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The commercial service will be complemented by ground 
stations for accuracies better than 10 cm. The creators of 
the Galileo system are predicting that with the increased 
number of satellites available, users will be able to use sat-
ellites for positioning in places that are not feasible with 
GPS, such as cities with high rise buildings and dense for-
ests. Some have even gone as far as to predict that once 
Galileo is in place, satellite positioning will be feasible in-
side buildings. The Galileo space segment will be made 
up of 27 satellites plus three spares that will orbit in three 
planes that are 56° inclined to the equator. Six navigation 
signals will be sent by the satellites: L1F, L1P, E6C, E6P, 
E5a, and E5b (Montenbruck et  al., 2017; Sośnica et  al., 
2017). In December 2005, the first Galileo experimental 
satellite was launched. The second launch was postponed 
until late 2007 due to a problem with the second satellite. 
With its commercial service delivering meter-level point 
location, Galileo may provide more precision than GPS. 
The power of its transmissions, like that of upgraded GPS 
satellites, should enable it to function in canopy circum-
stances. The United States and the European Union have 
agreed to interconnect their networks. Satellites from ei-
ther system may now be used by receivers (Elmezayen & 
El-Rabbany, 2019; European Galileo Open Service, 2021; 
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nals. This research analyses the possible precision of GPS-only and GPS/GLONASS/GALILEO/Beidou/QZSS. These results 
suggest that combining a GPS system with GALILEO, GLONASS Beidou, and QZSS is preferable for surveying purposes. 
Integrating GPS/GLONASS/GALILEO/Beidou/QZSS static measurements in the study region with 0–120 millimetre ac-
curacy looks to be possible in three days.
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Introduction

There have been numerous technological advances in 
the past 50 years, but not one may be more important to 
the surveying society than the Global Positioning System 
(GPS). The GPS is a worldwide navigation system that 
uses information received from 24 or more (currently 32) 
orbiting satellites. The satellite orbits are filling the South, 
East and West directions with no satellites in the northern 
sky. The Galileo positioning system is a satellite naviga-
tion system developed by the European Union (EU) to 
compete with GPS (which is controlled by the US mili-
tary) and the Russian GLONASS (controlled by the Rus-
sian military). The Galileo system is expected to be fully 
operational by 2023, with 30 more satellites orbiting at a 
height of 23,222 kilometres. The Europeans claim that the 
system will provide greater precision to all users than is 
currently available. It is also intended to improve cover-
age of satellites at higher latitudes. Although Galileo will 
be completely interchangeable with the GPS system, it is 
primarily for the use of European nations in a time of war 
when the US may turn on selective availability within the 
GPS system. Commercial service will be available for a fee 
and will offer positional accuracy of better than 1 meter. 
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Guo et al., 2017; Kwasniak, 2018; Li et al., 2015, 2018; Xia 
et al., 2019; Zhou et al., 2015).

In this study the experiments were performed at three 
IGS points (ABPO, VACS and REUN) to evaluate the fol-
lowing questions: should surveyors embrace the revived 
GLONASS system and/or Galileo system; if so is the in-
crease in satellite coverage necessary, and how would these 
systems affect positional accuracy of surveyed features? 
This study investigates the GPS-only, GPS/GLONASS/
GALILEO8Beidou/QZSS achievable accuracy.

1. Galileo and Galileo signals

Galileo has shown an improvement in the density of the 
constellation of visible satellites, and thus an improvement 
in the time needed to obtain centimetre-level accuracy 
(Figure 1). The nominal values of the main parameters for 
the Galileo constellation are defined in Table 1 (European 
Galileo Open Service, 2021).

