
International Journal of Scientific & Engineering Research Volume 10, Issue 9, September-2019                                                                                               1590 

ISSN 2229-5518  

 

IJSER © 2019 

http://www.ijser.org  

Performance Analysis of the Permanent and a 
Regional GNSS Networks in Egypt 

R. E. Sleema, M. A. Abdelfataha, A. E. Mousab, G. S. El-Fikya,c 
 

Abstract— Recently, GPS has become the most significant used survey system. The GPS performance is affected by the number of tracked 

satellites, so its performance is degraded in limited sky regions. Thus, one of the good solutions is adding other GNSS satellites and make 

combined solutions between GNSS systems to increase the number of satellites.  

In this study, there are two networks; the permanent and a regional networks. In the permanent network, a comparative study using GPS, 

GLONASS and combined GPS with GLONASS has been implemented to investigate the possible benefit of combined solution. Data 

processing has been performed with different values of elevation cut-off angles. The regional network has been processed using different 

cases of combined satellite systems. These systems are GPS, GLONASS and BEIDOU.  

 For the permanent network, in the condition of open sky view, the average coordinate errors for GPS, GLONASS and combined solution are 

respectively 16.5, 25.0 and 36.0 mm. The solutions by using GPS only are more accurate than other cases and there are no clear 

improvements from combined GPS and GLONASS. The significance of combined solution arise when the elevation cut-off angle was set to 

40° and higher which represent the extremely limited sky view such as urban canyons.  

 For the regional network, the results indicated that combined GPS with BEIDOU is the best case because it achieved the smallest closure 

error with 19.50 mm. GPS only is better than GLONASS only, BEIDOU only, combined solution between GPS and GLONASS and combined 

GPS with GLONASS and BEIDOU. 

Index Terms— Performance, Analysis, GNSS, GPS, GLONASS, BEIDOU, Permanent Network. 

——————————      —————————— 

1 INTRODUCTION                                                                     

In the last years, GPS which is used for getting the position 
of any point accurately has become the most significant survey 
system. The nominal constellation of 24 GPS satellites and 7 
spare units orbit in six orbital planes and the inclination angle 
of the orbital planes is 55° to the equator with an altitude of 
20200 km and with 12 sidereal hours as an orbit period [1].  

GLONASS (Global Navigation Satellite System) is a posi-
tioning satellite system developed by the Russian Federation. 
In recent years, the performance of GLONASS system has been 
improved after the constellation of 24 operational satellites is 
completely operated [2]. GLONASS system consists of 24 satel-
lites that orbit in three circular orbital planes with an inclination 
of 64.8° to the equator with altitude of 19100 km and a period 
of 11hr, 15min and 44sec [1]. 

The Chinese system (BEIDOU) consists of 27 satellites in me-
dium earth orbit (MEO), 5 satellites in geostationary orbit 
(GEO) and 3 satellites in geosynchronous orbit (IGSO). The 
GEO and IGSO satellites have an altitude of 35786 km. The 27 
MEO satellites orbit in three orbital planes with an altitude of 
21528 km and an inclination angle of 55° to the equator [3].  

The performance of GPS is affected by the number of tracked 
satellites, so the positioning performance of GPS is degraded in 
limited sky regions or in urban canyons because of the limited 
number of tracked satellites [4]. Thus, one of the good solutions 
is increasing the number of visible satellites by adding other 
GNSS satellites and make a combined solutions between GNSS 

systems. There are many advantages of increasing the number 
of concurrent visible satellites, such as improving the perfor-
mance and accuracy especially in the case of urban canyons or 
in real time positioning and the great number of tracked satel-
lites help to eliminate the weak signals or the inaccurate satel-
lites [5]. In the environment of urban canyons, narrow regions 
and tall buildings block most of satellites՚ signals so the number 
of visible satellites is decreased as shown in figure (1) [6]. 

A possible solution to overcome the problem of satellite 
blocking is to combine the GPS observations with other naviga-
tion systems such as the Russian system (GLONASS), the Chi-
nese system (BEIDOU) and the European system (GALILEO) 
[6]. The integration of GLONASS, Galileo or BEIDOU systems 
to GPS constellation can increase the number of tracked satel-
lites and can enhance the positioning dilution of precision 
(PDOP) values [2]. 

