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insights into how to handle VGOS-related equipment 
were given: e.g. on topics such as Mark 6, Flexbuff, R2DBE 
and DBBC3. Virtual presentations covered three half-
days. Following each presentation there were also some 
pre-recorded lectures for pre-meeting viewing. Although 
not as extensive as with the face-to-face events, people did 
have time to ask questions and become acquainted with 
possible contacts for further discussions. The concept of 
receiving feedback from operators and stations relating 
to correlators and developers also continued in this form.

There were more than 115 registered participants 
from 20 different countries, which was an increase of 
approximately 50 to 60% compared with previous face-to-
face TOWs. This meant that there were many ‘new faces’ 
attending the workshop from places from which it was 
normally not possible to send a representative to attend in 
person. The experience gained in holding this workshop 
showed the advantages and disadvantages of participation 
in workshops either face-to-face or online, which will be 
of great benefit for the organisation of future workshops.

The CRAF/VGOS group produced and provided 
for the TOW2021 three video courses on (1) radio tel-
escope registration, (2) radio frequency interference and 
mitigation and (3) radio regulation and spectrum man-
agement. These resources and all the teaching material of 
TOW2021 are now available from https://www.haystack.
mit.edu/conference-2/past-conferences/tow2021/.

Vincenza Tornatore

RF Monitoring and 
localisation at Jodrell Bank 
Observatory

Recently Anritsu Remote Spectrum Monitors have been 
installed at Jodrell Bank Observatory (JBO) and two of 
the e-MERLIN remote sites for continuous monitoring of 
that part of the spectrum at L-Band where e-MERLIN and 
the Lovell Telescope normally observe (1.25-1.75 GHz). 
These spectrum monitors are connected to omni-direc-
tional antennas mounted on high masts (50 m at Jodrell 
Bank – see Figure 5). Custom-made 1.25-1.75 GHz filters 
are used together with a Low Noise Amplifier (LNA) for 
additional sensitivity. Although the Anritsu devices have 
their own software, observatory staff have written some 
simple scripts to acquire, store, plot and analyse the data. 
The set-up has proved relatively robust. It has enabled the 
JBO staff to build up a much better picture of the L-band 
environment on timescales from seconds to months.

With this system it is possible to follow the diurnal 
and other variations in IMT equipment (hand sets and 
the new 4G+ base-stations recently deployed in the UK), 
and to monitor longer term changes, as well as transient 
events down to a few seconds (See Figure 6).

Having deployed this system, the possibility of using 
e-MERLIN for localising terrestrial emissions has also 
started to be investigated. By disabling the normal delay 
compensation and fringe-rotation in the correlator, it is 
possible to measure the relative delays of signals arriv-
ing at the e-MERLIN antennas with a precision of the 
reciprocal bandwidth (or better depending on the signal-
to-noise). These delays can then be used to solve for the 
transmitter position (Figure 7): an established technique 
known as multi-lateration or TDOA (time difference of 
arrival) geo-location. Solving for the position is not always 
straightforward with small numbers of antennas or sen-
sors, and various closed-form and iterative techniques, 
which have been developed for other applications, have 
been used.

As an initial test a signal at 1 318 MHz, whose origin 
was unknown at the time, was observed and it was then 
possible to locate this to within 200 m at a distance of 
25-75 km from the 4 antennas used. The antennas were 
pointed at the zenith for this observation. The signal is a 
low-power amateur TV repeater. The position determina-
tion was based on the raw un-calibrated delays - accurate 
calibration should allow terrestrial positions with accura-
cies of a few metres to be determined. For these long, near 
horizontal paths, the tropospheric propagation delay is 
an issue, and for which it is harder to compensate than 
for high elevation paths.

Figure 5.  
View of a part of the Jodrell Bank Observatory site showing the 76-m 
Lovell telescope in the background and the 32x25-m Mk2 telesscope 
in the foreground. The 50-m mast, on which is mounted the monitoring 
equipment, is visible in the image, located between the Lovell and Mk2 
telescopes.
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delay tracks can be predicted using published Two-Line 
Element (TLE) data and aligned with the measurements 
(to within the TLE accuracy).

Tests so far have used blind searches with all delay 
compensation disabled, which strongly limits the band-
width that can be used. Any serious measurements of 
known or predictable sources should use a terrestrial delay 
model, which could include satellites and other moving 
targets. Such an approach then becomes more similar to 
‘near-field VLBI’ as developed by JIVE, JPL, CAS and 
other groups for spacecraft measurements.

