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Abstract To improve the quality of geodetic results,
we have developed an infrastructure for timely pro-
cessing of telemetry from IVS observing stations. We
check every three hours for new log files with telemetry
from both VLBI observing sessions and single dish ex-
periments and automatically process them. The teleme-
try data we use are the system temperature, phase cal-
ibration phases and amplitudes, system equivalent flux
density, and differences between formatter clock and
GPS clock. For the system temperature and phase cali-
bration, processing includes filtering outliers and com-
puting averages and standard deviations of the scatter
in each scan. Cleaned and post-processed telemetry is
archived. Our process detects abnormalities, such as
anomalously high system temperature, unstable phase
calibration phases, jumps in the GPS and formatter
clock differences, and others. With our procedure, the
latency of detection of station abnormalities is reduced
to less than six hours. Early detection of abnormali-
ties reduces the amount of affected data because station
personnel get early alerts. We discuss our experience of
running this system since 2022.
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1 Introduction

Very Long Baseline Interferometry (VLBI) observa-
tions are carried out by two or more radio telescopes
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simultaneously observing the same extragalactic
sources. VLBI stations are operated by software. Most
geodetic VLBI stations are running the VLBI Field
System (FS) package [1]. The VLBI Field System
executes two command files, collectively called sched-
ules, that code commands for antenna slewing, setting
VLBI hardware, and making inquiries of sensors. Raw
data from sensors, as well as some derived quantities
from sensor reading, are recorded in the FS log files.
The telemetry includes:

• meteorological sensors, which are limited to tem-
perature, humidity, and air pressure sensors;

• total power integrated units (TPI);
• system temperature sensors (Tsys);
• phase calibration sensors (PCal);
• system equivalent flux density (SEFD); and
• difference between GPS and formatted time

(FMTGPS).

FS log files from IVS stations during VLBI ex-
periments are archived by the Crustal Dynamics Data
Information System (CDDIS), and they are publicly
available at https://cddis.nasa.gov/archive/vlbi/ivsdata/
aux. The use of VLBI Field System logs for data anal-
ysis is complicated because their format is inconsis-
tent and undocumented. To overcome this difficulty,
we convert original full FS log files into a standard-
ized format. The conversion is done using the utility
Log2ant, developed by Sergei Bolotin. Log2ant is dis-
tributed with the software package nuSolve [2]. It pro-
cesses all flavors of FS log files and writes them in a
standardized antcal format. This format is convenient
for further analysis. Specifications of the antcal format
are available in the docs repository of the latest release
of nuSolve [2].
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We have developed the Antenna Telemetry Process-
ing (ATP) toolkit for processing telemetry in antcal for-
mat. Processing entails averaging the telemetry data
over each scan. This filters out any short lived distur-
bances and reduces the noise from the data. The output
of this processing can be used in data analysis, source
imaging, and system health diagnostics. In this paper
we discuss how we developed the ATP toolkit and how
it has been used to assess the functionality of antennas
at VLBI sites.

2 Reduced Data File

The telemetry provided by the FS has a varying sam-
pling rate. Depending on the hardware, the sampling
rate may be one second. These sampling rates are use-
ful for detecting abrupt jumps in the telemetry, e.g.,
short-lived spikes in system temperature (Tsys). How-
ever, a 1-s sampling rate is excessive for most scientific
analyses and calibration. For further processing, it is
convenient to have the telemetry averaged over a scan
interval. Therefore, the ATP toolkit cleans the teleme-
try for outliers, then it computes the scan time averages
and their standard deviations. In the case of phase cal-
ibration data (PCal), before the averaging, the phase
group delays are computed, and phase ambiguities are
resolved. The output of this process is written to a re-
duced data file in the same standardized format that we
call antcal version 2. Each version of antcal formatted
files has a provenance section that holds details about
the origin of the data and the history of modifications.
A flow chart of the processing of antenna telemetry
from FS log files is detailed in Figure 1

It was customary in the past to process VLBI logs
after all data had reached a correlator, which could be
weeks or months after observing. Therefore, this re-
sulted in data failures being noticed and reported af-
ter a large delay. We download FS logs from CDDIS
and initiate the processing pipeline by a cron job every
three hours. Therefore, within six hours of a log file’s
availability we can begin to assess the quality of the
data from a given observation session. If any failures
are discovered in the telemetry data, we are able to pro-
vide feedback to the station operators by the next busi-
ness day. This automation reduced delays from weeks
and months to less than one day.

Fig. 1 Flow chart for processing antenna telemetry from FS logs.
The shaded blocks indicate processes that are automated, with
the yellow shade representing only the single-dish experiment
(SDE) automation and blue indicating automation for all logs.

