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Abstract

Until quite recently the precise applications for Global Navigation Satellite Systems
(GNSS) were exclusively based on using the American Global Positioning System (GPS).
With the much improved stability of the Russian counterpart GLONASS (Global Naviga-
tion Satellite System) and the development of alternative systems in Europe (Galileo) or
China (Compass) we are facing more and more multi-GNSS applications.

The Center for Orbit Determination in Europe (CODE), acting as a global analysis
center of the International GNSS Service (IGS), has a long tradition in the combined
analysis of data from different GNSS. All CODE contributions to the IGS are in fact
generated from a rigorously combined analysis of GPS and GLONASS data — apart from
the clock products — for a long time.

Inter–system biases are taken into account when generating the procedures to compute
multi–GNSS satellite clock corrections. Traditionally, a constant offset between the internal
GPS and GLONASS receiver clocks is assumed and set up in the data processing. A detailed
analysis revealed on the one hand that this simple approach is not sufficient. It is not
necessary, on the other hand, to introduce independent receiver clock parameters for each
GNSS. Such an approach would considerably reduce the benefit of the combined processing
of observations from different GNSS as opposed to analyzing the measurements of only one
GNSS. Finally, a compromise between both strategies seems to be most promising: a piece–
wise linear inter–system bias with a resolution of, e.g., one hour.

1 Introduction and Motivation

Two Global Navigation Satellite Systems (GNSS) are currently operational, namely GPS, Global
Positioning System and GLONASS, GLObalnaya NAvigatsionnaya Sputnikovaya Sistema (Rus-
sian for “Global Navigation Satellite System”). Other systems are under development in particu-
lar the European Galileo or the Chinese COMPASS. A combined processing of the observations
from the different GNSS promises better results than analyzing only the data from a single
GNSS constellation.

CODE, the Center for Orbit Determination in Europe, is a joint venture of the Astronomical
Institute of the University of Bern (AIUB, Bern, Switzerland), the Swiss Federal Office of To-
pography (swisstopo, Wabern, Switzerland), the Federal Agency for Cartography and Geodesy
(BKG, Frankfurt am Main, Germany), and the Institut für Astronomische und Physikalische
Geodäsie of the Technische Universität München (IAPG/TUM, Munich, Germany). It acts as
a global analysis center (AC) of the International GNSS Service (IGS, Dow et al., 2009) since
the early phase of the first test campaign in June 1992. CODE has started with a rigorously
combined analysis of GPS and GLONASS measurements in May 2003 (Dach et al., 2009). For
nearly five year, CODE was the only AC submitting products to the IGS generated from a
rigorous combination of the GPS and GLONASS observations. Meanwhile, other ACs of the
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(a) GPS–only solution
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(b) GLONASS–only solution

Figure 1: Differences between the receiver clock corrections computed using only L1 and L2 observa-
tions from GPS and GLONASS, respectively.

IGS (ESOC, Darmstadt and GFZ, Potsdam, both in Germany) followed this approach (Springer
and Dach, 2010).

Because of the differences between the signals of different GNSS, the receivers will introduce
inter–system biases (ISB) for the pseudorange as well as for carrier phase measurements. The
ISB for the pseudorange observations are very stable within the noise level of the data (Dach
et al., 2010). Assuming a noise of the phase observations of 1 mm, the corresponding stability
requirement for the ISB is on the 3 ps level — which is very challenging. If the receivers cannot
meet this high stability level for the ISB we have to cope with the variation of the ISB in time
in a multi-GNSS data processing.

The two extreme ways of ISB handling are:

• Independent receiver clocks per GNSS are introduced:
There are no requirements concerning the ISB in the receiver, but one additional parameter
per station and epoch has to be added.

• One constant ISB for the interval of processing (e.g., one day) is set up:
The receivers have to preserve the stability of the ISB on the noise level of the phase
measurements during the entire processing interval. Only one additional parameter per
station is necessary.

The three IGS ACs (CODE, ESOC, and GFZ) currently providing multi–GNSS solutions follow
the second option.

There are indications that we do not use the full potential of adding GLONASS to the GPS
measurements by introducing only a constant ISB. Schaer (2007) demonstrated that the station
repeatability is slightly better if independent receiver clocks are assumed for each GNSS. Dach
et al. (2009) showed that a benefit from additional GLONASS measurements in a rapid static
solution for the estimation of station positions only results for intervals of up to one hour in a
network covering Europe.

