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Motivation
• VLBI can determine the celestial reference frame (CRF) , Earth orientation parameters (EOP), and 

terrestrial reference frame (TRF) simultaneously


• north-south VLBI network asymmetry leads to large scale (declination-dependent) systematics


• also some possible unknown dependency between TRF and CRF


• Gaia is a unique instrument that is principally able to build a CRF on itself


• free of declination-dependent systematics


• precision of DR2 is comparable to ICRF3, but we can expect a better precision (positional error) 
and accuracy (lower systematics) in the future release


• If considering Gaia-CRF in the VLBI analysis


• A possible way for radio-optical reference frame tie?


• Any new information to the nutation/UT1? 


• An interesting option for VLBI data analysis?
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Geodetic/Astrometric VLBI 
analysis
• Taking Calc/Solve@GSFC for example: Least square method


• 


• Normal equation: 


• Due to degeneracies amongst CRF, TRF, and EOP, special constraint equations 
should be added to normal equation.


• Maintenance of the reference frame


• No-Net-Rotation (NNR) constraint to position of radio sources (also possible for 
proper motion but not used)


• No-Net-Translation (NNT) and No-Net-Rotation (NNR) constraint to station 
positions and velocities

τobs = τmod + ϵ ⇒ τobs − τmod =
∂τ
∂ ⃗x

⋅ Δ ⃗x + ϵ

NΔ ⃗x = ⃗b
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NNR constraint on radio 
source positions
• NNR constraint equation of CRF 


• 


• Average rotation for a special ensemble of radio sources to be 0 


• Rewrite the equation as


• 


• 


• 


• State-of-art VLBI solution


• ICRF3 (S/X) positions of 303 defining sources

∑
i

Δ ⃗si × ⃗si,0 = ⃗0

⃗si = ⃗r, Δ ⃗si = Δα cos δ ⋅ ⃗p + Δδ ⋅ ⃗q

⃗p = (−sin α, cos α,0)T, ⃗q = (−sin δ cos α, − sin δ sin α, − cos δ)T, ⃗r = (cos δ cos δ, cos δ sin δ, sin δ)T

⇒ ∑
i

− Δαi cos δi ⋅ ⃗q i + Δδi ⋅ ⃗p i = ⃗0

Fig. 1 Rotation 
needed to align the 
adjusted position to a 
priori position
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Gaia-CRF2

• 250 common sources 
between Gaia DR2 IERS 
subset and ICRF3 defining 
source set


• Most precise position in the 
ICRF3 but not in the Gaia DR2
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Fig. 2 Distribution of 250 sources



Interesting sources

• Outliers for reference frame construction


• interesting objects for astrophysical 
studies
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Fig. 3 Angular separation  and 
normalized separation 

ρ
X



Global difference between 
Gaia DR2 and ICRF3 S/X

• Vector spherical harmonics 
(VSH) of degree-1 


• Rotation




• Dipole or Glide

Δα* = − Rx cos α sin δ − Ry sin α sin δ + Rz cos δ
Δδ = + Rx sin α − Ry cos α

Δα* = − Dx sin α + Dy cos α

Δδ = − Dx cos α sin δ − Dy sin α sin δ + Dz cos δ
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Fig. 4 ICRF3—Gaia DR2 for 250 sources

Table 1 VSH parameters of ICRF3—Gaia DR2
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Solution configuration
• Test on


• different a priori source position (ICRF3 S/X or Gaia DR2)


• adjusting or fixing positions of defining source 


• VLBI solutions @SYRTE/Paris Observatory
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Table 2 VSH Configuration of VLBI solutions
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Table 2 VSH Configuration of VLBI solutions
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Only changing a priori 
positions of radio sources 

Rotation ( ): , , 

No dipole found

μas Rx ∼ − 54 Ry ∼ + 29 Rz ∼ + 27
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Fig. 5 Positional difference vs. R.A. Fig. 6 Positional difference vs. decl.



Only changing source 
positions

No influence on  polar motion

Rz ∼ + 27μas

Rx ∼ − 54μas

Ry ∼ + 29μas?

17

Fig. 7 EOP differences. 

From top to bottom:

polar motion (  and );

UT1;

Nutation offset (d  and d )

xp yp

X Y



Fixing defining source 
positions

Rotation ( ): , , 

Dipole ( ):    , , 

μas Rx ∼ + 148 Ry ∼ − 87 Rz ∼ − 17
μas Dx ∼ + 86 Dy ∼ − 104 Dz ∼ − 95
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Fig. 8 Positional difference vs. R.A. Fig. 9 Positional difference vs. decl.



Fixing defining source positions

Irregular offset

Rz ∼ − 95μas

Rx ∼ + 148μas

Ry ∼ − 87μas?
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Fig. 10 EOP differences. 

From top to bottom:

polar motion (  and );

UT1;

Nutation offset (d  and d )

xp yp

X Y



Comparison with Gaia DR2

• Rotation generally agrees with each other


• Fixing defining source position to Gaia DR2 (OPA-gcrf250-fix) reduces 
the dipole with Gaia DR2 than fixing to ICRF3 positions (OPA-icrf250-
fix)

20

Fig. 11 VSH parameters between solutions and Gaia DR2
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Concluding remarks
• We present a possible method to analyze VLBI observations within the frame of 

Gaia-CRF2


• We found


• taking ICRF3 or Gaia DR2 positions as a priori &adjusting the celestial frame 
introduces only orientation and corresponding offsets in UT1/Nutation


• fixing defining source position to Gaia DR2 bring the estimated source position 
closer to Gaia DR2 in terms of dipole. However, it is a bad choice. We should 
better fix them to the ICRF3.


• Outlooks


• Choose a suitable set of radio sources for radio-optical frame tie


• Also consider the proper motion of Gaia DR2?
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