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December |2th night sky image collected NZ0O17 in Rotorua, New Zealand. This
stacked night image comprises mostly Geminid meteors and a couple of lambda-
Sculptorid meteors (Credit: Peter McKellar).
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Forecast of possible activity of the comet 46P/Wirtanen

meteor stream in December 2023 and (especially) in 2024
Mikhail Maslov

skjeller@yandex.ru

This is the forecast for possible meteor activity of the meteor stream related to the comet 46P/Wirtanen. This comet
hasn’t produced any known meteor activity on Earth. However, it’s orbit has been relatively close to the Earth’s one
since 1986 and the analysis of its trail’s evolution showed that there is a slight possibility of meteor activity from
the 1967 and 1974 trails in 2023 and some reasonable chance for a small outburst in 2024 due to the encounter with

the 1974 trail of comet 46P/Wirtanen.

1 Introduction

The comet 46P/Wirtanen orbit has been relatively close to
the orbit of the Earth since the year 1986, when its orbit was
pulled by Jupiter closer to the Earth’s one. Its perihelion
distance decreased from 1.61 AU in 1967 to 1.08 in 1986.
After that the orbit of comet 46P/Wirtanen remained
relatively stable, its last perihelion was in 2018 and the next
one is expected in 2024, both at nearly the same perihelion
distance of ~1.055 AU with the MOID of ~0.071 AU.

Such a distance is still quite large to hope for encounters
with most dense dust material close to the comet but some
particles with higher ejection velocities could reach the
Earth. Such particles are smaller and not so abundant as the
particles with low ejection velocities which are usually
situated closer to the parent comet, but as the comet
46P/Wirtanen is relatively large and active it could produce
enough numbers of particles with high ejection velocity
allowing some detectable activity when the Earth
encounters its trail parts formed by such particles.

The computation of the orbital evolution was made using
the software program Comet’s Dust 2.0 made by S. Shanov
and S. Dubrovsky. The result of this computations show
that particles ejected by the comet 46P/Wirtanen showed
that in 2023 and 2024 the Earth is expected to encounter
some dust trails of the comet 46P/Wirtanen.

For 2023 two encounters are found at 20"55™ UT on
December 10 and at 17"54™ UT on December 12, but for
both of them the parameters are not favorable, so it is very
likely that no activity would occur. But still, it is desirable
to check them.

For 2024 one encounter is found at 2"21™ UT on December
13. The activity prospects look to be much more favorable
for this encounter and while no high activity is expected the
chances for small but still observable activity with a rough
ZHR estimation of 10-20 seem to be reasonably high.
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Figure 1 — Space-temporal projection of 46P-ids trail parts onto their minimal distance passages in 2023 before perihelion.
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Figure 2 — Space-temporal projection of 46P-ids trail parts onto their minimal distance passages in 2023 after perihelion.
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Figure 3 — Detailed space-temporal projection of the 1967 trail parts onto their minimal distance passages in 2023.
Computed maximum time for the 1967 trail is 2055™ UT
2 Forecast 2023 on December 10 from the radiant at RA =346.5°,

Two remarkable encounters of the Earth with dust trails of
the comet 46P/Wirtanen were found for 2023. The first of
them is the encounter with particles of the 1967 trail (see

Figure 3).

Dec =+27.4°. The Earth is to pass from a quite small
distance from the trail, which is 0.0016 AU. However,
ejection velocity of this trail particles is 58.7 m/s which is
quite high meaning that particles sizes are small, so meteors
from it are expected to be very faint. Also, the density of
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this part of 1967 is very low, it is about 1.8% of the density
of the 1 revolution Leonid’s trail. Considering these
parameters chances for any detectable activity from this
trail is low but any observations still seem to be desirable.

Figure 4 — The Earth as seen from the coming 46P-ids meteors
(RA =346.5° Dec = +27.4°) during the expected maximum time
of the outburst from the 1967 trail at 20"55™ UT 10 December. The

image is made using the software program Xearth 1.1.0 by
Hewgill G.

When activity from the 1967 trail occurs at the computed
time the best time to observe would be the western part of
Africa and Western Europe. In Eastern Europe the radiant
would be also above horizon but lower. The radiant would
be quite high above Iceland and Greenland.

The second trail encountering the Earth in 2023 is the 1974
trail (see Figure 5).
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Figure 5 — Detailed space-temporal projection of the 1974 trail
parts onto their minimal distance passages in 2023.

The computed time of maximum for this trail is 17h54™ UT
on December 12 with the radiant at RA=7.7°,
Dec =—-40.0°. The orbit of comet 46P changed significantly
in perihelia from 1967 to 1974 therefore there is a large
difference between the orbits of respective trails as well as

© eMetN Meteor Journal

between their radiant positions in the sky, especially in
declinations. At the same time the 1974 trail is considerably
denser, 170 times, than the 1967 trail while ejection velocity
is much slower, 27.2 m/s, which is also a positive factor for
activity perspectives. The main problems with this
encounter questioning any perspectives of activity at all, is
the significant distance to the Earth at which this trail
passes: 0.00646 AU. Nevertheless, it is also desirable to
check this case with observations.

Figure 6 — The Earth as seen from coming 46P-ids meteors
(RA =7.7°, Dec =—40.0°) during the expected maximum time of
the outburst from the 1974 trail at 17'54™ UT 12 December. The

image is made using the software program Xearth 1.1.0 by
Hewgill G.

As the radiant of this trail is deep in the southern hemisphere
its visibility is also worse. It would be visible only in Africa,
excluding its western, southern and northern edges, as well
as on adjacent territories like the Madagascar island and
Arabian Peninsula.

3 Forecast 2024

In 2024 the Earth is expected to pass close to the 1974 trail
of the comet 46P. The computed time of the maximum is
2h21™ UT on December 13 with the radiant RA = 340.9°,
Dec =+28.3°. Distance to the trail is 0.00165 AU, trail
density is 54.6% of that for a 1 revolution Leonid’s trail,
ejection velocity is 59.12 m/s. These parameters are in
general more favorable than those for the 2023 encounters
and considering the quite large size of the comet 46P, there
are good chances for some low but detectable activity with
mainly faint meteors though. Unfortunately, this encounter
is expected to occur under almost full Moon so bright
moonlight will create additional problems for observations.
However even despite these observations are highly
recommended as meteor activity of the comet 46P stream
has not yet been observed ever before.
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Figure 7 — Space-temporal projection of 46P-ids trail parts onto their minimal distance passages in 2024.
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Figure 8 — Detailed space-temporal projection of 1974 trail parts onto their minimal distance passages in 2024.
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Figure 9—The Earth as seen from coming 46P-ids meteors
(RA =340.9°, Dec = +28.3°) during the expected maximum time
of outburst from the 1974 trail at 2"21™ UT on 13 December. The

image is made using the software program Xearth 1.1.0 by
Hewgill G.

Uhttp://feraj.ru/Radiants/Predictions/46p-ids2023eng.html
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In case the activity takes place at the predicted time, it could
be observed best in Northern and Central Americas
excluding perhaps Alaska.

The forecasts for 2023! and 2024 are also published at my
website.
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A meteor shower outburst caused by a predicted encounter with the 1974 trail of the Jupiter-family comet
46P/Wirtanen was optically observed above the southwest Pacific, close to the forecast time on the evening of
December 12, 2023. 24 multi-station meteor orbits were computed using data from GMN and CAMS stations in
New Zealand and Australia, with a radiant at R.A. 7.1° and Decl. —38.8°, located in the Sculptorid constellation.
These observations confirm the predictions of its occurrence published earlier by Vauballion et al. (2023). The
observed ZHR is low (~0.5 meteors/h) and is due to the slow in-atmosphere velocity of the shower meteoroids
(~15 km/s). The average size of the observed meteoroids is ~4 mm, while most of the activity has been predicted in
<mm sizes. The large video meteor camera arrays (> 100 cameras) hosted by amateur astronomers in New Zealand
and Australia played a critical role in confirming this new meteor shower, as it would have otherwise been missed.