Even if geodetic GNSS receivers contain only one physical clock there is not only a simple offset
between receiver clock differences computed with the L1 and L2 carrier phase data on short
baselines. The magnitude of these deviations from the theoretically expected behavior clearly
exceeds the general noise of the solution for many receiver types. Two examples are given in
Fig. 1. The left plots (O’Higgins) are typical for most of the stations in the IGS network —
but there are significant exceptions (see, e.g., Zimmerwald in the right plots). Such results raise
the question about the stability of the ISB in time. This issue will be studied in detail in the
subsequent sections.
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Table 1: Stations used for the short baseline/network solutions and their equipment.

Station Location Receiver type Firmware
OHI2 66008M005 O’Higgins JPS E_GGD 2.6.1 Jan10,2008
OHI3 66008M006 Antarctica TPS E_GGD 2.6.1 Jan10,2008
STR1 50119M002

Canberra
LEICA CRX1200GGPRO 7.50

STR2 50119M001
Australia

TRIMBLE NETR5 3.84
TID1 50119M108 TRIMBLE NETR8 3.80
UNBJ 40146M002

Fredericton
TPS LEGACY 2.6.1 Jan10,2008

UNBN 40146M002
Canada

NOV OEM3 3.260
UNBT 40146M002 TPS NET–G3 3.4 Feb,25,2009 t3
WTZJ 14201M012

Wettzell
JPS LEGACY 2.6.0 Oct24,2007 O

WTZR 14201M010
Germany

LEICA GRX1200GGPRO 7.53/3.017
WTZZ 14201M014 TPS E_GGD 2.7.0 Mar31,2008
ZIM2 14001M008 Zimmerwald TRIMBLE NETR5 Nav 4.03/Boot 3
ZIMJ 14001M006 Switzerland JPS LEGACY 2.6.1 Jan10,2008

2 Analysis strategy and receiver statistics

Our study has the focus on short baselines of multi–GNSS receivers available in the IGS tracking
network to allow for single frequency solutions using only L1 or L2. The stations and their
equipment are listed in Tab. 1.

The pre–processing (residual screening) has been performed in four independent solutions: use
of L1 or L2 in the GPS–only mode and use of L1 or L2 in the GLONASS–only mode. Ten days
in August 2009 (day of year 230 to 239) have been processed in small subnetworks consisting
of two or three stations (as indicated in Tab. 1) without estimating any parameters for the
troposphere (the GPT/GMF standard corrections were applied, Böhm et al., 2006).

The three receivers UNBJ, UNBN, and UNBT are connected to the same antenna, which results
in a lower noise level. The baseline in O’Higgins (OHI2/OHI3) provides an example for stable
ISB conditions whereas the baseline in Zimmerwald (ZIM2/ZIMJ) represents the worst case in
this study. The results at the other baselines are typical for most of the examples.

3 Inter–system biases and their impact on the solution

3.1 Stability of the inter-system bias in time

Similar experiments to that underlying Fig. 1 can be carried out when comparing receiver
clock estimates derived only from GPS or GLONASS measurements gathered by multi-GNSS
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Figure 2: Differences between the receiver clock corrections computed using only L1 or L2 observations
from GPS and GLONASS.
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Figure 3: Differences between the receiver clock corrections computed using the ionosphere–free linear
combination (L3) from GPS and GLONASS.

receivers. Figure 2 shows the differences between the GPS– and GLONASS–derived receiver
clock corrections computed from the L1 (left) and L2 (right) observations. The L1–based series
are more stable in time than the L2–based values, a fact also observed for other baselines.

It is also interesting to study the differences between the GPS and GLONASS observations in
the ionosphere–free linear combination (L3) to get a situation, comparable to regional or global
multi-GNSS analyses. The results for more baselines are provided in Fig. 3 indicating significant
variations in time for the ISB. Even the baseline in O’Higgins shows a drift of 20 to 40 mm per
day in the ISB for some of the days. In Fredericton the biggest variations seems to be introduced
by UNBT (TPS NET–G3 receiver) whereas in Wettzell WTZR (LEICA GRX1200GGPRO, not
shown in this figure) shows a bigger variation relative to the other two stations. We conclude
that the time dependency in the ISB has to be taken into account for these short baseline/small
network solutions.

Because of the small number of receiver combinations only the inconsistencies can be observed.
It is impossible to say which receiver types definitively introduce these time variations of the
ISB.

