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Abstract:

This paper presents an algorithm for determining the precision parameter for aircraft position coordinates based on a
combined GPS/EGNOS and GPS/SDCM solution. The proposed algorithm uses a weighted average model that combines
a single GPS/EGNOS and GPS/SDCM position navigation solution to determine the resulting aircraft coordinates. The
weighted mean model include the linear coefficients as a function of: the inverse of the number of tracked GPS satellites
for which EGNOS and SDCM corrections have been generated, and the inverse of the geometric coefficient of the PDOP
(Position Dilution of Precision). The corrections between the single GPS/EGNOS and GPS/SDCM solution to the aircraft's
resultant coordinates are then calculated on this basis. Finally, the standard deviation for the aircraft resultant BLh (B-
Latitude, L-Longitude, h- ellipsoidal height) coordinates is calculated as a measure of precision. The research experiment
used recorded on-board GPS+SBAS data from two GNSS receivers mounted on a Diamond DA 20-C1 aircraft. The test
flight was carried out on the Olsztyn-Suwatki-Olsztyn route. The calculations of aircraft position based on GPS/EGNOS
and GPS/SDCM solution were performed in the RTKLIB v.2.4.3 program in the RTKPOST module. Next, aircraft resultant
coordinates and standard deviations were computed in Scilab v.6.0.0 software package. Based on the tests performed, it
was found that for the Trimble Alloy receiver, the standard deviation values for the ellipsoidal coordinates BLh of the
aircraft do not exceed 1.77 m. However, for the Septentrio AsterRx2i receiver, the values of standard deviations for the
aircraft's ellipsoidal BLh coordinates do not exceed 5.04 m. The use of linear coefficients as the inverse of the number of
tracked GPS satellites with SBAS corrections in the GPS/EGNOS+GPS/SDCM positioning model resulted in a reduction
in standard deviations of approximately 50-51% relative to the solution with linear coefficients calculated as the inverse
of the PDOP parameter. In paper, the standard deviation was also obtained using arithmetic mean model. However the
values of standard deviation from weighted mean model are lower than arithmetic mean model.
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1. Introduction

In GNSS satellite navigation systems, there are four
basic parameters for assessing the performance of
the system, which ensure that they operate at a high
level, resulting in greater opportunities for their use
in various scientific applications. These basic pa-
rameters are:

- integrity, which defines the level of confidence in
the information provided by the system;

- continuity, which is the ability of the system to op-
erate without interruption;

- availability, which determines the time for which
the navigation service is available at any given mo-
ment;

- accuracy, which is the difference between obtained
aircraft coordinates and reference position of flight
(Felski et al., 2011; Kaleta, 2014; ICAO, 2006).

In addition to the above-mentioned parameters for
evaluating GNSS performance, one can encounter
measurement precision, which is often confused
with accuracy. Both parameters are very important
in GNSS satellite measurements, especially from a
statistical point of view. Measurement accuracy is a
measure of how close the measurement results are to
the true value or assumed to be true, which results in
accuracy indicating the quality or correctness of the
results (Uznanski, 2012; Figurski, 2007). Measure-
ment precision, on the other hand, is a measure of
how consistently the measurement is carried out or
determines how repeatable the measurement is, so it
de facto refers to the quality of the performance of
the instrument or method (Figurski, 2007; Oleniacz
& Swigton, 2018). Various positioning methods are
used to perform GNSS satellite measurements to im-
prove precision. The methods differ in the time it
takes to obtain a position measurement and in the
way the GNSS observations are processed. The pre-
cise determination of an object's position is achieved
by absolute or differential methods. In addition,
code or phase positioning methods can be distin-
guished here (Oleniacz, 2015).