1 Introduction

In 1972, comet 46P/Wirtanen® (Figure 1) made a pass
within 0.276 astronomical units of Jupiter, and another
approach in 1984 came within 0.467 AU (Figure 2),
Figure 3 shows the current orbit of the comet. Known to be
just over 1.5 km wide (Lejoly et al., 2022), 46P/Wirtanen is
a Jupiter-family comet that orbits the Sun every 5.4 years.
It was originally the target for the Rosetta mission before
the mission was delayed and resulted in a change of target
to 67P/Churyumov—Gerasimenko. The comet was long
known as a potential parent body of a meteor shower due to
its closeness to Earth’s orbit (e.g., review by Ye and
Jenniskens, 2022).

No meteor shower associated with this comet has been
observed in the past, but Maslov (2024) published a forecast
for possible activity from this comet in 2023 and 2024. He
alerted observers about a possible first encounter at 20"55™
UT on December 10, 2023 (1o =258.20°) with particles
from the 1967 trail and a second encounter at 17"54™ UT on
December 12, 2023 (1o =260.11°) from the 1974 trail.
Although the chances of meteoroids entering the
atmosphere were not favorable for both encounters, the
author asked observers to check for possible activity. He

3 https://hubblesite.org/contents/media/images/2018/63/4300-
Image.html

6

predicted a more favorable encounter for 2024 at 2"21™ UT
on December 13.

Figure 1 — 46P Wirtanen, photographed in 2018 by Rolf Carstens
(Geyserland Observatory).

In another work, Vaubaillon et al. (2023) also calculated
that an encounter with a new meteoroid stream above the
Southwestern Pacific could be detected in 2023. Their
simulations have shown that it is probable that no meteor
activity occurred in the recent past, and 2023 would be the

© eMetN Meteor Journal
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first year with any activity with a maximum on December
12, 2023, between 8"00™ and 12"30™ UT (Lo 259.689°—
259.879°) with a radiant area near the star A-Sculptoris
(7.5°<0ag<9.2°, —38°<g,<-43°). The low geocentric
velocity (vg ~10 km/s) and the relatively small sizes of the
meteoroids make this a rather difficult shower for any visual
observations (Vaubaillon et al., 2023). The predicted
radiant position is in perfect agreement with the forecast by
Maslov but the time of the maximum activity for the 1974
dust trail by Vaubaillon et al. (2023), is more than 6 hours
carlier than forecast by Maslov.

Figure 2 — 46P/Wirtanen, changes in its orbit in 1972 and 1984.
(Reproduced from: Krolikowska and Sitarski, 1996).

Figure 3 —The current orbit of the parent comet 46P/Wirtanen
relative to the planets*.

2 Radio observations

The first indication of unusual activity appeared on the
webpages of IPRMO maintained by Hiroshi Ogawa and
Hirofumi Sugimoto® which suggested likely enhanced
activity recorded by radio observers. However, some
caution is warranted since radio forward-scattering
observations cannot identify the direction of observed

4 https://ssd.jpl.nasa.gov/tools/ sbdb_lookup.html#/?des=46P&vie

meteor echoes but only provide raw counts. The final
compilation of radio observations shows a broader and
shallower peak lasting until solar longitude 260.3°
(Figure 4). The graph is calculated using the factors for the
Geminids and not for 46P/Wirtanen. Further investigation
is required to determine the cause of this rate enhancement
which will be treated in a separate report.

2023 Geminids update Dec- 19, 23h (UT) ——ZHRr ——ZHRr(2022) « ZHR(IMO)

256 257 258 263 264 SolPEsn

Figure 4 — First indication for a possible meteor activity caused by
particles from 46P/Wirtanen, extracted from the website on
December 19, status 23" UT (credit Hirofumi Sugimoto).

3 Video observations

Figure 5 — December 12" night sky image collected NZ0017 in
Rotorua, New Zealand. This stacked night image comprises
mostly Geminid meteors and a couple of lambda-Sculptorid
meteors (Credit: Peter McKellar).

CAMS Large mm to cm sized meteoroids

Figure 6—Plot for 2023 December 13 taken from the CAMS
website®. The region with the radiant produced by particles that
were released by comet 46P/Wirtanen is marked with red.

CAMS Chile (Jenniskens et al., 2011) detected a single

5 https://www.iprmo.org/flash/gem-2023.html

w=VOP
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meteor associated with this new shower in the hours leading
up to this peak (see Table 1), but CAMS New Zealand on
the South Island was clouded out.

The Global Meteor Network (GMN; Vida et al., 2019,
2020, 2021) cameras on the North Island of New Zealand
(coordinated by J. Scott at the University of Otago)
successfully recorded 10 meteors within the predicted range
of radiants (Figures 5 and 9). A CBET telegram was issued
following this confirmation (Jenniskens et al., 2023).

Further 12 meteors were detected by the cameras of Global
Meteor Network in Australia (coordinated by D. Rollinson)
(Figures 10 and 11), and 4 were also detected by the CAMS

Sol min
Sol max
Count =

cameras of the CAMS Australia network (coordinated by
H. Devillepoix at Curtin University).

The main activity at optical sizes occurred between 259.76°
and 260.08° in solar longitude (or December, 12, 9"40™ and
17°10™ UTC) with 24 meteor orbits captured within this
interval. One of these 24 was recorded from Bulgaria and
another from South Korea, both with a D-criterion
Dp <0.01 (Drummond, 1981). Apart from the CAMS orbit
recorded in Chile, 3 more orbits with very similar elements
were recorded before the main group of 24 orbits, two from
the UK and one from Bulgaria. One more orbit was detected
in New Zealand about 20 hours after the main group.

Sun-centered geocentric ecliptic coordinates

Figure 7 — Heat map for 2045 Sun-centered ecliptic radiants obtained by GMN during the time interval 259.00° < 1o < 259.92°.

Sun-centered geocentric ecliptic coordinates

Figure 8 — Velocity distribution for 2045 Sun-centered ecliptic
259.00° < 10 <259.92°.

radiants obtained by GMN during the time interval

© eMetN Meteor Journal



eMetN Meteor Journal

2024 -1

Figure 9 — A lambda-Sculptorid as recorded on 12 December, 2023, at 11"05™58% UT from 4 locations by GMN cameras in New Zealand.
NZ0017 is Kaharoa, Rotorua, NZ002X is Maharakeke Road 1, Waipukurau, NZ0037 Welcome Bay 2, Tauranga, NZ002K Western
Heights High School, Rotorua.

Figure 10 — A lambda-Sculptorid meteor recorded by AU0O1D at
Darkan, Western Australia at 13"21™43.15 UT on 12 December
2023.

Figure 11 — A lambda-Sculptorid meteor recorded by AU002C at
Pemberton, Western Australia at 13721m43.15 UT on 12 December
2023.

Figures 6, 7 and 8 show that the usual number of meteor
radiants near the antapex is very low. The antapex is the
direction opposite to the direction of Earth’s motion around
the Sun, which is at the edge of the plot in Figures 7 and 8.

© eMetN Meteor Journal

The reason is that these meteoroids come from the rear into
the Earth atmosphere which moves away at about 30 km/s.
Meteoroids entering the atmosphere from this direction
must catch up to the Earth and have enough velocity relative
to our planet to produce enough energy to cause ionization
and become visible as a meteor. Experienced meteor
observers know that the local evening hours display low
meteor activity compared to the morning sky when our
planet catches meteoroids ‘head-on’. For example, typical
evening meteor showers such as the Andromedids and
October Draconids produce very slow meteors from a very
dispersed apparent radiant, comparable to meteors from
46P/Wirtanen. Hypothetically, if the Earth encountered the
same meteoroids head-on at much higher velocities (the
radiant would be near the apex), a particle of the same size
would produce much brighter meteors thanks to the energy
being proportional to the square of the impact velocity.

