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Abstract The Wettzell RFI-Monitoring system wasin Concepcion, Chile, within the context of technical
developed to monitor radio frequency interference and scientific cooperation. After Chilean partner uni-
existing and potential VLBI sites. It was used at theersities have withdrawn from the TIGO project, BKG
Instituto Argentino de Radioastronomia (IAR) in Laneeds to find a new project partner. A proposed site
Plata, Argentina, to evaluate a future site for the Tranfr the future operation of TIGO is the Instituto Ar-
portable Integrated Geodetic Observatory (TIGO). gentino de Radioastronomia near the city of La Plata.
24h/7d survey was conducted during September aRdor to the decision about the proposal the suitability
October 2012. This huge data set required the devef-this site for VLBI and SLR observations has to be
opment of a specific analysis strategy and data repeyaluated. As far as VLBI is concerned it is essential
sentation. The results of this survey revealed, that IARR know the use of the electromagnetic spectrum in the
is a suitable site for geodetic VLBI observations: mosficinity of the urban region of La Plata and Buenos
of the present RFI signals occure sporadically and mayres. Therefore BKG and IAR conducted a measur-
take away less than 5% of the observation time; morigg campaign with their radio frequency interference
over VLBI receivers will not be saturated. (RFI)-monitoring equipments during the period June to
October 2012.
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2 Equipments

1 Motivation Radio frequency interference monitoring requires a

radiometer capable to measure the amplitudes and
The existing global VLBI network infrastructure isfrequencies of signals above noise floor within a given
lacking radio telescope installations especially in thepectral range. The ideal equipment to realize this
Southern hemisphere. The German Transportable Fonitoring would be radio telescopes with cryogenic
tegrated Geodetic Observatory (TIGO) of the Bundeooled receivers, but previous to the costly installation
samt fir Kartographie und Geodasie (BKG) is one inpf a radio telescope, mobile RFI monitoring systems
tiative to improve the global distribution of geodeticare used for a site evaluation, although their technical
observatories. Since 2002, TIGO has been operatipgrformance is minor compared to a fully equipped
VLBI-radio telescope. The RFI monitoring system
permits quantitative measurements about the presence
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and spectrum analyzer, the thermal noise of the
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antenna box receiver box spectrum analyzer

: Ras FSL18 amplifiers and cables it covers an extended range to
higher frequencies up to 18 GHz.) The antenna is a
dual ridge horn type, Emco 3115, supporting the range
of 1-18 GHz. It delivers one linear polarization. Rotat-
ing the antenna by 90 degree enables the measurement
of horizontal and vertical polarization. The antenna is

”\/ "WDd : mounted on a pedestal with two perpendicular axes:
1o-2s00MHe l one rotates along the antenna axis (polarisation) and
Qs ol S the other rotates the antenna azimuthal by computer

controlled motor drives. The pedestal is a fixed installa-
tion at La Plata. The noise calibrator is realized by a 50
Ohm reference load. The signals are registered with a

measuring system must be minimized. Two systerﬁBeCtrum analyzer HP9583E. The system is fully auto-
were available for the evaluation: (a.) BKG Wettzelinated and secured by an uninterruptable power supply.

RFI Measurement System, (b.) IAR La Plata RFI

Fig. 1 Block diagram of the Wettzell RFI monitoring system.

Measurement System.
3 Measurements
2.1 BKG Wettzell RFI Measurement 3.1 Flux density
System

Among many ways of expressing energy received
This system was developed for VLBI2010 site inveddy a receiving system, we chose the flux density
tigations and is described in (1). Fig. 1 shows a bloskith the unit dBWm=2Hz 1. This unit can be
diagram of the components. It uses a Rohde& Schwegasily related to the radio source flux density of
HLO24A1 antenna covering the frequency range froMLBI observations which is expressed in Jansky
1-18 GHz in a beam of approximately 40 degree, hostdy = 102Wm2Hz ! = 260BWm 2Hz ! =
ing two low noise amplifiers supplying two output sig230dBmm~2Hz 1. The flux density of the electromag-
nals of horizontal and vertical polarisation. The ametic spectrum can be written after (4) as
tenna box contains also an input signal for the noise
calibration diode NC346B. The receiver box contains B = Psagey — 1010g(Bs) — Gryg +Kags — 3577
a relais with a combiner in order to produce a mixed with
output of both vertical and horizontal polarisation as S in {dB_W} (1)
an alternative to the individual polarizations. Later on B méHz
the signals are finally registered and displayed with @5, = power in dBm read at spectrum analyzer
spectrum analyzer Rohde& Schwarz FSL18. A con-  p. _ resolution bandwidth: setto30kH z
trol computer is used to setup the spectrum analyzer, to . .
record its images and to switch on/off the noise diode. @ receiver system gain
Once the antenna is pointed manually to one direction = median from calibration measurement
at the horizon, the data acquisition runs automatically. ka,, = 200g(fuHz) — G 5 — 29.79 (2)