Figure 1. GPS and Galileo will provide around 60 satellites, and 
more than double the number of available signals for all user 

segments

Table 1. Main orbit characteristics of the nominal Galileo 
constellation

Parameter Explanation Value

enominal Nominal orbit eccentricity 0

inominal
Nominal orbit inclination with 
reference to the equatorial plane 56o

Anominal Nominal orbit semi-major axis 29 600 000 m

Figure 2 specifies the radio-frequency air interface 
between space and user segments. Three independent 
CDMA signals, named E5, E6 and E1, are permanently 
transmitted by all Galileo satellites. The E5 signal is further 
sub-divided into two signals denoted E5a and E5b (Euro-
pean Galileo Open Service, 2021; Sośnica et al., 2017).

Galileo provides enhanced distress localisation and 
call features for the provision of a Search and Rescue 
(SAR) service interoperable with the COSPAS–SARSAT 

system (Figure 3). Galileo carrier frequencies are shown 
in Table 2. The names of the Galileo signals are the same 
than the corresponding carrier frequencies (European 
Galileo Open Service, 2021; Kwasniak, 2018; Pan et  al., 
2017; Sośnica et al., 2017).

Table 2. Carrier frequency per signal

Signal Carrier Frequency [MHz]

E1 1575.420
E6 1278.750
E5 1191.795
E5a 1176.450
E5b 1207.140

Note: the E5a and E5b signals are part of the E5 signal in its full 
bandwidth.

Galileo E5 signal is composed of signals E5a, E5b (and 
modulation product signal), and is transmitted in a global 
homogeneous state in the 1164 215 MHz frequency band 
allocated to RNSS. (European Galileo Open Service, 2021; 
Kwasniak, 2018; Sośnica et al., 2017; Xia et al., 2019; Zhou 
et al., 2015).

As for BeiDou is the Global Navigation Satellite System 
(GNSS) system developed by China which consists of two 
separate satellite constellations. The first generation constel-
lation was the BeiDou Satellite Navigation Experimental 
System and also known as BeiDou-1. It consisted of three 
satellites which offered limited coverage and navigation ser-
vices at the beginning of 2000. BeiDou-1 mainly covered us-
ers in China and the neighbouring regions. BeiDou-1 was 
decommissioned at the end of 2012. In December 2011, the 
second generation constellation, officially called the BeiDou 

Figure 2. Space vehicle/navigation user interface

Figure 3. Galileo frequency plan
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Navigation Satellite System (BDS) and also known as COM-
PASS or BeiDou-2 became operational in China. It consisted 
of a partial constellation of 10 satellites in orbit. Later in De-
cember 2012, the constellation expanded its services to cus-
tomers in the Asia-Pacific region. China launched the third 
generation constellation (BeiDou-3) in 2015 providing global 
coverage. The full BeiDou constellation will be completed by 
2020 with 35 satellites in three different orbit types, specifi-
cally (Septentrio, 2022):

 – 5 BeiDou-G satellites in the geostationary orbit 
(GEO);

 – 27 BeiDou-M satellites in medium earth orbit (MEO);
 – 3 BeiDou-I satellites in inclined geosynchronous or-
bits (IGSO).

BeiDou satellites were launched into three different 
phases: BeiDou-1, BeiDou-2 and BeiDou-3 of which the 
last two are active (Septentrio, 2022):

BeiDou-2 
In the second phase, 16 satellites were launched between 
2007–2012 and 3 satellites were launched between 2016 
and 2018 of which 15 satellites were operational. The satel-
lites transmitted three different public signals:

 – B1I: Frequency below GPS L1 (BPSK modulation);
 – B2I: Same frequency as Galileo E5b, but with differ-
ent signal structure (BPSK modulation);

 – B3I: Overlaps with a part of Galileo E6a (BPSK mod-
ulation).

BeiDou-3
More satellites were launched of which currently 43 are 
operational (May 19, 2020). The last phase, BeiDou-3, 
aims at expanding the global coverage and improving its 
performance. 

 – The same B1I and B3I as in BeiDou-2;
 – B1C: Interoperable with GPS L1C and Galileo L1BC 
(QMBOC modulation);

 – B2a: Same as GPS L5 and Galileo E5a (BPSK modu-
lation);

 – B2b.

