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• Very Long Baseline Interferometry

– Crucial for determination of CRF, scale, EOP (UT1, nutation)

• Vienna IVS Analysis Center

– Global solution (multi-session solution) on NEQ level 
→ VLBI-only TRF + CRF solutions

Benefit of +18 months of VLBI observations?
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Global solution theory 

VLBI NEQs (Input)

Processing steps 
SISISINEQ

e.g., Brockmann (1997), Angermann et al. (2004)
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Session-wise reduction of 
non-global parameters
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• VIE IVS Analysis Center participated in efforts of calculating ITRF2020

• VIE VLBI-only solutions: VIE2020 & VIE2022b 

→ TRF (coordinates + linear velocities)

→CRF (coordinates)
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Global solution at VIE AC – VIE2020
Krásná et al., 2023 – revision submitted

ITRF2020/ VIE2020

VIE2022b

ICRF3

2021.0 2022.52018.25

+ 870 sources

+ 362 sessions
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Terrestrial reference frame 

− Transformation parameter from ITRF2020 to VIE2020/ VIE2022b

→ Good agreement between ITRF and VLBI-only VIE TRF solution

− Scale difference

▪ Trend after 2014

→ VLBI working group established

4

Global solution at VIE AC – VIE2020

VIE2020

VIE2022b
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Global solution at VIE AC – VIE2020

Terrestrial reference frame 

− Transformation parameter from ITRF2020 to VIE2020/ VIE2022b

→ Good agreement between ITRF and VLBI-only VIE TRF solution

− Scale difference

▪ Trend after 2014

→ VLBI working group established

Krásná et al., 2023 – revision submitted
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Global solution at VIE AC – VIE2020

Terrestrial reference frame 

− Antenna height

VIE2022b vs. ITRF2020:

→estimated heights are higher 
in VIE2022b (scale difference)

→lower height error

VIE2022b vs. VIE2020:

→ lower height error

Antenna height differences and formal errors 

Krásná et al., 2023 – revision submitted
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Global solution at VIE AC – VIE2020

Celestial reference frame

− VIE2022b-sx (5407 sources = ICRF3 + 870 sources)

− Unweighted NNR on 301 ICRF3 defining sources
(Mayer and Böhm, 2020) 

Number of observations of ICRF3 defining sources from ICRF3 
cutoff date (MAR 2018) – VIE2022b cutoff date (JUN 2022)

Krásná et al., 2023 – revision submitted

Motivation

Global solution 
theory

Global solution 
at VIE AC

Global solution  
datum definition

Conclusion & 
Outlook



6

Global solution at VIE AC – VIE2020

Celestial reference frame

− VIE2022b-sx (5407 sources = ICRF3 + 870 sources)

− Unweighted NNR on 301 ICRF3 defining sources

−
(Mayer and Böhm, 2020) 

Number of observations of ICRF3 defining sources from ICRF3 
cutoff date (MAR 2018) – VIE2022b cutoff date (JUN 2022)

Despite great international effort* 
→ increase in #𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠 slower 

for southern defining sources 

*IVS-CRDS (de Witt et al. 2019); 
AOV (McCallum et al. 2019);

AUS mixed-mode program (McCallum et al. 2022)

Krásná et al., 2023 – revision submitted
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Global solution at VIE AC – VIE2020

Celestial reference frame

− VIE2022b-sx (5407 sources = ICRF3 + 870 sources)

− Unweighted NNR on 301 ICRF3 defining sources

− Vector spherical harmonics decomposition

→ Differences < 30 𝜇𝑎𝑠 (below noise floor)

−
(Mayer and Böhm, 2020) 

Krásná et al., 2023 – revision submitted

Number of observations of ICRF3 defining sources from ICRF3 
cutoff date (MAR 2018) – VIE2022b cutoff date (JUN 2022)

Despite great international effort* 
→ increase in #𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠 slower 

for southern defining sources 

*IVS-CRDS (de Witt et al. 2019); 
AOV (McCallum et al. 2019);

