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m Motivation & Status
o

Motivation and current status at Vienna Center for VLBI

* |n 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)

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

- Different methods of datum definition + scaling of datum conditions
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Global solution and datum definition
[ X Ne)

Geodetic datum definition

* VLBI based on precise relative relationships within
observing network

—> Precise geometric configuration

d = 6 = 3 translations, 3 rotations

Courtesy: Armin Corbin

* 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

N [ N [ ) —
= Ax' =0 [m] —1(r' X Axt) =0 [m”]
l= 1=
No-net-translation constraint No-net-rotation constraint
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* VLBI based on precise relative relationships within
observing network

—> Precise geometric configuration

d = 6 = 3 translations, 3 rotations

Courtesy: Armin Corbin

* 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

LiAxt=0[m] XL (r'xAx') =0 mmp B

No-net-translation constraint No-net-rotation constraint
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Global solution and datum definition
00

Geodetic datum definition

¢ Ap p Iy d atu m d Ef| N |t|0 N tO N EQ (e.g., Sillard and Boucher (2001), Angermann et al. (2004), Dach et al. (2015))
— Conditions with infinite weight (Helmert rendering) N, = [ é\; l(;) ]

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

— Constraints with covariances 1) H = (BT B)—l BT -
= loose constraints: lead to a “loose fit” of network 2)H = BT I" N. =N+ H'PH

within the datum definition
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00
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¢ Ap p Iy datu m dEﬁ N ition tO N EQ (e.g., Sillard and Boucher (2001), Angermann et al. (2004), Dach et al. (2015))
— Conditions with infinite weight (Helmert rendering) N, = [ é\g l(;) ]

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

— Constraints with covariances 1) H = (BT B)—l BT -
= loose constraints: lead to a “loose fit” of network 2)H = BT I" N. =N+ H'PH

within the datum definition

: : . | . .
* Scaling of constraint matrix B strict: Bynrt— o Byng *
N JZ” (2 +y2 +22)
<> Singular Value Decomposition (with 1;_¢ = 0) i=1\10,i7Y0,iT 40,0
1
= normalizing column length of B to one common. Bnng * Rp
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Experiment setup

60°N

® KOKEE

@ FORTLEZA

60°S 1

®NYALES20

@ONSALAGO

OWETTZELL
®ZELENCHK

@ YEBES4OMMATERA

® HART15M

® BADARY

® KASHIM11

® KATH12M

WARK12M
°

®HOBART26

180° 120°W

60°W 0°

60°E

120°E

180

Comparison
®@00O0O0

CONT17 campaign

* November 28 — December 12 2017

* 15 sessions

* 14 stations

- multi-session solution (only estimating coordinates)

1)H = (BTB)"1BT
2)H = BT

Comparability of methods? (HR,CW Cy, CW Cg)
Influence on results/ fulfillment of conditions?
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TRF datum definition methods

Comparison
0000

N. =N+ H'PH

Difference in results (corrections dx and accuracies mx): CW Cy g — HR (using common scaling)

BADARYi CWCy — HR | CWCg —HR saoney l CWCn — HR CWCg — HR BADARY CWCH—HR CWCgz — HR
| | T | |
FORTLEZA ... . .. I FORTLEZA .. I FORTLEZA .. I
HART15M .. . .. | HART15M ... | HART15M- . | [ 2
HOBART26 .. . I HOBART26 .. I HOBART26 .. I
KASHIMll . . .. KASHIM11 .. . : KASHIM11 - . :
KATH12M . . . KATH12M .. I KATH12M .. I »
KOKEE .— . . . KOKEE - .. | KOKEE - | |
MATERA .. . . | MATERA - . | MATERA - . | |
NYALES20 .. I NYALES20 .. | NYALES20 - I I
ONSALA60 .. I ONSALAG0 - . : ONSALAG0 - : : .
WARK12M ... WARK12M .. I WARK12M ..i I
WETTZELL .. . I WETTZELL - . | WETTZELL - . |
_ | | { | |
YEBES40M .. . YEBES40M - YEBESA0M - . _
ZELENCHK-. Oy = 0.1 mm ZELENCHK-. Ow = 0.01 mm ZELENCHK - . Oy = 0.001 mm —4

dx dy dz mx my mz dx dy dz mx my mz dx dy dz mx my mz dx dy dz mx my mz dx dy dz mx my mz dx dy dz mx rﬁy rﬁz

