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Abstract
1. Introduction
The different global systems have been designed to be
compatible. According to the definition of the US spacebased position, navigation, and time policy, compatibility
refers to the ability of two services to be used separately or
together without interfering with each individual service or
signal[1]. With advent of new global systems in full
operational capability (Glonass, Galileo, BeiDou) offers the
ability to improve positioning accuracy by using a combined
positioning method. The aim of the paper is to present the
manner in which data from several satellite systems can be
used concurrently and to emphasize the necessity of
adopting a combined GNSS-based solution in difficult
environments where the multipath phenomenon is present.
The precision obtained using Static Precise Point
Positioning (static - PPP) was analyzed. With an increasing
number of satellites the DOP (Dilution of Precision) values
decrease, and, consequently, the position accuracy increases.
It is analysed SNR (Signal-to-noise ratio) in order to
quantify the signal power of the received signal. Carrier-tonoise ratio below 34 dbHz characterize weak signal.
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The coexistence of the four GNSS (GPS, Glonass, Galileo,
BeiDou) will either result in an alternative use or in a
combination of the services and signals to gain a combined
solution. An increasing number of systems and signals will
provide an increasing number of observations. Using two
systems for position determination will almost double the
number of navigation satellites and, thus, double the number
of observations for position computation. Although common
reference
systems
would
have
facilitated
the
interoperability, the systems have been intentionally
designed to use different reference frames, in order to avoid
common mode failures and, thus, to increase the integrity of
combined solutions [1]. The upcoming European Navigation
Satellite System Galileo and the enhanced GPS with new
frequencies and observation types, especially the possibility
to track frequencies on different channels, requires a more
flexible and more detailed definition of the observation
codes [2]. In the release version of RINEX 3.03 it is
emphasized how to deal with different satellite systems. The
Multi-GNSS Experiment (MGEX) has been set-up by the
IGS to track, collate and analyze all available GNSS signals.
This includes signals from the BeiDou, Galileo, QZSS, and
NAVIC systems, as well as from modernized GPS and
Glonass satellites and any space-based augmentation system
(SBAS) of interest. Analysis centers characterize new
satellites and signals, compare equipment performance and
further develop processing software capable of handling
multiple GNSS observation data. The IGS product portfolio
will continuously be extended to cover precise ephemeris
data and bias information for all constellations. Over a
period of four years, a global network of multi-GNSS
stations has been established and integrated with the existing
network of GPS/GLONASS reference stations. In parallel,
orbit and clock products for most new constelaltions are
generated on a routine basis. It has therefore been decided in
early 2016 to terminate the experimental phase of MGEX
and to pursue the IGS multi-GNSS activities as a pilot
project. New contributions may cover data, products and
analyses of all global and regional navigation satellite
systems, but should complement existing MGEX
capabilities and avoid redundancy. Specific areas of interest
include support of NAVIC, 3rd generation BeiDou satellite
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signals, the combination and validation of multi-GNSS orbit
and clock
products, the characterization of the GNSS space segment
(radiation pressure modeling, antenna calibrations, etc.), and
the generation of real-time multi-GNSS products. [3]
At international level, it is therefore necessary to adopt a
multi-GNSS positioning solution in urban areas or in
obstructed sites. The precision obtained using Static multiGNSS Precise Point Positioning was analyzed. An important
objective of the paper is to analyze how multi-GNSS
technology contributes in improving Dilution of Precision
(DOP). In the study, a signal analysis is performed on the
main frequencies, available satellite systems in order to
analyze the signal-to-noise ratio (SNR) and the multipath
phenomenon. So the satellites that do not give good results
can be eliminated.