 

 

 

 

 

 

Fig. (1): Satellite Blocking in Urban Canyons. 
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To process integrated GNSS observations, many problems 
arise from the difference in reference frames, time systems and 
frequency systems (signal structures) utilized in different GNSS 
systems [7]. The reference frames of GPS, GLONASS and BEI-
DOU are respectively World Geodetic System 1984 (WGS-84), 
Parametry Zemli 1990 (PZ-90) and China Geodetic Coordinate 
System 2000 (CGCS2000) [1]. The reference frame of GLONASS 
and BEIDOU are transformed to the GPS reference frame. The 
GLONASS and BEIDOU time systems are unified to GPS time 
system [8]. GPS and BEIDOU satellites use CDMA principle 
(Code Division Multiple Access), while GLONASS satellites 
use FDMA technique (Frequency Division Multiple Access) to 
distinguish between the different satellite signals [1].  

Alcay et al [9] presented a comparative study of network 
processing between GPS only and combined GPS with 
GLONASS. The results have confirmed that the results of GPS 
and combined GPS with GLONASS are consistent and have in-
significant difference. The results of GLONASS only are inac-
curate compared with GPS and combined solution. 

Alcay and Yigit [2] presented a study that compares GPS 
with integrated GPS and GLONASS solutions under different 
conditions of sky view and different observation periods. The 
results have indicated that in the case of open sky view, there is 
insignificant difference between GPS and integrated solutions. 
It also has confirmed that in the case of limited sky view regions 
and short observation periods, the integrated solution is re-
quired to obtain high performance for positioning compared 
with the solution of GPS only. 

Maciuk [5] performed a comparison between GPS, 
GLONASS and combined solution with precise point position-
ing technique under different sky visibility conditions. The re-
sults indicated that there is no significant improvement in the 
solutions of GPS only and combined solution. It confirmed that 
adding GLONASS to GPS observations didn't have a noticeable 
improvement in positioning accuracy and this integration 
caused deterioration in accuracy in some cases. The results also 
indicated that the solution of GLONASS only had the biggest 
errors and is not recommended for precise works. 

In the present study, two types of networks; the permanent 
and a regional networks have been studied to investigate the 
possible benefit from using combined solutions. For the perma-
nent network, a comparative study of network processing using 
GPS only, GLONASS only and combined GPS with GLONASS 
has been implemented to investigate the advantages and disad-
vantages of combined solution. The network consists of six sta-
tions from National Research Institute of Astronomy and Ge-
ophesics (NRIAG). Theses stations equipped with GNSS receiv-
ers that track GPS and GLONASS satellites. Data processing has 
been performed with different values of elevation cut-off angles 
(3°, 10°, 20°, 30°, 40°, 50° and 60°). 

A regional network in Egypt consists of three stations 
equipped with GNSS receivers which track GPS, GLONASS 
and BEIDOU satellites. This network has been processed using 
different cases of satellite systems. These different cases are 
GPS, GLONASS, BEIDOU, combined GPS with GLONASS, 
combined GPS with BEIDOU, combined GLONASS with BEI-
DOU and combined GPS with GLONASS and BEIDOU. 

2 DATA COLLECTION 

Firstly, six stations from NRIAG Permanent Network; 
MARSA ALAM, AL-ARISH, ASWAN, AL-MANSOURA, 
MARSA MATROH and PORT SAID. These stations were used 
over 57 separate days in 2014 equipped with GNSS receivers 
that track GPS and GLONASS constellations see (Fig. 2). 

The data collected for this network covered from north to 
south locations of Egypt all over different seasons of the year 
2014. The coordinates of the permanent network stations were 
given with high accuracy as shown in table (1) [10]. 

Secondly, a regional network which consists of three GNSS 
stations; AL-ASHER, AL-SHOBAK and ZAGAZIG has been 
processed by using different cases of satellite systems for 4 days 
in 2019. These stations equipped with GNSS receivers that track 
GPS, GLONASS and BEIDOU constellations see (Fig. 3). 

 

 

 

 

 

 

 

 

 

Fig. (2): Distribution of the Permanent Network Stations in 
Egypt. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3): Distribution of the Regional Network Stations in Egypt. 
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3 DATA ANALYSIS 

For the permanent network, the observations of the six 
GNSS stations have been analyzed with the three cases; GPS 
only, GLONASS only and combined GPS and GLONASS. 
Bernese GPS Software Version 5.0 is used for analyzing and 
processing the GNSS network data [11]. The same steps and 
conditions have been implemented identically for GPS, 
GLONASS and Combined GPS and GLONASS. The created 
baselines are MNSR-ALAM [~748 km], MNSR-ARSH [~217 
km], MNSR-ASWN [~800 km], MNSR-MTRH [~395 km] and 
MNSR-SAID [~95 km].  

