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Difference between 
calibration methods



GNSS antenna calibration results don’t match

• High repeatability within method and antenna type

• Differences between calibration methods systematic and type 

dependent
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-values between two methods for 4 

choke ring and 2 surveying antennas (mm)



Antenna diagrams
• Calibration table differences ∆𝐶𝐿1

𝑀12, ∆𝐶𝐿2
𝑀12

between Methods 1&2 are available for 

broadcast frequencies L1 and L2, generally

∆𝐶𝐿1 < ∆𝐶𝐿2

• Calibration differences depend on ϵlevation

∆𝐶 𝛼, 𝜖 ≈ ∆𝐶 𝜖

• Zenith values are adjusted to zero

(GNSS fundamental)

• Phase center is an imaginary non-tangible 

point. Its True position – the Calibration 

value minus its ɛrror is 

𝑇 𝜖 = 𝐶 𝜖 − 𝜀 𝜖
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Quantifying 
calibration errors



For identical antennas,
an error function appears

• Phase differences between two antennas consist of Atmospheric 

difference, Geometry and difference between True antenna values

(in addition to τime difference, number of wavelengths and noise)

∆Φ𝑟𝑎𝑤 = ∆𝐴𝑡𝑚 + 𝐺 + 𝑇2 − 𝑇1 + 𝜏 + 𝑁𝜆 + 𝜈

• Geometry-related parameters are antenna reference point positions, 

phase wind-up, doppler effects, and deterministic atmosphere

𝐺 = 𝑓 ∆𝑥, ∆𝑦, ∆𝑧, ෩Φ1 𝜓1 , ෩Φ2 𝜓2 , Δ𝑡 ሶ𝜌, ∆𝐴𝑡𝑚 𝐻, 𝜖

• For identical antennas, the difference in Calibrated phase 

observations equals the difference between the calibration errors as 

observed at different elevations

∆Φ𝐶 = ∆Φ𝑟𝑎𝑤 − 𝐶2 𝜖2 − 𝐶1 𝜖1 + 𝐺⊥ + 𝑁

= 𝜀 𝜖2 − 𝜀 𝜖1 + 𝜏 + 𝜈

• Satellites observed at different antenna-frame elevations

can be used to quantify the errors in the calibration
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Two different calibration 
schemes examined
• Ionosphere-free combination L3 is crucial 

for long distance and reference frame 

determinations

Φ𝐿3 =
𝑓1
2Φ𝐿1 − 𝑓2

2Φ𝐿2

𝑓1
2 − 𝑓2

2

• Opposite errors on L1 and L2 are 

constructive, i.e. detrimental for L3

• Calbration errors alias as a combination of 

troposphere and height
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Calibration error estimated as combination
- Troposphere
- Vertical
- Clock 
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Processing and 
uncertainties



Vit

Baseline orientation

East North Up

(mm) (mm) (mm)

−7181.6±0.45 37.2±0.63 18.5±0.05 Uncertainties uG⊥ of the calibration error 

estimates ε due to uncertainties in the 

east, north and up directions individually.



PATTERNS

• Copy the pattern.

• Paste into chosen slide.

• Crop the pattern by right-clicking 

on it and selecting Crop.

Vit

• Uncertainties uλν of the calibration 

error estimates for M1 and M2 at 

L1 (red), L2 (green), and L3 (blue).

• Uncertainties uC of the method error 

estimates due to the stochastic variations in 

individual calibration results at L1 (red), L2 

(green), and L3 (blue).
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