2. Precise Modelling Terms for multi-GNSS
PPP
The PPP technique (Precise Point Positioning) allows
centimetre-level (or even milimetre-level) accuracy to be
achieved for static positioning. This high accuracy requires
accurate measurement modelling, where all model terms
such as: precise satellite orbits and clocks, atmospheric
effects – ionospheric refraction and the tropospheric
refraction – antenna biases and orientation, earth
deformation effects must be taken into account. For highaccuracy positioning, the carrier phase must be used because
they are very precise but contain unknown ambiguities
which change every time the receiver locks te signal after a
cycle slip. Ambiguities can be estimated in the navigation
solution together with the coordinates and other terms. [4]
The Precise Point Positioning uses code and carrier phase
measurements in the ionosphere-free combination in order
to remove the ionospheric refraction and the DCBs
(Differential Code Biases). Therefore the dual-frequency
receivers can eliminate this effect through a linear
combination of code or carrier measurements:
Φ𝑖𝑜𝑛𝑜−𝑓𝑟𝑒𝑒 =
R 𝑖𝑜𝑛𝑜−𝑓𝑟𝑒𝑒 =

𝑓𝑖2 Φ𝑖 −𝑓𝑗2 Φ𝑗
𝑓𝑖2 −𝑓𝑗2
2
𝑓𝑖 R𝑖 −𝑓𝑗2 R𝑗
𝑓𝑖2 −𝑓𝑗2

,

(1)
(2)

Where:
fi , fj − Li , Lj frequencies (Hz); i, j = 1,2,3.
Code and carrier measurements in the ionosphere-free
combination are modelled as follows:
𝑗
𝑗
𝑗
𝑅𝐶 = 𝜌 𝑗 + 𝑐(𝛿𝑡 − 𝛿𝑡 𝑗 ) + 𝑇𝑟 𝑗 + ℳ𝐶 + 𝜀𝐶
(3)
𝑗
𝑗
𝑗
𝑗
𝑗
𝑗)
𝑗
𝑗
Φ𝐶 = 𝜌 + 𝑐(𝛿𝑡 − 𝛿𝑡 + 𝑇𝑟 + 𝜆𝑁 ω + 𝐵𝐶 + 𝑚𝐶 + 𝜖𝐶 (4)
𝑗
Where: 𝑅𝐶 denotes the unsmoothed code pseudorange
𝑗
measurement for the j th satellite in view and Φ𝐶 is the
corresponding carrier measurement.
Remark: 𝜌 𝑗 – is the geometric range between the satellite
and receiver antenna phase centres (APCs) in the
ionosphere-free combination; 𝑐 – is the speed of light;
𝛿𝑡, 𝛿𝑡 𝑗 – are the receiver and satellite clock offsets from the
GNSS time scale, including the relativistic satellite clock
correction; 𝑇𝑟 – is the tropospheric delay; 𝜆𝑁 ω𝑗 – wind-up
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effect due to the circular polarization of the electromagnetic
𝑗
𝑗
𝑗
signal; 𝐵𝐶 – the carrier phase ambiguity term; ℳ𝐶 , 𝑚𝐶 –
represents the effect of multipath depending on the code
𝑗 𝑗
type and frequency; 𝜀𝐶 , 𝜖𝐶 – denotes the receiver noise.
If the processing option ʺTroposphere Correctionʺ is set to
ʺEstimate ZTD+Gradʺ, a more precise troposphere model is
applied with strict mapping functions as:
𝑚(𝐸𝑙𝑟𝑠 ) = 𝑚𝑊 (𝐸𝑙𝑟𝑠 )[1 + 𝑐𝑜𝑡𝐸𝑙𝑟𝑠 (𝐺𝑁,𝑟 𝑐𝑜𝑠𝐴𝑧𝑟𝑠 +
𝐺𝐸,𝑟 𝑠𝑖𝑛𝐴𝑧𝑟𝑠 )]
(5)
Trs = mH (Elsr )ZH,r + m(Elsr )(ZT,r − ZH,r
(6)
Where:
ZT,r − tropospheric zenith total delay (m)
ZH,r − tropospheric zenith hydro‐static delay (m)
mH (El) − hydro‐static mapping function
- mW (El) −wet mapping function
Phase wind-up effect affects only the carrier phase
measurements, it is due to the electromagnetic nature of
circularly polarized waves. This correction is required for
high accuracy positioning such as PPP and is modelled as
follows:
𝑇
𝑇
𝑇
𝐸𝑟 = (𝑒𝑟,𝑥
, 𝑒𝑟,𝑦
, 𝑒𝑟,𝑧
)
𝑇

