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37 participants on 18 January 2012 in front of the 
main building of the University of Bern, Switzerland
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Presentations available at: 
www.biasws2012.unibe.ch
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List of GNSS biases

• GNSS differential code biases (DCB)
• CODE’s DCB specialties (e.g., DCB multiplier estimation)
• GLONASS interfrequency code biases (relevant to GNSS 

clock estimation, or PPP)
• Intersystem code biases
• “DCPB” crucial for GLONASS ambiguity resolution
• Intersystem phase biases (or drifts)
• Uncalibrated phase delays (UPD) relevant to undifferened 

integer fixing for PPP
• GLONASS-GPS station-specific intersystem translations as 

considered in CODE’s GNSS analysis (IGS ANTEX model)
• (GPS) quarter-cycle issue (again crucial)
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CODE’s GPS/GLONASS P1-P2 DCB monthly 
solution, computed for December 2011
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CODE’s GPS P1-P2 DCB monthly solution, 
computed for December 2011
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CODE’s GLONASS P1-P2 DCB monthly solution, 
computed for December 2011
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GPS receiver classes commonly distinguished:

P1/P2: C1 P1 P2
C1/P2: C1 P2
C1/X2: C1 X2

Indirect and direct GPS P1-C1 DCB 
determination (1/3)
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GPS receiver classes commonly distinguished:

P1/P2: C1 P1 P2
C1/P2: C1 P2
C1/X2: C1 X2

Indirect and direct GPS P1-C1 DCB 
determination (2/3)  indirect
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GPS receiver classes commonly distinguished:

P1/P2: C1 P1 P2
C1/P2: C1 P2
C1/X2: C1 X2

Indirect and direct GPS P1-C1 DCB 
determination (3/3)  direct
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Direct GNSS DCB estimation for P1-C1 and 
P2-C2 based on RINEX data
• P1-C1 and P2-C2 observation differences are analyzed file by file 

(typically station by station for a particular day) and stored for:
- overall combination
- combinations may be actually recalled/retrieved for:



 
selected receiver types



 
selected receiver groups



 
all considered receivers/stations (=overall combination) 

• Sophisticated outlier detection scheme using quantities 
responding to IQR (interquartile range IQR=Q0.75 -Q0.25 )  just one 
scalar quantity to be selected to cope with observation data with 
most various noise levels and characteristics, respectively

• Overall (LS) combination performed (with an outlier detection 
scheme concerning station-specific, or file-specific DCB 
determinations)
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CODE’s GNSS P1-C1 DCB monthly solution, 
computed for December 2011 (directly from RINEX)
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CODE’s GPS P1-C1 DCB monthly solution, 
computed for December 2011 (directly from RINEX)
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CODE’s GLONASS P1-C1 DCB monthly solution, 
computed for December 2011 (directly from RINEX)
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CODE’s GNSS P2-C2 DCB monthly solution, 
computed for December 2011 (directly from RINEX)
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CODE’s GPS P2-C2 DCB monthly solution, 
computed for December 2011 (directly from RINEX)



19
Swiss Federal Office of Topography swisstopo
IGS Workshop, Olsztyn, Poland, 23-27 July 2012

CODE’s GLONASS P2-C2 DCB monthly solution, 
computed for December 2011 (directly from RINEX)
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Statistics on GNSS DCB reprocessing from RINEX
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Statistics on GNSS DCB reprocessing from RINEX
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AC GLONASS bias files collected for 
comparison (GPS weeks 1666-1667)
• COD Center for Orbit Determination in Europe, AIUB, Switzerland

- Bernese DCB
• EMR Natural Resources Canada, Canada

- no GLONASS bias information (GLONASS biases ignored in 
GNSS clock analysis)

• ESA European Space Operations Center, ESA, Germany
- bias-SINEX (first two days of GPS week 1666 missing)

• GFZ GeoForschungsZentrum, Germany
- bias-SINEX

• GRG GRGS-CNES/CLS, Toulouse, France
- modified Bernese DCB

• IAC Information-Analytical Centre, Russia
- PBS format

• JPL Jet Propulsion Laboratory, USA
- GIPSY time dependent parameter format (wrong weeks)
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AC GLONASS bias comparison: 
COD-ESA (1)
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AC GLONASS bias comparison: 
COD-ESA (3)  P1-C1 DCB corrected
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Summary of AC GLONASS bias 
comparison