Simon Garrington

WRC23

Almost midway towards the World Radiocommunication 
Conference (WRC23), CRAF continues its participation 
in the preparatory work for the various agenda items that 
are related to radio astronomy frequencies. At the regional 
CEPT-ECC level, CRAF has submitted its preliminary 
views to the ECC’s Conference Preparatory Group (CPG) 
responsible for developing briefs, studies and European 
Common Proposals (ECPs) for the WRC. CRAF has 
also actively participated in the relevant International 
Telecommunication Union (ITU) working party meet-
ings, particularly working party 7D (WP7D) meetings 
that cover the radio astronomy service.

Discussions concerned with International Mobile 
Telecommunications (IMT) related agenda items have 
been a significant part of CRAF’s activities. Thus, the 
6 GHz band is being considered for IMT in the ITU-R 
Region 1 under agenda item 1.2. A part of this band is 
extremely important for radio astronomy for the study of 
methanol spectral lines, but is not allocated to the Radio 
Astronomy Service (RAS) on a primary basis. The band 
is protected via a footnote in the Radio Regulations (RR 
No. 5.149), which urges administrations to take all practi-
cable steps to protect the RAS in a number of bands. The 
WRC19 Resolution text for this agenda item has limited 
the studies to only services with primary allocations ver-
sus the candidate IMT allocation. Many administrations 
are of the view that the 6 GHz band cannot be studied 
with respect to RAS protection under the defined scope of 
the agenda item. CRAF prepared an input document with 
a preliminary study in which it is clearly demonstrated 
that an IMT sharing with radio astronomy is impos-
sible (separation distances of several 100 km would be 
necessary). ECC Project Team 1 (PT1) agreed to include 
RAS protection in the scope of the correspondence group 

Figure 6. Plots of signal level vs. frequency and time for 7th May 2021.

Figure 7. Plots showing variations in delay and therefore in positions of 
satellites vs. time for 5 May 2021

There are several advantages of using an interferom-
eter array such as e-MERLIN for such observations. The 
correlation infrastructure is already established, and there 
is significant flexibility in tuning, bandwidth selection 
and integration times. The signals are well-synchronised 
(e-MERLIN has a dedicated fibre synchronisation system 
at the pico-second level) and if appropriate, the anten-
nas can be pointed at known targets and their high gain 
can be used.

The JBO monitoring had shown some occasional, dis-
tinct transmissions in the RR 5.340 ‘1 420 MHz’ protected 
band. Many attempts had been made in the past to locate 
these signals with little success; a multi-port monitor with 
Yagi antennas in different directions had also been used, 
but with no conclusive results. The multi-lateration tech-
nique allowed this transmission to be located to within 
1 km at up to 200 km from JBO. Following discussion 
with the operator this ‘interfering signal’ has now been 
moved out of the protected band.

This technique can also be used for satellite trans-
missions, allowing multiple satellites in the same band 
to be separated in delay space. As an example the GNSS 
band near 1 575 MHz was observed, again with no delay 
compensation and with the antennas in the zenith. A 
short observation shows delay tracks resulting from GPS, 
Galileo, Beidou and geostationary EGNOS satellites. The 
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created to determine the CEPT position for the 6 GHz 
band. Given the difficulty found in initiating studies for 
RAS protection under this agenda item, CRAF’s position 
remains to support no change for the 6 GHz band.

Another IMT-related topic is the potential use of high 
altitude platforms (between 20 and 50 km altitude) as 
mobile communication base stations (HIBS). As these 
installations can be in the line-of-sight of radio telescopes 
for hundreds of kilometres, the potential threat to the 
RAS is very high. Even if not directly in the main beam 
of a telescope, the number of visible platforms could be 
high enough that contributions through the side lobes 
of RAS antennas exceed the permitted threshold levels 
significantly. A preliminary evaluation has shown that 
second harmonics from candidate frequencies below 
1 GHz could arise in some of the radio astronomy L-band 
allocations. Once again several administrations have been 
extremely reluctant to accept any studies with respect to 
second harmonics, which is why CRAF also produced an 
input document on this issue for the PT1 meeting. A pre-
liminary analysis demonstrates that necessary separation 
distances can be very large, up to hundreds of kilome-
tres. There is also the potential for receiver saturation 
for 18 cm systems installed at many RAS stations. The 
RAS allocated band at ~2.7 GHz is also adjacent to one 
of the candidate bands for HIBS. Compatibility studies 
for RAS protection for the 2.7 GHz band should start 
after the IMT parameters and HIBS characteristics have 
been finally settled at ITU WP 5D.