QZSS
QZSS is a Japanese satellite positioning system made up 
mostly of satellites in quasi-zenith orbits (QZO). Howev-
er, the name “Quasi-Zenith Satellite (QZS)” may apply to 
both satellites in QZO and geostationary orbits (GEO). As 
a result, the term “QZO satellite” is used when referring to 
satellites in QZO. Satellite positioning systems employ satel-
lite signals to compute location information. The American 
Global Positioning System (GPS) is one well-known ex-
ample; the QZSS is frequently referred to as the “Japanese 
GPS.” QZSS (Michibiki) has been operational as a four-sat-
ellite constellation since November 2018, with three satel-
lites visible at all times from Asia-Oceania locales. QZSS 
may be used in conjunction with GPS to ensure a suffi-
cient number of satellites for consistent, high-precision po-
sitioning. Because QZS are GPS-compatible and receivers 

are inexpensive, it is envisaged that location information 
companies based on geographical and spatial data would 
emerge. In recent years, many nations have developed and 
established their own satellite positioning systems. QZSS, 
on the other hand, outperforms these systems. While sev-
eral nations launch positioning satellites, only Japan’s QZSS 
is extremely compatible with GPS and may be used in con-
junction with GPS; QZSS and GPS can be used as a single 
set of satellites. Simply said, QZSS increases the number 
of GPS satellites. Because QZSS may be used in conjunc-
tion with GPS, the number of satellites that can broadcast 
satellite signals at the same time is increased, allowing for 
very accurate and steady placement. This also reduces the 
placement mistakes mentioned above. QZS transmits the 
same location signals as GPS (L1C/A, L2C, and L5) and has 
clocks that are synced with GPS, allowing them to be uti-
lized as extra GPS satellites. QZS spends around 16 hours at 
elevation angles of 20° or more from the region near Japan. 
With a four-satellite constellation, additional satellites will 
be seen in conjunction with GPS, resolving multipath and 
satellite placement issues. This will help increase position-
ing stability in hilly and urban settings with restricted fields 
of view owing to buildings, trees, and so on (Quasi-Zenith 
Satellite System [QZSS], 2022).

2. Description of the experiment
To investigate MGEX; the impact of Galileo, Beidou and 
QZSS positioning, the experiments were conducted in the 
project area. For this aim, three IGS points (ABPO, REUN, 
VACS in Madagascar and Indian Ocean) were selected in 
the project area because of the lengths (between 225 km 
and 1085 km) (see Figure 4). All three IGS points were re-
corded with the data of GPS, GLONASS, Galileo, Beidou 
and QZSS satellites. Static GNSS surveys on 17.07.2022, 
18.07.2022 and 19.07.2022 for these three points was down-
loaded by using IGS web-site to compute the coordinates 
of these three points. Three points of static measurements 
were taken during an observation period of at 24  hours. 
Use Topcon Magnet TOOLS Software (version 7.3.0-Com-
mercial software) to perform data processing and network 
adjustments. During the adjustment process, the ITRF 
2014 (Epoch 2022.55) coordinates of ABPO (IGS station) 
is fixed. The GNSS receivers were used for three IGS points 
measurement includes two SEPT POLARX5 (ABPO An-
tenna: ASH701945G_M], SEPTPOLARX5 (VACS Antenna: 
AVRINGANT_DM) and SEPT POLARX5 (REUN Anten-
na: TRM55971.00). For static GNSS measurements of these 
three points, the data receiving and processing rate is set to 
30 seconds, and the cut-off elevation mask angle is set to 10 
degrees. On the other hand, two processing tests (GPS-only, 
GPS/GLONASS/GALILEO/Beidou/QZSS satellites) for the 
static survey were conducted at the three days. During these 
two tests, the number of GPS, GPS/GLONASS/GALILEO/
Beidou/QZSS satellites tracked and their distribution are 
usually “normal”, from 22 to 43 satellites observed, and the 
Precision Position Dilution (PDOP) is between 0.75 and 
1.58 (see Figures 5, 6, and 7).
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Figure 4. Study area (a) and GNSS network by using three IGS points in Madagascar and Indian Ocean (b)
a) b)