AC Median (ns) Mean (ns) Std (ns)

COD-ESA 0.01 0 0.79

COD-GFZ 0.02 0 1.33

COD-GRG 5.63 1.87 23.12

ESA-GFZ 0.01 0 1.34

ESA-GRG 4.14 1.29 20.63

GFZ-GRG 6.00 1.72 25.23
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LS combination of CODE’s accumulated IGSFINAL 
and EPNFINAL SDByyssss.LST results (WL)

ASHTECH Z18         :    22.120     2.268          
JAVAD TRE_G3TH DELTA:   218.901     0.675          
JPS EGGDT           :    58.271     0.606          
JPS E_GGD           :   128.505     0.565          
JPS LEGACY          :   111.921     0.609          
LEICA GRX1200+GNSS  :  -269.900     0.753          
LEICA GRX1200GGPRO  :  -242.546     0.484          
NOV OEMV3           :  -247.286     0.516          
SEPT POLARX3ETR     :  -501.984     0.533          
TPS EGGDT           :    70.275     0.726          
TPS EUROCARD        :   155.776     0.652          
TPS E_GGD           :   121.529     0.868          
TPS LEGACY          :    92.682     0.517          
TPS NETG3           :    52.682     0.507          
TPS ODYSSEY_E       :    57.586     0.611          
TRIMBLE NETR5       :    96.551     0.515          
TRIMBLE NETR8       :    74.919     0.908          

Receiver type           SD bias    RMS error (ns)
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Intersystem phase biases (or drifts)
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Mean GLONASS-GPS troposphere ZPD biases: 
CODE IGS (global) weekly results

GLONASS-GPS troposphere ZPD biases 
(for up to 143 IGS GNSS stations)
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[IGSMAIL-6583] GPS quarter-cycle biases
Until recently, we did expect GPS quarter-cycle biases between L2(P)
and L2(C) only for Leica and NovAtel receivers. As a consequence,
ambiguity resolution was not permitted between modernized GPS
satellites (specifically Block IIR-M and IIF) and older generations as
soon as a receiver type belonging to the mentioned receiver group gets
involved.

We could recognize, however, three additional characteristics that must
be taken into account:

1. Javad receivers obviously also belong to this receiver group
(potentially revealing quarter-cycle biases). We could verify
corresponding biases for the JAVAD TRE_G3TH DELTA receivers operated at
AREV, DGAV, TABV, WTZZ. It is worth mentioning that AREV, DGAV, TABV
started to provide C2 and thus implicitly L2(C) on February 3, 2012.
Quarter-cycle biases started to occur exactly in coincidence with that
date (day 034 of 2012) for these Javad receivers.  Verification was
possible on the zero baselines AREV-AREQ (wrt ASHTECH UZ-12), DGAV-DGAR
(wrt ASHTECH UZ-12), and ultimately on the 50km baseline TABV-JPLV (wrt
JPS EGGDT).

2. Moreover, we realized that there are certain time periods for
particular modernized GPS satellites where C2 and L2(C) seem to be
commonly unavailable (no receiver model was able to provide C2 and
L2(C) at all). SVN49 is a prominent candidate in the table of such time
periods:

PRN01/SVN49: 54951 <= MJD < 54970
PRN25/SVN62: 55353 <= MJD < 55375
PRN01/SVN49: 55677 <= MJD < 55688
PRN24/SVN49: 55959 <= MJD < 56001

3. Finally, we noticed cases, where L2(C) was not observed by
particular receivers for one (or a subset) of the modernized GPS
satellites.