3.2 Inter–system bias in the RMS of the post-fit residuals

The differences between the GPS– and GLONASS–derived receiver clock differences in the
ionosphere–free linear combination in Fig. 3 let us expect a clear impact on the RMS of the
observations, if the variation in time of the ISB is not properly considered in the data processing.
Four solutions have been generated for the ten days to verify this expectation:

GNSS–spec. clocks: Independent receiver clock corrections for each GNSS are estimated.
There are no requirements concerning the stability of the ISB, but 288 additional parame-
ters have to be solved for (for each station and each day with independent reference clock
conditions for each GNSS).

Constant ISB: One constant ISB is set up per day. This approach assumes that the ISB
is stable during the day on the level of the phase noise resulting in only one additional
parameter per station.

Hourly ISB: This strategy represents a compromise between the two above GNSS–
combination strategies. The ISB is introduced by piece–wise linear parameters with an
hourly resolution (25 additional parameters and a zero–mean condition). This approach
allows for a certain variation of the ISB in time.
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Figure 4: RMS of the post–fit residuals with different combination strategies for the measurements
from GPS and GLONASS

GPS+GLONASS: As a reference, the GPS and GLONASS observations have been processed
separately. The RMS of the residuals for the single-GNSS solutions allow to compute an
expected RMS of the residuals in a multi-GNSS solution (RMSGNSS) by:

RMSGNSS =

√

nObsGPS · RMS2

GPS + nObsGLO · RMS2

GLO

nObsGPS + nObsGLO

nObs and RMS are the number of observations and the RMS of the residuals for each
GNSS (GPS, GLO).

The results of these four strategies are presented for two days in Fig. 4.

The reference value (GPS+GLONASS, gray bars) is obtained for all examples in the case of
independent receiver clocks for each GNSS (GNSS–spec. clocks, green bars), because there
are no requirements concerning the synchronization between the internal GPS and GLONASS
receiver clocks. This strategy is safe from the parametrization point of view — but is it really
necessary to introduce so many additional parameters to process the data from two GNSS
together?

The variations of the ISB in Fig. 3 suggest a RMS on the order of 2 to 5 mm if only a constant
ISB is assumed (constant ISB, blue bars). The results for different stations in Fig. 4 indicate
that only the groups of Canberra and Zimmerwald have systematically larger RMS values.

If we assume a drift of 20 mm over one day in the ISB the relation of 1:2 for the number of
GLONASS and GPS observations implies that ≈ 14 mm discrepancy of the ignored ISB have to
be absorbed by the GLONASS and ≈ 7 mm by the GPS residuals. A corresponding increase of
the residuals cannot be observed (a drift of 14 or 7 mm over 288 observation epochs results to an
increase of the RMS of 1.82 or 1.25 mm, respectively). The hardware delay of the receiver clock
is correlated to 100% with the mean carrier phase ambiguities in a phase-only zero-difference
solution (and cancels out in a double difference solution). The phase ambiguity parameters are
thus able to absorb a moderate variation of the ISB.

Assuming the ambiguities to cover an interval of 6 hours (e.g., one full satellite pass) they refer
to 25% of the ignored trend in the ISB discrepancies assumed for one day: about 2 or 1 mm
for GLONASS and GPS, respectively. If the ambiguities are freely estimated the RMS of the
residuals is only increased by this small amount mainly at the two ends of the path. Here also
the observations with low elevation can be found which are usually down–weighted because
of the uncertainty of the troposphere model or the expected influence of potential multipath
effects.

This is why we can observe an increase of the RMS in Fig. 4 only in two examples where the
differences between the GPS(L3) and GLONASS(L3) receiver clock estimates also show extreme
values (ZIM2/ZIMJ and for TID1 exceeding the scale used in Fig. 3).
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3.3 Influence of inter–system bias on station coordinate solutions

The mean station coordinate in the Up, North, and East components computed from the ten
days are listed in Tab. 2. Because the true coordinates are unknown the solution GNSS–spec.
clocks serves as reference, i.e., the differences of the individual solutions from this reference is
provided.

The coordinates between the multi–GNSS solution with independent receiver clocks for each
GNSS (GNSS–spec. clocks) and hourly estimated ISB (hourly ISB) agree on the tenth of a
millimeter with the reference solution. The only exception is the station TID1 with big and
irregular variation of the ISB (see the RMS in Fig. 4). Disregarding the two stations with
the increased RMS of the residuals if only a constant ISB has been considered (Canberra and
Zimmerwald) the coordinates agree within half of a millimeter, if no variation of the ISB during
the day is considered in the data processing (constant ISB).