For the regional network, the observations of three GNSS 
stations have been analyzed with different cases of satellite sys-
tems. Compass solution version 1.8.8 is the used software for 
data processing [12]. The created baselines are SHBK-ZGZG 
[~6.50 km], ZGZG-ASHR [~43.00 km] and ASHR-SHBK [~38.00 
km].  

4 RESULTS AND DISCUSSION 

Firstly, in the permanent network, Bernese GPS software 
version 5.0 is the used software for observation data analysis. 
Results have been compared with the accurate values of the net-
work stations’ coordinates as in table (1). The results have been 
evaluated by coordinate error evaluation, two sample t-test and 
F-test at elevation cut-off angle (E = 3°) for the three cases; GPS, 
GLONASS and combined GPS and GLONASS. The solutions of 
GPS, GLONASS and combined GPS and GLONASS have been 
compared at different sky view conditions to investigate the 
significance of combined GPS and GLONASS. These different 
conditions were represented by the different values of elevation 
cut-off angles (3°, 10°, 20°, 30°, 40°, 50° and 60°). 

 Secondly, the regional network has been processed by using 
compass solution software version 1.8.8 and different cases 

have been assessed. The results have been assessed by closure 
error, two sample t-test and F-test. 

  
4.1 COORDINATE ERROR EVALUATION 

The bar charts below illustrate the comparison between GPS, 
GLONASS and combined GPS and GLONASS network solu-
tions in coordinate errors for the six stations. The coordinate er-
rors here are represented by altitude coordinate error (Δh), lat-
itude coordinate error (ΔN) and departure coordinate error 
(ΔE) in millimeters. 

The bar chart in figure (4) shows that altitude coordinate er-
rors (Δh) computed by using GPS only is smaller than errors 
from other cases for all stations except MTRH and SAID.  The 
minimum coordinate errors (Δh) are 6.1, 9.9 and 11.0 mm for 
GPS, combined solution and GLONASS respectively. Whereas 
the maximum coordinate errors (Δh) are 13.8, 21.6 and 24.0 mm 
for GPS, combined solution and GLONASS respectively. Com-
bined GPS and GLONASS is more accurate than GLONASS in 
altitude coordinate error (Δh) but is larger than GPS only. GPS 
achieved the smallest error (Δh) at AL-ARISH and the largest 
error (Δh) at MTRH. 

 

TABLE 1 
THE ACCURATE COORDINATES OF THE PERMANENT 

NETWORK STATIONS. 

STATION LATITUDE (Φref) 

(DEG.) 

LONGITUDE (λref)  

(DEG.) 

HEIGHT (href)  

(m) 

ALAM 25.0669448 34.8777575 48.86922 

ARSH 31.1074930 33.6169133 27.39627 

ASWN 23.9707806 32.8483729 215.50721 

MNSR 31.0410273 31.3526049 39.57551 

MTRH 31.3457307 27.2305357 58.68772 

SAID 31.2456955 32.3143399 41.96260 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4): Altitude Coordinate Error (Δh) in (mm) for Different Network 
Stations. 

 

 

 

 

 

 

ALAM ARSH ASWN MNSR MTRH SAID

Combined solution 14.8 21.6 12.7 10.7 10.9 9.9

GPS 8.3 6.1 7.8 9.3 13.8 11.7

GLONASS 19.8 24.0 21.3 11.9 13.6 11.0
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Fig. (5): Latitude Coordinate Error (ΔN) in (mm) for Different Network 
Stations. 
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In figure (5), the chart shows that GPS only achieved latitude 
coordinate error (ΔN) smaller than GLONASS only or com-
bined GPS and GLONASS at the six stations which have differ-
ent locations in Egypt. For GPS only, the minimum (ΔN) error 
is 8.2 mm at ALAM and the maximum (ΔN) error is 11.9 mm at 
MTRH and SAID. For GLONASS only, the minimum and max-
imum (ΔN) errors are 9.4 mm at ALAM and 21.3 mm at MTRH 
respectively. The case of combined GPS and GLONASS is the 
worst case in (ΔN) coordinate error which achieved 22.3 mm as 
the minimum error at ASWN and the maximum error is 36.7 
mm at MTRH. 

