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Abstract The frequency division multiplexing of the
GLONASS signals causes inter-frequency biases in the
receiving equipment. These biases vary considerably for
receivers from different manufacturers and thus complicate
or prevent carrier-phase ambiguity Þxing. Complete and reli-
able ambiguity Þxing requires a priori information of the car-
rier-phase inter-frequency bias differences of the receivers
involved. GLONASS carrier-phase inter-frequency biases
were estimated for 133 individual receivers from 9 manu-
facturers. In general, receivers of the same type and even
receivers from the same manufacturer show similar biases,
whereas the differences among manufacturers can reach up to
0.2 ns (more than 5 cm) for adjacent frequencies and thus up
to 2.4 ns (73 cm) for the complete L1 or L2 frequency bands.
A few individual receivers were identiÞed whose inter-fre-
quency biases behave differently as compared to other receiv-
ers of the same type or whose biases vary with time.

Keywords GLONASS· Carrier-phase· Inter-frequency
bias· Ambiguity Þxing

1 Introduction

The present GLONASS navigation system uses frequency
division multiplexing (FDMAÑfrequency division multiple
access) to make the signals from individual satellites dis-
tinguishable. This results in the use of several adjacent fre-
quencies for the broadcast signals in the two frequency bands
L1 and L2. In both frequency bands, each GLONASS satel-
lite transmits its signal on one of 14 frequencies. Antipodal
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satellites share the same frequency, so that a full satel-
lite constellation of 24 GLONASS satellites can be used
(Hofmann-Wellenhof et al. 2008; ICD 2008). In the com-
ing years, new signals will use code division multiplexing
like GPS (Revnivykh 2010). But for the next decade or
so, only GLONASS FDMA-signals will provide continuous
dual-frequency coverage.

As a consequence of this FDMA approach, different hard-
ware biases exist in GLONASS receiving channels even
within one frequency band. For this reason and also because
of the various signal wavelengths, GLONASS carrier-phase
processing differs from that of GPS. In general, older receiv-
ing equipment of the same type has experienced quite similar
inter-frequency biases, and these may be removed to a large
extent in differential mode (Zinoviev 2005). For many years,
only a few manufacturers offered geodetic GPS/GLONASS
equipment and furthermore, they took care that the frac-
tional parts of the inter-frequency biases of old and new
receiver types were quite similar (Zinoviev et al. 2009). Thus
GLONASS carrier-phase ambiguity Þxing could easily be
performed between receivers of different brands.

However, since 2006 more and more manufacturers
entered the GPS/GLONASS receiver market. They seem to
be paying less attention to forcing the GLONASS carrier-
phase inter-frequency biases of the new equipment to be
the same as or similar to the biases of older equipment or
equipment from other manufacturers. Thus, today GLON-
ASS receivers from different manufacturers show large dif-
ferences in their inter-frequency biases.

Pratt et al.(1998) proved for a pair of Ashtech Z-18
receivers that their GLONASS individual frequency depen-
dent delays are a linear function of frequency. This Þnding
was conÞrmed for several receiver types byWanninger and
Wallstab-Freitag(2007). They showed that biases between
receivers from different manufacturers and between adjacent
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frequency channels can differ in the order of 0.1 ns (3 cm).
The maximum signal delay difference between lowest and
highest frequency channels can thus exceed the signal wave-
length.

If not modeled properly, these GLONASS inter-frequency
biases can prevent correct and reliable carrier-phase ambi-
guity Þxing in baselines with receivers from different man-
ufacturers. Furthermore, if the differential biases are large,
successful ambiguity Þxing in mixed baselines requires the
application of a priori corrections for these biases. After
ambiguity-Þxing, the precise values of these linear biases
must be estimated together with the baseline coordinate solu-
tion. A priori values of linear biases for several receiver types
were published inWanninger and Wallstab-Freitag(2007).
They were conÞrmed byZinoviev et al.(2009).