2. State of the art review of the research area

The SBAS augmentation systems allow to determi-
nate the four GNSS positioning quality parameters
in air transport. In addition, SBAS systems are used
in APV-1 and APV-II approach procedures (Kaleta,
2014; ICAO, 2006) and other air operations (Gotda,
2018; Gotda et al., 2021). This chapter presents ex-

amples of research work on aeronautical applica-
tions of EGNOS and SDCM systems, which will be
used for the research in the presented scientific pub-
lication. The majority of research work using
EGNOS is concerned with determining the position-
ing accuracy of aircraft in air navigation (Grze-
gorzewski, 2005; Jafernik, 2016; Felski & Nowak,
2011; Grunwald et al., 2016). In addition, in the con-
text of airborne application, interesting research is
being carried out in the SBAS APV approach proce-
dure using the EGNOS or EGNOS+SDCM solution
(Felski et al., 2011; Kaleta, 2014; Krasuski et al.,
2022; Fellner, 2018; Fellner et al., 2016; Fellner &
Jafernik, 2014; Oliveira & Tiberius, 2008; Secretan
et al., 2001; Azoulai et al., 2009; Breeuwer et al.,
2000; Fonseca et al., 2006; Veerman & Rosenthal,
2006). The integrity of SBAS positioning in air
transport is also a particularly relevant research
problem, as discussed in publications (Grunwald et
al., 2016, Krasuski et al., 2022; Krzykowska-Pi-
otrowska et al., 2021). Furthermore, when determin-
ing SBAS satellite positioning in aviation, studies
have used the EGNOS or EGNOS+SDCM solution
(Kaleta, 2014; Krasuski et al., 2022; Tabti et al.,
2021; Beldjilali et al., 2020; Tabti et al., 2020; Fell-
ner et al., 2010; Fellner et al., 2009; Kaleta, 2015;
Fellner, 2014; Fellner et al., 2008; Butzmuehlen et
al., 2001; Perrin et al., 2006; Muls & Boon, 2001;
Hvezda, 2021; Vassilev & Vassileva, 2012). Re-
search on the use of EGNOS has not only been con-
cerned with flight tests, but with the realisation of
static measurements at airports, as presented in pa-
pers (Felski et al., 2011; Kaleta, 2014; Jafernik,
2016). In the context of the use of EGNOS or SDCM
systems in aviation, their compatibility and operabil-
ity with other GNSS satellite systems is also im-
portant, as shown in works (Januszewski, 2010; Ja-
nuszewski, 2011; Januszewski, 2012a; Januszewski,
2012b).

3. Research problem

In the state-of-the-art analysis presented in Chapter

2, the following conclusions are drawn:

— inthe implementation of the flight experiments,
the positioning accuracy from the SBAS
solution was determined,

— the testing with SBAS systems was carried out
within the SBAS APV approach procedure in
accordance with ICAO certification,
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— an important parameter tested with SBAS was
the integrity of positioning,

—  tests using SBAS were also carried out in static
GNSS measurements,

— a separate element determined during the
studies was the quality of SBAS satellite
positioning in aviation,

—  compatibility and interoperability with other
GNSS navigation systems was a topic that
emerged in studies of SBAS application in
aviation.

In the context of the implementation of flight

experiments using SBAS augmentation systems, the

problem of the precision of aircraft position
determination has so far not been addressed in many
scientific works. This is, of course, related to the fact
that only a single SBAS is used in the aircraft
position navigation solution. Furthermore, the
primary measure of precision is the standard
deviation, the calculation of which requires at least

2 measurements, i.e. in practice the use of 2 SBAS.

This, in turn, translates into the calculation of the

degrees of freedom of the position navigation

solution and, with the number of measurements
equal to N = 2, the degree of freedomis f = N —

1 =2 —1 = 1. This paper will therefore present an

aircraft position navigation solution using EGNOS

and SDCM systems, in which the precision of the
determination of aircraft coordinates will be
calculated. The paper proposes a modified algorithm
for determining the precision from the SBAS
solution based on the combination of position
determination from the GPS/EGNOS+GPS/SDCM
model. For this purpose, a linear combination with
different linear coefficients was used for the
development of the aircraft position model from the

GPS/EGNOS+GPS/SDCM solution. The linear

coefficients were calculated as a function of the

inverse of the geometric coefficient PDOP and the
inverse of the number of GPS satellites being
tracked and corrected with SBAS (EGNOS and

SDCM).