𝑇

𝑇

𝑇

𝐸 𝑠 = (𝑒𝑥𝑠 , 𝑒𝑦𝑠 , 𝑒𝑧𝑠 )𝑇
𝐷 𝑠 = 𝑒𝑥𝑠 − 𝑒𝑢𝑠 (𝑒𝑢𝑠 ∙ 𝑒𝑥𝑠 ) − 𝑒𝑢𝑠 × 𝑒𝑦𝑠
(7)
𝑠
𝐷𝑟 = 𝑒𝑟,𝑥 − 𝑒𝑟𝑠 (𝑒𝑟𝑠 ∙ 𝑒𝑟,𝑥
) − 𝑒𝑟𝑠 × 𝑒𝑟,𝑦

(𝑒𝑟𝑠 ∙ (𝐷 𝑠 × 𝐷𝑟 )) arccos
ϕ𝑝𝑤 = 𝑠𝑖𝑔𝑛

𝐷 𝑠 ∙ 𝐷𝑟
‖𝐷 𝑠 ‖‖𝐷𝑟 ‖

2𝜋

+𝑁

Where: N – integer phase ambiguity

3. Analysing multi-GNSS technology
performance in urban areas
The study analyzes at first how a multi-GNSS system
contributes in the improvement of positioning accuracy.
Using the RTKLIB software - RTKPOST module, data from
the POTSDAM (POTS00DEU) - Germany station were
processed. Within the input observation file section, we can
preview the mixed RINEX 3.03. observation file with a 30second data take-off interval, the types of observations used,
the satellites used, the time of the first observable, the time
of the last observation and the satellites received at each
observation session. At an IGS station (POTS00DEU) when
processing observations from three satellite systems (GPS,
Glonass and Galileo) in static multi-GNSS PPP combined
mode using an elevation mask of 10°, precise ephemeris,
ionosphere-free L-C, and the “Estimate ZTD + GRAD”
model we can see millimetre order standard deviations
standard corresponding to the the three coordinate axes (XECEF, Y-ECEF, Z-ECEF).
Precise CODE orbits have been used in the processing
model that include combined orbit-specific information for
global positioning systems.
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In figure 3 it is shown that by using a single-GNSS the DOP
values increase when the total number of visible satellites
decrease, so using a multi-GNSS system it is therefore
necessary in obstructed areas.
An analysis of the positioning accuracy obtained in the use
of Multi-GNSS technology in the roumanian urban
environment, as well as a signal analysis of the GNSS
systems (GPS, Glonass, Galileo and BeiDou) were made.
The observations were conducted at the Topgeocart
permanent GNSS station in Bucharest during DOW 1, GPS
week: 1994. A LEICA GS18 receiver using precise inertial
measurement units (IMU) was used.
In RTKPOST RTKLIB module were used: static twofrequency multi-GNSS PPP positioning, four satellite
systems (GPS, Glonass, Galileo and BeiDou), elevation cutoff angles of 10°, the Ionosphere Free LC model, the
“Estimate ZTD + Model” of the troposphere effects
modeling, as well as the precise orbits. At the same time, it
has been chosen to solve the ambiguities continuous.
The figure below emphasize the model characteristics:

Fig. 1 Results obtained from static multi-GNSS PPP processing and
the corresponding standard deviations using precise ephemeris at the
IGS station (POTS00DEU)

In RTKPLOT, we can analyze the Dilution of Precision
(DOP) factor at the Potsdam station and the total number of
visible satellites at hourly intervals. Figure 2 shows the
number of visible satellites (a maximum of 27 visible
satellites and a minimum number of 16), and at the bottom
of the figure are shown the DOP components: PDOP,
HDOP, VDOP.

Fig. 4 Processing model characteristics

By using multi-GNSS PPP positioning model with the
specifications shown in figure 4, we can see millimetre
order standard deviations corresponding to the three
coordinate axes (X-ECEF, Y-ECEF, Z-ECEF) in figure 5.
Precise CODE orbits have been used in the processing
model that include combined orbit-specific information for
global positioning systems: GPS, Glonass, Galileo, BeiDou.