4 Mean radiant and orbit

An analysis with an iterative procedure to locate the best-
fitting mean orbit for a concentration of similar orbits has
been applied to a sample of GMN orbits selected as follows:

o 258°<1p<261°
o 350°<ag<20°
o —46°<d,<-36°
o v, <12km/s

9717 orbits, recorded by GMN in 2023, were available for
the above-mentioned time interval in solar longitude. The
method used for this search has been described before
(Roggemans et al., 2019) and combines three classic
discrimination criteria, considering different classes for the
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degree of similarity. The discrimination criteria used in this 10 7 T v T () !
method are that of Southworth and Hawkins (1963), ;o L N P P i 740
identified as Dsy, Drummond (1981), identified as Dp, and ‘ ° . °
Jopek (1993), identified as Dy. The method to compute the 20 . .
mean orbit at each step during the iteration process has been 25 | . .
described by Jopek et al. (2006). We define five different
. . L 30 t
classes with specific threshold levels of similarity: °
35t -
e Low:Dsgy<0.25& Dp<0.105 & Dy <0.25; o % 3._5 . o
e Medium low: Dsy<0.2 & Dp<0.08 & Dy<0.2; o
e  Medium high: Dsy<0.15 & Dp <0.06 & Dy < 0.15; 45 r Soradics
e High: Dsy<0.1 & Dp<0.04 & Dy <0.1. 50 k a » D<0.105
- D<0.08
e Very high: Dsy<0.05 & Dp <0.02 & Dy < 0.05. L oD <00e
) ) 5g§ ) . D<0.04
The procedure converged at a mean orbit derived from 28 ¢ L *D<0.02

similar orbits with the median radiant almost exactly at the
predicted position (7able ). For this type of orbit, we
consider only orbits with a high threshold of similarity
(Dp < 0.04) in order to exclude random sporadic orbits. The
first meteor was recorded by 9 cameras in the UK at
Ao =258.18°, followed at 1o = 259.054° by a second meteor
by two GMN cameras in Bulgaria. The next of these orbits
was recorded at Ao = 259.122° by four cameras in the UK.
Then there is a pause until 24 more orbits were detected
during the interval 259.76° < 10 <260.08°, 10 by cameras
in New Zealand, 12 by cameras in Australia, one from
Bulgaria and one from South Korea, all except four with
Dsy<0.03 and Dp < 0.02. It seems no activity was detected
between the first three cases, and the cluster of 24 very
similar orbits, although cameras were successfully
capturing in between from different geographic locations.

Table 1 — The orbital elements of the parent comet’, and mean
orbital parameters of the meteors based on CAMS (Jenniskens,
2023) and GMN data.

Figure 12— The 46P/Wirtanen meteor radiant in geocentric
equatorial coordinates (GMN orbit data).
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Figure 13 — The 46P/Wirtanen meteor radiant in geocentric Sun-

centered ecliptic coordinates (GMN orbit data).

46P/Wirtanen CAMS GMN
Epoch JD 2458465 12000.0 J2000.0
Ao (°) - 259.402 259.93
og (°) - 4.6+£0.5 7.1x1.7
3¢ (°) - ~36.4+0.9 ~38.8+0.8
v (km/s) - 8.6+0.1 10.0+£0.2
A=20(°) - - 88.3+1.4
B - - ~37.8+1.0
Hj, (km) - - 90.2+1.1
H. (km) - - 78.943.2
a (AU) 3.09 4.1 2.90+0.16
q (AU) 1.05536 0.968 0.9846
e 0.6588 0.766 0.661+0.002
o (°) 356.340 343.7 359.84+0.75
Q) 82.158 79.4 79.92
i(°) 11.75 7.6 9.17+£0.32
1 (°) 78.5 63.1 79.76+0.74
T; 2.82 2.40 2.90+0.09
N - 1 24

7 https://wirtanen.astro.umd.edu/46P/46P_orbit.shtml
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Figure 14— The distribution of the inclination i against the
longitude of perihelion /7 for the 46P/Wirtanen meteoroid orbits
(GMN orbit data).

The Solar System is filled with very old meteoroids on
orbits at low inclination which have evolved over time far
away from the orbits of their parent bodies, and which
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cannot be associated with any meteoroid stream. These
meteoroids are classified as sporadic. Sometimes it may be
difficult to differentiate between a sporadic on a very
similar orbit to a shower meteor and a dispersed meteoroid
stream member. Therefore, we decided to use only the 24
orbits in a tight cluster within time of the predicted activity.
The values given for GMN data in Table I are based on this
cluster.

The radiant plot in equatorial coordinates (Figure 12) shows
a very compact radiant area with only 3 events separated
from the main radiant concentration. The same situation
appears in the plot with the Sun-centered -ecliptic
coordinates (Figure 13). Looking at the distribution of the
inclination 7 against the longitude of perihelion 77, we see

the same concentration (Figure 14). We can conclude that
there is sufficient evidence that Earth encountered a
concentration of particles which confirm the presence of
dust produced by the 1974 dust trail of comet 46P/Wirtanen.

The black dots in Figures 12, 13 and 14 are sporadic orbits.
For the computation of the mean orbit only the red and
orange dots were considered (Dp < 0.04). The compact
concentration of these orbits is obvious from these
distributions. For reason of completeness, we also plot the
“less” similar orbits color-coded as yellow, green and blue.
In our limited analysis, we cannot assess if these are
dispersed particles associated with 46P/Wirtanen or are
simply nearby sporadics.
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Figure 15 — The flux and corresponding ZHR profile (Vida et al., 2022) for the lambda-Sculptorids based on GMN data collected during

2023.

We also checked for possible activity from the first
encounter forecasted by Mikail Maslov, at 20"55™ UT on
December 10 (1o =258.20°) with particles from the 1967
trail. We found only 3 orbits at this node with Dp < 0.04,
dispersed over about a day and which cannot be excluded
as sporadics.

A search among meteor orbit data of previous years resulted
in a number of similar orbits with Dp < 0.04 using the mean
orbit from Table I as a reference orbit. The search was
applied on 471583 orbits by CAMS (2010-2016), 508266
orbits by EDMOND (2001-2023), 722314 orbits by GMN
(2018-2022) and 443196 orbits by SonotaCo network
(2007-2022), 2145359 orbits in total. All positive matches
were dispersed in time and in radiants, with no obvious
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clustering. We conclude that they can be explained as
sporadics and that there is no indication of any activity from
this source in the past, in line with the findings by
Vauballion et al. (2023).

5 Activity profile

The meteor shower flux profile based on ~150 single-
station meteors reported by the GMN (Figure 15) shows
that the peak ZHR of the shower was around 0.5 meteors/h,
which is well below the detectability threshold for visual
observers. In other words, without a large-scale network of
video cameras, this activity would have passed completely
unnoticed. On average, each camera observed around one
lambda-Sculptorid meteor during the entire night.
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The mean limiting mass of the flux observations was around
0.02 grams, translating to meteoroids of 4 mm in diameter
assuming a cometary meteoroid bulk density of 500 kg/m?>.

According to the stream modelling, the shower should have
been mainly produced by small particles with a size of less
than 1 mm, just under the detectability limit of wide-field
GMN cameras but detectable by radio. There is some
enhancement in radio meteor activity during the lambda-
Sculptorids video activity, but it is unclear if this is due to
this meteor shower or some other source. The outstanding
question is whether any enhanced activity in radio echoes
can be confirmed.