The chart above in figure (6) shows that GPS only is better 
than GLONASS only and combined GPS and GLONASS in de-
parture coordinate error (ΔE) at stations MNSR, MTRH and 
SAID. GLONASS only is better than GPS and combined GPS 
and GLONASS at stations ALAM, ARSH and ASWN. 
GLONASS minimum (ΔE) error is 5.1 mm at AL-ARISH and 
maximum (ΔE) error is 19.3 mm at MTRH with 14.2 mm differ-
ence between the maximum and minimum errors. It is shown 
that combined solution achieved the largest (ΔE) coordinate er-
ror with 22.6 mm at MTRH and achieved 10.3 mm as minimum 
error at ALAM. In the case of GPS only, the minimum error is 
7.6 mm at MNSR and the maximum error is 11.8 mm at MTRH. 
The difference between the maximum and minimum (ΔE) er-
rors are 4.2, 14.2 and 12.3 mm for GPS, GLONASS and com-
bined GPS and GLONASS respectively. 

 
4.2 TEST OF HYPOTHESIS FOR TWO SAMPLE MEANS  

(T-TEST) 
The two sample t-test has been performed on the results of 

57 days of year 2014 for all network stations. In this test, the two 
sample means are compared. The two hypotheses; null hypoth-
esis, H0, and alternative hypothesis, Ha, are stipulated as fol-
lows [13]: 

 H0: μ1 = μ2 (1) 

 Ha: μ1 ≠ μ2 (2) 

The test statistic is: 

 

𝑡 =
μ1 − μ2

√
𝑆1

2

𝑁1
+

𝑆2
2

𝑁2

 

(3) 

The null hypothesis is rejected in the region: 

 |𝑡|   <  tα/2 

 

(4) 

Where μ1 and μ2 are the means of the samples, 𝑆1
2 and 𝑆2

2 are 
the sample variances, N1 and N2 are the sample sizes and tα/2 

is the tabulated t-value at confidence level 95% [14].  
Table (2) shows the values of t-test for the three parameters; 

altitude (h), latitude (Φ) and longitude (λ). T-test here is imple-
mented for three cases; GPS with combined GPS and 
GLONASS, GLONASS with combined GPS and GLONASS and 
GPS with GLONASS. The tabulated value of t is 1.96 at confi-
dence level 95%. The values of t-test smaller than the tabulated 
value are accepted and greater than the tabulated value are re-
jected. 

In the case of GPS with combined solution, the computed t-
test values for the two components; latitude (Φ) and longitude 
(λ) are more than the tabulated t-value so that, the null hypoth-
eses can be rejected at confidence level 95%. Thus, the two sam-
ple means of the two cases; GPS and Combined solution are dif-
ferent for latitude (Φ) and longitude (λ) at 0.05 significance 
level. For altitude (h), the computed t-values for stations; 
MNSR, MTRH and SAID are less than the tabulated t-value so, 
the null hypotheses can't be rejected at 0.05 significance level. 
For other stations, the null hypotheses can be rejected at confi-
dence level 95% because the computed t-values for altitude (h) 
are more than the tabulated t-value. 

In the case of GLONASS with Combined solution, the com-
puted t-values for altitude (h) for stations; ARSH, MNSR and 
SAID are less than the tabulated t-value so, the null hypotheses 
can't be rejected at 0.05 significance level. For other stations, the 
null hypotheses can be rejected at confidence level 95%. The 
computed values of t-test for the two components; latitude (Φ) 
and longitude (λ) are greater than the tabulated t-value at all 
stations. Therefore, the null hypotheses can be rejected at confi-
dence level 95%. Thus, the two sample means of the two cases; 
GLONASS and Combined solution are different for latitude (Φ) 
and longitude (λ) at 0.05 significance level.  

In the case of GPS with GLONASS, the computed t-test val-
ues for altitude (h) for stations; MTRH and SAID are less than 
the tabulated t-value. In other words, for the two stations, GPS 
solution has the same mean of GLONASS solution at 0.05 sig-
nificance level. For other stations, the computed t-values for al-
titude (h) are more than the tabulated t-value so, the null hy-
potheses can be rejected at confidence level 95%. For latitude 
(Φ), the computed t-test for stations; ALAM and ASWN are less 
than the tabulated t-value. In other words, the sample mean of 
GPS solution has the same sample mean of GLONASS solution 
at 0.05 significance level. For other stations, the computed t-val-
ues for latitude (Φ) are more than the tabulated t-value so, the 
null hypotheses can be rejected at confidence level 95%. For lon-
gitude (λ), the computed t-test for all stations except SAID are 
more than the tabulated t-value and the null hypotheses can be 

 

 

 

 

 

 

 

Fig. (6): Departure Coordinate Error (ΔE) in (mm) for Different Net-
work Stations. 
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rejected for these stations at confidence level 95%. For SAID, the 
null hypotheses can't be rejected at confidence level 95%. Thus, 
GPS solution has the same sample mean of GLONASS solution 
for SAID at 0.05 significance level. 