The analysis of GLONASS carrier-phase inter-frequency
biases byWanninger and Wallstab-Freitag(2007) was based
on data observed over short or zero (two receivers sharing one
antenna) baselines. Only about ten individual receivers were
used to estimate the differential biases. A much larger sample
is necessary to conÞrm that these inter-frequency biases agree
among receivers of the same type or among many receivers
from a single manufacturer. Furthermore, since 2007 some
more manufacturers released GPS/GLONASS equipment.
Since the manufacturers do not publish differential inter-
frequency biases for their new receiver types in relation to
older receiver types, it is crucial to obtain a priori bias val-
ues for real-time kinematic (RTK) and other precise geodetic
applications which require GLONASS ambiguity Þxing.

In this paper, GLONASS differential carrier-phase inter-
frequency biases are estimated and analyzed for 133 individ-
ual GPS/GLONASS receivers, comprising 19 receiver types
produced by 9 different manufacturers. It is shown how large
the differential biases are between receivers from different
manufacturers, how well individual receiver biases agree for
each receiver type, and how stable these biases are over time.
Finally, the paper includes an updated list of a priori correc-
tions for the differential biases for receivers from all nine
manufacturers.

This paper does not deal with receiver inter-frequency
biases of the GLONASS code observations (Kozlov et al.
2000; Yamanda et al. 2010), since they seem to have different
characteristics and they are of less importance for geodetic
GNSS applications based on carrier-phase observations.

2 Determination of inter-frequency biases

Determination of GLONASS carrier-phase inter-frequency
biases is explained and performed best when using single-
difference carrier-phase observations. When calculating
single-differences of simultaneous carrier-phase observa-
tions of two receivers to one satellite, satellite clock errors

and instrumental biases are eliminated and orbit errors,
ionospheric and tropospheric effects are greatly reduced.
Double-differences, i.e. differences between simultaneous
carrier-phase observations of two receivers and two satel-
lites, which are often used with GPS, should be avoided with
GLONASS because of the satellite-speciÞc carrier wave-
lengths. More details on single-difference and double-differ-
ence GNSS observations can be found in e.g.Leick (2004)
or Hofmann-Wellenhof et al.(2008).

Since all GLONASS carrier-phase data used in this work
originates from GPS/GLONASS receivers, and since a com-
bined processing of GPS/GLONASS data was performed,
two different observation equations are required, one for
GPS and one for GLONASS. Single difference carrier-phase
observations�� (m) can be described as:

��
GPS,i
a,b =�Ri

a,b+c0 · �δtGPS
a,b +λ · �N i

a,b+ε�� (1)

��
GLONASS,i
a,b = �Ri

a,b + c0

·
(
�δtGLONASS

a,b +ki · �δhGLONASS
a,b

)
+λ · �N i

a,b + ε��

(2)

where subscriptsa, b stand for the stations involved, the
superscripts GPS and GLONASS indicate the GNSS satellite
system, and the superscripti speciÞes the individual satel-
lite. ΔR (m) is the single-difference of the satellite-receiver
ranges,c0 (m/s) is the speed of light in a vacuum,Δδt
(s) is the difference of the receiver clocks which depends
on the satellite system due to different receiver hardware
delays,ΔδhGL O N ASS (s) is the difference between the inter-
frequency biases for two receivers on adjacent GLONASS
frequencies,k (-) is the GLONASS channel number,λ (m) is
the signal wavelength,ΔN (-) is the single-difference of the
carrier phase ambiguity andεΔΦ (m) is the sum of all uncor-
rected systematic and random errors in the single-difference
observable.

In order to remove the singularity between the receiver
clock term and the ambiguities, oneΔN must be Þxed to
an arbitrary value, allowing it to be removed from the list
of parameters. For GPS, this procedure is essentially identi-
cal to form double-difference observations. For GLONASS
however, forming double-difference observations is not rec-
ommended because of the various signal wavelengths.

Another singularity exists between the GLONASS ambi-
guitiesΔN and the linearly modeled inter-frequency biases
Δδh. If all ambiguities are to be estimated (ßoat solution),
Δδh cannot be estimated simultaneously. Only after Þxing
of at least one additional single-difference ambiguityΔN ,
the system of equations becomes non-singular andΔδh can
be estimated.

