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VLBI observation campaigns

[Luzum et al. in J Geod (2010) 84:399–402 DOI 10.1007/s00190-010-0372-8][Klopotek et al. in J Geod (2018) 92:457–469 DOI 10.1007/s00190-017-1072-4]

24 hour campaigns
▪ twice per week (R1/R4)
▪ global station network
▪ estimation of all five EOP
▪ Latency: approx. 14 days

1 hour campaigns (INTENSIVE)
▪ at least once a day , not equidistant in time
▪ Station network of only 2-3 antennas
▪ estimation of dUT1
▪ Latency: approx. 1-2 days

VLBI
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Idea …Status Quo…

VLBI EOP time series

VLBI

R1/R4R1/R4R1/R4 INT COMBI

high accuracy
no daily resolution
no regular resolution

high accuracy only within the 
observation period
daily resolution 
no regular resolution

high accuracy
daily resolution
regular resolution

… easier comparability 
… input for EOP prediction
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Combination scheme

Input level
SNX

Normal equation level
NEQ 

Solution level 
SOL

Transformations for a    
consistent input

- parameter
- A priori
- …

Constraining +
Solving

input for combination 

SINEX from BKG IVS AC

combination at NEQ level

DOGS-CS software from DGFI TUM
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Constraining – Overview

Parameter (explicit) VLBI R1/R4 n-day VLBI VLBI INT n-day VLBI INT

EOP

UT1-UTC 
(dUT1)

- -
LOD fixed to 
IERS-14-C04

-

X-/Y-pole -

R1/R4: 
(loose constraint)

INT: fixed to IERS-14-
C04

fixed to IERS-14-C04 fixed to IERS-14-C04

nutation - - / /

TRF
minimum constraints

(NNR/NNT
for core sites)

minimum constraints
(NNR/NNT

for core sites)
fixed to ITRF2014 fixed to ITRF2014

CRF fixed to ICRF-3 fixed to ICRF-3 / /

TRF
minimum constraints

(NNR/NNT
for core sites)

minimum constraints
(NNR/NNT

for core sites)
fixed to ITRF2014 fixed to ITRF2014

UT1-UTC 
(dUT1)

- -
LOD fixed to IERS-14-

C04
-

EOP X-/Y-pole -

R1/R4: 
(loose constraint)

INT: fixed to IERS-14-
C04

fixed to IERS-14-C04 fixed to IERS-14-C04
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7-day VLBI INT

▪ significant reduction of the WRMS

▪ parabolic behavior of the WRMS

▪ minimal values at the middle day

▪ no constraining of LOD

▪ accuracy less dependent of observation period 

➢ daily, regularly spaced dUT1 product

➢ latency of 1-2 days

7-INT

Results – VLBI Intensive

Reference series: IERS-Bulletin-A

Validation epoch: 12:00 UTC
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7-day VLBI INT + R1/R4 

▪ significant reduction of the WRMS

▪ constant level of the WRMS

▪ no constraining of LOD

▪ no fixing of the station network

▪ improved accuracies outside the observation period

➢ daily, regularly spaced dUT1 product

➢ latency: approx. 14 days

First results – Intra-technique combination of VLBI Intensive and R1/R4 data 

Reference series: IERS-Bulletin-A

Validation epoch: 12:00 UTC
7-I+V
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Current challenges – Datum definition

Parameter VLBI R1/R4 n-VLBI VLBI INT n-VLBI INT

Station coordinates
minimum constraints

→ NNR/NNT for core sites
minimum constraints

→ NNR/NNT for core sites
fixed to ITRF2014 fixed to ITRF2014

Pre-condition:

The antennas observing in the INT sessions must also be 
included in the station network of the 24-hour sessions!