Figure 5. The charts of number of GPS/GLONASS/GALILEO/Beidou/QZSS satellites and Dilution of Precision (DoP)  
for ABPO-VACS baseline on 17 July 2022

Figure 6. The Dilution of Precision (DoP) and quantity of GPS, GLONASS, Galileo, Beidou, and QZSS satellites  
for the ABPO-VACS baseline on July 18, 2022

Figure 7. The amount of GPS, GLONASS, Galileo, Beidou, QZSS, and Dilution of Precision (DoP)  
charts for the ABPO-VACS baseline on July 19, 2022
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During the first test (GPS-only, 17.07.2022), the num-
ber of GPS satellites tracked and their distribution are 
usually “normal” ranging from 8 to 13 satellites observed, 
and the Dilution of Precision (DoP) values are between 
2.1 and 3.0. During the first test (GPS/GLONASS/GALI-
LEO/BEİDOU/QZSS satellites, 17.07.2022), the number 
of GPS/GLONASS/GALILEO/BEİDOU/QZSS satellites 
tracked and their distribution are usually “normal”, from 
23 to 40 satellites observed, and the Dilution of Precision 
(DoP) values are between 0.88 and 1.43 (see Figure 5).

The number of GPS satellites monitored and their 
distribution are typically “normal” during the second test 
(GPS-only, 18.07.2022), with 8 to 13 satellites detected, 
and the Dilution of Precision (DoP) values range from 
2.1 to 3.0. There were 25 to 43 GPS/GLONASS/GALILEO/
Beidou/QZSS satellites tracked and spread out evenly dur-
ing the second test (GPS/GLONASS/GALILEO/Beidou/
QZSS satellites, 18.07.2022). This is a “normal” number of 
satellites, and the Dilution of Precision (DoP) values were 
between 0.75 and 1.1 (see Figure 6).

In the third test (GPS only, 19.07.2022), the Dilution 
of Precision (DoP) values range from 2.1 to 3.0, and the 
number of monitored GPS satellites and their distribution 
are typically “normal,” with 8 to 13 satellites detected. In 
the initial test (GPS/GLONASS/GALILEO/Beidou/QZSS 
satellites, 19.07.2022), the distribution and number of 
tracked GPS/GLONASS/GALILEO/Beidou/QZSS satel-
lites are typically “normal,” with 22–38 satellites observed 
and Dilution of Precision (DoP) values ranging from 0.92 
to 1.58 (Figure 7).

3. Results

3.1. Web-Online GNSS processing results (CSRS-
PPP and Trimble RTX)

CSRS-PPP and Trimble RTX web online processing Soft-
ware were used to process all of the static GNSS meas-
urements. CSRS-PPP is an internet program for post-
processing data from global navigation satellite systems 
(GNSS). It determines exact user locations everywhere on 
the world, independent of proximity to reference stations, 
by using precise satellite orbit, time, and bias adjustments 
extracted from a global network of receivers. Send over 
the Internet observation data in Receiver INdependent 
Exchange (RINEX) format from single or dual-frequency 
receivers operating in static or kinematic mode, and recov-
er enhanced positioning precisions in the North American 
Datum of 1983 of the Canadian Spatial Reference System 
(NAD83 (CSRS)) or the International Terrestrial Refer-
ence Frame (ITRF) (CSRS-PPP, 2022; Trimble, 2022).