with
fmuz = ant. frequency= 2000...14000MHz
2.2 IAR La Plata RFI Measurement System G,y = ~ 7dBi (data sheet)

dBi

d

This system was developed for SKA site investigatioffd®m equation 1 follows, that for the determination of
in Argentina (2). Therefore its frequency range is limthe flux density only two measures have to be taken: the

ited to 2-8 GHz. (With the exchange of two low nois@mplitude per frequency from the spectrum analyzer of
the targeted directioRss,, and the calibrated gain of
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the systenGg,,. The other parameters are settings ¢
conversion factors. :
The RFI measurement systems used in the evalt
tion have uncooled wide beamwidth antennas. Pointi
to the horizon at least half of the beam pattern inte
sects with the ground and raises the system temperat
to higher levels than those that are typical for the VLE
radio telescope. Moreover without a reflector the al
tenna gain is low and the RFI signals may not stand a
far enough above the noise floor (which is compos¢
by ground pickup and amplifier noise). However, witl — : ‘
the collected data it is possible to conclude, wheth ol L | i -‘
the detected signals above noise floor will saturate t— f b Wil TS
LNA used in VLBI radio telescopes or not.

Fig. 2 Foto of pedestal mounted on the roof of the operation
house with the broadband antenna from the Wettzell RFI moni-
toring system. This configuration was used almost contialyou

. from September 14 until October 14, 2012.
3.2 Setup and yield of RFI measurements P

Once the Wettzell RFI measurement system had @&-Analysis and results
rived at IAR in La Plata a comparison between both

systems was carried out. It was confirmed that both sygre analysis of the huge amount of collected data took
tems detected the same signals in the overlapping figseral steps. Firstly the calibration data was applied
quency range. The advantage of the Argentinean syg-the spectrum analyzer readings according to equa-
tem was its computer controlled pedestal which ey 1. Secondly, a statistical method was applied to all
abled 24h/7d measurements, while the German systgB monjtoring data regardless of the antenna pointing
had the advantage of covering the full spectral ranggection. The measured signal amplitude data was su-
of interest from 2-14 GHz. Therefore, it was decidegerimposed and five parameters were identified: max-
to temporarily mount the Wettzell equipment on thﬁnum, 90-percentile, median, 10-percentile and min-
La Plata pedestal in order to carry out an almost copnum. (The maximum and minimum are equivalent
tinuous measurement for one month (s. fig. 2). Thg the max hold and min hold button at the spectrum
spectrum analyzer was set to 30 kHz resolution bangﬁa|yzer throughout the measured period.) This quan-
width in order to pick up any possible narrow bangative approach revealed, that radio interference is
signal. The spectrum 2-14 GHz was subdivided into dresent almost throughout the entire spectrum during
GHz wide bands. Each subband required 2.5 secongds period of 30 days. The maximum level was up
sweepttime; hence 12 subbands needed 30 secongd$0dp significantly above the minimum noise level.
The antenna beamsize of about 40 degree suggestefifever, the 90-percentile line shows where 90% of
used eight pointing directions (N, NE, E, SE, S, SW, Whe amplitude measurements are equal or less. Thus, it
NW). Together with the calibration an entire azimuth 4, indicator for the temporary or continuous nature
scan registring the spectrum 2-14 GHz needed 15 Migr 3 signal. The median value shows the value which is
utes. The yield was 96 azimuth scans per day resp@¢ihe middle of measured samples. It means that half

tively 768 spectrum analyzer images each with 96Q} measured signals are found above that line and half
amplitude data points (spaced by 1.25 MHz). Thugg|ow.