[mm]
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TRF datum definition methods

Comparison
00000

Fulfillment of NNT/NNR conditions (using common scaling)

HR

5.134781e-16
6.136584e-17
1.465841e-16
-8.412826e-10
8.076313e-10
-2.073648e-10

CWCy

CWCp

N Axi=0 N (r'xaxt)=0
CWCy CWCp CWCy CWCp

0.005136 -0.012315 0.000060 -8.622118e-07

-0.004254 0.013166 -0.000056 5.912033e-09

0.001205 -0.004660 0.000018 2.511653e-07
47488.227051 132625.811943 601.332719 -11.688458
-35551.871295 -25038.180411 -865.538933 -7.620066
-152346.044266 | -434867.000858 -2272.864043 -39.945308

6.022829e-07
-5.585076e-07
1.794937e-07

-8.623666e-09
5.729475e-11
2.513280e-09

o, =0.1mm

o, =0.01 mm

6.028015
-8.749430
-22.845439

-0.116940
-0.076206
-0.399512

o, = 0.001 mm
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TRF datum definition methods

Comparison
00000

Fulfillment of NNT/NNR conditions (using common scaling)

HR

5.134781e-16
6.136584e-17
1.465841e-16
-8.412826e-10
8.076313e-10
-2.073648e-10

CWCpg

5076e-07

N Axi — N (i i) —
N Axt = Y.(r'xAxt)=0
CWCy CWCy CWCy CWCy
0.005136 10.012315 0.000060 | -8.622118e-07
10.004254 0.013166 10.000056 | 5.912033
0.001205 10.004660 e

47488.227051
-35551.871295
-152346.044266

132625.811943 >
-25038.18 -865.538933

-434867.000858

Improvement of condition fulfillment

-8.623666e-09
5.729475e-11

-2272.864043

L L. U0O0TJO

-7.620066
-39.945308

o, =0.1mm

g, =0.01mm

1.794937e-07 2.513280e-09
6.028015 -0.116940
-8.749430 -0.076206
-22.845439 -0.399512

o, = 0.001 mm
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O
e strict scaling of constraint/ condition matrix B

ot e De i R e B R B

TRF_Ty -
TRF_Rx -

wf]l |l 0 0 B B B B BE B BE BB
TRF Tz -
TRF_Rx -
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TRF Tz -
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TRF Rz -

..
TRF_Ry -. .-

TRF_Ty -

strict —
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B

* common scaling of constraint/ condition matrix B

TRF scaling methods




Comparison
00000

I . 1 1
\/Zi=1(x0,i+y0,i+zo,i)
Fulfillment of NNT/NNR conditions common: ] Bywp * Ri
E
- No impact on estimates/ variances,
improvement of condition fulfillment
HR none HR common H Rstrict CWCH,none CWCH ,common CWCH ,Strict
-8.760354e-17 5.134781e-16 -3.365364e-16 0.024658 6.022829e-07 4.303518e-08
-2.879641e-16 6.136584e-17 4.401861e-17 -0.017310 -5.585076e-07 -3.990801e-08
-5.637851e-17 1.465841e-16 2.515349e-17 0.003792 1.794937e-07 1.282590e-08
-3.819878e-11 -8.412826e-10 1.691660e-10 202575.854871 6.028015 0.430728
-1.382432e-10 8.076313e-10 -3.965397e-10 42155.391884 -8.749430 -0.625234
5.820766e-11 -2.073648e-10 2.692104e-10 -498571.551772 -22.845439 -1.632447
o, =0.001 mm
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m Conclusion & Outlook
o

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

* Qutlook:
— CRF datum definition? Scaling?

— In progress: Development of a new state-of-the-art/ stand-alone Python software for intra-/ inter-
technigue combination on NEQ level

EVGA2023 - Neglected issues of terrestrial datum definitionin VLBl | 11
OEOECOBECCEBGECEBEBEBEBEBESESSSSSSSSSSSSSSSHSSGSSSSSSGSS....SSSSOOSSSSaaaa




Contact: lisa.kern@tuwien.ac.at
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