6 Conclusion

Radio observers contributing to IPRMO were the first to
indicate possible meteor activity related to the 1974 dust
trail released by 46P/Wirtanen, but it remains to be
confirmed which source caused this enhancement. The
visual (video) counterpart confirmed the meteor activity
from the predicted radiant position, but with a low activity
level (ZHR around 0.5 meteors/h).

The radiant position predicted by Maslov (2024) and
Vaubaillon et al. (2023) matches the observed position. The
time of the observed activity occurred a few hours later than
predicted by Vaubaillon et al. (2023) and a few hours earlier
than predicted by Maslov (2024), indicating possible
improvements in the shower model parameters.

The new meteor shower has been added to the IAU MDC?®
meteor shower list with preliminary designation M2023-
Y1. Once established, it will be given the currently
provisional name of lambda-Sculptorids (LSC).

According to Maslov (2024), another possible opportunity
to see this shower may occur next year 2024 on December
13, 2"21™ UT from a radiant at RA = 340.9°, Dec = +28.3°.
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EDMOND (European viDeoMeteOr Network Database) is a database of meteor orbits that aggregates video data
from observations of meteors from 15 independent national networks and 2 multinational databases. These networks
and databases employ different methods and systems for detecting meteors as well as calculating their orbits.
EDMOND v5.05 is the fifth version of the database, containing continuous video meteor data from the year 2000
to 2023. The database’s goal is to continuously collect video data and ensure continuity with respect to upcoming
new systems for recording video meteors. Currently, the database has compiled data on 7462700 single-station
meteors, creating 978006 orbits. After reduction using the applied criteria, EDMOND v5.05 contains a total of

480190 orbits of multi-station meteors.

1 EDMOND

The use of video technology for monitoring and recording
meteors began in the 1970s and has since undergone rapid
development. Although initially the domain of professional
astronomers, amateur observers, especially in Japan and the
Netherlands, started developing systems suitable for
amateur conditions in the 1980s. Subsequent development
of amateur observation stations continued at a fast pace,
primarily in connection with the improvement and
innovation of CCD or CMOS technology, and the
increasing accessibility of this equipment to amateur
astronomers.

Initially fragmented national networks or isolated observers
in Europe, Australia, North America, and South America
were consolidated into the centralized database of meteor
orbits called EDMOND (European viDeoMeteOr Network
Database), which was established in 2011 (Korno$ et al.,
2013, 2014a, 2014b).

The first pioneer in video meteor observation on a larger
scale was the IMO VMN network (International Meteor
Organization Video Meteor Network). The first video
observations within this network were carried out in the
year 2000, and the network utilizes the MetRec system for
data recording and processing (Molau, 2001). Observations
from this network have been incorporated into the
EDMOND v5.05 database from the year 2000 to 2019, with
the IMO VMN contributing 55.5% to the overall count of
single-station meteors in the database.

Starting from 2007, the software UFO Capture (SonotaCo,
2009) began to be used for recording video meteors, with
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the UFO Analyzer as an add-on for processing and UFO
Orbit for calculating the orbits of multi-station meteors. The
percentage of stations using UFO Capture in the total count
of single-station meteors in the database is 34.8%. The
Croatian network CMN (Croatian Meteor Network /
Hrvatska Meteorska Mreza) and the Danish network
Stjerneskud use (or used) their own detection software,
contributing 5.7% to the overall count of single-station
meteors in the EDMOND database.

Since 2018, a new worldwide network, GMN (Global
Meteor Network), has been established, utilizing the open-
source RMS system for data recording and processing (Vida
et al., 2020; 2021). The percentage of stations using RMS
in the total count of single-station meteors in the database is
4.0%, and it constitutes the national subsite CSMON
(Czech and Slovak Meteor Observation Network).

Figure 1 — Radiants of multi-station meteor orbits recorded in the
EDMOND v5.05 database. A Hammer projection with an
equatorial coordinate system is used for display.
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Table 1 — Overview of national or multinational networks included in the EDMOND v5.05 database.

Network ID Network name State Beg. End Software
BOAM Base, des Observateurs Amateurs de France 2010 2020 UFO Capture
Meteores
BosNet Bosnian Network Bosnia and 2012 2014 UFO Capture
Herzegovina
BRAMON BRAzilian MeteOr Network Brazil 2014 2017 UFO Capture
CEMeNt Central European Meteor Network Czechia 2009 TP UFO Capture
Croatian Meteor Network .
CMN Croatia 2007 2011 own
Hrvatska Meteorska Mreza
Czech and Slovak Meteor .
CSMON . Czechia 2019 TP RMS
Observation Network
FMA Fachgruppe Meteorastronomie Switzerland 2014 TP UFO Capture
Hungary Meteor Network MetRec
HMN o Hungary 2009 TP
Magyar Hulldcsillagok Egyesulet UFO Capture
IMO VMN IMO Video Meteor Network Worldwide 2000 2019 MetRec
ITMN Italian Meteor and TLE Network Italy 2007 2017 UFO Capture
MeteorsUA I'pymna BimeocnocTepexxeHHsI METEOPiB Ukraine 2013 TP UFO Capture
Network for Meteor Triangulation .
NEMETODE . o Great Britain 2010 2016 UFO Capture
and Orbit Determination
Polish Fireball Network MetRec
PFN ) ) Poland 2011 2013
Pracownia Komet i Meteoréw UFO Capture
- Stjerneskud Denmark 2012 2016 own
SVMN Slovak Video Meteor Network Slovakia 2007 2016 UFO Capture
UKMON UK Meteor Observation Network Great Britain 2012 2022 UFO Capture
- independent observers Serbia 2012 2013 UFO Capture

Figure 2 — Radiants of multi-station meteor orbits recorded in the EDMOND v5.05 database. A Hammer projection with a Sun-centered
ecliptic coordinate system is used for display.
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Figure 3 — Distribution of multi-station meteor orbits in the
EDMOND v5.05 database based on solar longitude (1-degree
bins).
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Figure 4 — Distribution of multi-station meteor orbits in the
EDMOND v5.05 database based on geocentric velocity (0.5 km/s
bins).

2 Detection equipment

Most amateur stations use sensitive analog CCTV cameras
built with Sony CCD chips (1/2” ExView HAD, 1/3” Super
HAD II) with a standard resolution of 720 x 576 pixels for
the PAL B system (720 x 480 pixels for the NTSC M
system). These cameras have varifocal lenses with a focal
length ranging from 3 to 8 mm and aperture between {/0.8
and f/1.4. Fixed focus lenses with a focal length of 4 to 6
mm and similar aperture (f/0.8 to {/1.4) are also commonly
used. For GMN, since the network’s inception, cameras
with Sony Starvis IMX291 or IMX307 CMOS chips with a
full HD resolution of 1920 x 1080 pixels have been used.
The resolution is reduced to 1280 x 720 pixels during
processing. Many original stations using (or used) analog
CCD cameras are transitioning to operating with digital
CMOS cameras, utilizing Sony Starvis chips, as well as
OmniVision or Aptina chips.

In the case of spectrographs under the administration of
Valasské Mezifici Observatory, monochromatic cameras
such as PointGrey Grasshopper3 GS3-U3-32S4M-C with a
Sony Pregius IMX252 (1/1.8”) CMOS sensor and a
resolution of 2048 x 1536 pixels are used. These cameras
are equipped with a megapixel lens from VS Technology (5
Mpx) with a aperture of /1.4 and a focal length of 6 mm.

© eMetN Meteor Journal

The field of view of the spectrograph, when using the VS
Technology lens (F=6mm), is 60 % 45°. Holographic
gratings with a density of 1000 lines per mm are used due
to the resolution of the installed chip and the size of the field
of view.

Figure 5 — Demonstration of the installed systems of the CEMeNt
and CSMON network at the Zdanice Observatory (Czech
Republic).

(Czech Republic).