It's clear that most cases of the test indicate that different so-
lutions give different means. This mean that GPS generally 
gives the best results as shown in the previous section (coordi-
nate error evaluation). 

 
4.3 TEST OF HYPOTHESIS FOR THE RATIO OF TWO POP-

ULATION VARIANCES (F-TEST) 
 The F-test has been implemented on the results of the pro-

cessed data of year 2014 for all network stations. F-test distribu-
tion compares the variances of two samples. The null hypothe-
sis, H0, and alternative hypothesis, Ha, have been performed for 
this test [13]. 

 H0:  
𝑆1

2

𝑆2
2  =  1 (5) 

 Ha:  
𝑆1

2

𝑆2
2  ≠ 1 (6) 

The test statistic is:  

 𝐹 =
𝑆1

2

𝑆2
2 ,            (𝑆1

2 > 𝑆2
2)                                               (7) 

The null hypothesis is rejected where: 

 
F > Fα/2 

 

(8) 

Where 𝑆1
2 is the larger sample variance, 𝑆2

2 is the smaller sam-
ple variance and F is test statistic value [15]. 

Table (3) is showing the values of F-test for the three param-
eters; altitude (h), latitude (Φ) and longitude (λ). F-test here is 
implemented for three cases; GPS with combined solution, 
GLONASS with combined solution and GPS with GLONASS. 
The tabulated F-value at confidence level 95% is 1.71. The F-test 
values smaller than tabulated value are accepted and greater 
than the tabulated value are rejected. 

In the case of GPS with combined solution, for altitude (h), 
the computed F-test for all stations except MTRH and SAID are 
more than the tabulated F-value, so the null hypotheses can be 
rejected for all stations except MTRH and SAID. This means 
that the variances of GPS and combined solution are different 
for all stations except MTRH and SAID at confidence level 95%. 
For latitude (Φ), the values of F-test are more than the tabulated 
value, so the variances of the two samples; GPS and Combined 
solution are different at 0.05 significance level. For longitude 
(λ), the computed F-test for stations; ALAM, ARSH and ASWN 
are less than the tabulated F-value, so the null hypotheses can't 
be rejected at confidence level 95%. For other stations, the vari-
ances of GPS and Combined solution are different at 0.05 sig-
nificance level. 

 In the case of GLONASS with Combined solution, for alti-
tude (h), the computed F-test for all stations except SAID are 
less than the tabulated F-value, so the null hypotheses can't be 
rejected for all stations except SAID. This means that the vari-
ances of GLONASS and Combined solution are the same for all 
stations except SAID at confidence level 95%. For latitude (Φ), 
the null hypotheses can be rejected for all stations except ARSH. 
In other words, the variances of GLONASS and Combined so-
lution are different for all stations except ARSH at confidence 
level 95%. For longitude (λ), the computed F-test for all stations 
except SAID are more than the tabulated F-value. In other 
words, the variances of GLONASS and Combined solution are 
different for all stations except SAID at confidence level 95%.  

In the case of GPS with GLONASS, for altitude (h) and lon-
gitude (λ), the computed F-test for stations; ALAM, ARSH and 
ASWN are more than the tabulated F-value, so the null hypoth-
eses can be rejected for these stations at confidence level 95%. 
This means that the variances of GPS and GLONASS are differ-
ent for these stations at 0.05 significance level. For other sta-
tions, the null hypotheses can't be rejected and the variances of 
GPS and GLONASS are the same at 0.05 significance level. For 
latitude (Φ), the null hypotheses can be rejected for all stations 
except ARISH at confidence level 95%. In other words, the var-
iances of the two samples; GPS and GLONASS are different at 