In practice, a priori values ofΔδh are introduced in order
to remove a large portion of the inter-frequency biases. Then,
a Þrst GLONASSΔN is Þxed to an arbitrary value to remove
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the singularity with the receiver clock term. Now, the Þrst
estimation of all other ambiguities can be performed without
solving forΔδh and, if at least one ambiguity can be Þxed to
its true value, the system of equations becomes non-singular.
In subsequent processing steps, the remaining ambiguities
ΔN can be estimated along-side the inter-frequency biases
Δδh.

This approach is realized by the baseline processing
engine Wa1 including the combined ambiguity Þxing for
both GPS and GLONASS observations. Since independent
receiver clock errors are estimated for GPS and GLONASS
(cf. Eqs.1 and2), there is a certain separation between the
ambiguities of both systems. Nevertheless, all ambiguities
are estimated and Þxed on equal terms.

In the context of this paper, only the estimates of the inter-
frequency biases for adjacent GLONASS frequenciesΔδh
are of interest. They can either be estimated with GLONASS
carrier-phase observations only or they can be estimated in a
combined GPS/GLONASS data processing. We performed
combined processing since the increased amount of observa-
tional data enlarges the percentage of Þxed ambiguities.

In subsequent parts of this paper, estimated inter-fre-
quency biases are presented in units of meters. To achieve
this,Δδh values (s) were multiplied with the speed of light
in a vacuumc0 (m/s).

3 Observation data sets

The ideal data set to determine GLONASS inter-frequency
biases would consist of observations from many receivers of
various receiver types employed at the same site. The short
baselines mean that ionospheric and tropospheric effects
would almost completely cancel out by differencing, and thus
very accurate inter-frequency biases could be estimated. Due
to the high costs of collecting such data, it was decided to
use already existing data instead. In the archives of continu-
ously operating GNSS reference station networks, data sets
from GPS/GLONASS receivers have become quite common
in recent years. These data sets have the disadvantage that
much longer inter-station distances have to be accepted and
thus some ionospheric and tropospheric refraction effects
will inßuence the results. In order to include a large num-
ber of receivers and receiver types in this study, while at the
same time keeping the maximum baseline lengths well below
1,000 km, only sites across the European continent were
selected. Here, a high density of GPS/GLONASS receiv-
ers with publicly available data exists. Furthermore, as these
GPS/GLONASS receivers come from various manufactur-
ers, these data sets are very well suited for this study.

Two weeks during 2010, GPS week 1570 (7Ð13 Feb-
ruary 2010) and GPS week 1599 (29 AugustÐ4 Septem-
ber 2010), were selected to have a large sample size.

Intentionally, they are separated by half a year to check
or disprove eventual temperature effects on the GLONASS
inter-frequency biases. For those three stations with detected
larger variations of the GLONASS inter-frequency biases
between these 2 weeks, longer data samples were analyzed
(cf. Fig. 8).

Table1 gives an overview of the number of receivers used
in the 2 weeks. The stations are shown in Figs.1 and 2.
Most of the stations belong to the EUREF Permanent Net-
work (EPN,http://www.epncb.oma.be, Bruyninx et al. 2001)
or the network of the International GNSS Service (IGS,
http://www.igs.org, Dow et al. 2009). A few more stations
were added to analyze an additional receiver type and to
increase the number of receivers for one manufacturer. Two
of these additional stations are part of the French TERIA net-
work (http://www.reseau-teria.com). They are equipped with
Ashtech Pro Flex 500 CORS receivers. Data from stations
equipped with Javad receivers were made available by the
Bavarian Commission for International Geodesy, Munich,
Germany, and by the Institute of Communications and Nav-
igation of the German Aerospace Center, Neustrelitz, Ger-
many.

Data from eight European GPS/GLONASS stations from
the EPN and IGS networks could not be processed success-
fully and are not included in Table1; Figs. 1, or 2. Most
of these stations, although equipped with GPS/GLONASS
receivers, in fact collect no or only very few GLONASS
observations. Data from other stations were not available
for more than 5 days in one of the weeks and were dis-
carded from the affected weeks. European stations which
could not be connected to other stations with baselines shorter
than 750 km were rejected. Another small group of stations
recorded complete GPS/GLONASS data sets, and almost all
GPS carrier-phase ambiguities could be Þxed to integer val-
ues, but most GLONASS ambiguities could not be Þxed.
The Swedish station SPT0 at BorŒs belongs to this group. It
is equipped with the same type of receiver as the Swedish
station ONSA at Onsala. While the inter-frequency biases of
ONSA have anomalous values (see below), they show the
typical linear frequency-dependence and were therefore able
to be estimated. The functional model as described above
(Eq. 2) seems not to be appropriate for SPT0 and thus the
station was rejected.

