VieVS Days 2026 15.09.2026

Single Session Analysis using VieVS

1 Description

This exercise will give a short introduction to the possibilities for analyzing VLBI observations using
the Vienna VLBI and Satellite Software (VieVS). In the following, the IVS session t2p180 (20260224-
t2p180) will be analyzed. To get a general idea about the session, you can go to the IVS homepage
https://ivscc.gsfc.nasa.gov/sessions/| where information about sessions run by the IVS is
stored.

2 Before you start

m download VieVS from https://github.com/TUW-VieVS/VLBI

m download the session from https://tucloud.tuwien.ac.at/index.php/apps/files/files/
12065402587dir=/Shared/VieVS%20Days?,202026/SS and save it in VieVS/VLBI/DATA/vgosDB
/<yearofsession>.

3 Starting VieVS

m start MATLAB
® browse to your VieVS working directory “VieVS/VLBI/WORK/”
B type “vievs” in the MATLAB command window

now VieVS should open

4 Select input files

Select the input vgosDB file in “File/Set input files/Browse for vgosDB”. Add the 20260224-t2p180
vgosDB file from the 2026 folder. If it is listed under “Selected Items”, click “Done”.

Select files = O Q
File Filter Reg. Exp. Filter
I* [] show All Files
[ RE Filter Dirs

Current Folder Selected Items

|}homefs steinm 1/VieVSALBI/DATAGE

2026 '| N Remove duplicates (as per full path)

= e Date Size [] show full paths Recall
20260321 26052 tos | [open | ~
2026022252026053 102 _Add> |

20260222-026053.tgz =
20260223-crd141 gz m
2026022326054 tgz
20260223-i6054 tgz
20260223-m26054.tgz
20260223-r11248 tgz
20260223-v26054 tgz
20260224-i26055.tgz
20260224-p2026055.19z

20260224-526055.tgz
20260224-t2p180.tgz
20260224-v26055.tgz
20260225-i26056.tgz
20260225-ii6056.tgz

20260225-v26056.tgz
20260225-v06056.tgz b b

_Remove |
_Move Up |
Move Down|
Done
_cancel |

Cancel



https://ivscc.gsfc.nasa.gov/sessions/
https://github.com/TUW-VieVS/VLBI
https://tucloud.tuwien.ac.at/index.php/apps/files/files/1206540258?dir=/Shared/VieVS%20Days%202026/SS
https://tucloud.tuwien.ac.at/index.php/apps/files/files/1206540258?dir=/Shared/VieVS%20Days%202026/SS

Now the file should be listed in the “Process list”.
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Set input files
Process list

2026/20260224-t2pl80 [vgosDE] Browse for NGS
Browse for process lists
Browse for wgosDB
Erowse for VDA

Add previous

Clear selected

OPT file

OPT directory [ Use OPT files

Outlier file

Qutlier directory ["] Eliminate outliers

Observation selection

| GroupDelayFull_bx Ambig. corrected lone. corrected

| VS TUW GSFC GSF USNO BKG G51 050 AUS UTAS GOW SHA WACO nolnst

Wrapper version number

Save runp | Save + Run |

Check the “Use OPT files” checkbox and select the “VIENNA_VGOSDB?” folder in the dropdown
menu. Right-click the session name in the process list and select “Open/Create OPT file”. An
OPT file is a text file that lists some additional information about the analysis of the session,
like clock breaks or stations, sources, and baselines that should be excluded. Those specifications
are applied to the session analysis and therefore influence the results. It is saved to the folder

“VieVS/VLBI_.OPT/VIENNA_VGOSDB/<year of session>".

5 Look at model settings

Select the menu “Models/*” to specify which models should be used for the session analysis. At
“Models/EOP” select “finals” at the top. For the other model settings, we can choose the default
options.
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EOP
A priori time series

@ finals (IAU2000)
4 JPLEOQP (CPO only frem 19981
) C04 (IAUZ2000)
IVS-EOP [*.eoxy)
include a priori celestial pole offsets

Models
Include high frequency

Ocean tides IERS_Desai_Sibois.dat

Libration (xp, yp) 10 terms

Libration (UT1) 11 terms

Precession/Nutation model
) 1AU 20004

(&) 1AU 2006/2000A

Interpolation

) linear Tidal UT variations (RG_ZONT2)
48h interval
) UT1R =354
® lagrange @ UT15 all constituents

Sawve runp Save + Run

6 Look at estimation settings
Select the menu “Estimation/Least squares/*” and look at the parameters that should be estimated.