As a consequence of the above observations, we changed our analysis
software in a way that ambiguity resolution is generally not permitted
between modernized GPS satellites as soon as a Javad, Leica, or a
NovAtel receiver type gets involved.
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We may summarize that …

• GNSS biases become relevant when
- different observable types,
- different frequencies,
- different GNSS (or satellite generations),
- different receiver antenna types,
- different receiver antenna mountings,
- different receiver antenna environments,
- different receiver types,
- different receiver firmware versions,
- or, ultimately, different observation techniques
are involved.
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Thank you for your attention …
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IGS BCWG Splinter Meeting Agenda

• Results from IGS Workshop on GNSS Biases, 18–19 January 2012 in Bern
- Key issues, recommendations, action items
- See www.biasws2012.unibe.ch

• New bias products generated at CODE
- P1-C1 and P2-C2 for GPS and GLONASS
- See IGS Technical Report 2011

• Discussion/feedback concerning bias handling in IGS AC analysis software
- From cc2noncc to …
- Priority list of GNSS observable types
- See poster on Availability and Completeness of IGS Tracking Data

• GLONASS clock estimation and treatment of GLONASS pseudorange biases
- IGS combined GLONASS clock product

• Bias SINEX
• Additional discussion items:

- Discussion concerning GLONASS-GPS intersystem bias parameters for 
station coordinates and troposphere ZPD

- Remarks on CODE’s GLONASS ambiguity resolution scheme

http://www.biasws2012.unibe.ch/
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Plethora of GNSS observables: 
different GPS/GLONASS receiver tracking (1/3)

AOA BENCHMARK ACT    (  10) .    G:P1 G:P2 .    .    .    .    .
AOA BENCHMARK ACT    (  88) G:C1 G:P1 G:P2 .    .    .    .    .
AOA SNR-12 ACT       (  22) G:C1 G:P1 G:P2 .    .    .    .    .   
AOA SNR-8000 ACT     (  31) G:C1 G:P1 G:P2 .    .    .    .    .   
ASHTECH PF500        (  11) G:C1 .    G:P2 .    R:C1 .    R:P2 .
ASHTECH UZ-12        ( 513) G:C1 G:P1 G:P2 .    .    .    .    .   
ASHTECH Z-XII3       (   8) G:C1 .    G:P2 .    .    .    .    .   
ASHTECH Z-XII3       ( 229) G:C1 G:P1 G:P2 .    .    .    .    .   
ASHTECH Z-XII3T      ( 129) G:C1 G:P1 G:P2 .    .    .    .    .   
ASHTECH Z18          (  24) G:C1 G:P1 G:P2 .    R:C1 R:P1 R:P2 .
BLACKJACK            (   4) G:C1 G:P1 G:P2 .    .    .    .    .
DICOM GTR50          (  11) G:C1 G:P1 G:P2 .    .    .    .    .
IFEN SX_NSR_RT_400   (  11) G:C1 .    G:P2 .    .    .    .    .
JAVAD TRE_G3T DELTA  (  11) G:C1 G:P1 G:P2 .    R:C1 R:P1 R:P2 .
JAVAD TRE_G3TH DELTA (   1) G:C1 .    G:P2 .    .    .    .    .
JAVAD TRE_G3TH DELTA ( 131) G:C1 G:P1 G:P2 .    R:C1 R:P1 R:P2 .
JPS EGGDT            ( 141) G:C1 G:P1 G:P2 .    R:C1 R:P1 R:P2 .
JPS EUROCARD         (  10) G:C1 G:P1 G:P2 .    R:C1 R:P1 R:P2 .
JPS E_GGD            (  55) G:C1 G:P1 G:P2 .    R:C1 R:P1 R:P2 .
JPS LEGACY           (   4) G:C1 G:P1 G:P2 .    .    .    .    .
JPS LEGACY           ( 192) G:C1 G:P1 G:P2 .    R:C1 R:P1 R:P2 .
LEICA GRX1200+GNSS   ( 172) G:C1 .    G:P2 .    R:C1 .    R:P2 .
LEICA GRX1200GGPRO   (   1) G:C1 .    G:P2 .    .    .    .    .
LEICA GRX1200GGPRO   ( 452) G:C1 .    G:P2 .    R:C1 .    R:P2 .
LEICA GRX1200PRO     (  44) G:C1 .    G:P2 .    .    .    .    .
NOV OEM4-G2          (  11) G:C1 .    G:P2 .    .    .    .    .   
NOV OEMV3            (  44) G:C1 .    G:P2 .    R:C1 .    R:P2 .
ROGUE SNR-8000       (  23) G:C1 .    G:P2 .    .    .    .    .   
ROGUE SNR-8100       (  11) G:C1 .    G:P2 .    .    .    .    .   
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Plethora of GNSS observables: 
different GPS/GLONASS receiver tracking (2/3)