within 30 days of measurements (September 14 to Oc- Fig. 3 shows fluctuation of the noise floor with
tober 14, 2012), a total of 21776 images of the spegyme signals peaking out of it. A filter of6dB >
trum analyzer respectively 209 million data points haghegian was applied as a criteria to discriminate noise
been registered. from an interference signal . The result of this process
applied to all measurements is shown in fig. 4. Fig. 4
shows strong peaks at 5.16 and 5.8 GHz which are re-
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Fig. 3 Flux density vs. frequency from 21776 measurements Big. 5 Azimuth direction vs. observed spectrum. The amount of

IAR La Plata during September 14 - October 14, 2012. detected events is correlated with the directions in whitdan-
ized areas are located. The Southern direction points toah ru
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o 7000

2 8000

E%o So00 BKG RFI - POL WER - ALL AZ - Measurements :21776. Between 14/09-14/10 2012

o 4000 e MAX ——

. 3000 30 percentile

2 2000 MEDIAN

€ _130 | 10 til

s 1002 ML\..AA - : X ‘ 130 percemn rlﬂi

2 4 6 g 10 12 14

Freguency GHz _140 -

BKG RFI - POL WER - ALL AZ - Measurements :21776. Between 14/09-14/10 2012
100

=150 -
=[]

60

40 -160

Flus Density [dEW/m/Hz]

N°Signals Meas[%]

20 | ‘
o IV L 170

2 4 & 8 10 12 14
Frequency GHz WMMMWWWWMWWWM
-180 : . : :
Fig. 4 RFI detections based on a filte6dB > median. The up- z e el £e &8 3

Frequency GHz

per plot shows the absolute number of detected RFI events dur

ing one month, the lower plot shows the percentage of theativerFig. 6 S-band 2.0-3.0 GHz. Some intereference is present at 2.4-

measurements in all directions. 2.7 GHz and 2.8-2.9 GHz. The VLBI band 2.2-2.35 GHz does
not contain any continuous interference signal.

lated to a local internet link from IAR to the National

University of La Plata. Below that frequency the othesignals is correlated with urbanized areas. This result

interfering signals are related to wireless lan above 2cé&n be considered typical for sites near urban regions.

GHz, Wimax above 2.5 GHz, mobile telephone fre- Fig. 6 and fig. 8 give a closer look to the S-band

guencies (LTE) above 2.6 GHz and air radar systerasd X-band. The colour-coded directions in fig. 7 and

between 2.7 and 2.9 GHz. Interference signals are afgg 9 show, that those signals are directional and may

visible at 3.7-3.9 GHz, 8.80-8.85 GHz. possibly limit the applied elevation mask in VLBI-
How is the relation between the eight observed ddbservations. However, the observed S-band spectrum

rections and the detected radiation? To answer thkind observed X-band spectrum tend to be free of inter-

question the azimuth direction was plotted versus tfierence signals in the corresponding spectrum.

observed spectrum. Fig. 5 shows the observed direc-

tions. The city of Buenos Aires is located in the North-

West of the monitoring site at IAR, the city of La Plata

lays in the East and in the South direction we find ru-

ral areas. As indicated in fig. 5 the presence of detected
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Fig. 7 S-band 2.0-3.0 GHz. The colour coded antenna directiofgy. 9 X-band 8.0-9.0 GHz. The colour coded antenna directions
show, that most of the interfering signals are directiofibe wifi  indicate, that the signal at 8.82 and 8.85 GHz are directiama
signal at 2.4 GHz is omnidirectional and locally generafidte  can be filtered out by an adjustment of the elevation mask in

VLBI-frequencies at 2.2-2.35 GHz are not disturbed. those directions if necessary.
BKG RFI - POL VER - ALL AZ - Measurements :21776. Between 14/09-14/10 2012
e - oo — tional continuous interference signals will determine
. 1 peremnion the elevation mask for future VLBI-observations. RFI
" monitoring should be a permanent task. The presented
~140 results have been further analyzed by the IVS RFI-

group and confirmed that the present RFI noise levels

will not saturate the LNA of a VLBI radio telescope

o P ! gl (5). This analysis confirms, that the IAR La Plata is a
} ; i suitable site for geodetic VLBI measurements using S-
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