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Geodetic and astrometric VLBI

Xu

Regular observations with worldwide distributed antennas since 1979
 A network of typically 7 to 15 antennas
 Observing 24 hours per day and 4 days per week
 Tens to hundreds of AGNs in 24 hours

2 Geodetic VLBI

Status: Observing; Testing; Constructing

Global terrestrial reference frame 
VGOS station network

New generation geodetic VLBI since 2019
 Called VLBI Global Observing System (VGOS)
 Simultaneously observing at four bands 3 – 11 GHz



One major systematic error is the un-modeled effects due to source structure.

Geodetic and astrometric VLBI
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Assumption: 
They are point like

Earth and quasars A real quasar: time- and 
frequency-dependent structure

(Xu et al., JGR, 2021; A&A, 2022)

Quasars are lighthouses of VLBI

Geodetic VLBI



Effects of source structure in VGOS 

Xu 4

 Variations in absolute astrometric positions of AGNs
 Extra structure delays in the group delay observables
 Enlarging the measurement noise due to resolved structure
 Sub-ambiguities
 …... 

(Xu et al., 2021)
Geodetic VLBI
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Data and data analysis
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 Data
 177 VGOS sessions
 377 AGNs

 Imaging
 Closure phases
 Closure amplitudes

 Geodetic analysis
 Independent solutions
 Global solutions

Source image of 1803+784 at 6.6 GHz from session VO0051 
(Xu et al., 2021)

Geodetic VLBI



Stable at the level of ten micro-arcseconds
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 (Xu, submitted)
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Stable: 1803+784
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One direction moving
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One direction moving: 2229+695
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One direction moving: 2229+695
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CoreJet



Two direction moving
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 (Xu, submitted)
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Two direction moving: 3C418

Xu 9

 Source position changes in its jet 
direction 

 Move towards east-north and 
west-south back twice from 
2018 to 2024

 Angular difference 1.1 mas

 Typical behavior due to within 
beamsize structure

Geodetic VLBI



3C418: images
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5.5 GHz 10.2 GHz

Geodetic VLBI

 Extended structure at higher frequencies is un-resolved shifting the astrometric positions

 Image alignment over frequency

 VGOS beam size

● 1.8 mas @ 3 GHz

● 1.0 mas @ 5 GHz

● 0.9 mas @ 6 GHz

● 0.5 mas @ 10.5 GHz



Source position variations across frequency

Xu 11 Geodetic VLBI
How to build a consistent CRF across frequency in the future?



 MOJAVE as testbed
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Baseline length repeatability degrades 
significantly with the length

 Processing MOJAVE observations in 
geodetic mode

 Collaboration with MOJAVE team

● models of source structure

● Images aligned over time

Results from 147 MOJAVE sessions since 2012

 (Lister etal., 2018)

Geodetic VLBI



Conclusion

Xu

1) Precision/white noise in VGOS source position < 40 uas

2) Contribution of source structure @ 0.1 – 0.2 mas

3) Astrogeodesy project aims to resolve this challenge for improving the 

accuracy of geodesy and astrometry

4) It is relevant for astrometry in the future radio facilities, like ngVLA 

13 Geodetic VLBI



VGOS CRF

Xu et al. 19 VGOS CRF



Effects of source structure

Xu et al. 20

Source image of 1803+784 at 6.6 GHz from session VO0051 
(Xu et al., 2021)

Structure causes two major effects:

1)  Phase center shift

 Structure within the beam – 
“invisible” (Porcas 2010)

 Source position

2)  Systematic delay errors

 Extended jet -- “visible”

 Closure delays

 Other geodetic parameters

VGOS CRF



2229+695: images

Xu et al. 10
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Stability of VGOS source positions

Xu et al. 13

 Source: 0059+581

VGOS CRF



Tropospheric turbulence

Xu et al. 21 VGOS CRF



Thank you very much!

minghui.xu@gfz-potsdam.de

We are hiring! 
https://www.gfz-potsdam.de/en/career/job-offers/details/9403

mailto:minghui.xu@gfz-potsdam.de


VGOS observations

Xu et al. 4

 177 24-hour experiments 
 Simultaneously observing at 

four bands
 13 VGOS antennas/fast slewing
 Short scan lengths

 7 – 30 seconds
 370 radio sources

Data

CARMS = 0.21

All of the closure delays of source 0529+483 
in 21 VGOS sessions. WRMS = 3.0 ps

(Niell et al, 2018; Xu et al., 2021)

VGOS CRF



Stability of VGOS source positions

Xu et al. Source Structure23

Source position variation @ 0.6 mas Closure delays @ 100 ps 

Impact of “invisible” structure Impact of “visible” structure



Stability of VGOS source positions

Xu et al. 15

Units: mas

 Error floor of VGOS source positions

 Uncertainty inflation

VGOS CRF



Sensitivity of VGOS observations to source positions

Xu et al. 16 VGOS CRF



Differences between VGOS and S/X 

Xu et al. 17

 The median and mean arc lengths over the 377 sources 
are 0.175 mas and 0.310 mas, respectively.

VGOS CRF



Stability of VGOS source positions

Xu et al. 14

 Time variations of VGOS source position on average is:
 0.1 mas for sources with declination > 20 degrees
 0.2 mas in RA and 0.5 mas in Dec for source with declination < 20 degrees

VGOS CRF



Differences between VGOS and S/X 

Xu et al. 17

 15% sources have significant position offsets.

VGOS CRF
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