The fundamental limit for the accuracy of evaluating
camera recordings in the EDMOND database is the absolute
resolution of the imaging elements (CCD or CMOS chips)
depending on the field of view. The absolute resolution of
PAL system cameras (720 % 576 pixels) with a typical field
of view of ~80 degrees is around 7 arcminutes per pixel.
The resolution of 1.2MPx CMOS cameras (e.g., QHY5L-
IIM with a resolution of 1280 x 960 pixels) with a typical
field of view of ~70 degrees is around 3.5 arcminutes per
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pixel. For 2MPx CMOS cameras (e.g., the mentioned Sony
Starvis chips with a resolution of 1920 x 1080 pixels) with
a typical field of view of ~85 degrees, it is around 2.5
arcminutes. Finally, the resolution of 3MPx CMOS cameras
(e.g., PointGrey Grasshopper3 GS3-U3-32S4M-C with a
resolution of 2048 x 1536 pixels) with a typical field of
view of ~60 degrees is around 1.8 arcminutes per pixel. In
the case of CMOS cameras equipped with Sony Starvis
chips within the GMN network, the resolution is reduced to
1280 x 720 pixels, and the absolute resolution is lower,
around 4 arcminutes per pixel, while maintaining the field
of view size.

3 Major meteor showers

The total number of multi-station trajectories in the
EDMOND database allows for the calculation of the mean
orbits of major regular meteor showers using a large
number of trajectories that meet relatively strict criteria for
orbital similarity. Drummond’s criteria for comparing
orbits (Drummond, 1981) were employed, with an upper
limit of Dp < 0.6. This criterion was chosen for its greater
universality in combining prograde and retrograde meteor
showers. The identification of individual stream members
for calculating the mean orbit was carried out using the

method of independent clustering (Rudawska, 2015). The
resulting mean orbits of the meteor shower were then
compared with data provided in the JAU MDC meteor
shower list (Jopek et al., 2011, 2014, 2017; Jenniskens et
al., 2020; Neslusan et al., 2020).

For the calculations, primarily major regular meteor
showers were selected, or meteor showers with the highest
representation of multi-station orbits in the EDMOND
v5.05 database. Four meteor showers have parent bodies
belonging to the group represented by the long-period
comet 1P/Halley (0006 LYR, 0007 PER, 0008 ORI, 0013
LEO). The Tisserand invariant with respect to Jupiter
classifies members of these showers into the HT (Halley
type) group. The parent body of the Southern Taurid meteor
shower (0002 STA) is the comet 2P/Encke. The Tisserand
invariant with respect to Jupiter classifies members of this
shower into the JFC (Jupiter family comets) or AST
(asteroidal) group. The last strong meteor shower in the
selection (0004 GEM), with the parent body being the
asteroid (3200) Phaethon, is one of the two strongest regular
meteor showers together with the Perseids. The Tisserand
invariant with respect to Jupiter classifies members of this
shower into the AST (asteroidal) group.

Table 2a — Overview of orbital parameters of mean orbits of major meteor showers and their comparison with parameters included in
the IAU MDC (International Astronomical Union Meteor Data Center) meteor shower list (2023). Meteor shower name and code is
mentioned with following parameters: 1o — Solar longitude of shower maximum, RA, DEC — radiant position, ARA, ADEC — daily
radiant motion, v¢ — geocentric velocity, a — semimajor axis, ¢ — perihelion distance, e — eccentricity, @ — argument of perihelion, Q2 —
ascending node, i — inclination, N — number of orbits in the IAU MDC.

Shower 0002 STA 0004 GEM 0006 LYR
Element EDMOND Shiba Jenniskens | EDMOND Shiba Jenniskens | EDMOND Shiba Jenniskens
2023 2022 2016 2023 2023 2016 2023 2023 2016
Ao (°) 220.628 221.600 216.000 261.303 - 262.000 32.089 32.180 32.000
RA (°) 51.22 51.80 47.90 113.08 - 113.50 271.89 272.20 272.00
ARA (°) 0.82 0.70 0.99 0.98 - 1.15 1.02 0.78 0.66
DEC (°) 13.16 13.70 12.80 32.33 - 32.30 33.28 33.40 33.40
ADEC (°) 0.19 0.13 0.26 -0.18 - -0.16 -0.28 -0.21 0.02
vg (km/s) 27.22 27.40 26.60 33.67 - 33.80 46.45 46.80 46.70
a (AU) 1.98 2.03 1.95 1.28 - 1.31 14.68 25.10 10.80
q (AU) 0.374 0.374 0.353 0.144 - 0.145 0.919 0.921 0.921
e(-) 0.811 0.816 0.798 0.887 - 0.889 0.937 0.963 0.956
o (°) 113.122 112.700 116.600 324.698 - 324.300 214.249 214.000 214.000
Q) 42.245 41.600 34.400 261.396 - 261.700 32.104 32.200 32.300
i(°) 5.21 5.40 5.30 22.84 - 22.90 79.21 79.70 79.40
N 1894 1212 916 12528 - 5103 2027 601 258
13 © eMetN Meteor Journal
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Table 2a — Overview of orbital parameters of mean orbits of major meteor showers and their comparison with parameters included in
the IAU MDC (International Astronomical Union Meteor Data Center) meteor shower list (2023). Meteor shower name and code is
mentioned with following parameters: 1o — Solar longitude of shower maximum, RA, DEC — radiant position, ARA, ADEC — daily
radiant motion, v¢ — geocentric velocity, @ — semimajor axis, ¢ — perihelion distance, e — eccentricity, w — argument of perihelion, Q —
ascending node, i — inclination, N — number of orbits in the IAU MDC.

Shower 0007 PER 0008 ORI 0013 LEO
Element EDMOND Shiba Jenniskens | EDMOND Shiba Jenniskens | EDMOND Shiba Jenniskens
2023 2023 2016 2023 2023 2016 2023 2023 2016
Ao (°) 139.081 138.060 140.000 208.398 210.170 209.000 235.945 236.570 235.000
RA (°) 46.92 45.50 48.20 95.43 97.00 95.90 154.07 154.60 153.80
ARA (°) 1.24 1.45 1.40 0.64 0.80 1.03 0.62 0.64 0.99
DEC (°) 57.81 57.50 58.10 15.65 15.70 15.70 21.64 21.40 21.80
ADEC (°) 0.24 0.21 0.26 -0.03 0.03 -0.05 -0.38 -0.40 -0.36
vg (km/s) 58.90 59.10 59.10 66.06 66.30 66.30 70.17 70.50 70.20
a (AU) 14.47 19.30 9.57 8.84 12.10 6.87 7.33 9.56 6.63
q (AU) 0.948 0.949 0.949 0.574 0.572 0.578 0.983 0.983 0.983
e(-) 0.935 0.951 0.950 0.935 0.953 0.944 0.866 0.897 0.867
o (°) 150.074 150.600 150.400 82.860 82.700 82.200 173.132 173.500 170.800
2(°) 139.085 138.100 139.300 28.400 30.200 28.300 235.956 236.600 234.500
i(°) 112.91 112.90 113.10 163.77 164.00 163.90 162.29 162.40 162.20
N 24796 8862 4367 4187 3909 3024 1208 1507 268

Figure 7 — Multi-station orbits of meteoroids belonging to the
meteor shower 0002 STA (Dp < 0.06).