Between GPS weeks 1570 and 1599 receiver type changes
were performed at two stations (Bulgarian station SOFI at
SoÞa and Austrian station TRF2 at Pernitz). Figure2 shows
two types of receivers for these two stations. Since not all
stations and receivers of GPS week 1570 were also present
in GPS week 1599, the overall number of individual receiv-
ers amounts to 133. Data from 116 receivers were available
in both weeks.

At one station (German station LEIJ at Leipzig), the
antenna type was changed. It is known that antennas can
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Table 1 GPS/GLONASS
receiver types and numbers of
individual receivers used in this
study

Manufacturer Receiver type Number of stations In Figure2: Panel (symbol)

GPS Week 1570 GPS Week 1599

Ashtech (old) Z-18 3 3 4 (A)

Ashtech (new) Pro Flex 500 CORS − 2 4 (5)

Javad TR-G3T Delta 2 1 1 (8)

TR-G3TH Delta − 1 1 (8)

JPS E GGD 3 3 1 (1)

E GGDT 2 3 1 (2)

Eurocard 1 1 1 (4)

Legacy 13 14 1 (3)

Leica GRX1200+GNSS 7 10 2 (2)

GRX1200 GG PRO 43 44 2 (1)

Novatel OEMV-3 3 3 2 (N)

Septentrio PolaRx3eTR − 1 4 (S)

TPS E GGD 8 6 1 (1)

Eurocard 1 1 1 (4)

Odyssey E 4 4 1 (5)

GB-1000 4 4 1 (6)

NET-G3 4 4 1 (7)

Trimble NetR5 20 22 3 (5)

NetR8 1 1 3 (8)

Sum Ð 119 128 Ð

have a small effect on the GLONASS inter-frequency biases
(Wanninger and Wallstab-Freitag 2007) but this aspect is not
dealt with in this study.

4 Data processing

Inter-frequency biases were determined in baseline-mode
using the authorÕs baseline processing-engine Wa1. The com-
bined GPS/GLONASS data processing is based on Eqs.1
and 2. Standard procedures for precise baseline process-
ing were followed: daily baseline solutions with ambigu-
ity Þxing, introduction of IGS satellite and receiver antenna
corrections (Kouba 2009), elevation mask of 10◦, and restric-
tion to baselines with at least 18 h of common obser-
vations. In order to reduce the inßuence of those errors
which affect baseline solutions depending on the baseline
length, the data processing was performed using precise
IGS orbits (Kouba 2009), IGS ionospheric grid models
(global ionospheric mapsÑGIM), and estimation of tro-
pospheric zenith delays for baselines longer than 10 km.
The iterative algorithm for ambiguity resolution of Wa1
is based on Þxing the ambiguities of the widelane lin-
ear combination LW (wavelengthλW 84· · ·86 cm) and of
the ionosphere-free linear combination (wavelengthλ0 ∼
11 cm).

Successful and reliable GLONASS ambiguity Þxing in
mixed baselines can only be achieved if a priori values of the
inter-frequency biases are introduced. The GLONASS ambi-
guity Þxing percentage drops considerably to levels of just
30Ð50%, if larger a priori value differences (e.g.>1 cm) are
ignored in mixed baselines. In our data processing, either the
values published byWanninger and Wallstab-Freitag(2007)
were taken or, if a newer receiver type was involved, new sets
of a priori values were determined in a pre-processing step.

With 2 weeks of observation data and baseline process-
ing according to the baseline selection shown in Fig.1,
4470 baseline solutions were computed. The baseline results
consist of coordinates, tropospheric zenith delays, estimated
GLONASS inter-frequency biases, stochastic information in
the form of a varianceÐcovariance matrix, and additional sta-
tistical information. 79 (1.8%) of the baseline results were
discarded since the GLONASS ambiguity Þxing percentage
fell below a threshold of 90% or the standard deviation of
unit weight exceeded a threshold of 1.6 cm. Of the remain-
ing 4,391 baselines solutions, only the estimated GLONASS
inter-frequency biases in L1, L2 and in the ionosphere-free
linear combination L0 were used in further processing steps.