Mon Tue Wed Thu Fri Sat Sun

INT1 WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

- -

INT2 - - - - - WETTZELL
ISHIOKA

WETTZELL
ISHIOKA

INT3 WETTZELL
WETTZ13S
NYALE13S
ISHIOKA

- - - - - -

R1 / 
R4

WETTZELL
WETTZ13N
NYALE13S
ISHIOKA
BADARY
HART15M
MATERA
NOTO
NYALES20
ONSALA60
SEJONG
YARRA12M
ZELENCHK

- - WETTZELL
WETTZ13N
NYALE13S
ISHIOKA
KOKEE
SVETLOE
HART15M
NYALES20
YARRA12M
YEBES40M
ZELENCHK

- - -

Mon Tue Wed Thu Fri Sat Sun

INT1 WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

- -

INT2 - - - - - WETTZELL
ISHIOKA

WETTZELL
ISHIOKA

INT3 WETTZELL
WETTZ13S
NYALE13S
ISHIOKA

- - - - - -

R1 / 
R4

WETTZELL
WETTZ13N
NYALE13S
ISHIOKA
BADARY
HART15M
MATERA
NOTO
NYALES20
ONSALA60
SEJONG
YARRA12M
ZELENCHK

- - WETTZELL
WETTZ13N
NYALE13S
ISHIOKA
KOKEE
SVETLOE
HART15M
NYALES20
YARRA12M
YEBES40M
ZELENCHK

- - -

Mon Tue Wed Thu Fri Sat Sun

INT1 WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

- -

INT2 - - - - - WETTZELL
ISHIOKA

WETTZELL
ISHIOKA

INT3 WETTZELL
WETTZ13S
NYALE13S
ISHIOKA

- - - - - -

R1 / 
R4

WETTZELL
WETTZ13N
NYALE13S
ISHIOKA
BADARY
HART15M
MATERA
NOTO
NYALES20
ONSALA60
SEJONG
YARRA12M
ZELENCHK

- - WETTZELL
WETTZ13N
NYALE13S
ISHIOKA
KOKEE
SVETLOE
HART15M
NYALES20
YARRA12M
YEBES40M
ZELENCHK

- - -

Mon Tue Wed Thu Fri Sat Sun

INT1 WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

- -

INT2 - - - - - WETTZELL
ISHIOKA

WETTZELL
ISHIOKA

INT3 WETTZELL
WETTZ13S
NYALE13S
ISHIOKA

- - - - - -

R1 /
R4

WETTZELL
WETTZ13N
NYALE13S
ISHIOKA
BADARY
HART15M
MATERA
NOTO
NYALES20
ONSALA60
SEJONG
YARRA12M
ZELENCHK

- - WETTZELL
WETTZ13N
NYALE13S
ISHIOKA
KOKEE
SVETLOE
HART15M
NYALES20
YARRA12M
YEBES40M
ZELENCHK

- - -

Mon Tue Wed Thu Fri Sat Sun

INT1 WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

- -

INT2 - - - - - WETTZELL
ISHIOKA

WETTZELL
ISHIOKA

INT3 WETTZELL
WETTZ13S
NYALE13S
ISHIOKA

- - - - - -

R1 / 
R4

WETTZELL
WETTZ13N
NYALE13S
ISHIOKA
BADARY
HART15M
MATERA
NOTO
NYALES20
ONSALA60
SEJONG
YARRA12M
ZELENCHK

- - WETTZELL
WETTZ13N
NYALE13S
ISHIOKA
KOKEE
SVETLOE
HART15M
NYALES20
YARRA12M
YEBES40M
ZELENCHK

- - -

Mon Tue Wed Thu Fri Sat Sun

INT1 WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

- -

INT2 - - - - - WETTZELL
ISHIOKA

WETTZELL
ISHIOKA

INT3 WETTZELL
WETTZ13S
NYALE13S
ISHIOKA

- - - - - -

R1 / 
R4

WETTZELL
WETTZ13N
NYALE13S
ISHIOKA
BADARY
HART15M
MATERA
NOTO
NYALES20
ONSALA60
SEJONG
YARRA12M
ZELENCHK

- - WETTZELL
WETTZ13N
NYALE13S
ISHIOKA
KOKEE
SVETLOE
HART15M
NYALES20
YARRA12M
YEBES40M
ZELENCHK

- - -

Mon Tue Wed Thu Fri Sat Sun

INT1 WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

- -

INT2 - - - - - WETTZELL
MK-VLBA

WETTZELL
MK-VLBA

INT3 WETTZELL
WETTZ13S
NYALE13S
NYALES20
SESHAN25

- - - - - -

R1 / 
R4

WETTZ13N
NYALE13S
NYALES20
KOKEE
HART15M
MATERA
NOTO
ONSALA60
YARRA12M
7390

- - WETTZELL
NYALE13S
NYALES20
KOKEE
BADARY
HART15M
YARRA12M
ZELENCHK
7230
7377

- - -

Mon Tue Wed Thu Fri Sat Sun

INT1 WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

WETTZELL
KOKEE

- -

INT2 - - - - - WETTZELL
MK-VLBA

WETTZELL
MK-VLBA

INT3 WETTZELL
WETTZ13S
NYALE13S
NYALES20
SESHAN25

- - - - - -

R1 / 
R4

WETTZ13N
NYALE13S
NYALES20
KOKEE
HART15M
MATERA
NOTO
ONSALA60
YARRA12M
7390

- - WETTZELL
NYALE13S
NYALES20
KOKEE
BADARY
HART15M
YARRA12M
ZELENCHK
7230
7377

- - -

→ usually the case→ usually the case, but there are exceptions

→ Station coordinates can be stacked and estimated

→ Next step: systematic investigation and tuning of the 
datum definition

n-VLBI

minimum constraints
→ NNR/NNT for core sites
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Multi-technique combination of GNSS, VLBI and SLR data at NEQ level 

benefits of multi-technique combination

+ GNSS + VLBI INT daily resolution and 
shorter latency of a consistent set of all 
ERPs

+ stabilization of the ERPs by multi-day 

combination

+ stabilization through 24h VLBI R1/R4

+ stable contribution of LOD from SLR

ERP INT R1/R4

dUT1

LOD

Polar motion

GNSS SLRVLBI COMBI

current

upcoming

Techniques’ contributions to Earth Rotation Parameters (ERP)
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Results – Multi-technique combination of GNSS and VLBI Intensive data

Validation epoch: 12:00 UTC

7-day GNSS + VLBI INT

▪ significant reduction of the WRMS

▪ bridging of VLBI data gaps with GNSS data

▪ 1h-VLBI-INT-dUT1 + 24h-GNSS-LOD + 24h-GNSS-pole

→ daily, regularly spaced ERP product 

→ latency: 1-2 days

7-RAP

Reference series: IERS-Bulletin-A
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Results – Multi-technique combination of GNSS and VLBI data

Reference series: IERS-Bulletin-A

Validation epoch: 12:00 UTC

7-day  GNSS + VLBI INT + VLBI R1/R4

▪ almost constant level of the WRMS

▪ stabilization through 24h VLBI R1/R4 twice a week

→ daily, regularly spaced ERP product

→ latency: approx. 14 days

7-FIN
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VLBI intra-technique combination
Systematic investigations of the station networks. 
→ improvement of the datum definition
Extend the combination by adding further VLBI observation campaigns.

VLBI

INT

24h

VLBI

Multi-technique combination
Extend the combination by adding SLR data.

VLBI

INT
GNSS

SLR
VLBI

R1/R4

Development of an operational combined dUT1/ERP product at BKG.

Next steps
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Combination Scheme

Input level
SNX

Normal equation level
NEQ 

Solution level 
SOL

Transformations
and other

operations for
a consistent input
- parameter
- A priori
- …

Constraining +
Solving


