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ESA GSET WG-3 meetings

• 2024-07-15
• 2024-08-26
• 2024-09-16
• 2024-10-16
• 2024-11-29

4

• 2025-01-20
• 2025-02-24
• 2025-03-25
• 2025-05-26
• 2025-07-07
• 2025-08-27
• 2025-09-29
• 2025-11-17
• 2025-12-15

• 2026-02-09
• 2026-03-23
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WP-1: frequencies, signals

6
Proposed Genesis frequency setup

Delay resolution comparsion
to standard ”VO” setup



WP-2: ground station fidelity

• Setting up VLBI equipment for Genesis observations
• Satellite-tracking operations
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Field-system control

of VLBI backends

Field-system control
With e.g. TLE 

Technical realisation



WP-3: correlation, fringe-fitting
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The DiFX software correlator block diagram as implemented for the VLBA.

Near field model needed!

Handling of PCO/PCV (?!)
and geometric corrections

for ARP/COM relation
in Fringe-fitting process

gt501a Oe-
Ow
SNR 925.6

X CS

https://difx.readthedocs.io/en/latest/_images/swcorr_vex_diagram_ver3-crop.png


WP-4: scheduling

• Satellite visibilty?
• What scan length necessary?
• How to include Genesis in IVS-operations?
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Common visibility

Common visibility



WP-5: end-to-end simulations

• What parameters can be estimated?
• What impact on ”classical geodetic” parameters?
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Orbit
estimation

Station position
estimation



WP-6: test observations
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gt501a Oe-Ow
SNR 925.6

First fringe-tests using the proposed
Genesis frequency setup

Plan for international 24 h session



WP-7: PRN option
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Application 1
Ranging demonstrator

Distance?

Application 2
Time/frequency transfer 
demonstrator

Satellite–to–ground
Ground–to–ground

One-way-ranging between satellite and ground stations



Today’s WG-3 programme

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
ESA GSET WG-3 (VLBI) presentations on the ESA Genesis Workshop 2026, Brussels
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

09:00–09:12 R. Haas ”ESA GSET WG-3 general overview”

09:12–09:24 A. Neidhardt ”WP-1 + WP-2”

09:24–09:36 S. Bernhart  ”WP-3 + WP-6”

09:36–09:48 J. Böhm ”WP-4 + WP-5”

09:48–10:00 T. Deleu ”WP-7”

10:00–10:29 Questions and discussion

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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ESA GSET WG-3 (VLBI)
WP-1: frequencies, signal strength, etc.

WP-2: ground station fidelity, etc.

A. Neidhardt, Technical University of Munich

IVS Network Coordinator

on behalf of the WG-3 team



Intro:
Complexity of the systems
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WP-1:
frequencies, signal strength, etc.



WP-1:
frequencies, signal strength, etc.

Sending equipment, requirements, losses



VGOS for
GENESIS

WP-1

Signal strength
• Simulations

• Signal strength 0.6 - 20 Jy in nadir

SNR Goals

Power Requirements on Ground
• the VLBI Tx shall generate power spectral flux density over the entire field of view

• the Genesis VLBI Transmitter shall enable via telecommands commandability of its output RF power levels

 Tunable across 15 levels from a flux of 0.6 Jy (15 db attenuation) to 20 Jy (0 dB attenuation)

Polarization
• Left-hand circular polarized

Calibration
• Antenna system of three circular polarized antennas (1mm)

Antenna
• Gain losses (function of nadir angle)

• Gain variation: 3dB would be good, expected 5-6 dB

• Phase center characteristics

VLBI Transmitter

GENESIS Satellite



WP-1:
frequencies, signal strength, etc.

Free space losses



VGOS for
GENESIS

WP-1
Simulations
• Delay Resolution Function

Free Space Path Losses
• Function of distance

• VLBI TX shall minimize the difference of the received power spectral 

flux density at the commonly observed telescopes.