B What do we estimate?
m How often do we estimate parameters?
m How are they constrained?

At “Estimation/Least squares/Clock”, check “Estimate baseline-dependent clock offset” in order to be
able to add the relevant baselines to the OPT file in a later step.

7 Compute theoretical delay and estimate parameters

Click on the menu “Run/Run options” and select the following VieVS modules:

m VIE_INIT
m VIE.MOD
m VIE_LMS

Choose a new sub-directory name for (intermediate) results like t2p180 and press “Save + Run”.
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VieVS modules
Run vie init Sub-directary for (intermediate) results:

t2plso
Run vie_mod

[[] Run vie_sim
Run vie_lsm

[ Run vie_glob

Advanced options
[] Use parallel processing
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[[] Use different sub-directories for lintermediate) output

et
—
—
—

Stop process list if there is an errorin a session

VIE_GLOB directory settings

N-matrices (LEVEL2) JDATA/LEVEL2/ = Set default
Sub-directory: | TEST_LEVEL2
Qutput directory for TEST_OUT

Sawve runp ‘ Sawve + Run |

In the command window output, you will find information about the processing steps of the session
analysis. At the end, indicators of the session quality are printed. The chi? value indicates how well
the model fits the observations. In a perfect scenario, it equals 1. To get a feeling for the analysis
performance, you can compare the WRMS of your post-fit residuals to the one in the analysis report
on the IVS homepage. In our case, it is relatively high, which indicates problems with the session that
need to be solved.

The theoretical delay is saved during VIE_MOD, and you can deselect vie_init and vie_mod for
improved performance during the upcoming runs.

8 Baseline dependent clock offsets

From the output in the command window, copy the baselines in the block “Baseline dependent clock
offsets”, paste them in the corresponding block in the OPT file, and save the OPT file.



BCOs block for OPT file with CLOCK REFERENCE WETTZELL:
+BASELTNE- DEPENDENT CLOCK OFFSET

EFLSBERG
EFLSBERG
EFLSBERG
FORTLEZA
FORTLEZA
FORTLEZA
HART 15M
HARTRAQ
HARTRAQ
HARTRAQ
MATERA
MATERA
MEDICINA
MEDICINA
ONSALAGO
SEJONG

HART 15M
MATERA
ONSALAGO
HART 15M
MATERA
ONSALASO
MEDICINA
MEDICINA
SEJONG
VERAMZSW
MEDTI CINA
SEJONG
ONSALASO
VERAMZSW
SEJONG
VERAMZSW

2026022442p180.0PT

CLOCK REFERENCE:

AGGD

CLOCK BRERKS: O

STATIONS TO BE Ei
LINES TO BE

3 TC

STATIONS TO

MO CABLE CAL: O

|+ |

+BRSELINE-DEFENDENT CLOCK OFFSET

5 HART1:M

MEDICINA
SEJONG
MEDICINA

-BASELINE- DEPENDENT CLOCK OFFSET

Figure 1: VieVS output

Figure 2: OPT file

In the VieVS GUI, go to “Estimation/Least squares/Clock” and select “according to OPT-file” at the

bottom to specify how the baseline-dependent clock offsets should be estimated.

9 Plot the residuals

Browse to “Plotting/Residuals” and select your previously defined directory name from the box at the
top left and load your session.

Have a look at the residuals of your observations. You can switch between the first and the main
solution and filter for stations, sources, and baselines. Ideally, the residuals should look normally
distributed around 0. The final chi?> and WRMS values can be seen if the main solution is selected.
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10 Clock reference

In VieVS, the clock from the first station in the list is set as the reference clock. In this case, it is
the station AGGO. By looking at the residuals of the first solution station-wise, you can see that
the residuals of AGGO are not distributed normally around 0. It would be good to set the reference
clock to a clock of a station that has a stable clock and a relatively high number of observations, like
WETTZELL. This can be done in the “Clocks” section on the left. Select the station whose clock
should be the reference clock in the drop-down menu and click the “Set” button. Confirm your choice
by clicking “Yes”. Now the OPT file should contain the content as shown in the following image.

