, EGNOS, accuracy, aircraft  
position
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1. INTRODUCTION

Aviation in the 21st century is undergoing a revolution comparable to that brought 
about by the creation of the first airports, aeronautical charts and radio navigation 
systems. The development of space flight and satellite technology resulted in the 
launch of the first Soviet satellite, Sputnik-1, into orbit in 1957. Although so simple 
in its design, it created entirely new perspectives for mankind in the development 
and application of technology. Shortly thereafter, the ‘space race’ between the USSR 
and the United States began, resulting in solutions that are still necessary today. One 
of the consequences of the technological struggle between these two powers is the 
GNSS (Global Navigation Satellite Systems) that is widely used today1.

GNSS systems are constellations of satellites that transmit navigation signals to re-
ceivers located on Earth. Based on the time difference of the signal waveform, the re-
ceivers determine a pseudo-distance, which makes it possible to determine position 
in 4D space2. By definition, GNSS Global Navigation Systems should have worldwide 
coverage. Today, the systems in use are the European Galileo, the American NAVSTAR 
GPS, the Russian GLONASS and the Chinese BeiDou3. The use of these systems is al-
most unlimited, and their popularity can be evidenced by the fact that almost every 
electronic device currently manufactured such as laptops and telephones provide 
support for at least one of these positioning systems. It is estimated that there are 
currently more than 7 billion devices using GNSS global positioning systems.

GNSS has found wide application in aviation. Knowing the exact position of the air-
craft is a fundamental parameter in guaranteeing the safe execution of operations. 
While GNSS fulfils its role as a guidance system in the en-route flight of an aircraft, its 
performance in the approach phase of landing remains a separate issue. The use of 
GNSS global positioning systems in the most critical phase of flight, which is landing, 
must meet the requirements of the International Civil Aviation Organisation (ICAO). 
To enhance performance and meet the requirements GNSS is supported by three 
types of augmentation systems4:
1. SBAS (Satellite Based Augmentation System),
2. ABAS (Aircraft Based Augmentation System),
3. GBAS (Ground Bases Augmentation System).

According to ICAO Document 9750, GNSS is supposed to be a key solution for improv-
ing the quality of communication, navigation, surveillance and air traffic manage-
ment. Therefore, each ICAO Member State should study navigation satellite systems 
and implement solutions to improve their positioning quality5.

1	 https://igs.org/mgex/constellations/ [access: 14.08.2023].
2	 E. Osada, Geodezja, Oficyna Wydawnicza Politechniki Wrocławskiej, Wrocław 2001, p. 237–241.
3	 https://www.gsa.europa.eu/european-gnss/what-gnss [access: 14.08.2023].
4	 H. Jafernik, K. Krasuski, J. Michta, Assessment of suitability of radionavigation devices used in air, “Sci. 

J. Sil. Univ. Technology. Ser. Transport”, 2016, 90, p. 99–112.
5	 A. Ciećko, M. Grzegorzewski, J. Ćwiklak, S. Oszczak, H. Jafernik, Air navigation in eastern Poland based on 

EGNOS, In Proceedings of the Aviation Technology, Integration, and Operations Conference (ATIO 2013), 
Los Angeles, CA, USA, 12-14 August 2013; Red Hook: Curran, NY, USA, 2013, Volume 1, p. 603–613.
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This work focuses on SBAS, which is based on the use of additional data transmit-
ted by geostationary satellites. In Europe, SBAS support is provided by EGNOS, the 
European Geostationary Navigation Overlay Service6. Its establishment is due to the 
European Commission, the European Space Agency and EUROCONTROL. The system 
increases the accuracy and integrity of an aircraft’s position by applying corrections 
to GPS observations. The EGNOS system is designed to cover Europe and enable pre-
cise and safe approaches to European airports.

The aim of this study is to determine the most important of the four GNSS positioning 
quality parameters, which is the positioning accuracy of the system. The other three 
parameters are integrity, continuity and availability. The accuracy assessment will be 
based on data obtained from the flight test. The paper uses data from an airborne 
test conducted on 7 September 2011 in Mielec, Poland. The experiment involved 
flying a Piper PA-34-200T aircraft along a closed route and measuring GPS navigation 
signals received with a Topcon HiperPro on-board receiver. The RTK-OTF differential 
technique7 was used to assess the accuracy of EGNOS positioning. For this purpose, 
a local reference station was installed at Mielec airport to collect GPS phase observa-
tions. The collected data were processed and analysed in post-processing mode. The 
entire work is divided into 7 chapters and a literature list is added at the end. 