• In practice: due to the atmospheric absorption and variations in 

stations instrumentations, the received flux is almost never the same 

at the 2 stations.

Changing geometry
• Center of mass

• Rotating satellite => corrections <= 1s

VLBI Transmitter

GENESIS Satellite



WP-1:
frequencies, signal strength, etc.

Frequencies throughout the system
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Antenna
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Antenna

Frontend

Backend

VGOS for
GENESIS

WP-1

400 MHz380 MHz300 MHz180 MHz

10 different LO-setting groups

for the 15 antennas

WP-2

Basis for test observations

WP-6

Frequencies throughout the system

8 BBC channels H

plus

8 BBC channels V

for each of the 4 bands

64 BBC 

channels

VLBI Transmitter

GENESIS Satellite



WP-2:
ground station fidelity, etc.
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WP-2:
ground station fidelity, etc.

Antenna & Control
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VGOS for
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Generally
All antennas should be 
capable of satellite 
tracking, both 
mechanically and with 
respect to the servo 
system.
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(Ideas at TU of Munich: local SW projects
for session-based TLEs)

Different implementation
 Standardization to

„satellite=„ command
 Sample code under

developement

Kinematic-stop-and-go
tracking (Australia)
 Under investigation
Not yet supported (USA)
 Under development by NVI

because of GRITTS
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 Antennas must become
capable to switch 
instantanously



Antenna, 
Mechanics &
Servo System

Frontend

Backend

Recorder

Monitoring

& Control

Data

Transfer

VGOS for
GENESIS

WP-2

RF/IF Chain

Generally
All VGOS frontends 
should be capable of 
GENESIS frequencies.

Different 
implementation
• Down-Conversion
• Up-Down-Conversion
• RFoF Transmitting
• Bandwidth filters
• Crygenic filters (RFI)

Issue:
Maybe manual

cabling required

 Antennas must become
capable to switch 
instantanously

Different 
implementation
• RDBE, R2DBE and 

follow-on
 GENESIS not yet impl. 

but possible

• DBBC3
 OK

• Chinese systems
 ?



Antenna, 
Mechanics &
Servo System

Frontend

Backend

Recorder

Monitoring

& Control

Data

Transfer

VGOS for
GENESIS

WP-2

RF/IF Chain

Generally
All VGOS frontends 
should be capable of 
GENESIS frequencies.

Different 
implementation
• Down-Conversion
• Up-Down-Conversion
• RFoF Transmitting
• Bandwidth filters
• Crygenic filters (RFI)

Issue:
Maybe manual

cabling required

 Antennas must become
capable to switch 
instantanously

V
E

X Different 
implementation
• RDBE, R2DBE and 

follow-on
 GENESIS not yet impl. 

but possible

• DBBC3
 OK

• Chinese systems
 ?



Antenna, 
Mechanics &
Servo System

Frontend

Backend

Recorder

Monitoring

& Control

Data

Transfer

VGOS for
GENESIS

WP-2

RF/IF Chain

Generally
All VGOS frontends 
should be capable of 
GENESIS frequencies.

Different 
implementation
• Down-Conversion
• Up-Down-Conversion
• RFoF Transmitting
• Bandwidth filters
• Crygenic filters (RFI)

Issue:
Maybe manual

cabling required

 Antennas must become
capable to switch 
instantanously

V
E

X

10 different LO-setting groups

Different 
implementation
• RDBE, R2DBE and 

follow-on
 GENESIS not yet impl. 

but possible

• DBBC3
 OK

• Chinese systems
 ?

2-3 different FREQ settings One BBC-setting



Antenna, 
Mechanics &
Servo System

Frontend

Backend

Recorder

Monitoring

& Control

Data

Transfer

VGOS for
GENESIS

WP-2

RF/IF Chain

Generally
All VGOS frontends 
should be capable of 
GENESIS frequencies.