Within each of the 2 weeks, standard deviations of the
estimated daily inter-frequency biases were computed to
show the repeatability of these estimates. A detailed analy-
sis revealed that standard deviations increased when certain
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Fig. 1 Selected GPS/GLONASS reference stations in Europe and baselines used in the data processing

stations were involved. Among these are all stations equipped
with Ashtech Z-18 receivers, the oldest of all GPS/GLON-
ASS receiver types still in use. These receivers are not able to
track GLONASS satellite signals with channel number zero
or with negative channel numbers. As a consequence, these
receivers collect only about half the amount of GLONASS
observations other receivers do and the maximum channel
number difference is just 5 as compared to 13 with other
receivers. Thus, the accuracy of the estimated inter-frequency
biases is much lower and the day-to-day repeatability much
worse.

Individual stations, which lead to worse baseline repea-
tabilities, include the Italian station TORI at Torino and the
Greek station PAT0 at Patras. The repeatability of the esti-
mates of GLONASS inter-frequency biases(c0Δδh) of these
stations are shown in separate panels of Fig.3.

In general, the repeatability of the bias estimates (lower
panels of Fig.3) shows baseline length dependence on L1,
even more pronounced on L2 but no such dependence in
the ionosphere-free linear combination L0. This character-
istic proves that remaining ionospheric effects inßuence the

results for L1 and L2. Nevertheless, repeatability is always
better than a few millimeters and, if the outliers shown in the
upper panels of Fig.3are ignored, even in L2 the repeatability
is better than 1 mm for 93% of all baselines.

Baseline results include estimates of the differences of
GLONASS inter-frequency biases between pairs of individ-
ual receivers. Even with a large set of baseline results as com-
puted in this study, no absolute inter-frequency biases can be
obtained. Thus, we can choose freely how to set the absolute
level of the inter-frequency biases. It is important, however,
that the same absolute level is realized in both selected weeks
so that values from different weeks can be directly compared.

In a Þrst adjustment of the inter-frequency biases of
all daily baseline solutions, it was found that the varia-
tions among individual receivers of the same type can dif-
fer considerably. These variations may be caused by the
receivers themselves but also by different antenna types
or by other differences in the station hardware. Small-
est variations were observed for receiver types JPS Leg-
acy, Leica GRX1200 GG PRO, and Trimble NetR5 (cf.
Fig. 5).
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Fig. 2 Distribution of GPS/GLONASS equipment sorted by manufacturers.Panel 1 JPS, TPS, Javad;Panel 2 Leica, Novatel;Panel 3 Trimble;
Panel 4 Ashtech (old), Ashtech (new), and Septentrio. The symbols indicate receiver types and are explained in Table1

Fig. 3 Baseline length dependence of the repeatability (RMS values)
of estimated GLONASS inter-frequency biases in L1, L2, and the iono-
spheric-free linear combination L0.Upper panels baselines with at least

one station being equipped with an Ashtech Z-18 receiver (A), baselines
including the station TORI (T), or the station PAT0 (P). Lower panels
results of all other baselines
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The JPS Legacy receivers belong to the group of older
receivers together with other JPS and TPS receivers and
the Ashtech Z-18. All these older receivers have similar
GLONASS inter-frequency biases. Other manufacturers that
released their GPS/GLONASS equipment from 2006 onward
did not bring the inter-frequency biases of their receivers in
agreement with the biases of the already existing receivers.
Due to this historical development, it was decided to use the
12 JPS Legacy receivers present in both weeks to set the
absolute level of the biases. The adjustment of all baseline
solutions was repeated with the constraint that the mean bias
value of the selected JPS Legacy receivers equals zero. As
a result, the absolute bias values presented here for all older
receivers are fairly small.

5 Results

Sets of GLONASS inter-frequency biases were computed
from all baseline solutions for GPS weeks 1570 and 1599.
As described above, one constraint was introduced to obtain
absolute values: the average biases of 12 JPS Legacy receiv-
ers were set to zero. Three different solutions were calculated:
for L1, L2, and for the ionosphere-free linear combination
L0. All bias values mentioned in this chapter refer to delay
differences between adjacent frequency channels. The values
are given in units of meters, i.e.Δδh of Eq.2 was multiplied
by the speed of light in a vacuumc0.