SEPT POLARX2         (  71) G:C1 G:P1 G:P2 .    .    .    .    .
SEPT POLARX3ETR      (  11) G:C1 G:P1 G:P2 .    R:C1 .    .    R:C2
SEPT POLARX3ETR      (  11) G:C1 G:P1 G:P2 .    R:C1 .    R:P2 .
SEPT POLARX4TR       (   5) G:C1 G:P1 G:P2 .    R:C1 .    .    R:C2
SEPT POLARX4TR       (   4) G:C1 G:P1 G:P2 .    R:C1 .    R:P2 .
TPS EGGDT            (  11) G:C1 G:P1 G:P2 .    R:C1 R:P1 R:P2 .
TPS EUROCARD         (   9) G:C1 G:P1 G:P2 .    R:C1 R:P1 R:P2 .
TPS E_GGD            (  79) G:C1 G:P1 G:P2 .    R:C1 R:P1 R:P2 .
TPS GB-1000          (  33) G:C1 G:P1 G:P2 .    R:C1 R:P1 R:P2 .   
TPS LEGACY           (  13) G:C1 G:P1 G:P2 .    R:C1 R:P1 R:P2 .
TPS NET-G3A          (  17) G:C1 G:P1 G:P2 .    .    .    .    .   
TPS NET-G3A          (  88) G:C1 G:P1 G:P2 .    R:C1 R:P1 R:P2 .   
TPS NETG3            (  11) G:C1 G:P1 G:P2 .    .    .    .    .
TPS NETG3            ( 121) G:C1 G:P1 G:P2 .    R:C1 R:P1 R:P2 .
TPS ODYSSEY_E        (  44) G:C1 G:P1 G:P2 .    R:C1 R:P1 R:P2 .
TRIMBLE 4000SSE      (  11) G:C1 .    G:P2 .    .    .    .    .
TRIMBLE 4000SSI      (  65) G:C1 .    G:P2 .    .    .    .    .
TRIMBLE 4700         (  33) G:C1 .    G:P2 .    .    .    .    .
TRIMBLE 5700         (  21) G:C1 .    G:P2 .    .    .    .    .
TRIMBLE NETR5        (  13) G:C1 .    G:P2 .    .    .    .    .
TRIMBLE NETR5        (  96) G:C1 .    G:P2 .    R:C1 .    R:P2 .
TRIMBLE NETR5        ( 120) G:C1 .    G:P2 .    R:C1 R:P1 R:P2 .
TRIMBLE NETR8        (  29) G:C1 .    G:P2 .    .    .    .    .
TRIMBLE NETR8        (  32) G:C1 .    G:P2 .    R:C1 R:P1 .    .
TRIMBLE NETR8        (  62) G:C1 .    G:P2 .    R:C1 R:P1 R:P2 .
TRIMBLE NETR8        (  18) G:C1 G:P1 G:P2 .    R:C1 R:P1 R:P2 .
TRIMBLE NETR9        (  18) G:C1 .    G:P2 .    .    .    .    .
TRIMBLE NETR9        (  53) G:C1 .    G:P2 .    R:C1 .    R:P2 .
TRIMBLE NETR9        ( 110) G:C1 .    G:P2 .    R:C1 R:P1 R:P2 .
TRIMBLE NETRS        ( 244) G:C1 .    G:P2 .    .    .    .    .
TRIMBLE NETRS        (   9) G:C1 G:P1 G:P2 .    .    .    .    .
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Plethora of GNSS observables: 
different GPS/GLONASS receiver tracking (3/3)

AOA BENCHMARK ACT    (2)
ASHTECH Z-XII3       (2)
JAVAD TRE_G3TH DELTA (2)
JPS LEGACY           (2)
LEICA GRX1200GGPRO   (2)
SEPT POLARX3ETR      (2)
SEPT POLARX4TR       (2)
TPS NET-G3A          (2)
TPS NETG3            (2)
TRIMBLE NETR5        (3)
TRIMBLE NETR8        (4)
TRIMBLE NETR9        (3)
TRIMBLE NETRS        (2)
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