Trimble RTX technology computes and relays satellite 
orbit, satellite clock, and other system modifications to the 
receiver in real-time using data from an infrastructure of 
Trimble-owned worldwide reference stations. As a con-
sequence, positions at the centimeter level are produced 
that consistently provide high precision locations around 
the globe. The user receives the post-processed findings 

via email or a client interface, while the modifications are 
conveyed to the recipient by satellite, Internet Protocol 
(IP) or cellular. The CenterPoint RTX post-processing 
service can achieve an accuracy level of at least 2 cm in 
the horizontal and around 6 cm in the vertical. Based on 
a minimum observation file of one hour, this is this.  The 
precision may reach 1 cm in the horizontal direction and 
3 cm in the vertical direction when the data session draws 
near, but not beyond 24 hours. Less than an hour’s worth 
of data will provide less precise location findings. Even 
more precision may be obtained with data sets longer than 
an hour, perhaps approaching 1 cm (Trimble, 2022).

The standard deviation values of the latitudes and 
longitudes of the three IGS points by processing CSRS-
PPP and Trimble RTX-Post processing Software shown 
in Table 3 was obtained between 2 mm and 6 mm. The 
standard deviation values of the ellipsoidal heights of the 
three IGS points shown in Table 3 were obtained between 
7 mm and 9 mm. All of the tables list the coordinates and 
standard deviations of the three IGS points.

The obtained coordinates from CSRS-PPP and Trimble 
RTX Software for three days were compared. The coordi-
nate differences were calculated in the range of 0 mm to 
7 mm. The differences between the coordinates obtained 
from both software and the length values found were ob-
tained in the range of 0 mm to 7 mm. The obtained co-
ordinates of the two software for three days are consistent 
with each other (Table 3).

3.2. Commercial software (Magnet Tools v.7.3.0) 
results

Magnet Tools provides customizable processing and ad-
justment options for data collected using optical total sta-
tion systems and GNSS hardware. Process of field surveys 
of combined methods of GNSS and total stations.

In Table 4, the coordinate and standard deviation val-
ues obtained by processing GPS-only satellite data of the 
three days are shown. The differences between the coor-
dinates are calculated between 3  mm and 22  mm with 
each other. The obtained latitude, longitude and ellipsoi-
dal height values of ABPO station by using CSRS-PPP 
Software were taken as fixed. The Cartesian coordinate 
differences of the three IGS stations were computed by 
using geographic coordinates of these three IGS stations. 
Cartesian coordinate differences were computed between 
CSRS-PPP and Topcon Magnet Tools Software v. 7.3.0 
(GPS-only and GPS/GLONASS/Galileo/Beidou/QZSS) 
was calculated between 0 mm and 120 mm, see Tables 4 
and 5 (Topcon, 2022). 

Table 5 shows the coordinates and standard deviation 
values obtained by processing GPS/GLONASS/Galileo/
Beidou/QZSS satellite data in the three days. The differ-
ences between the coordinates are calculated between 
3 mm and 39 mm. 

Table 6 shows the selection of ambiguity solution type, 
orbit and tropospheric mapping function model for Top-
con Magnet Tools Software v. 7.3.0, as well as the date 
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Table 4. Standard deviation and coordinate values (ITRF 2014, Epoch 2021.1658) of the three IGS points by processing static GPS 
satellites (Topcon Magnet TOOLS Software version 7.3.0) (Topcon, 2022)

GPS-only/ 17.07.2022

Name Latitude (°) Longitude (°) Ell. Height (m) Std (Lat) Std (Lon) Std (h)

ABPO 19°01’05,89441”S 47°13’45,17140”W 1552,959 0 0 0
REUN 21°12’29,60609”S 55°34’18,20419”W 1558,264 0.033 0.042 0.096
VACS 20°17’49,46692”S 57°29’49,34268”W 421,027 0.033 0.043 0.098

XITRF (m) YITRF (m) ZITRF (m)

ABPO 4 097 216,509 4 429 119,244 –2 065 771,145
REUN 3 364 098,805 4 907 944,652 –2 293 466,638
VACS 3 215 946,761 5 047 449,723 –2 198 718,087

GPS-only/ 18.07.2022

Name Latitude (°) Longitude (°) Ell. Height (m) Std (Lat) Std (Lon) Std (h)