Different 
implementation
• Down-Conversion
• Up-Down-Conversion
• RFoF Transmitting
• Bandwidth filters
• Crygenic filters (RFI)

Issue:
Maybe manual

cabling required

 Antennas must become
capable to switch 
instantanously

V
E

X

VEX can 
also be 
directly 
used by 
correlator

10 different LO-setting groups
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ESA GSET WG-3 (VLBI)
WP-1: frequencies, signal strength, etc.

WP-2: ground station fidelity, etc.

Thank you for
your attention



  

WP-3 Delay Resolution
and Correlation

+
WP-6 Test Observations

Simone Bernhart
 on behalf of WP-3, WP-6



  

WP-3 - Quasar vs. Near-field VLBI

©https://ivscc.gsfc.nasa.gov/about/vlbi/vlbi_conceptnew.jpg

©ESA - F. Zonno



  

VLBI Correlation of Quasar Data

©T. Deleu

● DiFX (Distributed FX) mode of operation:
→Receives digitized signals→applies correlator model decoposes data in chunks of →
Accumulation Periods performs FFT fractional delay correction complex multiplication → → →
in frequency domain outputs complex visibilities→



  

Genesis Specifics and
Compensation Approach

©T. Deleu



  

Phase Center Offsets and Variations

X    S    C

Satellite design requires:
➢ geometric corrections for

AOR/CoM
(antenna reference point to 
center of mass relation)

➢ antenna reference point :-)

©ESA – D. Ducros



  

Phase Center Offsets and Variations

S-band 
Antenna

C-band 
Antenna

X-band 
Antenna

©Frederic Jaron

Problem: different VLBI transmitter positions lead to different delays corresponding to their frequency ranges.



  

Phase Center Offsets and Variations

©Frederic Jaron



  

Phase Center Offsets and Variations

©Frederic Jaron



  

Phase Center Offsets and Variations

©Frederic Jaron



  

Phase Center Offset and Variations

©Frederic Jaron



  

Phase Center Offset and Variations

©Frederic Jaron



  

Phase Center Correction
Requirements:

• Well-defined reference point on GENESIS to tie the different observing 
techniques

• Phase-center offsets per antenna
• Antenna parameters (PC variation)
• GENESIS Ephemeris
• Attitude

→Apply information to a near-field delay model and implement phase 
center corrections at data level 1
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WP-6 - Test observations

● First test observation with GENESIS frequency setup on 2025-07-31
● Participating stations:

– Hb Is K2 Ke S6 T1 Um Yg
– Hv Mb Nn Ns Oe Ow Ws Yj
– Gs Oe Ow Sa Wf Ws



  

WP-6 - Test observations

● First test observation with GENESIS frequency setup on 2025-07-31
● Participating stations: 

– Hb Is K2 Ke S6 T1 Um Yg
– Hv Mb Nn Ns Oe Ow Ws Yj
– Gs Oe Ow Sa Wf Ws

Mk4/DiFX fourfit 3.24 rev 3753 4C39_25.3YP200, 212-1500, TV
fxmanager ONSA13SW - WETTZ13S, fgroup X, pol Ixy
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38.3
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0/24