TABLE 2 
T-TEST FOR DIFFERENT CASES AND DIFFERENT NETWORK 

STATIONS 

Station 
Param-

eter 

Case 

GPS with Com-

bined solution 

GLONASS with 

Combined solu-

tion 

GPS with 

GLONASS 

t-test Status t-test Status t-test Status 

ALAM 

h 6.40 rejected 4.05 rejected 11.80 rejected 

Φ 10.52 rejected 9.71 rejected 0.76 accepted 

λ 2.12 rejected 3.78 rejected 5.21 rejected 

ARSH 

h 8.09 rejected 1.05 accepted 12.42 rejected 

Φ 9.93 rejected 4.85 rejected 5.82 rejected 

λ 3.51 rejected 6.34 rejected 3.32 rejected 

ASWN 

h 4.91 rejected 6.50 rejected 12.60 rejected 

Φ 9.72 rejected 9.08 rejected 0.52 accepted 

λ 4.15 rejected 6.64 rejected 2.50 rejected 

MNSR 

h 1.44 accepted 0.96 accepted 2.81 rejected 

Φ 13.60 rejected 9.17 rejected 5.27 rejected 

λ 7.92 rejected 5.24 rejected 2.81 rejected 

MTRH 

h 1.91 accepted 2.16 rejected 0.13 accepted 

Φ 13.88 rejected 8.80 rejected 6.65 rejected 

λ 7.75 rejected 2.12 rejected 6.63 rejected 

SAID 

h 0.98 accepted 1.10 accepted 0.09 accepted 

Φ 15.27 rejected 9.26 rejected 6.77 rejected 

λ 6.63 rejected 4.85 rejected 1.91 accepted 
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0.05 significance level for all stations except AL-ARISH. 

 
4.4 ELEVATION CUT-OFF ANGLE EVALUATION  

All cases; GPS, GLONASS and combined solution were com-
pared at different values of elevation cut-off angles which rep-
resent different conditions of sky view. The elevation cut-off an-
gles were set to 3°, 10°, 20°, 30°, 40°, 50° and 60° which were 
compared vertically and horizontally for the three cases. The 
following charts are showing the comparison between the dif-
ferent values of elevation cut-off angles in degrees on the hori-
zontal axis and the coordinate errors of the network in millime-
ters on the vertical axis. Coordinate errors here are represented 
vertically and horizontally. 

The bar chart in figure (7) shows the average vertical coordi-
nate error in millimeters for different values of elevation cut-off 
angles. Different sky view conditions were represented by dif-
ferent values of elevation cut-off angles. GPS only achieved the 
smallest vertical coordinate errors for elevation cut-off angles 
less than 40°. GLONASS only achieved the largest errors for all 
values of elevation cut-off angles. For elevation cut-off angles 
more than 40°, combined GPS and GLONASS achieved vertical 
coordinate errors less than GPS only and GLONASS only, this 
show that combined GPS and GLONASS is the best case for the 
condition of extremely limited sky view and narrow urban 
places. For the condition of open sky view, GPS only is better 
than other cases in vertical coordinates 

 

In figure (8), the bar chart shows the average horizontal co-
ordinate errors in millimeters for different values of elevation 
cut-off angles. In the case of combined GPS and GLONASS, 
horizontal coordinate errors are larger than other cases for ele-
vation cut-off angles less than 40°. The performance of com-
bined GPS and GLONASS improved when the elevation cut-off 
angle is 40° and higher. The performance of GPS only is better 
than combined GPS and GLONASS for elevation cut-off angles 
less than 40°. For the condition of extremely limited sky view 
that is represented by elevation cut-off angle equal 40° and 
more, the performance of horizontal component of GPS and 
GLONASS improved. 

 
 
 
 
 
 
 
 

 

TABLE 3 
F-TEST FOR DIFFERENT CASES AND DIFFERENT NETWORK 

STATIONS 

Station 
Param-

eter 

Case 

GPS with Com-

bined solution 

GLONASS with 

Combined solu-

tion 

GPS with 

GLONASS 

F-

test 
Status 

F-

test 
Status 

F-

test 
Status 

ALAM 

h 3.82 rejected 1.10 accepted 3.48 rejected 

Φ 4.67 rejected 3.39 rejected 1.38 accepted 

λ 1.10 accepted 2.01 rejected 1.83 rejected 

ARSH 

h 8.49 rejected 1.51 accepted 4.33 rejected 

Φ 5.98 rejected 1.52 accepted 3.01 rejected 

λ 1.49 accepted 5.63 rejected 2.58 rejected 

ASWN 

h 3.40 rejected 1.14 accepted 3.89 rejected 

Φ 4.67 rejected 3.38 rejected 1.38 accepted 

λ 1.64 accepted 2.88 rejected 1.76 rejected 

MNSR 

h 2.33 rejected 1.45 accepted 1.60 accepted 

Φ 3.31 rejected 2.29 rejected 1.44 accepted 

λ 2.59 rejected 1.74 rejected 1.49 accepted 

MTRH 

h 1.24 accepted 1.70 accepted 1.37 accepted 

Φ 2.36 rejected 2.41 rejected 1.02 accepted 

λ 1.93 rejected 1.77 rejected 1.09 accepted 

SAID 

h 1.47 accepted 1.80 rejected 1.22 accepted 

Φ 2.84 rejected 1.91 rejected 1.49 accepted 

λ 2.03 rejected 1.70 accepted 1.19 accepted 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (7): Average Vertical Coordinate Error in (mm) for Different Ele-
vation Cut-off Angles. 