The GPS–only and the GLONASS–only solutions differ by up to 3 mm. All combined multi–
GNSS coordinates lie, as expected, between the two system–specific solutions.

Usually the repeatability of the daily station coordinates is taken as an indicator of the
quality of a GNSS-solution: Even if a repeatability computed from only ten days needs to be
read with utmost care we have included them in Tab. 3. The solution with the best repeatability
over all three coordinate components is marked in bold font.

It is at first right noteworthy that all multi–GNSS solutions show better repeatability values
than single GNSS solutions. This does, however, only indicate the benefit that may be expected
from adding the observations of an alternative GNSS in a combined processing of the data.

Only in two cases the independent receiver clock estimation for each GNSS gives the best
results. In most other cases the hourly piece–wise linear ISB show the best repeatability for the
multi–GNSS station coordinates.

Even though the differences in the repeatability between the three strategies to handle the ISB
are small, the hourly piece–wise linear parametrization seems to be a promising compromise
between the two extreme strategies.

Table 2: Comparison of the coordinate solutions in mm. Solution GNSS–spec. clocks serves as
reference.

(a) Baselines from L1–solutions:

GPS–only
GLONASS–

only
GNSS–spec.

clocks
Hourly ISB Constant ISB

Baseline num up north east up north east up north east up north east up north east
OHI2 −OHI3 10 0.6 0.1 -0.7 -0.8 -0.1 0.7 0.0 0.0 0.0 -0.0 -0.0 0.0 -0.0 0.0 -0.0
STR1 −STR2 9 -0.4 0.2 0.1 0.9 -0.3 -0.2 0.0 0.0 0.0 -0.0 -0.0 0.0 -0.1 -0.0 0.0
STR1 −TID1 9 0.2 0.4 -1.6 -0.4 -0.7 2.2 0.0 0.0 0.0 0.0 0.0 -0.0 0.2 0.2 -0.7
UNBJ−UNBN 9 -0.0 -0.0 0.1 0.0 0.0 -0.0 0.0 0.0 0.0 0.0 0.0 -0.0 -0.0 0.0 0.0
UNBJ−UNBT 9 -0.0 -0.0 0.0 0.1 0.0 -0.0 0.0 0.0 0.0 0.0 0.0 -0.0 0.1 -0.0 -0.1
WTZJ−WTZR 10 -0.7 0.5 0.6 1.2 -0.9 -0.8 0.0 0.0 0.0 -0.0 0.0 -0.0 0.1 -0.1 -0.1
WTZJ−WTZZ 10 -0.5 0.5 0.2 0.9 -0.8 -0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.0 0.0
ZIM2 −ZIMJ 10 0.1 -0.2 -0.3 -0.2 0.3 0.4 0.0 0.0 0.0 -0.0 0.0 -0.0 -0.1 0.2 -0.5

(b) Baselines from L2–solutions:

GPS–only
GLONASS–

only
GNSS–spec.

clocks
Hourly ISB Constant ISB

Baseline num up north east up north east up north east up north east up north east
OHI2 −OHI3 10 -0.0 -0.1 -0.3 0.0 0.2 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
STR1 −STR2 9 -0.9 0.2 0.5 1.9 -0.4 -0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 -0.5
STR1 −TID1 9 0.2 0.5 -1.3 -0.2 -1.1 2.4 0.0 0.0 0.0 -0.3 0.1 0.0 1.7 -0.5 -1.2
UNBJ−UNBN 9 0.0 -0.0 -0.1 -0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.0
UNBJ−UNBT 9 0.1 -0.0 0.5 -0.2 0.0 -0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.1 -0.0 -0.2
WTZJ−WTZR 10 -0.1 0.6 0.6 0.2 -0.9 -0.8 0.0 0.0 0.0 -0.0 0.0 0.0 -0.1 0.1 -0.1
WTZJ−WTZZ 10 -0.5 0.2 -0.3 1.0 -0.3 0.4 0.0 0.0 0.0 0.0 0.0 0.0 -0.0 -0.0 0.2
ZIM2 −ZIMJ 10 -0.1 -0.1 -0.3 0.2 0.1 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.2 -0.3 0.7
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Table 3: Repeatability of the coordinate series in mm. The solution with the best 3–d repeatability is
marked with bold font.