2. SCIENTIFIC KNOWLEDGDE ANALYSIS

The first tests of the EGNOS system in Poland were carried out in 2003 as part of the 
“BRDA” and “ODRA” research projects. The test was carried out using the TS-11 Iskra 
aircraft. At that time, it was shown that horizontal positioning with the use of EGNOS 
was very precise and gave similar results to autonomous positioning. The accuracy 
of vertical position determination was also satisfactory, but did not meet the ICAO 
requirements needed for APV approaches and landings. Position errors in altitude 
determination ranged from 1 to 18 metres8. Further research tests were conducted 
in 2007 in the “LIWIEC” flight experiment. In 2010 and 2011, tests were conducted 
in south-eastern Poland in Dęblin, Chełm and Mielec9. The EGNOS solution was then 
compared with the flight reference position from the RTK-OTF technique10. The RTK-
OTF method is similar to differential DGPS measurements and requires two receivers 
recording phase measurements at the same time. The RTK-OTF method uses phase 
observations at L1 and L2 frequencies in GPS system11. Therefore, two Thales Mobile 

6	 C. Specht, J. Pawelski, L. Smolarek, M. Specht, P. Dąbrowski, Assessment of the Positioning Accuracy 
of DGPS and EGNOS Systems in the Bay of Gdansk Using Maritime Dynamic Measurements, “Journal 
of Navigation”, 2019, 72, p. 575–587.

7	 D. Próchniewicz, J. Walo, Quality Indicator for Ionospheric Biases Interpolation in the Network RTK, 
“Reports Geodesy”, 2012, 92, p. 7–21.

8	 M. Grzegorzewski, Navigating an aircraft by means of a position potential in three dimensional space, 
“Annual of Navigation”, 2005, 9, p. 1–111.

9	 M. Grzegorzewski, A. Świątek, A. Ciećko, S. Oszczak, J. Ćwiklak, Study of EGNOS safety of life service 
during the period of solar maximum activity, “Artificial Satellites”, 2012, 47, p. 137–145.

10	 K. Krasuski, M. Lalak, P. Gołda, M. Mrozik, J. Kozuba, Analysis of the precision of determination of 
aircraft coordinates using EGNOS+SDCM solution, “Archives of Transport”, 2023, 67(3), pp. 105–117.

11	 R.B. Langley, RTK GPS, „GPS WORLD”, 1998, September, p. 70–76. 
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Mapper and Javad Alpha receivers were mounted on board of the aircraft in Chełm 
experiment. GNSS reference stations were located along the flight path. The process-
ing of the flight data showed that the reference position error in the horizontal plane 
was less than 0.05 m and in the vertical plane 0.1 m from the RTK-OTF solution. On 
the other hand, the accuracy of the EGNOS solution for the B ellipsoidal coordinate 
was between -3 m and +0.1 m, for the L coordinate it was between -1.1 m to +0.1 m, 
and for the ellipsoidal height coordinate h from -1.2 m to +2.9 m. 

On 18 March 2013, the European Commission implemented a new Open Service 
version for EGNOS, which was to be characterised by an improvement in GNSS posi-
tioning quality. Signal coverage for the area of eastern Poland was to be comparable 
to that in Western Europe12. Subsequent EGNOS test flights in Dęblin in 2013 covered 
the most critical phase of the flight, which is the approach to landing. During all 4 
approaches, system availability was 100%. The accuracy of horizontal position de-
termination was 1-3 m and vertical position determination was 1-5 m. The recorded 
isolated losses of EGNOS positioning quality were due to the way the receiver device 
was mounted. 

Two years earlier, in 2011, the Polish Air Navigation Services Agency conducted tests 
in the SBAS APV landing approach procedure. At that time, the position of the aircraft 
in the horizontal plane LNAV and vertical plane VNAV was tested. The average posi-
tioning accuracy was 1-2 m and 1.5-2.5 m, respectively, which met the objectives of 
SBAS APV approaches13. 