ABPO 19°01’05,89441”S 47°13’45,17140”W 1552,959 0 0 0
REUN 21°12’29,60613”S 55°34’18,20438”W 1558,269 0.029 0.050 0.088
VACS 20°17’49,46695”S 57°29’49,34257”W 421,054 0.027 0.055 0.086

XITRF (m) YITRF (m) ZITRF (m)

ABPO 4 097 216,509 4 429 119,244 –2 065 771,145
REUN 3 364 098,803 4 907 944,658 –2 293 466,641
VACS 3 215 946,777 5 047 449,743 –2 198 718,097

GPS-only/ 19.07.2022

Name Latitude (°) Longitude (°) Ell. Height (m) Std (Lat) Std (Lon) Std (h)

ABPO 19°01’05,89441”S 47°13’45,17140”W 1552,959 0 0 0
REUN 21°12’29,60596”S 55°34’18,20448”W 1558,280 0.030 0.040 0.097
VACS 20°17’49,46680”S 57°29’49,34278”W 421,068 0.031 0.041 0.099

XITRF (m) YITRF (m) ZITRF (m)

ABPO 4 097 216,509 4 429 119,244 –2 065 771,145
REUN 3 364 098,808 4 907 944,67 –2 293 466,64
VACS 3 215 946,78 5 047 449,759 –2 198 718,098

Table 5. Standard deviation and coordinate values (ITRF 2014, Epoch 2021.1658) of the three IGS points by processing static  
GPS/GLONASS/Galileo/Beidou/QZSS satellites (Topcon Magnet TOOLS Software version 7.3.0)

GPS/GLONASS/Galileo/Beidou/QZSS 17.07.2022

Name Latitude (°) Longitude (°) Ell. Height (m) Std (Lat) Std (Lon) Std (h)

ABPO 19°01’05,89441”S 47°13’45,17140”W 1552,959 0 0 0
REUN 21°12’29,60601”S 55°34’18,20417”W 1558,276 0.026 0.072 0.084
VACS 20°17’49,46693”S 57°29’49,34279”W 421,038 0.026 0.073 0.086

XITRF (m) YITRF (m) ZITRF (m)

ABPO 4 097 216,509 4 429 119,244 –2 065 771,145
REUN 3 364 098,813 4 907 944,661 –2 293 466,64
VACS 3 215 946,764 5 047 449,734 –2 198 718,091

GPS/GLONASS/Galileo/Beidou/QZSS 18.07.2022

Name Latitude (°) Longitude (°) Ell. Height (m) Std (Lat) Std (Lon) Std (h)

ABPO 19°01’05,89441”S 47°13’45,17140”W 1552,959 0 0 0
REUN 21°12’29,60606”S 55°34’18,20477”W 1558,238 0.027 0.071 0.087
VACS 20°17’49,46690”S 57°29’49,34292”W 421,032 0.027 0.071 0.090

XITRF (m) YITRF (m) ZITRF (m)

ABPO 4 097 216,509 4 429 119,244 –2 065 771,145
REUN 3 364 098,778 4 907 944,641 –2 293 466,628
VACS 3 215 946,758 5 047 449,731 –2 198 718,088



Geodesy and Cartography, 2023, 49(4): 222–232 229

GPS/GLONASS/Galileo/Beidou/QZSS 19.07.2022
Name Latitude (°) Longitude (°) Ell. Height (m) Std (Lat) Std (Lon) Std (h)

ABPO 19°01’05,89441”S 47°13’45,17140”W 1552,959 0 0 0
REUN 21°12’29,60597”S 55°34’18,20397”W 1558,293 0.026 0.065 0.090
VACS 20°17’49,46695”S 57°29’49,34216”W 421,074 0.026 0.066 0.091

XITRF (m) YITRF (m) ZITRF (m)

ABPO 4 097 216,509 4 429 119,244 –2 065 771,145
REUN 3 364 098,827 4 907 944,671 –2 293 466,645
VACS 3 215 946,797 5 047 449,752 –2 198 718,104