The comparison of the L1 and the L2 results shows that
in general similar biases exist in the two frequency bands
(Fig. 4). But, there is one distinct exception: the JPS E GGD
receiver at the Swedish station ONSA, which we look at
in more detail below. Some stations have slightly differ-
ent L1/L2 biases, such as the Javad TR-G3T Delta receiver
at the Polish station BOGI at Borowa Gora. In general,
large bias differences exist between receivers from differ-
ent manufacturers. Five manufacturer groups can be distin-
guished: Trimble, old Ashtech/Javad/JPS/TPS, new Ashtech,
Leica/Novatel, and Septentrio. Please note that there is only
a single Septentrio receiver which contributed to the data set.

Bias differences between receivers from different manu-
facturers can reach up to 5 cm (0.2 ns) for adjacent frequen-
cies and thus up to 73 cm (2.4 ns) for the complete L1 or
L2 frequency bands. When relating this to the signal wave-
lengths of about 19 or 24 cm or the wavelengths of often
used linear combinations e.g. 84 or 11 cm, it becomes obvi-
ous that reliable ambiguity Þxing requires accurate a priori
bias corrections.

When forming the ionosphere-free linear combination L0
similar values are obtained as long as the L1/L2 bias dif-
ferences are small. Figure5 shows the L0 results sorted by
manufacturers. Here, the sample sizes become more visi-
ble and also the variations among receivers of the same

Fig. 4 Comparison of GLONASS L1 and L2 inter-frequency biases
of 133 individual receivers

Fig. 5 GLONASS inter-frequency biases in the ionosphere-free linear
combination L0 of 133 individual receivers grouped by manufacturers
and receiver types

type. The good agreement within the groups of JPS Legacy,
Leica GRX1200 GG PRO, and Trimble NetR5 receivers has
already been mentioned above. Larger variations are notice-
able for Javad and TPS receivers. A closer look at the one
outlier among the inter-channel biases of 44 Leica GRX1200
GG PRO receivers reveals that it belongs to the German sta-
tion BADH at Bad Homburg. Only here a GPS/GLONASS
receiver is equipped with an antenna of type TRM41249.00
NONE (Trimble Zephyr Geodetic) which is a GPS antenna
not originally intended by the manufacturer for GLONASS
signal reception. It can be speculated that this offset of the
GLONASS inter-channel biases is caused by the antenna.

In order to gather more information on the GLONASS
inter-frequency biases for the JPS E GGD receiver at the
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Fig. 6 Daily estimates of L1 and L2 GLONASS inter-frequency bias differences in the baseline BUDPÑONSA for more than 1.5 years. The
discontinuities in year 2009 are caused by the receiver at station ONSA

Swedish station ONSA, daily bias estimates were computed
for the 188 km long baseline from the Danish station BUDP
at Kobenhavn equipped with a Leica GRX1200 GG PRO
receiver to ONSA. Fig.6 shows these daily L1 and L2 esti-
mates from day of year (DoY) 1 in 2009 (1 January 2009)
until DoY 250 in 2010 (7 September 2010). The time series
reveal several jumps in the GLONASS inter-frequency biases
over the Þrst half of 2009, but stable biases afterwards. It
could be conÞrmed by the results of other baselines that
these jumps are caused by the receiving equipment at ONSA.
The jumps occur at the same times as gaps in the data from
ONSA, probably caused by receiver failures. Thus, it can
be speculated that the restart of the receiver causes an inter-
nal re-calibration of the GLONASS inter-frequency biases.
Unfortunately, the Onsala Space Observatory was not able
to conÞrm or to disprove receiver failures or re-starts of the
receiver on these dates. Please note that the time series of
Fig.6do not reveal any variations which could be attributed to
temperature effects, e.g. due to the annual temperature cycle.