Another flight test at Dęblin and Olsztyn Dajtki was carried out in 2016 and involved 
determining the protection levels - HPL and VPL related to positioning integrity dur-
ing a flight test14. 

Research on the EGNOS system worldwide has taken a similar form to that in Po-
land. As early as 2000, the comparison of GNSS positioning quality with geostation-
ary augmentation system to ILS CAT I approaches began. At that time, the quality of 
position determination was estimated to be less than 10 metres in horizontal plane 
and vertically with an availability of more than 95%15. The paper16 proposed the use 
of EGNOS in testing positioning accuracy for SBAS APV-I approaches. The test results 
showed that the European EGNOS geostationary system meets the requirements for 
this type of approach.

12	 https://egnos-user-support.essp-sas.eu/new_egnos_ops/sites/default/files/library/official_docs/
egnos_os_sdd_in_force.pdf [access: 14.08.2023].

13	 A. Fellner, H. Jafernik, Airborne measurement system during validation of EGNOS/GNSS essential pa-
rameters in landing, “Rep. Geod. Geoinf.”, 2014, 96, p. 27–37.

14	 A. Ciećko, G. Grunwald, The comparison of EGNOS performance at the airports located in eastern 
Poland, “Tech. Sci.”, 2017, 20, p. 181–198.

15	 E. Breeuwer, R. Farnworth, P. Humphreys, A. Mcgregor, P. Michel, H. Secretan, S. J. Leighton, 
Ashton K.J., Flying EGNOS: The GNSS-1 Testbed, “Galileo’s World Paper”, January 2000, p. 10–21. 

16	 J. Oliveira, C. Tiberius, Landing: Added Assistance to Pilots on Small Aircraft Provided by EGNOS, In 
“Proceedings of the Conference 2008 IEEE/ION Position, Location and Navigation Symposium”, Mon-
terey, CA, USA, 5-8 May 2008, pp. 321–333.
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3. RESEARCH PROBLEM

The introduction and continued development of EGNOS has enabled a new type of 
landing approaches that depend solely on GNSS systems. These approaches, using 
the RNP APCH (Required Navigation Performance Approaches) standardisation, do 
not require complex airport radio navigation equipment17. RNP is an airspace re-
quirement defined by 4 key parameters that determine the quality of GNSS position-
ing. In the present study, one of the factors influencing the certification of a land-
ing approach, satellite positioning accuracy, was investigated. The calculated values 
were compared with the certification requirements of the International Civil Aviation 
Organisation. The aim of the study is to verify that EGNOS enables air navigation 
in accordance with ICAO certification, based on the positioning accuracy measure-
ments obtained during the flight test conducted.

4. RESEARCH METHOD

The criterion for determining the quality of positioning is contained in four basic 
parameters of the GNSS signal. According to Annex 10 of the International Civil Avi-
ation Organisation, the following are tested: accuracy, integrity, availability, continu-
ity. SBAS positioning is implemented using the SPP code method (Single Point Posi-
tioning) with SBAS corrections. The basic observation equation for the application 
of EGNOS corrections in the algorithm of the SPP code positioning method for GPS 
observations takes the form according to equation no. (1)18: 
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17 J. Kozuba, K. Krasuski, J. Ćwiklak, H. Jafernik, Aircraft position determination in 

SBAS system in air transport, „In Proceedings of the 17th International Conference 

Engineering for Rural Development”, Jelgava, Latvia, 23-25 May 2018; pp. 788-794. 

 

	  (1)

where:

l – pseudorange at L1 frequency in GPS measurements,

d* – the geometric distance between the satellite and the receiver, taking into ac-
count the Sagnac effect correction and long-term EGNOS corrections,

 AVIATION AND SECURITY ISSUES NO. 

 DOI: ………….. 
8 

certification requirements of the International Civil Aviation 

Organisation. The aim of the study is to verify that EGNOS enables air 

navigation in accordance with ICAO certification, based on the 

positioning accuracy measurements obtained during the flight test 

conducted. 