AUS mixed-mode program (McCallum et al. 2022)

VSH parameters [𝜇𝑎𝑠]

𝑹𝟏 9 ± 2 𝒂𝟐,𝟎
𝒆 20 ± 3 𝒂𝟐,𝟐

𝒆,𝑹𝒆 0 ± 1

𝑹𝟐 -9 ± 2 𝒂𝟐,𝟎
𝒎 6 ± 2 𝒂𝟐,𝟐

𝒆,𝑰𝒎 -4 ± 1

𝑹𝟑 -13 ± 2 𝒂𝟐,𝟏
𝒆,𝑹𝒆 -3 ± 3 𝒂𝟐,𝟐

𝒎,𝑹𝒆 4 ± 1

𝑫𝟏 1 ± 2 𝒂𝟐,𝟏
𝒆,𝑰𝒎 1 ± 3 𝒂𝟐,𝟐

𝒎,𝑰𝒎 1 ± 1

𝑫𝟐 -6 ± 2 𝒂𝟐,𝟏
𝒎,𝑹𝒆 -2 ± 3

𝑫𝟑 -25 ± 2 𝒂𝟐,𝟏
𝒎,𝑰𝒎 3 ± 3
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Global solution – TRF datum definition

• Motivation:

– Development of a new state-of-the-art/ stand-alone Python software for
intra-/ inter- technique combination on NEQ level

– Input: pre-reduced, datum-free NEQ (SINEX)

• Status:

– VLBI Global solution on NEQ level
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Global solution – TRF datum definition

• Methods of introducing NNT/ NNR conditions

– Conditions with infinite weight (Helmert rendering)

= forcing translations/ rotations w.r.t. reference frame to be zero

– Constraints with covariances

= loose constraints: lead to a “loose fit” of network within the datum definition 
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𝑁𝑐 =
𝑁 𝐵
𝐵𝑇 0

𝑁𝑐 = 𝑁 + 𝐻𝑇𝑷𝐻 with 𝐻 = (𝐵𝑇𝐵)−1 𝐵𝑇

e.g., Sillard and Boucher (2001)

e.g., Altamimi et al. (2002)
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Global solution – TRF datum definition

• Methods of introducing NNT/ NNR conditions

– Conditions with infinite weight (Helmert rendering)

– Constraints with covariances

• Scaling of 𝐵

– strict: 𝐵𝑁𝑁T by 𝑁 and 𝐵𝑁𝑁𝑅 by σ𝑖=1
𝑁 𝑥0,𝑖

2 + 𝑦0,𝑖
2 + 𝑧0,𝑖

2

– common in VLBI community: 𝐵𝑁𝑁𝑅 by 𝑅𝐸

→ No impact on estimates/ variances, but on fulfillment of conditions
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Global solution – TRF datum definition

• Methods of introducing NNT/ NNR conditions

– Conditions with infinite weight (Helmert rendering)

– Constraints with covariances

• Weighting of constraints

– Comparability of methods? What are „infinite weights“?
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𝑁𝑐 =
𝑁 𝐵
𝐵𝑇 0

𝑁𝑐 = 𝑁 + 𝐻𝑇𝑷𝐻 with 𝐻 = (𝐵𝑇𝐵)−1 𝐵𝑇

𝑪𝑶𝑵𝑺𝒘𝑪𝑶𝑽𝒘=𝟏𝟎𝟖 ≅ 𝑯𝑹

≡ formal error = 0.1 mm
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Conclusion & Outlook

• Conclusion:

– VIE2020/ VIE2022b – ITRF2020: good agreement, 
2022b crucial for new VGOS telescopes

– VIE2022b-sx – ICRF3: differences in VSH parameters below noise floor                                 

• Outlook:

– Development of new state-of-the-art/ stand-alone Python software for intra-/ and 
inter-technique combination on NEQ level
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