 

 

 

 

 

 

3° 10° 20° 30° 40° 50° 60°

Combined solution 13.4 15.2 17.3 19.7 27.0 54.4 347.1

GPS 9.5 10.3 12.0 14.2 28.1 78.5 2417.9

GLONASS 17.0 18.3 19.1 27.0 42.9 173.6 8659.3
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Fig. (8): Average Horizontal Coordinate Error in (mm) for Different El-
evation Cut-off Angles. 

 

 

 

 

 

 

3° 10° 20° 30° 40° 50° 60°

Combined solution 33.6 23.9 27.8 28.3 28.7 35.2 57.7

GPS 13.6 12.3 15.3 18.9 29.1 54.6 4057.2

GLONASS 18.4 15.4 21.4 23.4 31.9 85.5 5383.9
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4.5 REGIONAL NETWORK CLOSURE ERROR 
A regional network in Egypt consists of three stations; AL-

ASHER, AL-SHOBAK and ZAGAZIG equipped with GNSS re-
ceivers that track GPS, GLONASS and BEIDOU satellites. The 
data of four days in April 2019 were collected. Compass solu-
tion version 1.8.8 is the used software for analyzing the obser-
vation data. All cases; GPS, GLONASS, BEIDOU, combined 
GPS with GLONASS, combined GPS with BEIDOU, combined 
GLONASS with BEIDOU and combined GPS with GLONASS 
and BEIDOU are compared here by loop closure error in milli-
meters. The following bar chart shows the loop closure error in 
millimeters on the vertical axis and different cases on the hori-
zontal axis. 

 
The bar chart in figure (9) shows the loop closure errors in 

millimeters for different cases. The minimum closure error is 
19.50 mm in the case of combined GPS with BEIDOU and the 
maximum error is 67.50 mm in the case of BEIDOU only.  GPS 
only achieved 23.00 mm as closure error and it is better than 
GLONASS only, BEIDOU only, combined GPS with GLONASS 
and combined GPS with GLONASS and BEIDOU. The closure 
error in the case of GLONASS only, BEIDOU only and com-
bined GLONASS with BEIDOU is respectively 36.50, 67.50 and 
22.50 mm. combined solution between GLONASS and BEIDOU 
achieved a closure error smaller than GLONASS only and BEI-
DOU only because of increasing the number of tracked satel-
lites in the case of combined solution.  

  
4.6 REGIONAL NETWORK TESTS (T-TEST AND F-TEST) 

The t-test and F-test have been implemented on the results 
of processed data of year 2019. Table (4) is showing the values 
of t and F for all cases. The tabulated t-value and F-value at con-
fidence level 95% are 2.44 and 15.44 respectively. 

 For t-test, all cases except six cases can be accepted at 0.05 
significance level as shown in table (4) because the computed t-
values for most cases are less than the tabulated t-value. This 
means that most cases have the same means and no significant 
differences at confidence level 95%.  

For F-test, table (4) indicated that the computed F-values for 
all cases except five cases are less than the tabulated F-value, so 
most cases can't be rejected at 0.05 significance level. This means 

that most cases have the same variances and no significant dif-
ferences at confidence level 95%. 

5 CONCLUSION 

Firstly, for the permanent network, in the condition of open 
sky view (E = 3°), all tests indicated that there is no necessity for 
augmenting GLONASS with GPS observations because there 
are enough number of tracked satellites. The average (Δh) coor-
dinate errors are 9.5, 17.0 and 13.4 mm for GPS, GLONASS and 
combined solution respectively. The average (ΔN) coordinate 
errors for GPS, GLONASS and combined solution are 10.0, 15.7 
and 29.7 mm, respectively. GPS, GLONASS and combined so-
lution achieved 9.1, 9.6 and 15.7 mm respectively as average 
(ΔE) coordinate errors. The solutions by using GPS only are 

 

 

 

 

 

 

 

Fig. (9): Loop Closure Error in (mm) for Different Cases. 
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TABLE 4 
T-TEST AND F-TEST FOR DIFFERENT CASES OF REGIONAL 