4. RESEARCH METHOD 

The criterion for determining the quality of positioning is contained in 

four basic parameters of the GNSS signal. According to Annex 10 of 

the International Civil Aviation Organisation, the following are tested: 

accuracy, integrity, availability, continuity. SBAS positioning is 

implemented using the SPP code method (Single Point Positioning) 

with SBAS corrections. The basic observation equation for the 

application of EGNOS corrections in the algorithm of the SPP code 

positioning method for GPS observations takes the form according to 

equation no. (1)17:  

𝑙𝑙𝑙𝑙 = 𝑑𝑑𝑑𝑑∗ + 𝑐𝑐𝑐𝑐 ∙ (𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 − 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑∗) + 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼∗ + 𝑇𝑇𝑇𝑇𝑑𝑑𝑑𝑑𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇∗ + 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑙𝑙𝑙𝑙 + 𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅𝑃𝑃𝑃𝑃 + 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 + 𝑀𝑀𝑀𝑀𝑇𝑇𝑇𝑇  (1) 

where: 

𝑙𝑙𝑙𝑙 - pseudorange at L1 frequency in GPS measurements, 

𝑑𝑑𝑑𝑑∗- the geometric distance between the satellite and the receiver, taking 

into account the Sagnac effect correction and long-term EGNOS 

corrections, 

𝑑𝑑𝑑𝑑∗ = �(𝑋𝑋𝑋𝑋 − 𝑋𝑋𝑋𝑋∗𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺)2 + (𝑌𝑌𝑌𝑌 − 𝑌𝑌𝑌𝑌∗𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺)2 + (𝑍𝑍𝑍𝑍 − 𝑍𝑍𝑍𝑍∗𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺)2, 

𝑋𝑋𝑋𝑋,𝑌𝑌𝑌𝑌,𝑍𝑍𝑍𝑍 - aircraft coordinates determined from the SPP method, 

                                                                 
17 J. Kozuba, K. Krasuski, J. Ćwiklak, H. Jafernik, Aircraft position determination in 

SBAS system in air transport, „In Proceedings of the 17th International Conference 

Engineering for Rural Development”, Jelgava, Latvia, 23-25 May 2018; pp. 788-794. 

 

,

X, Y, Z – aircraft coordinates determined from the SPP method,

X*GPS , Y*GPS , Z*GPS  – coordinates of GPS satellites in the XYZ geocentric system, 
taking EGNOS corrections into account,

c – the speed of light,

dtr – receiver clock correction, a parameter determined together with the aircraft 
coordinates,

17	 A. Fellner, R. Fellner, E. Piechoczek, Pre-flight validation of RNAV GNSS approach procedures for EPKT 
in “EGNOS APV Mielec project”, “Sci. J. Sil. Univ. Technol. Series Transp.”, 2016, 90, p. 37–46.

18	 J. Kozuba, K. Krasuski, J. Ćwiklak, H. Jafernik, Aircraft position determination in SBAS system in air 
transport, In “Proceedings of the 17th International Conference Engineering for Rural Development”, 
Jelgava, Latvia, 23-25 May 2018; pp. 788–794.
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dtr* – correction of the satellite’s clock bias, determined on the basis of a second- 
-degree polynomial from the GPS navigation message and using the long-term cor-
rections of the EGNOS system, 

𝐼on* – ionospheric correction, determined from the GRID regular grid model using 
polynomial interpolation of the VTEC parameter,

Trop* – tropospheric correction determined from the RTCA-MOPS troposphere 
model,

Rel – the relativistic effect, determined from the data from the navigation message,

PRC – EGNOS fast corrections,

TGD – group delay for sending a code measurement for GPS satellites based on data 
from a navigation message,

Mp – the effect of multiple GPS code observations. 

A practical application of the SPP algorithm was implemented for the Topcon Hiper-
Pro receiver, which was used to collect GPS measurement data. SBAS satellite-as-
sisted systems make use of the corrections included in equation no. (1) so that the 
positioning accuracy is higher than when using raw GPS measurements alone.