The article is divided into 8 parts: 1) Introduction, 2)

State of the art review of the research area, 3)

Research problem, 4) Research methodology, 5)

Research test, 6) Results of the study, 7) Discussion,

8) Conclusions. The whole publication ends with a

rather extensive literature list.

4. Research methoology

In the presented computational strategy, a combined
GPS/EGNOS+GPS/SDCM  navigation  solution
based on a weighted average model is used. The
EGNOS solution is understood to be a solution using
GPS observations with EGNOS corrections in SPP
positioning mode. An SDCM solution, on the other
hand, is a solution using GPS observations with
SDCM corrections in SPP positioning mode. On this
basis, the aircraft position model will be determined.
In a general description, the aircraft position model
takes the form:

— LAB;
m — TP
S AL

m = E;’j] ' @)
_ XAk
hyp = P

where: j — EGNOS or SDCM solution index; Bj— ge-
odetic latitude from a single SBAS solution; L — ge-
odetic longitude from a single SBAS solution; hj —
ellipsoidal height from a single SBAS solution; 4j—
linear coefficients for the EGNOS or SDCM solu-
tion, allowing a linear combination to be created for
the combined GPS/EGNOS+GPS/SDCM solution.
Taking into account the EGNOS and SDCM naviga-
tion solution in formula (1), the final result is:

_ Ae'BegnostAs'Bspem

B Ae+Ag

Ly = Ae'LggNostAs'Lspem @)
Ag+Ag !

Ry = Aehggnos+Ashspem
AptAg

where: Bggnos — geodetic latitude from the EGNOS
solution; Bspcy — geodetic latitude from the SDCM
solution; Lgsnos — geodetic longitude from the
EGNOS solution; Lgpcy — geodetic longitude from
the SDCM solution; hggyos — ellipsoidal height
from the EGNOS solution; hgpcy — ellipsoidal
height from the SDCM solution; A, — linear coeffi-
cient from the EGNOS solution; A — linear coeffi-
cient from the SDCM solution.

Equation (2) defines a weighted average model that
ties a single SBAS solution (EGNOS and SDCM).
Equation (2) takes into account the linear coeffi-
cients that have been determined as a function of:
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— the inverse of the number of tracked GPS satel-
lites for which EGNOS and SDCM corrections
have been generated,

—  the inverse of the geometric coefficient of the
PDOP.

The linear coefficients are shown in equations (3)

and (4):

1

AezN—e and A =Nis, 3)

1 1
¢ ™ ppop, and 4, = PDOP,’ Q)

where: N, - the number of GPS satellites with
EGNOS corrections; N, - the number of GPS satel-
lites with SDCM corrections; PDOP, — PDOP pa-
rameter from EGNOS solution; PDOP; - PDOP pa-
rameter from SDCM solution.

Taking into account the linear coefficients from
equations (3) and (4) we finally obtain:

1 1
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B Ne Ns
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L +L.
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1
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The standard deviation, a measure of precision in the

presented mathematical algorithm, was also calcu-
lated for the determined aircraft position:

T T
(SB _ \/[UB,EGNOS'Ae'VB,EGNOS“'VB,SDCM'As'VB,SDCM]
N-1

V] eonos AeVLEGNOS VL spemAsVLspem]
o1 = 1L ost1] ()

T T
l5h _ \/[Vh,EGNOS'Ae'vh,EGNOS+vh,SDCM'AS'vh,SDCM]
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where: vp — corrections along the B axi;vg genos =
Beenos = Bm i Vespem = Bspem — B i vy, - cor-
rections along the L axis; v, ggvos = Legnvos — Lm:
v spem = Lspem — Lim; vy - corrections along the h
axis;  vngenos = heenos —Rm 7 Vnspem =
hspem — R N — number of measurements, repre-
sents the number of solutions for a single aircraft po-
sition using EGNOS and SDCM systems, N = 2.
Taking into account the number of measurements
N=2, equation (7) becomes:

—— . .
(53 = Vg gnos * Ae * VpEGNOS
T
+Vespem " As " VBspcm

_ T A
8L = vy genos * Ae " ViEGNOS

: ®

S —

T . .
+vLspem * As * Vispem
— T . .
l5h = Vppenos * Ae " VnEGNOS

T . .
+Vhspem * As * Vnspem

In the example analysed, the number of measure-
ments represents the number of SBAS navigation
solutions, hence N = 2. Therefore, the number of
degrees of freedom of the proposed
GPS/EGNOS+GPS/SDCM solution is f =N —
1 = 1. It can therefore be concluded that the deter-
mined coordinates of the aircraft from the
GPS/EGNOS+GPS/SDCM solution are determined
at the level of one degree of freedom.

5. Research test

The main objective of the research test was to deter-
mine the precision value of the aircraft's coordinates.
Therefore, the first step was to register raw GNSS
satellite data in the form of GPS observations and
navigation data, as well as EGNOS and SDCM cor-
rections. Code observations and GPS navigation
data in RINEX format were recorded by two GNSS
receivers placed on a Diamond DA 20-C1 aircraft,
which was performing a test flight between Olsztyn
and Suwaiki in north-eastern Poland (Krasuski et al.,
2022). Septentrio AsterRx2i and Trimble Alloy ge-
odetic receivers were placed on board. In turn,
EGNOS and SDCM corrections in EMS format
were also registered in real time. The GPS satellite
data in RINEX format and SBAS corrections were
used to calculate the aircraft position twice, i.e. sep-
arately using the EGNOS corrections and SDCM so-
lution. The final position of the aircraft was obtained
in BLh ellipsoidal coordinates (B-geodetic latitude,
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L-geodetic longitude, h- ellipsoidal altitude). The
calculations at this stage were performed in the
RTKLIB v.2.4.3 program in the RTKPOST module
(RTKPOST Website, 2023). After the implementa-
tion of the calculations in the RTKLIB program, the
implementation of the algorithm (1-8) was pro-
ceeded to determine the precision of the
GPS/EGNOS+GPS/SDCM solution. For this pur-
pose, the Scilab v.6.0.0 software (SCILAB Website,
2023) was used, in which an author's script was writ-
ten to implement the calculations according to the
scheme of mathematical equations (1-8). An analy-
sis of the obtained precision results from the pro-
posed GPS/EGNOS+GPS/SDCM solution are pre-
sented in Chapter 6.

6. Results of the study

The presentation of the test results began by showing
the precision of the determination of aircraft coordi-
nates from the GPS/EGNOS+GPS/SDCM solution
for the Trimble Alloy receiver. Figure 1 shows the
results of the standard deviations of the aircraft co-
ordinates for the Trimble Alloy receiver when con-
sidering the values of the linear coefficients equal to
(A, = Ni A = Nis) in  the GPS/EGNOS+
GPS/SDCM positioning model. The values of the
standard deviations along the B-axis are up to 0.53
m, along the L-axis up to 0.71 m, and along the h-
axis up to 0.97 m.

Figure 2 shows the results of the standard deviations
of the aircraft coordinates for the Trimble Alloy re-
ceiver when considering the values of the linear co-

efficients equal to (4, = ﬁ, s = PDZP) in the
e S

GPS/EGNOS+GPS/SDCM positioning model. The
standard deviation values along the B-axis are up to
0.89 m, along the L-axis up to 1.60 m and along the
h-axis up to 1.77 m. Comparing the results in Fig. 1
and Fig. 2, it can be seen that the application of lin-

ear coefficients (4, =Ni, Ay =Ni) in the
GPS/EGNOS+GPS/SDCM positioning model re-

sulted in a reduction of standard deviations of about
50-51% compared to the solution with linear coeffi-

. 1 1
cients of (4, = oor,’ As = PDOPS).

Figures 3 and 4 present the results of the standard
deviations (6B, 6L, 6h) for the Septentrio AsterRx2i
receiver to show the repeatability of the proposed
test method for the mathematical equations (1-8).