In a further step, independent solutions of the GLON-
ASS inter-frequency biases were computed for each of the
2 weeks. Figure7 shows the comparison of the L0 biases of
the 2 weeks. Here, only results for those receivers present
in both weeks are shown. For this reason the Þgure does not
include the single Septentrio receiver which had not been
installed during the Þrst week. Just one of the three Javad
receivers, the one at BOGI, was available in both weeks.

In general, GLONASS inter-frequency biases for the ion-
osphere-free linear combination L0 do not change consider-
ably over this 6-month period separating the two test weeks.
Bias differences between the 2 weeks were determined to be
smaller than 2 mm for 92% of the receivers.

Three differences exceed 3 mm reaching 6.0, 6.1, and
7.4 mm for the TPS receivers at the Dutch stations TERS
at West-Terschelling and EIJS at Eijsden, and at the Italian
station COMO at Como, respectively. The biases of these
three receivers were analyzed in more detail by processing
daily baseline solutions from DoY 1 to DoY 250 in 2010.

Fig. 7 Comparison of GLONASS inter-frequency biases in the iono-
sphere-free linear combination L0 of 116 individual receivers present
in both weeks

The second stations in each baseline were selected accord-
ing to their limited geographical distance from the station in
question, data availability, and the stability of their GLON-
ASS inter-frequency biases. The results are shown in Fig.8,
with two panels for each baseline, the Þrst for L1 and the sec-
ond for L2. Day-to-day variation of the determined biases is
larger for L2 than for L1 and depends very much on the base-
line length. A significant portion of it is caused by remaining
ionospheric effects (cf. Fig.3). The jumps in the GLONASS
inter-frequency biases occur on L1 only, while L2 is free of
any jumps. The jumps on L1 have sizes of about 2 mm and
were ampliÞed by forming the ionosphere-free linear com-
bination L0 whose results are shown in Fig.7.

The three affected TPS receivers underwent changes in
their Þrmware. The dates of the Þrmware changes are marked
in Fig. 8. For the Þrst two baselines, the dates correspond
to the dates of the jumps in the GLONASS inter-frequency
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Fig. 8 Daily estimates of L1 and L2 GLONASS inter-frequency bias differences in three baselines. Firmware changes took place in the receivers
of the second station of each baseline

time series. For the third baseline however, the jump occurred
20 days earlier after a short observation gap. Our conclusion
is that the Þrmware changes are not responsible for the modi-
Þcation of the L1 GLONASS inter-frequency biases and that
this is instead due to a receiver restart. Again, we speculate
that such a restart of a TPS receiver probably causes an inter-
nal recalibration of the inter-frequency biases.

The two sample weeks had been selected with a time off-
set of about 6 months to try to identify seasonal tempera-
ture effects on the estimated inter-channel biases. However,
as Fig.7 reveals, no large differences can be found which
could be attributed to temperature changes. Furthermore, no
such seasonal effects are detectable in the long time series
of inter-channel biases presented in Figs.6 and 8. Thus, we
were not able to Þnd any indications for significant seasonal

temperature dependencies of the GLONASS inter-frequency
biases. The reason for this may lie in the internal temperature
stabilization of the receivers.

6 Conclusion

The determination of GLONASS carrier-phase inter-fre-
quency biases for 133 individual GPS/GLONASS receiv-
ers installed at continuously operating stations in Europe
reveals that large bias differences exist among equipment
from different manufacturers. In general, the biases can
be modeled as linear functions of frequency. They are
similar for L1 and L2 and also for receivers of the same
type.

123



L. Wanninger

Table 2 Proposed a priori corrections of L1 and L2 GLONASS inter-
frequency biases for receivers of nine different manufacturers

Receiver manufacturer A priori corrections (cm)

Trimble −0.7

Ashtech (old), Javad, JPS, TPS 0.0

Ashtech (new) 0.4

Leica, Novatel 2.3

Septentrio 4.9

The biases typically seem to be stable over time, but for
some receiver types a restart of the receiver may cause small
modiÞcations of the biases. One of the tested receivers, the
JPS E GGD receiver at the Swedish station ONSA, behaves
differently. But even here, the inter-frequency biases are lin-
ear functions of frequency. No indications were found that
the biases are sensitive to temperature changes.