Accuracy is the difference between the position determined using EGNOS and the ac-
tual position of the aircraft determined using the RTK-OTF differential technique. We 
can calculate this parameter for each of the BLh ellipsoidal coordinates (B – latitude, 
L – longitude, h – ellipsoidal height) in a manner consistent with equation no. (2)19:
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⎧ ∆𝐿𝐿𝐿𝐿 =  (𝐿𝐿𝐿𝐿1 − 𝐿𝐿𝐿𝐿𝑅𝑅𝑅𝑅𝑅) ∙ cos ((𝐵𝐵𝐵𝐵1+𝐵𝐵𝐵𝐵𝑅𝑅𝑅𝑅𝑅)

2
)

∆𝐿𝐿𝐿𝐿 =  (𝐿𝐿𝐿𝐿2 − 𝐿𝐿𝐿𝐿𝑅𝑅𝑅𝑅𝑅) ∙ cos ((𝐵𝐵𝐵𝐵2+𝐵𝐵𝐵𝐵𝑅𝑅𝑅𝑅𝑅)
2

)
⋮

∆𝐿𝐿𝐿𝐿 =  (𝐿𝐿𝐿𝐿𝑁𝑁𝑁𝑁 − 𝐿𝐿𝐿𝐿𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁) ∙ cos ((𝐵𝐵𝐵𝐵𝑁𝑁𝑁𝑁+𝐵𝐵𝐵𝐵𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁)
2

)

   (2) 

�

∆ℎ =  ℎ1 − ℎ𝑅𝑅𝑅𝑅𝑅
∆ℎ =  ℎ2 − ℎ𝑅𝑅𝑅𝑅𝑅

⋮
∆ℎ =  ℎ𝑁𝑁𝑁𝑁 − ℎ𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁

 

where: 

∆𝐵𝐵𝐵𝐵- the positioning accuracy along the geodetic latitude B, expressed 

in metres, 

𝐵𝐵𝐵𝐵𝑁𝑁𝑁𝑁- measurement of the n-th geodetic latitude B of the aircraft using a 

GPS+EGNOS solution, 

𝐵𝐵𝐵𝐵𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁- measurement of the n-th latitude of an aircraft using an RTK-

OTF solution, 

∆𝐿𝐿𝐿𝐿- the positioning accuracy along the geodetic longitude L, expressed 

in metres, 

𝐿𝐿𝐿𝐿𝑁𝑁𝑁𝑁- measurement of the aircraft's n-th longitude using a GPS+EGNOS 

solution, 

                                                                 
18 K. Krasuski, The research of accuracy of aircraft position using SPP code method. 

PhD Thesis, Warsaw University of Technology, Warsaw, Poland, 2019, pp. 1-106. 

 

	   (2)

19	 K. Krasuski, The research of accuracy of aircraft position using SPP code method. PhD Thesis, Warsaw 
University of Technology, Warsaw, Poland, 2019, pp. 1–106.
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where:

�B – the positioning accuracy along the geodetic latitude B, expressed in metres,

BN – measurement of the n-th geodetic latitude B of the aircraft using a GPS+EGNOS 
solution,

BRN – measurement of the n-th latitude of an aircraft using an RTK-OTF solution,

�L – the positioning accuracy along the geodetic longitude L, expressed in metres,

LN – measurement of the aircraft’s n-th longitude using a GPS+EGNOS solution,

LRN  – measurement of the n-th longitude of an aircraft using an RTK-OTF solution,

�h – accuracy of ellipsoidal height positioning, expressed in metres,

hN – measurement of the aircraft’s n-th ellipsoidal height by means of a GPS+EGNOS 
solution,

hRN – measurement of the n-th ellipsoidal height of the aircraft by means of an 
RTK-OTF solution.

5. RESEARCH EXPERIMENT

The test flight took place along a closed route from Mielec airport, ICAO code EPML. 
The test was conducted on 7th September 201120. The GNSS satellite measurements 
were collected from a Topcon HiperPro GPS receiver, which was installed on a Piper 
Seneca PA34-200T aircraft. The receiver recorded GPS positioning with an interval 
of 1 second. The EGNOS satellite augmentation data came from the European Space 
Agency’s free web service21. The received measurement files and downloaded data 
enable post-processing with raw GPS measurements and EGNOS corrections. 

EGNOS corrections having the extension “.ems” were imported into the RTKLIB soft-
ware22. The acquired EGNOS corrections were used in the calculations in RTKLIB soft-
ware. The compilation of the GNSS data started by importing the files “s120.ems” 
and “s124.ems” from the EGNOS satellites S120 and S124. The extension “.ems” 
stands for EGNOS Message Server, which contains the differential corrections trans-
mitted by the SBAS geostationary satellites. An example of the contents of the “.ems” 
file is shown in Figure 1.