(a) Baselines from L1–solutions:

GPS–only
GLONASS–

only
GNSS–spec.

clocks
Hourly ISB Constant ISB

Baseline num up north east up north east up north east up north east up north east
OHI2 −OHI3 10 0.5 0.5 0.8 0.6 0.5 0.4 0.5 0.5 0.4 0.5 0.5 0.4 0.5 0.5 0.4
STR1 −STR2 9 0.7 0.3 0.6 0.7 0.5 0.6 0.6 0.3 0.5 0.6 0.4 0.5 0.6 0.4 0.5
STR1 −TID1 9 6.2 1.7 5.4 6.5 1.4 4.0 6.1 1.4 4.4 6.1 1.4 4.4 5.7 1.2 4.7

UNBJ−UNBN 9 0.2 0.1 0.3 0.3 0.2 0.4 0.2 0.1 0.3 0.2 0.1 0.3 0.2 0.1 0.4
UNBJ−UNBT 9 0.3 0.1 0.4 0.3 0.1 0.3 0.3 0.1 0.3 0.3 0.1 0.4 0.2 0.1 0.4
WTZJ−WTZR 10 0.3 0.2 0.3 0.5 0.2 0.5 0.4 0.2 0.3 0.4 0.2 0.3 0.4 0.2 0.2

WTZJ−WTZZ 10 0.1 0.1 0.2 0.4 0.2 0.4 0.2 0.1 0.2 0.2 0.1 0.2 0.2 0.1 0.2

ZIM2 −ZIMJ 10 0.7 0.2 0.5 0.6 0.3 0.8 0.6 0.2 0.6 0.5 0.2 0.5 0.6 0.2 0.6

(b) Baselines from L2–solutions:

GPS–only
GLONASS–

only
GNSS–spec.

clocks
Hourly ISB Constant ISB

Baseline num up north east up north east up north east up north east up north east
OHI2 −OHI3 10 0.6 0.5 0.7 0.7 0.4 0.6 0.6 0.5 0.5 0.6 0.4 0.5 0.6 0.5 0.5
STR1 −STR2 9 1.1 0.3 0.6 0.7 0.5 0.7 0.9 0.4 0.6 0.9 0.3 0.6 0.7 0.4 1.0
STR1 −TID1 9 6.1 1.6 5.8 6.9 2.1 4.1 6.0 1.5 4.8 6.2 1.5 4.5 8.5 4.0 13.0
UNBJ−UNBN 9 0.2 0.2 0.5 0.3 0.1 0.3 0.2 0.2 0.4 0.2 0.2 0.4 0.2 0.2 0.4

UNBJ−UNBT 9 0.3 0.1 0.5 0.2 0.1 0.4 0.2 0.0 0.4 0.2 0.0 0.4 0.3 0.1 0.4
WTZJ−WTZR 10 0.2 0.2 0.2 0.5 0.2 0.6 0.3 0.2 0.2 0.3 0.2 0.2 0.3 0.2 0.2

WTZJ−WTZZ 10 0.2 0.2 0.3 0.5 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3
ZIM2 −ZIMJ 10 0.9 0.1 0.6 0.9 0.3 0.7 0.9 0.2 0.5 0.9 0.2 0.5 0.9 0.3 0.5

3.4 Influence of inter–system bias on rapid–static positioning

In the experiments of this section one endpoint of a baseline or one of the stations in the
small network was kept fixed and the remaining station/stations are estimated with one set of
coordinates per epoch (sampling 5 min.). Series of kinematic solutions are generated in this way
and their sensitivity caused by time variations of the ISB is checked.

From these kinematic position time series, rapid–static solutions with different interval
lengths τ = 10 min . . . 10 h are generated. The arithmetic mean of all n positions within the
interval τi

x̄(τi) =
1

n

n
∑

j=1

xj(t) with t ∈ τi
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Figure 5: Standard deviation of a mean coordinate computed from a certain time interval (extracted
from a kinematic positioning with a sampling of 5 minutes).
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is assumed to be the rapid–static coordinate solution for this particular interval. The standard
deviation of this arithmetic mean may also be computed from the kinematic positions of the
interval

s(τi) =

√

√

√

√

1

n(n − 1)

n
∑

j=1

(xj(t) − x̄(τi))2 with t ∈ τi

usable as a measure of the uncertainty of the interval’s rapid–static solution. By computing the
arithmetic mean of all s(τi) belonging to the same interval length τ a typical measure of the
uncertainty of a rapid–static solution with a certain length of assumed measurement intervals
is derived. These values are provided in Fig. 5.