CRAF regularly participated in the meetings of Project 
Team D (PTD), one of the project teams of ECC-CPG, 
which is addressing WRC-23 agenda item 1.5. This 
Agenda Item is concerned with a review of the UHF band 
in region 1. In its input contributions to the meeting, 
CRAF proposed a harmonised position for CEPT for 
an upgrade to the RAS band 606-614 MHz to a primary 
status in region 1, similar to the situation in region 3 and 
the African broadcasting area in region 1.

A potential IMT usage in or adjacent to the RAS band 
606-614 MHz must be considered with care. According 
to Report ITU-R RA.2332-0 on the compatibility and 
sharing studies between the RAS and IMT systems in the 
frequency band 608-614 MHz, coexistence between RAS 
and IMT in this band will require stringent protection 
measures. In particular, for in-band operation, separation 
distances of up to 1 000 km or more were determined, 
which raises the question whether sharing between RAS 
and IMT would be possible at all in the densely populated 
environment that exists in CEPT countries. Furthermore, 
even for adjacent bands or the spurious domain IMT 
emissions, relatively large coordination zones with radii 

in excess of 100 km are needed. For the case of a new 
mobile allocation as a primary service, RAS would have 
a significantly lower status. Hence, to ensure that RAS 
operations will continue in the future, an upgrade of the 
RAS allocation from a secondary to a primary could be 
an appropriate solution.

Possible additional allocations for new, non-safety aer-
onautical mobile applications for air-air, ground-air and 
air-ground communications of aircraft systems are pro-
posed under agenda item 1.10 in the bands 22.0-22.21 GHz 
and 15.4-15.7 GHz. The frequency band 22.0-22.21 GHz 
is adjacent to the frequency band 22.21-22.5 GHz which 
is allocated to the RAS, the Earth exploration-satellite 
service (passive) and the space research service (passive) 
on a primary basis. The frequency band 15.4-15.7 GHz is 
adjacent to the frequency band 15.35-15.4 GHz which is 
allocated to the RAS on a primary basis (RR No. 5.340). 
The requirement of RAS protection is mentioned in the 
CEPT preliminary position for the agenda item. Also, 
WP7D has provided the RAS protection criteria to the 
responsible working party (WP5B).

One agenda item of interest to radio astronomers 
using the low VHF bands is ‘9.1 issue A’ for space weather 
sensors. The receive-only space weather sensors share 
common sites and also common frequencies with the 
RAS. CRAF proposed a liaison statement from WP7D 
to the responsible working group WP7C during the April 
2021 meeting. The statement contained the information 
of common sites and a list of radio astronomy frequen-
cies overlapping with the operation frequencies of space 
weather sensors. Discussions are ongoing to answer the 
open questions: To which radio service should the space 
weather sensors belong at the ITU and what level of pro-
tection should be defined for their frequencies?   CRAF 
has the view that the RAS could be the most appropri-
ate radio communication service for receive-only space 
weather sensors.

Several other agenda items of interest to radio astron-
omy are currently at the stage of information gathering 
and the specification of service characteristics. The full 
list of agenda items of interest and CRAF preliminary 
positions can be found on the CRAF website and the 
ECC-CPG server web page.

Waleed Madkour
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The European Science Foundation hosts six Scientifi c 
Platforms:
•  COAlition S

https://www.coalition-s.org/
•  The Committee on Radio Astronomy Frequencies (CRAF) 

https://www.craf.eu/
•  The European Astrobiology Institute (EAI) 

https://europeanastrobiology.eu/
•  The Europlanet Society (EPS) 

https://www.europlanet-society.org/
•  The European Space Sciences Committee (ESSC) 

https://www.essc.esf.org/
•  The Nuclear Physics European Collaboration Committee 

(NuPECC)
http://www.nupecc.org/

ESF-hosted scientifi c platforms are largely autonomous. 
They are vitally important to provide in-depth and focused 
scientifi c expertise, targeted scientifi c and policy advice, 
and to initiate strategic developments in areas of research, 
infrastructure, environment and society in Europe. 
By providing accss to its legal structure, staff, support 
services and facilities, ESF facilitates their work and 
operations.