20	 H. Jafernik, The test programme concerning aircraft positioning and traffic monitoring-Part II, “Sci. J. 
Sil. Univ. Technol. Ser. Transp.”, 2016, 93, p. 41–48.

21	 http://www.egnos-pro.esa.int/ems/index.html [access: 14.08.2023].
22	 http://rtklib.com/ [access: 14.08.2023].
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Fig. 1. Format of EGNOS corrections in extension “.ems”
Source: own study.

The first step in processing the GPS+EGNOS satellite data is to import them into RTKLIB 
accordingly. The data were imported according to the scheme shown in Figure 2.

Fig. 2. Import of raw GPS+EGNOS data into RTKLIB
Source: own study.

In the field “RINEX OBS”, RINEX observations were imported with the extension 
“.11o”. RINEX data stands for Receiver Independent Exchange Format and repre-
sents raw data from a GPS navigation system that can be post-processed. The RINEX 
data format is a universal data exchange format for all satellite receivers23. The field 
“RINEX *NAV/CLK, SP3, IONEX or SBS/EMS” is used to import RINEX navigation data 
and EMS corrections from a specific SBAS satellite. Figure 2 shows the import from 
the geostationary satellite S124. The “Solution” function is used to define the stor-
age path of the processed data. The saving of the final calculation results is done in 
“.pos” format. 

23	 https://www.igs.org/data/#daily_data [access: 14.08.2023].
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Selecting the ‘Options’ window takes the user to the settings area to be adjusted to 
the selected GNSS positioning method. The desired settings, i.e. the GPS solution 
with SBAS corrections, are illustrated in Fig. 3. The observation elevation angle was 
set to 5°, which meets the requirements for APV SBAS approaches24. The ionosphere 
and troposphere corrections were set to ‘SBAS’ mode. The ephemeris and clock error 
of the satellite were set to the ‘Broadcast+SBAS’ calculation mode. At the bottom of 
the interface, the navigation systems, in this case GPS and SBAS, were selected. It is 
important to adjust the format of the resulting positioning in ellipsoidal coordinates 
(B, L, h). The setting is done in the “Output” interface and is illustrated in Fig. 4. The 
desired field is called „Lat/Lon/Height”.

Fig. 3. The RTKLIB settings field
Source: own study.

Fig. 4. The “Output” format setting field of RTKLIB
Source: own study.

24	 www.ulc.gov.pl/pl/prawo/prawo-mi%C4%99dzynarodowe/206-konwencje [access: 14.08.2023].
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The programme prepared in this way can be used to accurately determine the posi-
tion of the aircraft using GPS and EGNOS in post-positioning mode. The result is two 
reports, “S120.pos” and “S124.pos”, which represent the coordinate performance 
for the GPS+EGNOS solution using corrections from the S120 and S124 satellites, 
respectively. The final calculation reports are shown in Figure 5.

Fig. 5. Final calculation reports from RTKLIB
Source: own study.

The RTKLIB programme allows the determination of horizontal and vertical flight tra-
jectories in its environment and allows the import of the resulting measurement data 
into the Google Earth environment. Figures 6 and 7 show the results of converting 
the data from the “.pos” format to the “.kml” format, which enabled the flight trajec-
tory to be imaged in Google Earth25. 

25	  https://www.google.pl/intl/pl/earth/ [access: 14.08.2023].
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Fig. 6. Flight trajectory obtained from the RTKLIB programme
Source: own study.

Fig. 7. Flight trajectory in the Google Earth environment
Source: own study.

The next step is to convert the files from “.pos” format to “.xlsx” format supported 
by Microsoft Office. This will make it possible to apply mathematical formulas to 
calculate the positioning accuracy of GPS+EGNOS with reference to the differential 
RTK-OTF technique. The RTK-OTF solution used data from the “Base” station, which 
was a local physical reference station located near the runway of the Mielec airport. 
Data from the “Base” reference station was used to determine the flight reference 
position of the Piper Seneca PA34-200T aircraft within the RTK-OTF solution. 
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6. RESEARCH RESULTS AND DISCUSSION

As part of this work, a series of computer calculations were performed to find out 
the accuracy of positioning using EGNOS. The EGNOS data from two satellites was 
used in test, so the calculations made are separately for satellite S120, S124 and the 
average of the measurements from both satellites. The test time was 4476 seconds, 
which translates into 1 hour 14 minutes and 36 seconds according to GPST time.