Note that all multi–GNSS solutions are better than the GPS–only solutions (magenta curves).
This confirms the benefit from the additional GLONASS measurements in the rapid–static
solution. In O’Higgins and Wettzell (but also to a minor extent in Fredericton) the green curve
(GNSS–spec. clock) is above the red one (hourly ISB) and the blue one (constant ISB) for short
intervals. The reduced number of parameters with only 25 or 1 ISB per day obviously help to
stabilize the rapid–static solutions for short intervals. With the exception of Zimmerwald the
three curves using different strategies to handle the ISB come together indicating that a constant
ISB seems to be sufficient. For Zimmerwald the hourly estimates of the ISB are necessary to
generate the best solutions, in particular over long intervals.

4 Impact of the inter–system bias on ambiguity resolution

In Sect. 3.2 we saw that part of the variations in the ISB may be absorbed by the (real–valued)
phase ambiguity parameters. This mechanism cannot work (at least not to the same extent), if
the ambiguities are resolved to their integer values.

To check the impact the ambiguities are resolved separately for GPS and GLONASS. No inter–
system double–difference ambiguity was resolved to allow the system to compensate for the
ISB. Because the baselines are short the direct ambiguity resolution approach for L1 and L2
was used. We refer to Dach et al. (2007) for more details on ambiguity resolution strategies
implemented in the Bernese Software.

The histograms of the residuals related to the solutions before (red curves) and after (blue
curves) ambiguity resolution are given in Fig. 6. It is expected that the distribution of the
residuals does not change due to ambiguity resolution (if already the real–valued ambiguity
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Figure 6: Histogram of the residuals from baseline solutions where the ambiguities are freely estimated
(red curves) or their integer values are introduced (blue curves).
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Figure 7: Standard deviation of a mean coordinate computed from a certain time interval (extracted
from a kinematic positioning with a sampling of 5 minutes), computed with resolved ambiguity param-
eters.

estimates are very close to integer values). This is the case for the baselines in Wettzell and
O’Higgins for all three strategies to handle the ISB.

The baseline in Zimmerwald shows a significant deviation when the ISB is assumed to be
constant for each day. Increased residuals for the solution with resolved ambiguities expand
the histogram (blue curve) with respect to the histogram of the residual with freely estimated,
real valued ambiguities (red curve). The other two versions for handling the ISB (GNSS–spec.
clocks and hourly ISB) show the same distribution of residual with and without ambiguity
resolution. The fourth example (Fredericton) shows a similar pattern as Zimmerwald but on a
smaller magnitude.

A new set of kinematic solutions introducing the resolved integer ambiguities was generated.
The quality of a set of assumed rapid–static solutions with different interval lengths is computed
as in Sect. 3.4, the results are provided in Fig. 7.

The results confirm the histograms of the residuals. In Wettzell and O’Higgins the quality
of all multi–GNSS solutions are equivalent, independent of the strategy of ISB handling. In
Fredericton the solutions with constant ISB are worst for longer intervals. Nevertheless, even
for 10 h interval length all versions of multi–GNSS solutions perform better than the GPS–only
solution.

This is not the case for Zimmerwald. The variations of the ISB in time are so big that the
solution with a constant ISB is worse in quality than the GPS–only solution for intervals longer
than two hours. This degradation of the multi–GNSS with respect to the GPS–only solution
is caused by the fact that the ambiguity parameter cannot absorb the variations of the ISB in
time if there are not enough ISB parameters estimated — as in the case of the hourly ISB. This
solution type provides better results than the GPS–only solutions also over 10 hours — even for
Zimmerwald.

5 Summary

When combining the measurements of different GNSS the inter–system bias (ISB) needs a
special attention. The data of five groups of two or three multi–GNSS stations in the IGS
network have been analyzed for 10 days in August 2009.

It is important to check the time stability of the ISB of the receivers. The stability of the ISB
of the pseudorange data is already well documented. Because of the much lower noise level of
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the carrier phase measurements, the stability requirements of the ISB are more demanding for
phase observations.

It may be necessary to model the ISB in the data analysis by more than one parameters. A
piece–wise linear ISB parametrization with a resolution of one hour seems to be sufficient for
all cases in this study. This is a compromise between the two extreme strategies:

• to introduce a constant ISB for the entire processing interval (e.g., one day) because it
can absorb a certain variation in time. This is in particular important if the ambiguities
are resolved to their integer numbers.

• to estimate GNSS–specific receiver clock corrections for each stationa and epoch to allow
for a freely running ISB. The big number of additional parameters weakens the solutions.

Piece–wise linear ISB with a spacing of about one hour seems to provide the best results when
combining GPS and GLONASS phase measurements in a multi–GNSS analysis.
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