NETWORK 

Case 

Test 

t-test F-test 

t-test Status F-test Status 

GPS with GLONASS 2.14 accepted 8.07 accepted 

GPS with BEIDOU 2.98 rejected 48.57 rejected 

GPS with combined 

GPS+GLONASS+BEIDOU 
0.31 accepted 1.18 accepted 

GPS with combined GPS+GLONASS 0.39 accepted 2.44 accepted 

GPS with combined GPS+BEIDOU 0.92 accepted 1.74 accepted 

GPS with combined GLONASS+BEI-

DOU 
0.11 accepted 3.18 accepted 

GLONASS with BEIDOU 1.94 accepted 6.02 accepted 

GLONASS with combined 

GPS+GLONASS+BEIDOU 
1.96 accepted 6.86 accepted 

GLONASS with combined 

GPS+GLONASS 
1.76 accepted 3.31 accepted 

GLONASS with combined GPS+BEI-

DOU 
2.54 rejected 4.64 accepted 

GLONASS with combined 

GLONASS+BEIDOU 
1.99 accepted 2.54 accepted 

BEIDOU with combined 

GPS+GLONASS+BEIDOU 
2.91 rejected 41.26 rejected 

BEIDOU with combined GPS+BEI-

DOU 
3.18 rejected 27.91 rejected 

BEIDOU with combined 

GLONASS+BEIDOU 
2.95 rejected 15.29 rejected 

BEIDOU with combined 

GPS+GLONASS 
2.84 rejected 19.94 rejected 

Combined GPS+GLONASS with com-

bined GPS+GLONASS+BEIDOU 
0.13 accepted 2.07 accepted 

Combined GPS+GLONASS with com-

bined GPS +BEIDOU 
1.10 accepted 1.40 accepted 

Combined GPS+ BEIDOU with  

combined GLONASS+BEIDOU 
0.59 accepted 1.83 accepted 
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more accurate than other cases and there are no clear improve-
ments from combined GPS with GLONASS observations. The 
above results may be attributed to the differences in reference 
frames, time systems and frequency systems between different 
GNSS systems. 

The results of most cases of t-test and F-test give different 
solutions and the null hypotheses can be rejected. But GPS only 
gives the best results as shown in the section of (coordinate er-
ror evaluation).  

In the extremely limited sky view condition, which simulate 
urban regions and narrow canyons (E ≥ 40°), GPS only and 
GLONASS only constellations confront many problems be-
cause of the shortage in the number of visible satellites.  
Integrating GLONASS to GPS observations is one of the best 
solutions to overcome these problems. The solution of com-
bined GPS and GLONASS is more accurate than other solutions 
at elevation cut-off angle (E = 40°) with 27.0 and 28.7 mm as 
coordinate errors in the vertical and horizontal components re-
spectively. The elevation cut-off angle (E ≥ 40°) represent lim-
ited sky view condition. At elevation cut-off angle (E = 40°), the 
vertical coordinate errors for GPS only and GLONASS only are 
28.1 and 42.9 mm respectively. Whereas, the horizontal coordi-
nate errors for GPS only and GLONASS only are 29.1 and 31.9 
mm respectively. At elevation cut-off angle (E = 50°), the verti-
cal coordinate errors for GPS, GLONASS and combined GPS 
with GLONASS are 78.5, 173.6 and 54.4 mm respectively. 
Whereas, the horizontal coordinate errors for GPS, GLONASS 
and combined GPS with GLONASS are respectively 54.6, 85.5 
and 35.2 mm.  

In summary, the results of the permanent network have in-
dicated that GPS only is the best solution for open sky condition 
because of the differences in reference frames, time systems and 
frequency systems between different GNSS systems. It also in-
dicated that combined GPS with GLONASS is the best solution 
for urban canyons and narrow regions. This because of the 
shortage in the number of visible satellites for individual sys-
tems. 

Secondly, for the regional network, the results have indi-
cated that combined GPS with BEIDOU is the best case because 
it achieved a closure error smaller than other cases with 19.5 
mm. GPS only achieved 23.0 mm as a closure error. The closure 
errors in the case of GLONASS, BEIDOU and combined 
GLONASS with BEIDOU are 36.50, 67.50 and 22.50 mm, respec-
tively. GPS is better than GLONASS, BEIDOU, combined solu-
tion between GPS with GLONASS and combined GPS, 
GLONASS and BEIDOU. Combined GLONASS with BEIDOU 
achieved a closure error smaller than GLONASS only and BEI-
DOU only because of increasing the number of tracked satel-
lites in the case of combined solution. 
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