The correct and reliable Þxing of GLONASS carrier-phase
ambiguities requires a priori correction of the inter-frequency
biases. Table2 summarizes the results of this study in the
form of such a priori corrections for Þve groups of manu-
facturers. They are recommended for use when ambiguity
Þxing in baselines with receivers from manufacturers of dif-
ferent groups. After successful ambiguity Þxing, differences
of individual receiver inter-frequency biases must be esti-
mated for each baseline.

Acknowledgments The author kindly acknowledges the help of
Susanne Haase with the pre-processing of the observation data, and
the support by Dorothee Weniger who prepared Figs.1 and2. The fol-
lowing institutions are acknowledged for providing GPS/GLONASS
observation data: EUREF Permanent Network (EPN), International
GNSS Service (IGS), TERIA Network, France, Bavarian Commission
for International Geodesy, Munich, Germany, and Institute of Commu-
nications and Navigation of the German Aerospace Center, Neustrelitz,
Germany. Last but not least, the author acknowledges helpful comments
by P. Willis and three anonymous reviewers of the manuscript.

Open Access This article is distributed under the terms of the Creative
Commons Attribution Noncommercial License which permits any
noncommercial use, distribution, and reproduction in any medium,
provided the original author(s) and source are credited.

References

Bruyninx C, Becker M, Stangl G (2001) Regional densiÞcation of
the IGS in Europe using the EUREF permanent GPS net-
work (EPN). Phys Chem Earth 26(6Ð8): 531Ð538. doi:10.1016/
S1464-1895(01)00096-5

Dow JM, Neilan RE, Rizos C (2009) The International GNSS Service
in a changing landscape of Global Navigation Satellite Systems. J
Geod 83: 191Ð198. doi:10.1007/s00190-008-0300-3

Hofmann-Wellenhof B, Lichtenegger H, Wasle E (2008) GNSSÑ
Global Navigation Satellite Systems. Springer, Wien

ICD (2008) GLONASS Interface Control Document, edn 5.1, Russian
Institute of Space Device Engineering

Kouba J (2009) A Guide to Using International GNSS Ser-
vice (IGS) Products.http://igscb.jpl.nasa.gov/igscb/resource/
pubs/UsingIGSProductsVer21.pdf

Kozlov D, Tkachenko M, Tochilin A (2000) Statistical characterization
of hardware biases in GPS+GLONASS receivers. In: Proceedings
of ION GPS 2000, pp 817Ð826

Leick A (2004) GPS Satellite Surveying, 3rd edn. Wiley, Hoboken
Pratt M, Burke B, Misra, P (1998) Single-epoch integer ambiguity reso-

lution with GPS-GLONASS L1-L2 Data. In: Proceedings of ION
GPS-98, pp 389Ð398

Revnivykh S (2010) GLONASS Status and Progress. In: Proceedings
of ION GNSS 2010, pp 609Ð633

Wanninger L, Wallstab-Freitag S (2007) Combined processing of GPS,
GLONASS, and SBAS code phase and carrier phase measure-
ments. In: Proceedings of ION GNSS 2007, pp 866Ð875

Yamanda H, Takasu T, Kubo N, Yasuda A (2010) Evaluation and cali-
bration of receiver inter-channel biases for RTK-GPS/GLONASS.
In: Proceedings of ION GNSS 2010, pp 1580Ð1587

Zinoviev AE (2005) Using GLONASS in combined GNSS receivers:
current status. In: Proceedings of ION GNSS 2005, pp 1046Ð1057

Zinoviev AE, Veitsel AV, Dolgin DA (2009) Renovated GLONASS:
improved performances of GNSS receivers. In: Proceedings of
ION GNSS 2009, pp 3271Ð3277

123

http://dx.doi.org/10.1016/S1464-1895(01)00096-5
http://dx.doi.org/10.1016/S1464-1895(01)00096-5
http://dx.doi.org/10.1007/s00190-008-0300-3
http://igscb.jpl.nasa.gov/igscb/resource/pubs/UsingIGSProductsVer21.pdf
http://igscb.jpl.nasa.gov/igscb/resource/pubs/UsingIGSProductsVer21.pdf

	Carrier-phase inter-frequency biases of GLONASS receivers
	Abstract
	1 Introduction
	2 Determination of inter-frequency biases
	3 Observation data sets
	4 Data processing
	5 Results
	6 Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