-16.7

-32.9
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-49:-36

0:0
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23

8376.40

-20.7

40.4

1025.6

0/24

-17.3

-33.8

15.3

8.7

-22:154

0:0

38

21

9400.40

-65.3

33.9

1025.4

0/24

-30.2

-42.3

6.5

4.8

41:14

0:0

34

12

9432.40

-65.2

32.4

1025.2

0/24

-28.6

-40.3

5.8

5.2

160:-58

0:0

43

14

9464.40

-64.5

30.8

1025.3

0/24

-30.6

-39.0

6.2

5.1

-104:-127

0:0

40

13

9560.40

-73.0

30.7

1025.3

0/24

-31.0

-43.9

7.7

5.4

-130:13

0:0

21

12

9656.40

-97.5

22.1

1025.5

0/24

-31.2

-41.1

7.9

5.7

-53:128

0:0

31

12

9688.40

-30.7

8.0

1027.0

0/24

-29.2

-38.6

8.3

6.6

71:33

0:0

37

13

9720.40

-38.5

29.0

1025.1

0/24

-28.2

-39.4

7.7

6.1

159:-57

0:0

31

11

9752.40

-46.7

29.7

1025.6

0/24

-31.5

-40.8

9.7

5.7

-96:-148

0:0

39

13

All

-45.7

28.1

1025.4

Group delay (usec) (SBD)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

4.37614284892E+01
4.37612952665E+01
4.37582851066E+01
1.06601661696E-01

255.8

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

4.37583062665E+01
1.3319301E+02
0.0000000E+00

1.06600779534E-01
6.58499660651E-06

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)
Resid rate (us/s)
Resid phase (deg)

3.12222E-03
2.98900E-03

-2.11599E-05
8.82161E-07

-45.7

+/-
+/-
+/-
+/-
+/-

4.4E-07
2.6E-05
8.1E-08
7.2E-09

0.9

RMS Theor. Amplitude 26.918 +/- 0.041 Pcal mode: MULTITONE,  MULTITONE PC period (AP’s) 1,  1 dTEC +/-  0.010
ph/seg (deg) 2.3 0.2 Search (64X1024) 25.687 Pcal rate: 0.000E+00,  0.000E+00  (us/s) sb window (us)   -8.000    8.000
amp/seg (%) 1.0 0.4 Interp. 0.000 Bits/sample: 2x2 SampCntNorm: disabled mb window (us)   -0.016    0.016
ph/frq (deg) 19.5 0.5 Inc. seg. avg. 26.654 Data rate(MSamp/s): 64 MBpts 1024 Amb 0.031 us dr window (ns/s)   -0.005    0.005
amp/frq (%) 32.0 0.9 Inc. frq. avg. 28.119 Data rate(Mb/s): 8192 nlags: 1024 t_cohere infinite ion window (TEC)  -88.00    88.00
T: az 256.5 el 56.1 pa 42.5        V: az 269.6 el 56.5 pa 57.4        u,v (fr/asec) -54.768  70.391 simultaneous interpolator
Control file: cf_initial    Input file: /Exps/gt501a/FRINGE/1234/212-1500/TV..3YP200    Output file: Suppressed by test mode
Samplers: abcdefgh ijklmnop qrstuvwx yzABCDEF 



  

WP-6 - Test observations

● First test observation with GENESIS frequency setup on 2025-07-31
● Participating stations: 

– Hb Is K2 Ke S6 T1 Um Yg
– Hv Mb Nn Ns Oe Ow Ws Yj
– Gs Oe Ow Sa Wf Ws



  

WP-6 - Test observations

● First test observation with GENESIS frequency setup on 2025-07-31
● Participating stations: 

– Hb Is K2 Ke S6 T1 Um Yg
– Hv Mb Nn Ns Oe Ow Ws Yj
– Gs Oe Ow Sa Wf Ws

● Next step will be a 24-hour session scheduled for 20 May 2026 
(VR2603, Fz Gs Hv Is K2 Ke Mb Mg Nn Ns Oe Ow S6 Sa T1 Um Wf Wn Ws Yg Yj)



  

Near-field Correlation

Schunck et al. (2026), under review

● AUSCOPE test observations of Galileo satellites in L-band in 2025
presented in IVS WG-7 meeting

● Spacecraft support available for correlation with DiFX via SPICE toolkit:
– Supports SPICE kernel files, contain ephemeris data located in .bsp (= Binary 

SPice kernel) files
– .bsp files can be made from, e.g., TLE (Two-Line Element) files or state vector 

data
– TLEs less accurate than SP3 (Standard Product 3), but the latter is not 

supported by SPICE
→higher residual delays and variations from scan to scan
→generate more accurate .im files



  

Near-field Correlation

Schunck et al. (2026), under review



  

Thank you!

Questions/comments?
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