Fig. 3 shows the GPS/EGNOS+GPS/SDCM posi-
tioning precision results for the Septentrio
AsterRx2i receiver considering linear coefficients

equal to (4, =Ni,AS =Ni). The values of the

standard deviations are respectively: for the B coor-
dinate up to 5.01 m, for the L coordinate up to 3.64
m, for the h coordinate up to 5.04 m. It is worth not-
ing that there are high precision values in the initial
phase of the flight. This is due to the small number
of tracked GPS satellites with SBAS corrections. In
this case, the number of tracked GPS satellites by the
Septentrio AsterRx2i receiver was equal to 4 or 5 in
this phase of the flight. In the later phase of the
flight, the number of tracked GPS satellites was con-
siderably higher, which translated into precision re-
sults of up to 0.85 m maximum along the BLh coor-
dinate axes.

Fig. 4 shows the GPS/EGNOS+GPS/SDCM posi-
tioning precision results for the Septentrio
AsterRx2i receiver with linear coefficients equal

1 1
to (4. = poor s = PDOPS). The values of the

standard deviations are respectively: for coordinate
B up to 4.23 m, for coordinate L up to 3.08 m, for
coordinate h up to 4.26 m. As in Fig. 3, if the first
observation epochs were omitted, then the precision
values would be up to 1.60 m maximum for the BLh
coordinate. Comparing the results in Fig. 3 and Fig.
4 it can be seen that the use of linear coefficients

(e =+, As =) in the
GPS/EGNOS+GPS/SDCM positioning model re-
sulted in a reduction of standard deviations of about
50-51% compared to the solution with linear coeffi-

cients of (4, = s = ﬁ))-

1
PDOP,’

7. Discussion

The discussion of the results obtained is divided into
3 parts. The first part shows the impact of the ob-
tained results from the weighted average model in
relation to the arithmetic average model. The second
part of the discussion shows the analysis of the ob-
tained results in relation to the guidance in 3D space.
Therefore, the resultant standard deviation values in
3D space will be shown. The last strand of the dis-
cussion will concern the analysis of the obtained re-
search results in the context of the existing state of
knowledge of the research problem undertaken.
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The first part of the discussion concerns the compar-
ison of the obtained research results from the math-
ematical equations (1-8) with the
GPS/EGNOS+GPS/SDCM solution for the arithme-
tic mean model. The solution of
GPS/EGNOS+GPS/SDCM for the arithmetic mean
model is described by the mathematical equations
(9-11) as written below:

— linear coefficients:

A, =11 4, =1, 9
— aircraft BLh coordinate values from the
GPS/EGNOS+GPS/SDCM solution for the

arithmetic mean model:

B = BggnostBspcm
m 2

_ LggnostLspem
Ly = Loonosthsven (10)
h. = hgenosthspem
m = 2

—  standard deviation values as a measure of the
precision of the determination of the aircraft
BLh coordinates from the
GPS/EGNOS+GPS/SDCM solution for the
arithmetic mean model:

— 7 . T .
8B = Vg genos * Ve.eenos t Ve.spem * Ve.spem
_ T . T .
8L = vy genos * Vieenos T VLspem * Vispem - (11)

_ T . T .
8h = Vp genos * Vhieenos T Vhspem * Vhspem

Table 2 compares the determined precision
measures for the equations from the weighted aver-
age model (1-8) and the equations from the arithme-
tic average model (9-11). In the case of the Trimble
Alloy receiver, it can be said that:

—  the use of linear coefficients (4, = Ni, Ag =
e

—) in the GPS/EGNOS+GPS/SDCM position-

|ng model resulted in a reduction of standard
deviations of approximately 63-67% compared
to the GPS/EGNOS+GPS/SDCM solution for
the arithmetic mean model,

— the use of linear coefficients (4, =
;,As =1 ) in the
PDOP, PDOP;

GPS/EGNOS+GPS/SDCM positioning model
resulted in a reduction in standard deviations of
approximately 27-30% relative to the

GPS/EGNOS+GPS/SDCM solution for the
arithmetic mean model.