In the first step, the GPS+EGNOS positioning accuracy was determined using correc-
tions from the S120 satellite. The results of the navigation calculations are shown in 
Fig. 8. 

The positioning accuracy did not go beyond -2.5 m to +2.5 m for each of the BLh 
ellipsoidal coordinates during almost the entire test period. The amplitude of the 
accuracy values for the B coordinate is -5.1 m to +2.6 m. The average accuracy for the 
B coordinate is +0.9 m. For the L coordinate, the amplitude of the accuracy values 
ranges from -5.3 m to +4.4 m. The average accuracy of the navigation solution of the 
L coordinate is +0.2 m. Calculations of the positioning accuracy of the h coordinate 
showed an amplitude ranging from -2.0 m to +9.7 m. The average accuracy of the 
navigation solution of the h coordinate is +0.3 m. The lowest accuracy of the EGNOS 
navigation solution was observed between 12:47:49 and 12:55:54. This corresponds 
to the lower number of GPS satellites available, as illustrated later in the paper in Fig-
ure 11. The positioning accuracy is closely dependent on the number of GPS satellites 
observed and tracked. 

 

		
Fig. 8. Accuracy positioning using EGNOS data from S120 satellite 
Source: own study.
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An analogous series of calculations for 4476 seconds was performed for the EGNOS 
S124 satellite. The accuracy was calculated from equation (1) and the result of the 
calculation is shown in Fig. 9. The amplitude of the accuracy of the B coordinate 
was determined, which ranged from -5.0 m to +2.6 m. The average accuracy value 
along the B axis is +0.9 m. For the L-coordinate, the accuracy spread is -5.5 m to 
+4.5 m. The average accuracy value for the L coordinate was calculated to be +0.2 m. 
Figure 9 also shows the accuracy for the h coordinate, which ranged from -1.9 m to 
+9.6 m. The average accuracy of the GPS+EGNOS navigation solution for the altitude 
coordinate is +0.3 m. As with the S120 satellite, the lowest positioning accuracy was 
observed in the time interval from 12:47:49 to 12:55:54. Beyond this, an accuracy 
of between -2.0 m and 2.5 m was observed for most of the test time. Of note is the 
period from 13:18:24 to 13:22:20, which shows a degradation in the determination 
of the accuracy of the h-component. 

Fig. 9. Accuracy positioning using EGNOS data from S124 satellite
Source: own study.

The average positioning accuracy was then calculated using data from the S120 and 
S124 satellites. Formula (3) was used for this purpose:
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⎩
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⎪
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where: 

(∆𝐵𝐵𝐵𝐵𝑚𝑚𝑚𝑚,∆𝐿𝐿𝐿𝐿𝑚𝑚𝑚𝑚,∆ℎ𝑚𝑚𝑚𝑚) - average accuracy of EGNOS positioning,  

(∆𝐵𝐵𝐵𝐵𝐺𝐺𝐺𝐺120,∆𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺120,∆ℎ𝐺𝐺𝐺𝐺120)  - EGNOS positioning accuracy using data 

from the S120 satellite, calculated from equation (2), 

(∆𝐵𝐵𝐵𝐵𝐺𝐺𝐺𝐺124,∆𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺124,∆ℎ𝐺𝐺𝐺𝐺124)  - EGNOS positioning accuracy using data 

from the S124 satellite, calculated from equation (2). 

Figure 10 shows the results of the average EGNOS positioning 

accuracy according to equation (3). The average positioning accuracy 

along the B axis was 0.9 m, along the L axis 0.2, and along the h axis 

0.3 m. The positioning amplitude for the B ellipsoid coordinate ranges 

from -5.0 m to 2.6 m, for the L coordinate it is from -5.4 m to 4.4 m, 

and for the h coordinate it was from -1.9 m to 9.6 m. Of note is the 

degradation in positioning accuracy over the period 12:55:00 to 

12:56:00.  

                                                 (3)

where:

(�Bm, �Lm, �hm) – average accuracy of EGNOS positioning, 

(�BS120, �LS120, �hS120) – EGNOS positioning accuracy using data from the S120 satel-
lite, calculated from equation (2),
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(�BS124, �LS124, �hS124) – EGNOS positioning accuracy using data from the S124 satel-
lite, calculated from equation (2).