Fig. 2 Analysing DOP factor by using multi-GNSS technology at the
IGS station (POTS00DEU)

As a result of the X-ECEF coordinate variation analysis, it is
noted that in the use of a Multi-GNSS system with four
satellite systems (GPS, Glonass, Galileo, BeiDou), the
coordinate X varies between [4094917.848, 4094917.864]
and when considering a single-GPS system, the X
coordinate varies within [4094917.743, 4094917.779].
On the Y-ECEF axis, we can see the following: when using
a Multi-GNSS system in which four satellite systems (GPS,
Glonass, Galileo, BeiDou) are considered, the Y coordinate
varies between [2008286.376, 2008286.419], and when
using a single-GPS system, the Y coordinate varies within
[2008286.273, 2008286.348]

Fig. 3 Analysing DOP factor by using GPS system
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On all ECEF axes, it is noticed that the GPS system offers
the highest standard deviations values, reaching the
centimetre order.
In RTKPLOT, we can analyze the DOP factor and the total
number of visible satellites by hourly intervals. The figure
below shows the number of visible satellites (a total number
of visible satellites of 23 and a minimum number of 14 can
be seen), and the bottom of the figure is represented by the
DOP components (PDOP, HDOP , VDOP).

Fig. 5 Results obtained from static multi-GNSS PPP processing and
the corresponding standard deviations using precise ephemeris at the
Topgeocart GNSS station
Fig.7 Y-ECEF variations by using different GNSS systems at the
Topgeocart GNSS station

Fig.6 X-ECEF variations by using different GNSS systems at the
Topgeocart GNSS station

On the Z-ECEF axis, we note the following: When using a
Multi-GNSS system in which the four satellite systems are
considered, the Z coordinate varies in the range
[4443833.621, 4443833.640], and in the case of GPS, the Z
coordinate varies in the range [4443833.549, 4443833.580].
In figures: 6, 7, 8 it is shown an offset between calculations
that include/exclude the Glonass system. This difference is
caused by the Glonass inter-frequency bias (IFB) code
measurements. At international level, studies are conducted
to determine the inter-frequency bias specific to the Glonass
system because it is not fully modeled. After analysing the
standard deviations values corresponding X, Y and Z axes, it
is observed that those corresponding to Multi-Gnss
technology with four satellite systems have the lowest
values, followed by the GPS + Glonass + Galileo system.
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Fig.8 Z-ECEF variations by using different GNSS systems at the
Topgeocart GNSS station

Fig. 9 Analysing DOP factors by using multi-GNSS technology at the
Topgeocart GNSS station
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Fig. 10 Analysing DOP factor by using GPS system at the Topgeocart
GNSS station

In figure 9 shows that the PDOP factor reaches a value
approximately equal to 2 at a minimum number of 14
observed satellites, unlike if 23 satellites are observed, and
PDOP is less than 2. When using a single GNSS system
(GPS) in the analysis, DOP components are much lower
than the previous case where a multi-GNSS system is used,
PDOP reaching a value of 5 when 5 GPS satellites are
observed. Since the Galileo system has not reached its Full
operational capability (FOC), the DOP has some major
gaps, it is expected that by 2020 the FOC will be reached
and the DOP will be improved.
Signal / noise ratio analysis (SNR) on the main frequencies
analyzed in this study is reported by the GNSS system,
while consider the multipath effect. Queries can be made
and remove satellites with the weakest signal in order to
eliminate cycle slips.
In the following, a signal/noise ratio analysis (SNR) is
performed on the main frequencies analyzed and it is
reported according to the GNSS system. The signal strenght
is described by the carrier-to-noise power density ratio and
the SNR. Figure 11 shows the signal/noise ratio on a L1
band considering three satellite systems: GPS, Glonass,
Galileo; SNR values are in the range (30 dbHz, 50 dbHz).
On the L2 band, SNR indicator values are in the range (20
dbHz, 50 dbHz), and on the L5 band, SNR has values
between (30 dbHz, 50 dbHz), similar to the use of a single
GNSS system (GPS or Galileo). In the following, a
signal/noise ratio anaysis is performed considering the
multipath effect according to the cut-off elevation angle:

Fig. 12 SNR on the L2 band at the Topgeocart GNSS station

Fig. 13 SNR on the L5 band at the Topgeocart GNSS station

Fig. 14 SNR/multipath on the L1 band at the Topgeocart GNSS station

On the L1 and L5 bands, the SNR has values in the range
(25 dBHz, 45 dBHz) at elevation cut-off angles of (10°,
30°). SNR indicator reaches values up to 50 dBHz
corresponding to a maximum signal power at elevation cutoff angles greater than 30°.
On the L2 carrier, at elevation cut-off angles of (10°, 30°),
the SNR has values in the range (10 dBHz, 40 dBHz), and at
elevation cut-off angles greater than 30°, the SNR indicator
reaches values up to 50 dBHz corresponding to a maximum
signal power.
In Figure 18, it is shown that the G06 GPS satellite
generates the largest multipath error so it can be removed
from the analysis.
Fig. 11 SNR on the L1 band at the Topgeocart GNSS station

-5-

Journal of Geodesy, Cartography and Cadastre - ISSN: 1454-1408

system, while the signals interoperability provides a viable
signal quality.
A signal analysis was performed based on the GNSS
systems and their frequencies, observing that the SNR
indicator reaches values up to 50dbHz when using a multiGNSS system.
The availability of three-frequency decoded signals makes it
possible to take a new approach in determining ambiguities
within the relative GNSS differential positioning with
observations on the carrier phase and at the same time
provides considerable accuracy in determining the delay
caused by the ionosphere. The PDOP factor reaches a value
approximately equal to 2 at a minimum number of 14
observed satellites, unlike if 23 satellites are observed, and
PDOP is less than 2. When using a single GNSS system
(GPS) in the analysis, DOP components are much lower
than the previous case where a multi-GNSS system is used,
PDOP reaching a value of 5 when 5 GPS satellites are
observed. With an increasing number of satellites the DOP
(Dilution of Precision) values decrease, and, consequently,
the position accuracy increases.
Increasing the number of satellites not only improves
accuracy in satellite positioning applications, but also
provides an increased number of satellite signals for spatial
meteorological applications, which implies recording the
signal in the neutral atmosphere and the ionosphere.
The multi-GNSS technology offers high precision in solving
carrier-phase ambiguities by improving the DOP factor,
increasing the number of additional observations from
GNSS systems by offering the choice of the right method to
solve ambiguities in an optimal time.
Multi-GNSS is also applicable in the process of detection
and prevention of cycle slips. With multiple signals, the
receiver's ability to receive satellite signals is high even in
difficult, obstructed environments, so the cycle slips will be
greatly reduced. The signal-to-noise ratio is greatly
improved when using a Multi-GNSS system, so the cycle
slips are reduced.
Multi-GNSS Precise Point Positioning is a viable method on
the Romanian territory in the context of positioning in
difficult environments obstructed by vegetation or buildings
and in mountain areas. In this context, using multiple data
from multiple satellite systems, multi-GNSS technology is
applicable to road navigation in areas where single-GNSS
technology does not provide a positioning solution.

Fig. 15 Galileo +Beidou SNR/multipath on the L8 band at the
Topgeocart GNSS station

Fig. 16 SNR/ multipath on the L2 band at the Topgeocart GNSS
station

Fig. 17 SNR/ multipath on the L5 band at the Topgeocart GNSS
station

Fig. 18 SNR/ multipath on the L1 band – G06 GPS satellite with LOW
SNR – at the Topgeocart GNSS station

4. Conclusions
The performance of the Multi-GNSS method was analyzed
using informations from different stations located at
different latitudes. In the first phase, observations from three
GNSS systems - GPS, GLONASS and Galileo - at the IGS
station located in Potsdam, as well as a mixed navigation
file including information on the orbits of the three systems
satellite were used. Analyzing the precise point positioning
results at the POTS00DEU station, we can see an
improvement at a millimetre level by using a Multi-GNSS
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