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Introduction

Phase centre corrections (PCC) need to be
I Accurate - prerequisite for precise GNSS applications and products
I Reliable - value of integrity (approaches as robot and chamber can have significant differences)
I Consistent - products such as ITRF, orbits, clocks, GNSS IWV require reliable antenna information

Receiver antenna as a bottleneck

I Inconsistencies in GNSS time series (e.g. antenna change, ageing of printed circuit boards)

I |nstrumentation (antenna design, surroundings etc.) and interaction (DFG project MAESTRO)
I Location / installation (visibility, geographic location etc.)

I Data processing (methods, cut-off, ambiguity resolution, mapping function etc.)
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Introduction

Phase centre corrections (PCC) need to be
I Accurate - prerequisite for precise GNSS applications and products
I Reliable - value of integrity (approaches as robot and chamber can have significant differences)
I Consistent - products such as ITRF, orbits, clocks, GNSS IWV require reliable antenna information

Receiver antenna as a bottleneck

I Inconsistencies in GNSS time series (e.g. antenna change, ageing of printed circuit boards)

I |nstrumentation (antenna design, surroundings etc.) and interaction (DFG project MAESTRO)
I Location / installation (visibility, geographic location etc.)

I Data processing (methods, cut-off, ambiguity resolution, mapping function etc.)

Requirement: We need tools for a sound verification of antenna information!
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Data record for comparison concept - based on individual calibration sets

Data sets

I Analysed sites (BKG, one ROB) with individual antenna
calibrations for methods robot and chamber (amount: 25
samples)

I Calibrations from Geo++ and Uni Bonn from the years
2010 to 2018

I Main antenna type: LEIAR25.R3/R4 (LEIT/NONE)

Strategy
I Observation domain: combined PCO/PCV comparisons
I Parameter domain: classical PPP, changing just PCC sets
I Assess effect of code/carrier phase consistency

Legend
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Comparison of individual calibrations (chamber vs. robot) - graphical measures

Legend Legend
LEIAR25 R, LETT LEIAR25 A4, LEIT
O AuGB-1 O AuG-1
Q AuBG-2 O Ausa-2
BORJ BORJ
O DIEP-1 O DIEP-1
@ DEEP-2 © DEP-2
@ DiL-1 © DiLL-1
@ oiLL2 @ D2
O EUSK O EUSK
O Gore O coRz
= O HeL2 = O HeL2
£ Q HELG E O HELG-1
E @ HELG-2 E Q HELG-2
= HoE2 = HoE2
Q O HOFJ Q O HOFJ
(&} KARL (&} © KARL
a @ Los2 a @ Lo
< RANT < O RANT
O sas2 sAS2
@ WRLG @ WRLG
LEIAR?S RS, LEIT LEIARS RS, LEIT
DRES DRES
A GELL A GELL
A ey A ey
A WARN A WARN
LEIAR25, R4, NONE LEIAR25 R4, NONE
1STA
n LEIAR25 R3, NONE. LEIAR25.R3, NONE
0 15 30 45 60 75 90 S poue 0 15 30 45 60 75 90 S oot
Elevation [°] Elevation [°]
(@) GPs L1 (b) GLOL1  (Kersten et al., 2022)

Individual PCCs for selected receiver antennas show
I Variations above rule-of-thumb (1 mm), frequency dependent
I Amplification for linear combinations such as ionosphere-free (LO)
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Comparison of individual calibrations (chamber vs. robot) - graphical measures

Legend
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(c) GPS L2 (d) GLOL2  (Kersten et al., 2022)

Individual PCCs for selected receiver antennas show
I Variations above rule-of-thumb (1 mm), frequency dependent
I Amplification for linear combinations such as ionosphere-free (LO)
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Methods for comparing calibration sets

Position/parameter domain
I Specific test on reference network (revolver test) (Kallio et al., 2018)
I Residual analysis / stacking (Wiibbena et al., 2010; Bergstrand et al., 2020)
I Network analysis (Rebischung et al., 2019; Villiger et al., 2020; Kersten et al., 2022)

Observation/pattern domain
I Graphical analysis for several IGS receiver antennas (Aerts et al., 2013)
I Graphical, scalar measures, structure analysis and PPP verification (Kersten et al., 2022)
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Methods for comparing calibration sets

Position/parameter domain
| Speci c test on reference network (revolver test) (Kallio et al., 2018)
I Residual analysis / stacking(Wiibbena et al., 2010; Bergstrand et al., 2020)
I Network analysis (Rebischung et al., 2019; Villiger et al., 2020; Kersten et al., 2022)

Observation/pattern domain
| Graphical analysis for several IGS receiver antennagAerts et al., 2013)
| Graphical, scalar measures, structure analysis and PPP veri catiorfKersten et al., 2022)
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Comparison strategies sound metrics

Scalar measures
| Standard deviation as the quadratic deviation between PCC sets: pcc

I Range measures the maximum range between the PCC sets:
r pcc =(max( PCC) min( PCQC))
I Spread describes the maximum in ranges pcc = ( recc; frec,)

I Correlation coe cient measures the overall similarity between two patterns (Pearson correlation
coe cient)
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Scalar quality measures for PCC between robot and chamber

(Kersten et al., 2022)
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Classi cation results of individual patterns based on scalar measures

(a) GPS L1 (b) GPS L2 (c) GPS LO

Findings
| Consistency of each group is assessed (among calibration methods, modi cations at facilities)
| Classied PCC show a similar behaviour to the calculated type mean PCC
| Optimum classi cation for frequency L1, less for L2 and ionosphere-free linear combination
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Classi cation results of individual patterns based on scalar measures

(d) Glonass L1 (e) Glonass L2 (f) Glonass LO

Findings
| Consistency of each group is assessed (among calibration methods, modi cations at facilities)
| Classied PCC show a similar behaviour to the calculated type mean PCC
| Optimum classi cation for frequency L1, less for L2 and ionosphere-free linear combination



Institut fur Erdmessung

Impact of PCC on estimated parameters (EPN, LDB2) - general assessment

E ect relays on essential
parameters

| Structure of PCC
I Geographic location

(@ PCC (iono-free) (b) PCC,1sin?e I Samplin_g of pattern structure
by satellite distribution

| Cut-o angle, weighting,
linear combinations etc.

Further details presented in Kroger
et al. (2022) and Kersten et al. (2022)

(c) rel. observation density (d) PCC (all together)
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