The Southern Taurid meteor shower (0002 STA) is part of
an extensive complex of showers that are active from late
August to early January. While the comet 2P/Encke is often
mentioned as the parent body, the meteor shower is also
associated with several asteroids, such as 2003 WP21, 2005
UR, or 2015 TX24 (Devillepoix et al., 2021). The northern
branch of the complex (Northern Taurids, 0017 NTA) is
associated with the asteroid 2004 TG10. When applying the
method of independent clustering, several associations
emerge during the activity of the Southern Taurids due to

© eMetN Meteor Journal

the long period of activity and the size of the radiant. For
the calculation of the mean orbit of the meteoroid stream,
the association with the largest number of members was
used (1894 orbits), with a total of 2903 orbits in all
associations of the meteor shower 0002 STA (Dp < 0.06).
The initiation altitude of the ablation trajectory for a 1 g
mass object is 94.8 km, while the termination altitude for an
object of the same mass lies at 78.2 km.
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Figure 8 — Dependency of the initial and final heights of the
ablation trajectory for Southern Taurids on the photometric mass
of the body (log my).
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Figure 9 — Multi-station orbits of meteoroids belonging to the
meteor shower 0004 GEM (Dp < 0.06).

The Geminid meteor shower (0004 GEM) is currently the
strongest regular meteor shower with a zenithal hourly rate
(ZHR) reaching up to 150 meteors per hour. The meteor
shower is associated with the asteroid (3200) Phaethon, as
well as asteroids 2005 UD and 1999 YC (Jewitt et al.,
2006). The origin of the shower has been investigated in
terms of possible cometary activity of the parent body or
through the parent body’s breakup (Cukier et al., 2023). The
destructive theory of the meteor shower’s origin appears to
be more likely, even considering the existence of smaller
asteroids that are also associated with the Geminids.

For the calculation of the mean orbit of the meteoroid
stream, 12528 orbits were used, with a total of 22901 orbits
associated (Dp < 0.10) with the Geminid meteor shower for
the mean orbit from the IAU MDC catalog (Jenniskens,
2016). The initiation altitude of the ablation trajectory for a
1 g mass object is 94.2 km, while the termination altitude
for an object of the same mass lies at 77.8 km. This value is
practically identical to that of the Southern Taurid meteor
shower (0002 STA).
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Figure 10— Dependency of the initial and final heights of the
ablation trajectory for Geminids on the photometric mass of the
body (log myp).

The Lyrid meteor shower (0006 LYR) is one of the oldest
known meteor showers, observed as far back as 687 BC,
and it is associated with the comet C/1861 G1 (Thatcher).
For most of the years, the meteor shower is relatively
inactive. However, in years corresponding to multiples of
12 (or 60), its activity increases (Arter et al., 1997). Lyrids

20

belong to prograde meteor showers, but their parent comet
belongs to the group of long-period comets, specifically HT
(Halley type).

For the calculation of the mean orbit of the meteoroid
stream, 2027 orbits were used, with a total of 2502 orbits
associated (Dp < 0.10) with the Lyrid meteor shower for the
mean orbit from the IAU MDC catalog (Jenniskens, 2016).
The initiation altitude of the ablation trajectory for a 1 g
mass object is 105.3 km, while the termination altitude for
an object of the same mass lies at 84.1 km.

Figure 11 — Multi-station orbits of meteoroids belonging to the
meteor shower 0006 LYR (Dp < 0.06).
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Figure 12 — Dependency of the initial and final heights of the
ablation trajectory for Lyrids on the photometric mass of the body
(log my).

Figure 13 — Multi-station orbits of meteoroids belonging to the
meteor shower 0007 PER (Dp < 0.06).

The Perseid meteor shower (0007 PER) is, along with the
Geminids, one of the most active regular meteor showers,

© eMetN Meteor Journal



eMetN Meteor Journal

and its parent body is the comet 109P/Swift-Tuttle. The
Perseids are a retrograde meteor shower, and their parent
comet belongs to the group of long-period comets,
specifically HT (Halley type).

For the calculation of the mean orbit of the meteoroid
stream, 24796 orbits were used, with a total of 44373 orbits
associated (Dp < 0.10) with the Perseid meteor shower for
the mean orbit from the IAU MDC catalog (Jenniskens,
2016). The initiation altitude of the ablation trajectory for a
1 g mass object is 108.9 km, while the termination altitude
for an object of the same mass lies at 86.3 km.
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Figure 14 — Dependency of the initial and final heights of the
ablation trajectory for Perseids on the photometric mass of the
body (log mp).

Figure 15 — Multi-station orbits of meteoroids belonging to the
meteor shower 0008 ORI (Dp < 0.06).

The Orionid meteor shower (0008 ORI), along with the Eta
Aquariids (0031 ETA), is produced by the comet 1P/Halley.
The Orionids are a retrograde meteor shower, and their
parent comet has given its name to the entire group of long-
period comets, specifically the group of Halley type (HT)
comets.

For the calculation of the mean orbit of the meteoroid
stream, 4187 orbits were used, with a total of 8791 orbits
associated (Dp < 0.10) with the Orionid meteor shower for
the mean orbit from the IAU MDC catalog (Jenniskens,
2016). The initiation altitude of the ablation trajectory for a
1 g mass object is 112.3 km, while the termination altitude
for an object of the same mass lies at 93.4 km.
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Figure 16 — Dependency of the initial and final heights of the
ablation trajectory for Orionids on the photometric mass of the
body (log mp).

Figure 17 — Multi-station orbits of meteoroids belonging to the
meteor shower 0013 LEO (Dp < 0.06).

The Leonid meteor shower (0013 LEO) is known for its
powerful meteor storms (Asher, 1999), and its parent body
is the comet 55P/Tempel-Tuttle, which belongs to the HT
(Halley type) group of comets, specifically long-period
comets. The Leonids are a retrograde meteor shower, and
the mean orbit was calculated for the entire period covered
in the EDMOND database, from 2001 to 2023. Since the
strong activity from 1998-2000 is not included in the
database, and the activity in 2001 is only marginally
included, the mean orbit can be considered as the mean orbit
of a regular shower with typical activity in the peak ranging
between 10—15 meteors per hour.
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Figre 18 — Dependency of the initial and final heights of the
ablation trajectory for Leonids on the photometric mass of the
body (log my).
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For the calculation of the mean orbit of the meteoroid
stream, 1208 orbits were used, with a total of 2097 orbits
associated (Dp < 0.10) with the Leonid meteor shower for
the mean orbit from the IAU MDC catalog (Jenniskens,
2016). The initiation altitude of the ablation trajectory for a
1 g mass object is 114.2 km, while the termination altitude
for an object of the same mass lies at 94.3 km.

4 Conclusion

The EDMOND database version 5.05 is the result of
processing more than 7.4 million single-station meteors,
from which over 480000 multi-station orbits were derived.
The new version of the EDMOND database (v5.05) is freely
available for download on the MeteorNews e-zine
website!”. It is provided in the form of archives (zip files)
for each year, containing CSV files in the standard output
format of UFO Orbit v2.52. Please note that the mentioned
version of the database is not yet complete; for example,
data from the IMO VMN is currently available only up to
the year 2019.

The calculation of mean heliocentric orbits and final
parameters of atmospheric trajectories has revealed the
potential of the database, which will be utilized for the
analysis of minor meteor showers (either confirming or
excluding them from the IAU MDC list). Another potential
direction for analysis is to determine the properties of
meteor showers listed in the IAU MDC as day-time. The
final parameters of atmospheric paths for multi-station
meteors indicate differences in the profiles for more
massive particles, dependent on the input (geocentric)
velocity.
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October 2023 report CAMS-BeNeLux
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A summary of the activity of the CAMS-BeNeLux network during the month of October 2023 is presented. This
month we collected a total of 24636 multi-station meteors resulting in 7404 orbits.

1 Introduction

Sporadic meteor activity is near its peak this month. Some
major showers, Orionids and Taurids, are also visible and
meanwhile observations are possible for more than 12 hours
from our latitudes. These facts make October one of the
finest months for meteor observing.

Interesting to see what this month would bring this year.