20260224-+2pl80.0PT * |+ |
CLOCKE REFERENCE:
WETTZELL

CLOCE BREAES: 0

STATIONS TO BE EXCLUDED: 0O
BASELINES TO BE EXCLUDED: 0
SOURCES TC BE EXCLUDED: O
STATIONS TO BE DOWN-WEIGHTED: O
MO CABLE CAL: 0O
+BASELINE-DEFENDENT CLOCE OQOFFSE
EFLSBERG HARTL13M

The previous steps were part of a basic single session analysis. However, for some sessions, additional
adjustments are necessary, which are shown in the following.

11 Clock breaks

It is necessary to look for clock breaks in the “Plotting/Residuals” window. Clock breaks can be
found most easily by filtering for station-wise residuals and looking at the first solution. The first
solution approximates the clock only as one offset, one rate, and one quadratic term (no piecewise
linear offsets are calculated, which would follow the clock break behavior and would therefore mask
it in the residuals). If there are jumps in the residuals like in the following image for the station
FORTLEZA, it is most likely due to clock breaks at that epochs.
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To remove a clock break, you can zoom in with the magnifying glass button at the top left in order
to see the jump nicely. Click the “Add clock break” button. Your mouse pointer should now change



to a crosshair. Click between the residual jump and confirm that you want to add a clock break
there. It doesn’t matter where exactly you click as long as it is in between the residual jump.

The clock break should now be listed in your OPT file. Make sure you selected “use OPT files” at
“File/Set input files” and click “Save + Run” again to run another least squares adjustment with the
additional clock break information. After the process is finished, you have to load the result in the
“Plotting/Residuals” window again. Check if the clock break is gone.

Repeat these steps until you do not see any clock breaks in your session. In this case, there are two
clock breaks at the station FORTLEZA.

Hint:

If you messed up your session somehow, you can always manually remove clock breaks again by looking
at the OPT file and deleting the corresponding line. Do not forget to change the clock break counter
in the header. If you messed up completely, delete the whole OPT file. You can find the OPT file in
the directory “VieVS/VLBI_.OPT/VIENNA_VGOSDB/<year of session>".

After removing the clock breaks and running the session again, the chi? still has a rather high value.
This indicates that there are still some issues that need to be fixed. A good way to find them is to
look at the residuals station-wise (first and main solution). If doing so, pay attention to the scale of
the y-axis.

12 Cable calibration

By looking through the residuals station-wise, you can see that the residuals for AGGO don’t really
follow a normal distribution around 0.
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This can indicate a problem with the cable cal delay measurements, and applying them degrades the
solution. For more information about the cable cal measurements, use the VieVS vgosDB Analyzer.
This analyzer allows you to view the contents of vgosDB NetCDF files. Start the analyzer by right-
clicking on the session in the list of loaded sessions and selecting “Analyze netCDF file”.
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Open/Create OPT file
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Analyse netCDF file Browse for vgosDB
Browse for VDA
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OPT file
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Outlier file

Qutlier directory [] Eliminate outliers

Observation selection

| GroupDelayFull_bX Ambig. corrected lone. corrected
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‘Wrapper version number

Sawve runp | Sawve + Run |

The database content is structured in folders. First, select the station AGGO in the station folder
and then the “stat” folder in the box below. Once you have selected a folder, you can select a file in
the “Files” dropdown menu. Select the “Cal_Cable” file. After selecting the file, the list of variables
(parameters) stored in that file is displayed in the variables table. The table shows information about
the name, type, and value of each parameter. To plot the data of a parameter, simply click on the
desired parameter. In the plot, you can see that the cable cal data has a jump at the beginning, which
is not usual.

Analyse vgosDB (netedF) | o
File ~
D@de|2|0E| s E
VGOS database w1011
.JDATANGosSDB/2026/2026( Reload 5
Wrapper
File
1 |20260224-t2p180_V0O1_iMPI,|~
2 |20260224-t2p180_V002_IBK.. 0
i
[] i »
Open
Database content
12 stations 67 sources
AGGO | oo0z-066  ~| 4
Folders Files
stat v| Cal_Cable v‘
Variable Send selected var(s) to w... .10
4] 20 40 60 a0 100 120 140
| Name ‘ Type | Value
1 |Station gx1 char AGG...
pRCal_Cable 134x1 double -8.9768...
| Attribute ‘ Walue
L]
Log
14:32:27 Loading done [«]
14:32:27 Start loading vgos files
) Close

It is possible not to apply the cable cal information by stating this in the OPT file. You have to
enter the number of stations and the station names for which you don’t want to use the cable cal
information. The OPT file, including the added clock breaks and the cable cal exclusion for AGGO,
is depicted below.