Figure 10 shows the results of the average EGNOS positioning accuracy according to 
equation (3). The average positioning accuracy along the B axis was 0.9 m, along the 
L axis 0.2, and along the h axis 0.3 m. The positioning amplitude for the B ellipsoid 
coordinate ranges from -5.0 m to 2.6 m, for the L coordinate it is from -5.4 m to 
4.4 m, and for the h coordinate it was from -1.9 m to 9.6 m. Of note is the degrada-
tion in positioning accuracy over the period 12:55:00 to 12:56:00. 

Fig. 10. Average accuracy of EGNOS positioning
Source: own study.

Fig. 11. Number of GPS satellite with EGNOS S120 and S124 corrections
Source: own study.
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In order to assess whether the EGNOS positioning accuracy was affected by the num-
ber of GPS satellites observed, Figure 11 was drawn up with the number of GPS satel-
lites tracked for which EGNOS corrections were determined. During the time period 
12:55:00 to 12:56:00, a decrease in the number of observed GPS satellites was ob-
served from 8 to 6. This coincided with a degradation in EGNOS positioning accuracy. 
It follows that the number of observed satellites is closely related to the accuracy of 
positioning. Another time period with a lower number of GPS satellites is the period 
between 13:16:00 and 13:23:45. A degradation in positioning accuracy along the 
h-axis was observed then, when the number of GPS satellites tracked was equal to 5.

A comparison was then made between the average accuracy of EGNOS positioning 
and the certification requirements of the International Civil Aviation Organisation26. 
The results of the comparison are shown in Table 1. The EGNOS solution from the 
S120 satellite meets the requirements of the SBAS APV-I procedure for the entire 
test period. In contrast, the EGNOS solution from the S124 satellite meets the more 
stringent requirements of the SBAS APV-II procedure, except for the period 12:55:51, 
which corresponds to a momentary degradation in positioning accuracy resulting 
from the loss of the observed GPS satellites. This degradation is temporary and only 
lasts for 1 measurement epoch, so it does not affect the final assessment of EGNOS 
positioning quality. It can therefore be said that the results of the EGNOS positioning 
accuracy tests meet the certification requirements of the SBAS APV-I and SBAS APV-II 
procedure. 

Table 1. Average EGNOS positioning accuracy results obtained and ICAO certification 
requirements

Requirements/Solution Horizontal 
accuracy [m]

Vertical 
accuracy [m]

SBAS APV I 16 20
SBAS APV II 16 8
Average accuracy from the EGNOS S120 solution 0.5 0.3
Average accuracy from the EGNOS S124 solution 0.5 0.3
Average accuracy from the EGNOS S120 and S124 solution 0.5 0.3

Source: own study.

7. CONCLUSIONS

The main objective of the study was to determine the accuracy of EGNOS positioning 
in aviation. In this study, measurement data from the GPS navigation system and the 
EGNOS S120 and S124 geostationary satellites were processed. The data were pro-
cessed in post-processing mode in the RKTLIB environment. The downloaded data 
were converted to the “.xlsx” extension, which enabled their further analysis with 
Microsoft Excel software. Using the resulting measurements, the EGNOS positioning 

26	 www.ulc.gov.pl/pl/prawo/prawo-mi%C4%99dzynarodowe/206-konwencje, [access: 14.08.2023].
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accuracy was calculated. The average accuracy of EGNOS positioning using data from 
the S120 satellite for the B, L, h coordinates is 0.9 m, 0.2 m and 0.3 m, respectively. In 
contrast, the average accuracy of EGNOS positioning using data from the S124 satel-
lite is also similarly 0.9 m, 0.2 m and 0.3 m for BLh coordinates. It was observed that 
the positioning accuracy in a given measurement epoch is dependent on the number 
of GPS satellites observed. This is particularly important during the critical phase of 
flight, which is the approach and landing. The accuracy of EGNOS positioning using 
corrections from the S120 and S124 satellites was compared with the certification 
requirements of the International Civil Aviation Organisation. The measurements 
meet the certification requirements of SBAS APV-I and SBAS APV-II approaches. 
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