2 October 2023 statistics

To be clear: October was a very unsettled month with a lot
of rain in the first half of the month, especially in the
Netherlands. (Figure I).
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Figure 1 — Amount of rain in Belgium and the Netherlands during
October 2023 (Source: total rain in October KNMI online).
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Fortunately, Belgium and northern France had far better
circumstances. But in general, we see that the different
totals in Table I are lower than in September. On average
98 cameras were active this month, this is 6% lower than in
September. At least 78 cameras (night October 13—14) and
at most 112 cameras were active this month. In September
we had at least 89 cameras active. These totals prove that
we didn’t have an optimal month for observing.

But there is another reason why these totals are lower than
last month. Several stations faced technical problems during
some nights. Most of them were solved soon, but some are
still waiting for a solution.

We could welcome Rob Smeenk (Assen, the Netherlands)
as a new participant in our network. He now delivers data
from his RMS NLOOOP as CAMS 3196 to our network.
There are now 38 locations where cameras are monitoring
the skies over the BeNeLux.

In Grapfontaine the number of cameras was expanded with
two new RMS cameras (RMS BEOOOP and BE00OQ as
CAMS 3843 and 3844). Furthermore, RMS BE0001 (3814)
was moved to another position, and now delivers data with
CAMS id 3845.

CAMS-BeNeLux captured 24636 multi-station meteors,
resulting in 7404 orbits. For reasons mentioned earlier, this
is ~25% less than in October 2022. (see Figure 2). No orbits
were obtained during the night October 23-24. The night
October 22-23 had the highest score: 1072 orbits. This is
the second time that a night in October produced more than
1000 orbits since the Draconid outburst October 8-9 in
2018. Furthermore, we have collected more than 600 orbits
during the nights October 10-11, 1415, 15-16 and 24-25.
So, in these 5 nights more than 50% of all the orbits for this
month were obtained.

In Figure 3 we see a plot of all the radiants obtained during
the night October 22-23 with as many as 1072 orbits and
thus radiant points. The Orionid activity is very prominent,
and also both Taurid branches are clearly visible.

Table I and Figure 2 show an overview of all data for this
month compared with the month of October in previous
years.

© eMetN Meteor Journal
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Figure 2 — Comparing October 2023 to previous months of
October in the CAMS-BeNeLux history. The blue bars represent
the number of orbits, the red bars the maximum number of
cameras capturing in a single night, the green bars the average
number of cameras capturing per night and the yellow bars the
minimum number of cameras.

Table 1 — Number of orbits and active cameras in the BeNeLux
during the month of October in the period 2012-2023.

Year Nights Orbits  Stations gi;: ge[;lls 24;;2
2012 16 220 6 7 - 39

2013 20 866 10 26 - 16.8
2014 22 1262 14 33 - 19.7
2015 24 2684 15 47 - 34.8
2016 30 3335 19 54 19 41.3
2017 29 4163 22 87 45 74.4
2018 29 9611 21 82 52 73.0
2019 29 3344 20 76 47 67.5
2020 29 3305 23 90 52 70.9
2021 29 9669 26 94 70 82.2
2022 30 9749 31 94 68 86.4
2023 30 7404 38 112 78 97.9
Total 317 55612
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Figure 3 —Plot of all radiants for October 22-23, 2023 (data
CAMS-BeNeLux).
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3 Conclusion

Results for October 2023 were the fourth best for this month
in CAMS-BeNeLux.
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A summary of the activity of the CAMS-BeNeLux network during the month of November 2023 is presented. This
month we collected a total of 11211 multi-station meteors resulting in 3991 orbits.

1 Introduction

In November the chance for many clear nights is rather
small. A series of clear nights can only exist in special
meteorological circumstances. Meteor activity this month,
is high, so one can be sure that under good conditions the
number of orbits will reach several hundred in one night.
Beside the sporadic activity, we also see activity from the
major streams Taurids and Leonids. That makes November
one of the most interesting months for meteor observing.

2 November 2023 statistics

November 2023 was a somber month. Only a handful of
complete clear nights occurred in large parts of the
BeNeLux. Although the number of cameras and stations
increased significantly compared to November months in
the past, we have captured only 3991 orbits, resulting from
11211 captured meteors.

In night of November 2627 we couldn’t capture any orbit
at all, but on the other hand, there was only a small number
of nights in which we could collect more than 100 orbits.
So, we got only a modest result this year. See Figure 1.

_ Number of orbits Cameras

r 120
@ Number of orbits

7000 B Maximum cameras
@ Average cameras [ 100

6000 O Minimum cameras

I 80
5000 |

I e0

I 20

2
& ‘\o“:\'

>

I\ N
o

)
&

N
&

&
&

2 O R D D
&

;> v ; ;v NV
& ¢ ¢ ¢ ¢

Figure 1 — Comparing November 2023 to previous months of
November in the CAMS-BeNeLux history. The blue bars
represent the number of orbits, the red bars the maximum number
of cameras capturing in a single night, the green bars the average
number of cameras capturing per night and the yellow bars the
minimum number of cameras.
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Table 1 — Number of orbits and active cameras in the BeNeLux
during the month of November in the period 2012-2023.

Year Nights Orbits  Stations gamxé g:;s Ig[;irsl
2012 14 165 6 8 - 4.4

2013 13 142 10 26 - 9.8

2014 24 1123 14 33 - 21.1

2015 23 1261 15 47 10 29.8
2016 24 2769 19 56 19 422
2017 26 4182 22 88 57 74.2
2018 28 6916 21 85 59 75.3
2019 27 3237 20 77 60 71.1

2020 28 5441 23 88 57 72.6
2021 24 4691 26 86 74 81.6
2022 29 5635 31 94 69 86.2
2023 29 3991 41 114 87 104.7
Total 289 39553

The highest number of orbits in one night has been captured
during the nights of November 10—11 and November 21—
22, approximately 400 orbits. As said earlier, compared
with November 2022, the number of stations, and
consequently the number of active cameras, has increased
significantly (see Figure I and Table I). Most new cameras
were installed in France.

Pierre-Yves Péchart at Hagnicourt, added two extra RMS
cameras (numbers 3906 and 3908) to our network. Besides
two Watecs, Tioga Gulon added an RMS camera (number
3910) operating at Chassignolles. New stations appeared at
Fontenay le Marmion (number 3911, operated by Jean
Brunef), and at Gretz-Armainvilliers (number 3909,
operated by Arnoud Leroy).

After his move to a new house, Jim Rowe picked up his
activities again from Eastbourne in England (number 3703).
This month, only 43.3% of all simultaneous meteors were
captured by more than two stations. This confirms the bad
weather this month. In Table 2, the number of captured
meteors per camera during the last six November months
are given. From this overview, we see that November 2023
was distinctly the least productive November.

© eMetN Meteor Journal
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Table 2 — The total number of meteors in CAMS-BeNeLux, and
the number of meteors per camera in the last 6 November months.
‘Cameras’ = mean number of active cameras during this month.

Meteors per

November Meteors Cameras

camera
2018 38556 75.3 512.0
2019 21143 71.1 297.4
2020 31080 72.6 428.1
2021 25832 81.6 316.6
2022 34128 86.2 395.9
2023 27091 104.7 258.7
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Figure 2 —The radiant plot of all orbits captured during
November 1 — 10 for 2022 with 1915 orbits (top) and 2023 with
1444 orbits (bottom) (data CAMS-BeNeLux).

Table 3 — The total number of meteors in CAMS-BeNeLux, and
the number of meteors per camera in the last three months.
‘Cameras’ = mean number of active cameras in this month.

Meteors per

2023 Meteors Cameras camera
September 72445 104.1 695.9
October 46284 97.9 472.8
November 27091 104.7 258.7

Also, when we compare results for this month with the
results for September and October 2023, we see the same
picture: although nights are significantly shorter in

© eMetN Meteor Journal

September, we have captured about 2.5 times more meteors
than in November with the same mean number of cameras
active each night (Table 3).