End of Table 5

Table 6. The obtained three baseline values by using Topcon Magnet Tools Software v. 7.3.0 in the three tests in the study site (GPS-only)

GPS-only (17.07.2022)

Point 
From

Point 
To

Horizontal
Std  (m)

Vertical
 Std (m)

Solution
 Type Orbit Elevation 

Mask
Mapping
functions

Meteo 
Model GPS Distance (m) PDOP

ABPO VACS 0.073 0.138 Fixed,  
Wide Lane Precise 15 Niell GPT 32 1084732.154 1.581

ABPO REUN 0.069 0.125 Fixed,  
Wide Lane Precise 15 Niell GPT 31 904754.426 1.642

REUN VACS 0.032 0.063 Fixed,  
Wide Lane Precise 15 Niell GPT 31 224472,673 1.588

GPS-only (18.07.2022)

Point 
From

Point 
To

Horizontal
 Std  (m)

Vertical
 Std (m)

Solution
Type Orbit Elevation 

Mask
Mapping

 functions
Meteo 
Model GPS Distance (m) PDOP

ABPO VACS 0.111 0.111 Float,  
Wide Lane Precise 15 Niell GPT 32 1084732.157 1.581

ABPO REUN 0.071 0.124 Fixed,  
Wide Lane Precise 15 Niell GPT 31 904754.433 1.642

REUN VACS 0.035 0.062 Fixed,  
Wide Lane Precise 15 Niell GPT 31 224472.666 1.605

GPS-only (19.07.2022)

Point 
From

Point 
To

Horizontal
Std (m)

Vertical
 Std (m)

Solution
Type Orbit Elevation 

Mask
Mapping

 functions
Meteo 
Model GPS Distance (m) PDOP

ABPO VACS 0.072 0.139 Fixed,  
Wide Lane Precise 15 Niell GPT 32 1084732.153 1.550

ABPO REUN 0.064 0.128 Fixed,  
Wide Lane Precise 15 Niell GPT 31 904754.440 1.622

REUN VACS 0.031 0.064 Fixed,  
Wide Lane Precise 15 Niell GPT 31 224472.671 1.591

and time of their observations. The difference among the 
three baselines obtained between Topcon Magnet Tools 
Software v.7.3.0 (using GPS-only and GPS/GLONASS/
Galileo/Beidou/QZSS satellites) remained in the range 
of 1–17 mm (Table 6). However, the obtained difference 
among the three baselines by processing Topcon Magnet 
Tools Software (using GPS/GLONASS/Galileo/Beidou/
QZSS satellites satellites) and CSRS-PPP and Trimble RTX 
web online processing Software (GPS/GLONASS satel-
lites) remained in the range of 3–49 mm (Tables 3 and 7).

The  GNSS  Loop  Closure  of the  adjustment 
group allows to perform a loop closures test for the post-
processed GNSS observations that form a closed loop. You 

can configure tolerance of GNSS observations and then 
analyse a quality of network by calculating the residuals 
of the closed figures that form loops in the network. If the 
analysis results in some residuals that exceed the toler-
ance values you can change your observation values by 
re-measure them in field or correct the erroneous obser-
vations  by rejecting suspicious occupations, satellites or 
changing elevation mask, etc. 

On the other hand, the loop closures for static process-
ing (GPS-only and GPS/GLONASS/GALILEO/Beidou/
QZSS satellites) are compared with each other. The value 
of the loop closure of GPS–only for static processing is 
4 mm and 11 mm in Table 8. However, the value of the 

file:///C:\ProgramData\MAGNET\MAGNET%20Tools\7.0\HtmlHelp\en-US\Content\MAGNET_Help\Basic_Topics\Ribbon_icons\07_Process_tab\07_02_Adjustment_group.htm
file:///C:\ProgramData\MAGNET\MAGNET%20Tools\7.0\HtmlHelp\en-US\Content\MAGNET_Help\Basic_Topics\Ribbon_icons\07_Process_tab\07_02_Adjustment_group.htm
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Table 8. The loop closure for static processing of the network by using GPS and GNSS satellites (Topcon Magnet Tools Software v. 7.3.0)