— In the case of the Septentrio AsterRx2i re-
ceiver, it can be observed that:

— the use of linear coefficients (4, = Ni Ag =

Ni) in the GPS/EGNOS+GPS/SDCM position-

ing model resulted in a reduction of standard
deviations of approximately 61-66% compared
to the GPS/EGNOS+GPS/SDCM solution for
the arithmetic mean model,

— the wuse of linear coefficients (4, =

L in the GPS/EGNOS+

1
#oor,” 45 = Poor)
GPS/SDCM positioning model resulted in a re-
duction of standard deviations of approxi-
mately ~ 28-31%  compared to  the
GPS/EGNOS+GPS/SDCM solution for the
arithmetic mean model.
In summary, the effectiveness of the proposed
weighted average model compared to the arithmetic
average model for the GPS/EGNOS+GPS/SDCM
solution can be seen in Table 1.
The second part of the discussion shows the results
of tests relating to the use of the precision values ob-
tained to determine the resultant standard deviations
(6B, 6L, 6h) as given below:

M =+/6B2 + 812 + 6h?, (12)

The parameter M defines the resultant standard de-
viation values of the determined position of the air-
craft in 3D space. The M parameter should be re-
garded as the resultant measure of precision for the
determined BLh coordinates for 3D navigation. Fig.
5 shows the results of determining the M parameter

for the Trimble Alloy receiver, taking into account
1 1

all linear coefficients (4, =—,4; =—,4, =
Ne NS
1 _ 1 )
ppor,” S~ ppoPy’’

The values of the M parameter when using linear co-
efficients (4, = Nie,As = Nis) in the GPS/EGNOS+
GPS/SDCM positioning model are up to 1.14 m
maximum. On the other hand the values of M pa-
rameter when using (4, = oo, s PDOP) lin-

ear coefficients in GPS/EGNOS+GPS/SDCM posi-
tioning model are up to 2.09 m maximum. Based on
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the comparative analysis, it can be said that the ap-
1

plication of linear coefficients (4, = Ni A = N—)
in the GPS/EGNOS+GPS/SDCM positioning model
resulted in a 56% reduction of the resultant standard
deviations compared to the solution with linear co-

- 1 1
efficients (Ae = 550 As = 7507

Figure 6 shows the results of the M parameter deter-
mination for the Septentrio AsterRx2i receiver con-

sidering all applied linear coefficients (4, =
1 1 1 1

—, Ay =—, A, =— A, = ). The values
N, Ny PDOP, PDOPg

of the M parameter when using linear coefficients

(Ae=-—-,A; == i the GPS/EGNOS+

GPS/SDECM positsioning model are up to 7.99 m
maximum. On the other hand, the values of M pa-

. 1 1 -
rameter when using (4, = woor4s = PDOP) lin-
e S

ear coefficients in GPS/EGNOS+GPS/SDCM posi-
tioning model are up to 6.75 m maximum. Based on

the comparative analysis, it can be said that the ap-
1

plication of linear coefficients (4, = Ni A =)
in the GPS/EGNOS+GPS/SDCM positioning model
resulted in a reduction of the resultant standard de-
viations by 52% relative to the solution with linear

. 1 1
coefficients (4. = ;5500 As = 5550)-

The final stage of the discussion concerns the com-
parison of the obtained research results in the con-
text of the existing state of knowledge. By compar-
ing the obtained precision results for the applied test
method in relation to the analysis of the state of the
art, it can be concluded that:

— in the case of the GPS/EGNOS+GPS/SDCM
solution, it is possible to determine the preci-
sion of the determination of the aircraft coordi-
nates, similarly to what was done in the works
(Krasuski et al., 2022; Krasuski et al., 2021),

— inthis paper, two GNSS receivers were used to
determine the precision of determining the co-
ordinates of the aircraft, similarly to the work
(Grunwald et al., 2016),

— the obtained values of standard deviations from
the weighted average model are lower than

those from the arithmetic average model simi-
larly to the work (Krasuski et al., 2021),

— in the calculation of the precision, correction
data from EGNOS and SDCM satellites were
used, similarly as in papers (Krasuski et al.,
2022; Krasuski et al., 2021).

