
Neglected issues of terrestrial datum 
definition in VLBI

Lisa Kern • Hana Krásná • Axel Nothnagel • Johannes Böhm • Matthias Madzak

TU Wien, Austria

26th EVGA Working Meeting, 11th-15th June 2023, Bad Kötzting, Germany



Motivation and current status at

• In progress: 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)

• Current status: VLBI Global solution (multi-session solution) on NEQ level

→ Different methods of datum definition + scaling of datum conditions
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Geodetic datum definition

• VLBI based on precise relative relationships within 
observing network 

→ Precise geometric configuration

• Absolute position of point cloud?                                     

→ No-net-translation (NNT) and no-net-rotation (NNR) approach

→ Introduction of a datum using a conventional frame as target frame
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𝑁 𝚫𝒙𝑖 = 𝟎 [m] σ𝑖=1

𝑁 𝒓𝑖 × 𝚫𝒙𝑖 = 𝟎 [m2]
No-net-translation constraint                                    No-net-rotation constraint
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1) 𝐻 = (𝐵𝑇𝐵)−1 𝐵𝑇

Geodetic datum definition

• Apply datum definition to NEQ: (e.g., Sillard and Boucher (2001), Angermann et al. (2004), Dach et al. (2015))

– 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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𝑁 𝐵
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Geodetic datum definition

• Apply datum definition to NEQ: (e.g., Sillard and Boucher (2001), Angermann et al. (2004), Dach et al. (2015))

– 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

• Scaling of constraint matrix 𝐵 

↔ Singular Value Decomposition (with 𝜆1−6 = 0) 

= normalizing column length of 𝐵 to one
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𝑁𝑐 =
𝑁 𝐵
𝐵𝑇 0

1) 𝐻 = (𝐵𝑇𝐵)−1 𝐵𝑇

𝑁𝑐 = 𝑁 + 𝐻𝑇𝑃𝐻
2) 𝐻 = 𝐵𝑇 



Comparability of methods? (𝐻𝑅, 𝐶𝑊𝐶𝐻 , 𝐶𝑊𝐶𝐵)
Influence on results/ fulfillment of conditions?

Experiment setup
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WARK12M

CONT17 campaign 
• November 28 – December 12 2017
• 15 sessions
• 14 stations
→multi-session solution (only estimating coordinates)

1) 𝐻 = (𝐵𝑇𝐵)−1 𝐵𝑇

2) 𝐻 = 𝐵𝑇 



TRF datum definition methods
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[mm]

Difference in results (corrections dx and accuracies mx): 𝐶𝑊𝐶𝐻,𝐵 − 𝐻𝑅 (using common scaling)

𝑁𝑐 = 𝑁 + 𝐻𝑇𝑃𝐻

> 5

< -5

𝐶𝑊𝐶𝐻 − 𝐻𝑅 𝐶𝑊𝐶𝐵 − 𝐻𝑅

𝝈𝒘 = 𝟎. 𝟏 𝒎𝒎 𝝈𝒘 = 𝟎. 𝟎𝟏 𝒎𝒎 𝝈𝒘 = 𝟎. 𝟎𝟎𝟏 𝒎𝒎 

𝐶𝑊𝐶𝐻 − 𝐻𝑅 𝐶𝑊𝐶𝐵 − 𝐻𝑅 𝐶𝑊𝐶𝐻 − 𝐻𝑅 𝐶𝑊𝐶𝐵 − 𝐻𝑅



TRF datum definition methods

Fulfillment of NNT/NNR conditions (using common scaling)

σ𝑖=1
𝑁 𝚫𝒙𝑖 = 𝟎 [m] σ𝑖=1

𝑁 𝒓𝑖 × 𝚫𝒙𝑖 = 𝟎 [m2]
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No-net-translation constraint                                    No-net-rotation constraint
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Improvement of condition fulfillment
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TRF scaling methods

• common scaling of constraint/ condition matrix 𝐵

• strict scaling of constraint/ condition matrix 𝐵
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𝐵𝑐𝑜𝑚𝑚𝑜𝑛 =

𝐵𝑠𝑡𝑟𝑖𝑐𝑡 =



TRF scaling methods

Fulfillment of NNT/NNR conditions

→ No impact on estimates/ variances, 
improvement of condition fulfillment 
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strict: 𝐵𝑁𝑁𝑇∗
1

𝑁
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TRF scaling methods

Fulfillment of NNT/NNR conditions

→ No impact on estimates/ variances, 
improvement of condition fulfillment 
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common:                  -               𝐵𝑁𝑁𝑅 ∗
1

𝑅𝐸

Improvement of condition fulfillment

strict: 𝐵𝑁𝑁𝑇∗
1

𝑁
𝐵𝑁𝑁𝑅 ∗

1

σ𝑖=1
𝑁 (𝑥0,𝑖

2 +𝑦0,𝑖
2 +𝑧0,𝑖

2 )



Conclusion and Outlook

• Conclusion:

– Different methods of datum definition → impact on dx, mx + fulfillment of datum conditions

– Different scaling methods → no impact on dx, mx but on fulfillment of datum conditions

– Comparability of methods: 

▪ 𝐶𝑊𝐶 → very tight constraints necessary

• Outlook:

– CRF datum definition? Scaling? 

– In progress: Development of a new state-of-the-art/ stand-alone Python software for intra-/ inter-
technique combination on NEQ level
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Contact: lisa.kern@tuwien.ac.at
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