Loop dN
(mm)

dE
(mm)

dHZ
(mm)

dU
(mm)

Hozizontal 
Tolerance 

(m)

Vertical 
Tolerance

 (m)

Length 
(km)

dHz
(ppm)

dU 
(ppm)

dHZ 
relative

dU 
relative

GPS-only 
(17.07.2022)
ABPO-VACS
ABPO-REUN
REUN-VACS

4 7 8 10 11.100 11.130 2213.959253 0 0 1:27435298 1:217658072

GPS/GLONASS/
Galileo/Beidou/QZSS 
(17.07.2022)
ABPO-VACS
ABPO-REUN
REUN-VACS

2 1 2 0 11.100 11.130 2213.959260 0 0 1:1172550185 1:23794303785

GPS-only 
(18.07.2022)
ABPO-VACS
ABPO-REUN
REUN-VACS

0 9 9 9 11.100 11.130 2213.959256 0 0 1:260196555 1:241764307

GPS/GLONASS/
Galileo/Beidou/QZSS 
(18.07.2022)
ABPO-VACS
ABPO-REUN
REUN-VACS

2 0 2 0 11.100 11.130 2213.959265 0 0 1:1102728218 1:4981940770

GPS-only 
(19.07.2022)
ABPO-VACS
ABPO-REUN
REUN-VACS

4 11 11 8 11.100 11.130 2213.959264 0.01 0 1:197662612 1:290703106

GPS/GLONASS/
Galileo/Beidou/QZSS 
(19.07.2022)
ABPO-VACS
ABPO-REUN
REUN-VACS

2 2 3 11 11.100 11.130 2213.959229 0 0 1:779502632 1:202081650

The Loops Table displays the following information:
Loop – a set of GNSS observations that form a closed loop.
dN / dE – an absolute value of N and E coordinates misclosures for the given loop.
dHz – an absolute value of horizontal misclosures for the given loop.
dU – an absolute value of vertical misclosures for the given loop.
Horz Tolerance / Vert Tolerance (m) – threshold values. Formulas used for calculating these parameters for the selected GNSS observations are 
shown in the Loop Closure Precisions upper part of the dialog.
Length (m) – a length of the loop.
dHz (ppm) / dU(ppm) – tolerance of the accuracy of the loop in parts per million.
dHz relative / dU relative – tolerance of the relative accuracy of the loop considering the loop length.
The threshold value (horizontal and vertical) for the test is computed by a formula:
Tolerance = Absolute Tolerance + Relative Tolerance × 10–6,
where Length is the length of the loop in kilometers. 
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loop closure static processing (GPS/GLONASS/GALI-
LEO/Beidou/QZSS) is 0 mm and 2 mm in Table 8. These 
results show that the accurate coordinates are obtained by 
using static processing (GPS/GLONASS/GALILEO/Bei-
dou/QZSS satellites) in this study.

Conclusions

The obtained results have been made concerning in-
creased positional accuracy with the addition of the Gali-
leo, Beidou and QZSS system. The Galileo system devel-
oper assert that users will be able to use a GNSS in dense 
forest, near high rise buildings, and inside buildings, but 
even with more satellites available for use, the problem 
of multi-path must first be addressed. When three base 
lengths are compared in this study, GPS-only and GPS/
GLONASS/GALILEO/Beidou/QZSS static processing, 
and the baseline differences are 1–17 mm (ABPO-VACS), 
3–20 mm (ABPO-REUN), 1–9 mm (REUN-VACS). It is 
obvious that these smallest differences were computed by 
processing the GPS/GLONASS/GALILEO/Beidou/QZSS 
satellite data.
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