8. Conclusions

This paper shows the results of a study on determin-
ing the positioning precision of
GPS/EGNOS+GPS/SDCM in airborne navigation.
The paper proposes a weighted average model to de-
termine the ellipsoidal coordinates of the aircraft
BLh from the EGNOS and SDCM solution, and then
calculates the positioning precision. The algorithm
uses linear coefficients as a function of the inverse
of the PDOP parameter and the inverse of the num-
ber of GPS satellites tracked with SBAS corrections.
The developed algorithm was tested for GPS data
recorded by Trimble Alloy and Septentrio AsterRx2i
geodetic receivers, during a flight test carried out
with a Diamond DA 20-C1 aircraft in north-eastern
Poland. Navigation calculations were carried out in
RTKLIB and Scilab software. The calculations used
GPS observation and navigation data as well as cor-
rections from EGNOS and SDCM augmentation
systems. On the basis of the tests performed, it was
found that for the Trimble Alloy receiver, the stand-
ard deviation values for the ellipsoidal coordinates
BLh of the aircraft do not exceed 1.77 m. On the
other hand, for the Septentrio AsterRx2i receiver,
the standard deviation values for the aircraft's ellip-
soidal BLh coordinates do not exceed 5.04 m. The
use of linear coefficients as the inverse of the num-
ber of tracked GPS satellites with SBAS corrections
in the GPS/EGNOS+GPS/SDCM positioning model
resulted in a reduction in standard deviations of ap-
proximately 50-51% relative to the solution with lin-
ear coefficients calculated as the inverse of the
PDOP parameter. The mathematical algorithm used
in the study can also be applied to other SBAS aug-
mentation systems in air navigation, in particular the
Indian GAGAN system, which can be used in Po-
land.
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Table 1. Comparison of computed measures of precision from the weighted average model and the arithme-
tic average model

GPS/EGNOS+GPS/SDCM so-

GPS/EGNOS+GPS/SDCM so-

GPS/EGNOS+GPS/SDCM so-

GNSS receiver  Jution model with linear coeffi- lution model with linear coeffi- | tion model with linear coeffi-

cients (4, = Ni,As = Ni)

cients (4, =

: = w20r)
PDOP,’ 'S~ PDOP;

cients (4, = 1,4, =1)

The mean value of the standard
deviations equals respectively:

The mean value of the standard
deviations equals respectively:

The mean value of the standard
deviations equals respectively:

Trimble Alloy 6B=0.08 m, 6B=0.16 m, 6B=0.22 m,
6L=0.11 m, 6L=0.23 m, 6L=0.33 m,
6h=0.20 m. 6h=0.41 m. 6h=0.57 m.
The mean value of the standard  The mean value of the standard  The mean value of the standard
Septentrio deviations equals respectively:  deviations equals respectively:  deviations equals respectively:
AdterRX2 6B=005m, 8B=0.09 m, 6B=0.13m,
6L=0.10 m, 6L=0.20 m, 6L=0.29 m,
6h=0.19 m. 6h=0.39 m. 6h=0.54 m.
8
'||Y =
°7 Resultant standard deviations of aircraft BLh coordinates (Ae=1/Ne, As=1/Ns)
E Resultant standard deviations of aircraft BLh coordinates (Ae=1/PDOPe, As=1/PDOPs)
C 5
=]
s
>
- 4
=
—
(]
g 3+
8
w
24
14 Ih
1 'l L
0 T T T T T
30 000 32 000 34000 36 000 38 000 40 000 42 000 44 000

1

Ne

A5 =

Time of observations [s]
FI1G. 6. RESULTANT STANDARD DEVIATIONS OF AIRCRAFT COORDINATES FOR THE SEPTENTRIO ASTERRX2I RE-
CEIVER IN THE GPS/EGNOS+GPS/SDCM POSITIONING MODEL WHEN LINEAR COEFFICIENTS (4, =

) ARE TAKEN INTO CONSIDEARATION

1 1 1
Ny’ '€~ ppop,’ S

= PDOPs
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