2.1 Telemetry Visualization

We have also developed capabilities to visualize the
data. The ATP toolkit allows one to plot the teleme-
try data as functions of any available variable using
either the original (version 1) or the reduced (ver-
sion 2) telemetry file; e.g., Tsys is given as a func-
tion of frequency, time, elevation, and azimuth, and,
therefore, it can be plotted in any of those modes or
in a combination of the modes. To illustrate this, Fig-
ure 2 shows the average Tsys in K at V-polarization,
at a frequency of 10,696.4 MHz, as a function of el-
evation at the Goddard Geophysical and Astronomical
Observatory (GGAO) 12-m antenna, GGAO12M, on
16 November 2023 from VLBI Global Observing Sys-
tem (VGOS) experiment vr2304. The contribution of
the emission of the atmosphere grows with a decrease
in elevation, raising the antenna system temperature,
as shown in Figure 2. When the elevation is too low, an
antenna may pick up emission from the ground either
directly or by sidelobes.

3 Study Cases

Regularly monitoring telemetry data is essential for
the assesment of station hardware and diagnosing mal-
functions. In addition to processing telemetry from reg-
ular VLBI experiments, in 2022 we launched a pro-
gram of single dish experiments (SDE) that are exe-
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Fig. 2 Average V pol Tsys observations in K at GGAO12M ob-
served at 10,696.4 MHz frequency on 16 November 2023. The
abscissae show Elevation in degrees, and the ordinates are aver-
age scan Tsys values in K. The error bars of each point show the
σ of each scan.

cuted at each station independently. Unlike VLBI ex-
periments, for SDEs we do not record voltage from the
receivers. We process FS log files only. We ran SDEs
of several types: (a) stow-in, when the antenna is set to
a parked position throughout the duration of the exper-
iment; (b) tipping curve, when the antenna only moves
in the elevation direction; and (c) az-el, when the an-
tenna moves in both azimuth and elevation. This sec-
tion gives examples of cases where ATP was used for
the purposes of isolating radio frequency interference
(RFI) and outliers in clock differences.

3.1 RFI Monitoring

Large radio antennas are very sensitive and highly sus-
ceptible to any incoming radio signals. A strong artifi-
cial signal raises the antenna system temperature, thus
reducing sensitivity. Depending on the power of the
radio frequency interference (RFI), the signal-to-noise
ratio (SNR) of the interferometric response can be re-
duced. Strong RFI can reduce the SNR below the an-
tenna receiver’s detection level or even damage the low
noise amplifier. To monitor for RFI we use the time
series of the Tsys data. VGOS specifications require
Tsys < 50 K. Therefore, ATP uses that as the threshold
to check if a given observation is potentially affected
by the RFI. ATP scans the spectrum for any outliers

(Figure 3), and if any are identified, we can zoom into
each of them as a function of time (Figure 4) to iden-
tify when the interference occured, as well as the di-
rection from which the interference came. In this par-
ticular case, the RFI source was identified as a nearby
cellphone tower that transmits daily at midnight UTC,
near Kokee Park Geophysical Observatory (KPGO).

Fig. 3 Average H pol Tsys observations in K at the Kokee Park
Geophysical Observatory (KPGO) 12-m antenna KOKEE12M
observed through the weekend of 18 May 2024, as part of SDE
k2x068. The abscissae show frequency in GHz, and the ordinates
are average scan Tsys values in K. The error bars of each point
show the standard deviation (σ ) of each scan. There is a clear
saturation between 2–3 GHz that warrants further investigation.

Fig. 4 Average H pol Tsys observations in K at KOKEE12M
observed at 2,568.4 MHz through the weekend of 18 May 2024.
The abscissae show time in hours from midnight UTC, and the
ordinates are average scan Tsys values in K. The error bars of
each point show the standard deviation (σ ) of each scan.
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3.2 Antenna Clock Offset

The VLBI data acquisition terminal performs synchro-
nization of the so-called formatter time, maintained by
the local hydrogen maser, against the GPS time from
the GNSS receiver. This terminal may have more than
one board and therefore several formatter time imple-
mentations. The difference in formatter time imple-
mented by different boards should be small. ATP al-
lows us to visualize these differences and to compute
statistics. See an example of anomalously large offsets
in formatter minus GPS time differences among three
boards in Figure 5. There are four plots representing
clock sensor boards, two of which are overlaid, as we
would expect. The rest of the boards are offset up to
150 ns.

Fig. 5 Formatter minus GPS clock differences in µs from VGOS
experiment vo3327 at YEBES on 23 November 2023.

4 Outcome and Future Work

We have developed an automated toolkit for the auto-
matic processing of VLBI log files. The system sets
alerts when it detects abnormalities. We have processed
logs from CDDIS dating back to 2020. To supplement
the assessment of VLBI data, we run weekend-long
single-dish experiments (SDEs) at NASA sites GGAO,
MGO, and KPGO. This allows us to store telemetry
data that would have otherwise been lost when anten-
nas are idle.

In the future, we will propagate the computation of
atmospheric brightness from NASA numerical weather
models to the reduced data files and also back date our
log analysis to files from 2010 to 2020.
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