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INTRODUCTION

Since mid-2003, CODE’s products have been
generated from a rigorous combination of GPS and
GLONASS observations. In this way, best possible
consistency of the orbit products is guaranteed.
This may be considered as an essential step
towards the analysis of multi navigation satellite
constellations, specifically in view of the upcoming
European Galileo system.
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Fig. 1: IGS tracking network as considered in CODE's final
GNSS analysis for GPS week 1578.
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Fig. 2: Number of GNSS satellites and tracking stations since
2003 as considered in the CODE's analysis. The number of 50
satellites was reached on 13-Feb-2009 (see IGSMail 5898).

HIGHLIGHTS

Continuous parameterization, particularly for
Earth orientation parameters (EOP), troposphere
zenith path delays (ZPD) and horizontal gradient
parameters, as well as forionosphere parameters,
allowing the connection of the parameters at day
boundaries.

Completion of GNSS orbit products with
respect to all transmitting GNSS satellites
available without exception. Reliable accuracy
code informationis provided.

Generation of uninterrupted orbits for GPS
satellites being repositioned. Corresponding
events are identified with a maneuver flag in the
SP3c orbit files. Orbit initialization procedure is
implemented for easy inclusion of brand new
GNSS satellites, even if they do not provide
broadcast navigation messages.

Automatic verification of 1IGS05 fiducial sites
for consistent datum definition.

Fully automated GNSS data processing with
the latest development version of the Bernese
Software, including BPE (Bernese Processing
Engine). The processing system is embedded in a
comprehensive system of Perl modules. This
includes instant alerting in case of BPE processing
and technical failures, general IGS data flow
problems, changes in the GNSS satellites or
tracking stations constellation.

External GNSS orbit validation on the basis of
SLR data.
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Fig. 3: Polar motion from 19-Jul-1993 to 15-Jun-2010 as
monitored by CODE.
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Fig. 4: Global mean TEC extracted from the GIMs produced
by CODE covering more than one solar cycle. The red curve
shows the interpolated (and 30-day predicted) mean TEC
based on a least-squares collocation. In addition a 7-
parameter trend function - extrapolated for one year - is
plotted in blue. The daily averaged mean TEC values,
namely the zero-degree coefficients of the spherical
harmonic expansion used to represent the global TEC, are
indicated by black dots.
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Fig. 5: SP3-type accuracy codes for final GPS and
GLONASS orbits since 2003 as derived by CODE.
|dentifiable are, e.g., decommissioned/inactive, eclipsing or
“misbehaving” GNSS satellites as well as analysis model
changes.

2004 2005 2006 2007 2008 2009 2010
bpopbpyobpypbpypppapuppp
Go02 G03r | | O O .
G04 m n o i r 1 o
GO05| = B E B [ ] iz}
GO06 [ | E | | O
s " u s . " - 1000
G10 i 0

G11

12
G15
G16 G17

1
e G19
G20
G22 G21
G24 .
G25
G26 G27
. G29
G30

G32 G31

Velocity changes in mm/s

53200 53400 53600 53800 54000 54200 54400 54600 54800 55000 55200

MJD

Fig. 6: Repositioning events of the GPS satellites since
January 2004 as they are derived by CODE processing.
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Fig. 7. Comparison from the rapid orbit combination, last 70
weeks. URL: http://acc.igs.org/igsacc_rapid.html
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MOST IMPORTANT NEW DEVELOPMENTS

AND MODEL CHANGES

eHandle cross-correlation style (CC) receiver class
for AS-free periods (for reprocessing).

*Do not resolve ambiguities between block [IR-M
and other satellites for LEICA and NOV receivers
(due to L2C quarter-cycle issue).

Improve phase pre-processing for shortest
and short baselines: The test criteria for
checking the geometry-free LC is a function of the
baseline length. This ensures that for shortest
baselines (less than 20km) the original L1 and L2
observations are clean.

*GPS orbit arc splitting has been extended: Arc
splitting is also allowed for GLONASS (using
testing criteria specific to each GNSS).

Change of antenna z-offset for GLONASS R23
(according toigs05_1542.atx, IGSMail 5978).

*EOP time resolution increased from 2 hours to
1 hour (starting with GPS week 1486).

eActivation of a refined version of hardisp.f
module (starting with GPS week 1529). 342
instead of 141 constituent tides are derived;
inconsistency with respect to phase lag for the
long periodic constituents eliminated.

eConsideration of higher-order ionosphere
correction terms for second and third order effects
in the rapid analysis using the CODE GNSS
ionosphere maps (starting at 25 and 26 Feb 2010
for rapid and ultra-rapid, respectively). Dedicated
scaling parameters allow a variety of operations
on NEQ level (see Poster 71).

*New naming convention for NGA GPS tracking
stations introduced.

*Start P2C2 code bias retrieval on an operational
basis: corresponding results are produced for
satellites and receivers for each GNSS (GPS and
GLONASS). A corresponding DCB GNSS
product is also generated for P1-C1 differences.
(Presentation by S. Schaeron Tuesday)

°First observations of a Block I[IF satellite
(PRN25/SVNG62) processed (on 07-Jun-2010).

eExtraordinary outage of the computer system of

the University of Bern from 3 Dec to 14 Dec 20009:
Set-up of an alternative processing environment
with limited resources (used during the BSW
course to process 8 stations/4 days) for rapid and
ultra-rapid GNSS products. This unintended
“‘exercise” showed the high flexibility and
portability of the Bernese Software and script
environment. Conclusions from specific
difficulties recognized during this action have
been drawn and implemented.

GLONASS REPROCESSING

The CODE contribution to the repro1 reprocessing
of the IGS (GPS-only) has been completed by the
orbits for the GLONASS satellites for the interval
between May 2003 and December 2008.
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Fig. 8: Median of the RMS for the fit of a three-day arc through
the daily independent orbit solutions for the GLONASS
satellites obtained in the CODE reprocessing (blue) and the
operational CODE final solutions (red). For comparison the
analogue values for the GPS satellites from the CODE
reprocessing solution are added (green).
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