20260224+2pl180.0PT l + |

CLOCK REFERENCE:

WETTZELL

CLOCK BRERES: 2

FORTLEEA 61096.472833

FORTLEEA 61096.534711
i 0 BE EXCLUDED: 0O
NES TO BE EXCLUDED: 0O
5 TCO BE EXCLUDED: O
STATIONS TO BE DOWN-WEIGHTED: O
MO CABLE CAL: 1
AGGD
+BASELINE-DEFENDENT CLOCK OFFSET
EFLSBERG 15k

13 Down-weight station

Sometimes the observations of a station should be down-weighted in order to reduce their influence.
In this case, the residuals of the station SEJONG are rather large.
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In order to down-weight the observations of a station, a weight can be specified in the OPT file.
Increase the number of stations that should be down-weighted to 1 and write the name of the station
on the next line. Set the weight to 0.05 (corresponding to 5 cm) as done in the image below and save
the OPT file.

20260224t2p180.0PT |+
CLOCK REFERENCE:
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CLOCK BREAKS: Z

FORTLEER 61096.4728
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STATIONS TO BE EXCLUDED: 0
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iS5 TO BE DOWN-WEIGHTED: 1
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MO CABLE CAL: 1
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+BASELINE-DEPENDENT CLOCK OF

EFLSBERG HART1IM




14 Exclude observations

Check the residuals again at “Plotting/Residuals”. By looking through the residuals station-wise, you
can see that there are some outliers at the station HARTRAO around 6 pm (18:00) in the first and
in the main solution. Those are not crucial but in order to get familiar with another useful tool, we

will remove them.
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It is possible to exclude observations from a station for a specific time span. To exclude these ob-
servations, you should change the zoom to see the outliers clearly. Make sure to unclick the zoom
button again. Now click the “Select” button in the “Remove Timespan” section on the left. You can
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select the outliers by pressing and holding the mouse button at the start of the time span you want
to remove. When you move your mouse, two lines will appear. These lines mark the start and end of
the selected time span. In this way, you can select the observations to be removed. The image below
shows the lines marking the specific time span for removing the outliers. The observations within
these two lines will be removed. If you are satisfied, you can now remove the outliers by clicking the
“Remove” button next to the “Select” button in the “Remove Timespan” section and confirming that
you want to remove these observations.
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The timespan that will be excluded for the station HARTRAO is now listed in the OPT file. Click
“Save + Run” again to run another least squares adjustment excluding these observations.

After removing the clock breaks, not applying the cable cal information for AGGO, reducing the
weight for SEJONG, and removing the outliers of HARTRAO, the chi? is 1.628 and the residuals
follow a normal distribution. The WRMS of the post fit residuals has a value of 0.840 cm or 28.021
ps, which is close to the value in the analysis report of 27.390 ps. If the values are not exactly the
same for you, you might have placed the clock break at a slightly wrong position or excluded more or
less observations for HARTRAO.

15 Output

15.1 Estimated parameters

The estimated parameters can be viewed at “Plotting/Parameters”. Select your previously defined
directory name from the box at the top left and load your session.
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For some parameters, we are also interested in the accuracy of the parameter instead of the estimate.
You can add the error bars by checking the “Show errorbar” checkbox at the bottom left. You can
switch between different parameters. The values per parameter can be saved in a text file using
the “Save values as... (text file)” button and specifying a name. Do not forget that these are just
additions to a priori values! The text file is saved in “VieVS/VLBI/OUT/”.

15.2 Data stored in MATLAB structure

For easier access to the estimated values and accuracies, have a look at the “VieVS/VLBI/DATA/LEVEL3/...”
directory. There you should find the “z_*” MATLAB structure, which contains all estimates. You
can simply load it with MATLAB and do some further analysis.

15.3 SINEX file

SINEX is a standard output format for geodetic parameters. If you want to create these text files, go
to “Run/Sinex output” and tick the checkbox “write SINEX file”. Here you can select the parameters
to be included in the SINEX file by switching the radio buttons. Note that the SINEX file could
become very large if all parameters are written to it. Now, you need to rerun the session to create the
SINEX file. The file can be found in the directory “VieVS/VLBI/DATA/SNX".
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