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Catalog of GNSS Biases

Hardware Bias
Satellite related bias

Receiver related bias

Firmware Bias
Satellite related bias

Receiver related bias

Bias in Code Measurements
Satellite related bias

Receiver related bias

Bias in Phase measurements
Satellite related bias

Receiver related bias



4/24IGS Workshop 2008, 2-6 June 2008

GPS Biases in Observation Equations
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Catalog of GNSS Biases

Inter-Frequency Bias (IFB)
Satellite IFB
Receiver IFB

Differential Code Bias (DCB)
Satellite DCB
Receiver DCB

Differential Phase Bias (DPB)
Satellite DPB
Receiver DPB

Relative 
(fix a reference such as a ground receiver)

Inter-system Time System Offset
GPS/GLONASS
GPS/GALILEO
GPS/COMPASS

Inter-system Coordinate System 
Offset

GPS/GLONASS
GPS/GALILEO
GPS/COMPASS

Inter-System Biases 
(multi-constellations)

Biases are not estimable in absolute sense
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Catalog of GNSS Biases
Absolute receiver bias calibration 

BIPM (see Petit’s slides)
JPL (see below from Larry Young)

JPL had 4 generations of receiver calibration used since 1980. 

1. SERIES (pretty much the same as for #4 below) 

2. SERIES-X: codeless dual frequency
This was calibrated by generating PN codes at 1.023 MHz and 10.23 MHz, and modulating both onto a L1 carrier, 
and the 10,23 MHz code onto the L2 carrier, and coupling them into the receiver data stream. An interesting feature
is they were swept across the signal doppler range to measure phase shifts across each filter. 

3. ROGUE 
This receiver used the CA, P1, and P2 codes, and was designed for ionospheric measurements, and so needed
accurate L1-L2 delay calibrations. There was a 'clever trick" which proved very accurate. The receiver was designed
with very symmetric paths for P1 and P2. For calibration, the operator used the L1 LO frequency to drive both L1 
andL2 mixers, so the receiver tracked the P1 signal on both channels. This provided TEC calibrations to about 100 
ps, which translates to a TEC error of about 0.3E-16 e-/m2. 

4 Turborogue: Codeless or semicodeless tracking CA, P(Y)1, and P(Y)2 
The calibrator generated a GLONASS code at 10.23 MHz, and mixed that with the sum of L1 and L2 LOs in a 
single mixer. The modulated L1 and L2 carriers were cupled into the receiver signal path near the antenna. This 
provided ~200 ps to 300 ps L1 - L2 calibration accuracy when it worked, but there were problems with some of the 
directional couplers which added differential delay to the calibration signal. 

Lesson: It is not easy to get better than 1 ns calibration! 
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IGS Product Convention and Bias Effect on IGS products

Effect of Biases on IGS Products
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GPS Observation Equations using IGS Products
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CODE DCB(P1, P2) and broadcast Tgd

( ) 070.11 2,1 ≠=−− s
PPDCBTgdγ

Bias Calibration
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Traditional model (Zumberge et al., 1997)
Ionospheric-Free code and phase combinations

Bias Issue in PPP

Ambiguity term in the estimates
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Bias Issue in PPP
Traditional model (Zumberge et al., 1997)
Ionospheric-Free code and phase combinations
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Receiver clock term in the estimates
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Bias Issue in PPP

UofC model (Gao and Shen, 2002)
Average of code and phase + IF phase combination
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Bias Issue in PPP

UofC model (Gao and Shen, 2002)
Average of code and phase + IF phase combination
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Receiver fractional phase bias
Zero-baseline approach
Receiver fractional phase bias is not stable
The bias value changes after each power-cycle of receiver 
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Bias Issue in PPP
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Satellite fractional phase bias

Wide-lane phase bias value is stable
Narrow-lane bias value is very hard to determine (noise std is 30 
cycle and NL wavelength is only 10 cm)

Bias Issue in PPP
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Challenges for integer ambiguity resolution in PPP

Ambiguity term in PPP is affected by many residual errors and 
biases including those due to satellite orbit/clock products
Float ambiguity solutions usually not converge to a constant

Bias Issue in PPP
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GNSS Biases 
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GNSS Biases

887089.5420.1761

9618511.5320.8960

9028711.5719.1657

850799.0618.6856

7073710.4118.4354

966319.3120.5152

9398010.0216.0751

720988.2915.6550

810637.9819.1248

1091418.1721.1447

915437.2216.0746

7275914.1437.6945

645069.6919.9943

1037219.6432.5741

9589916.8732.3138

EpochsSTD (cm)Bias (cm)PRN

GLONASS G1-GPS C1
(zero-baseline) 

r
GCDCB 1/1Δ



21/24IGS Workshop 2008, 2-6 June 2008

GNSS Biases

Timing System Difference

System time difference between GPS and GLONASS 
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Discussions 
IGS Convention and user guideline development

• Convention on observation combinations (modernized GPS signals, Galileo) and products 
(orbit/clock, iono/trop….)

• Convention on bias estimates (products)
• User community need to understand the convention and proper use of IGS products
• Increased user community participation should be considered
• Stable or able to monitor reference should be established for bias estimates

Absolute receiver bias calibration is becoming increasingly important as the increase of 
GNSS signals along with biases

• Current effort should be continued and increased to develop standard and convention
• In-receiver bias calibration should be investigated, long-term stability is more important if 

removal is difficult
• Firmware bias should be given special attention

Multi-constellation bias determination
• GLONASS products (some confusion….)
• Bias estimates for GLONASS
• Inter-system bias/offset estimates

Actions should be taken to further improve IGS products to support demanding applications
• These applications don’t tolerate current small systematic biases in IGS products
• Basic research efforts are needed to understand better GNSS biases and develop new 

modeling methodologies
• Phase bias determination and real-time products should be investigated to support real-time 

OTF PPP 
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Discussions 
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Decoupling clock model (Collins, 2008)

Modeling issue for iono-free P1/P2
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Modeling the effect of common signal (Gao et al., 2001)

Modeling issue for C1-P1 bias determination
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