So, it is no wonder that we could hardly see the activity
pattern for the major streams Taurids and Leonids this year.
Figure 2 shows the Taurid activity during November 1-10
for 2022 and 2023. At least we can say that in 2023 the
activity from the southern Taurid branch when compared
with the northern branch was less than in 2022.

On average, more than 104 cameras at 41 stations were
active during this month. Every night, at least 87 cameras
captured meteors. The highest number of active cameras
was 114 for a single night. These numbers are significantly
higher than last year (Figure I and Table 1). Unfortunately,
the number of orbits was hampered by bad weather.

3 Conclusion

Results for November 2023 are, when compared to other
years, rather modest, although the number of cameras
increased significantly.
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In this article I would like to introduce a method that detects meteor echoes based on artificial intelligence. The
advantages over conventional object detection are significant:
- The current version can detect meteors of various shapes and distinguish them from interferences and Starlink

satellites.

- Echoes that are smaller than the interference level can be detected.
- Because there is no threshold, more echoes are detected than with the conventional method.
- The software also detects echoes that are incomplete for example due to the periodic switching process of the

GRAVES antennas.

- A neural network is easy to expand or adapt to new spectrograms or emerging disturbances.

1 Introduction

For some time now I have been developing programs that
record and evaluate meteor echoes. Originally it was a real-
time version running on a Nvidia-Jetson-Nano-computer.
Some time ago I ported the program to Windows 10 and
switched to post-processing (Sicking, 2022a; 2022b). The
program works well, but has flaws. Traditionally
programmed object recognition is never perfect. Detection
is inflexible and complicated when high accuracy is desired.
Especially when many signals are in the image, echoes are
missed. The data often has to be checked manually. Starlink
satellites and interferences are constantly increasing. I’'m
also particularly interested in small echoes to examine the
In-Line-Peak (Sicking, 2022a) in more detail. To increase
accuracy, I looked for a way to learn to use artificial
intelligence (Al) / machine learning (ML) and came across
a tutorial and excellent software: The PixelLib!! by Ayoola
Olafenwa (Olafenwa, 2020). Pixellib is a program library
that provides all the procedures needed for object
recognition using Al methods. The instance segmentation
with PixelLib used in this work is based on the MaskRCNN
framework (He et al., 2018).

2 Setup

A circularly polarized 4-element cross-Yagi antenna is used
to receive the meteor echoes. My antennas are mounted in
the attic so the configuration can be easily changed. A low-
noise preamplifier with a frequency range of 140-150 MHz
and a noise figure of 0.25 dB is connected directly to the
antenna. The receiver is an Icom IC-R8600. Spectrum-Lab
(SL) from Wolfgang Buescher (DL4YHF) is used as
recording software. SL generates plots at 20 second
intervals with corresponding date and time in the filename,
which are later analyzed using the software described here.

W https://github.com/ayoolaolafenwa/PixelLib
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For recording and programming, I use Windows 11
notebooks with i3 or i5 processors. To train the neural
network, I use a Windows 10 gaming PC, also with an i5
processor and a GeForce RTX-3060 graphics card (GPU).
The GPU has 3840 CUDA cores. This GPU and the
corresponding Nvidia software lead to significant
acceleration, especially when training the neural network.
A bench test is shown below.

3 Setup of the neural network

Pixellib is well documented on the Internet, so only the
things that are important to the project are described here.

Before you can start examining objects with Al, a neural
network for the objects to be recognized, a model, must be
created. Typically, an existing model is retrained. This
process is called transfer learning. The Pixellib author used
the mask rcnn_coco model for this. It recognizes pretty
much everything we encounter every day. An example of
using mask rcnn_coco is shown below. In her Pixellib
tutorial, Ayoola Olafenwa has now retrained this model on
two new objects, namely butterflies and squirrels. These
two so-called classes are not included in mask rcnn_coco
and are therefore suitable for demonstrating transfer
learning.

I followed the tutorial and have now retrained the
mask rcnn_coco model with three new classes. My
corresponding line in the training script is:

segment image.inferConfig(num classes= 3,

class names= [“BG”, “Artificial-Star”,
“Background”, “Meteor”])
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The first BG belongs to Pixellib. Then my three classes
follow.

The classes must be in ascending alphabetical order,
otherwise mismatches will occur. The files in my Test and
Train folders also start with A, B and the rest are for
meteors.
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Figure 1 — Screenshot of the Labelme program. The inset shows that the three echoes can be labeled together in one plot. Different

classes must not be labeled in one plot.

Labeling the data for the three classes

The main work now consists of collecting images of the
three classes Artificial-Stars, Background and Meteor and
preparing them for training the model. So far there are over
600 plots that had to be individually labeled by hand. This
process is explained for Meteors based on Figure 1.
Labeling, i.e., creating the border and naming it with the
class name, here Meteor, must be carried out for each
signal. For demonstration purposes, an inset with three
echoes was added to the screenshot. This is intended to
show that the 600 plots contain significantly more than just
600 objects, perhaps three or four times as many. The
boundary strip around the fragments of the large echo
created by the switching process of the GRAVES antennas
indicates the algorithm that such or similar echoes must
later be viewed as a single meteor, as we see it as observers.
The label data generated for each plot are then saved in a
JSON file. Finally, the files are divided into two folders:
One third of each class is copied into a folder called TEST,
two thirds are copied into the TRAIN folder. This so-called
test-train split is used so that the algorithm can check its
training with data that are not used in training. The key word
for this is backpropagation.

A few details about the actual training and the calculation
times can be found in the Benchtest chapter.

12 https://pixellib.readthedocs.io/en/latest/Image_instance.html
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Figure 2 illustrates how divided / interrupted objects are
treated: The mask rcnn_coco network is used to analyze
two horses that are divided by the picket fence. Of course,
the horses are detected as a whole, just as we perceive it.
Figure 2 also shows the short code used to examine the
image.

Figure 2 — Two horses are detected using the mask rcnn_coco
network. Only a very short code is required. (The photo was taken
by the author.) Source'?.

How well the detection of a soft and fragmented meteor
works is shown in Figure 3. The following short code
would detect the echo in Figure 3:

© eMetN Meteor Journal
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import pixellib

from pixellib.instance import

custom segmentation

segment image = custom segmentation ()
segment image.inferConfig(num classes= 3,
class names= [“BG”, “Artificial-Star”,
“Background”, “Meteor”])

segment image.load model (“mask rcnn model.O
75-0.393305.h5")

segment image.segmentImage (“Meteor.jpg”,
show bboxes=True,

output image name="Output Meteor.jpg”)

In this Python script the three new classes Artificial-Star,
Background and Meteor and the self-created neural network
mask rcnn_model.075-0.393305.h5 are used.
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Figure 3 — The image shows the detection of a very soft echo
using the conventional method compared to the machine learning
method. The conventional method would log many echoes. I
would have had to edit such an echo by hand. Further weak echoes
that were correctly detected using the AI method are shown in the
appendix Figure A13.
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Figure 4 — A meteor and some Starlink satellites are shown on the left side of the image. The steps on the echoes (marked with 1) result
from the change in direction of the transmission lobes. Furthermore, 4 echoes are shown on the right in the remaining figures, which

presumably come from larger spaceships, see text.

Artificial stars

Starlink satellites are launched into space at short intervals,
so that they increasingly appear in the GRAVES radar.
Therefore, a separate class called Artificial-Stars was
created. Meteors and satellites can be distinguished very
well with ML because the metal surface produces a comb-
like structure of the echo, see Figure 4.

The Starlink satellites basically provide an echo with a
straight surface/envelope. The stage on the right of the
echoes (labeled with 1) is generated by the switching
process of the GRAVES antennas. The remaining satellite
echoes (2 — 5) show a more or less curved envelope,
indicating a more complex surface.

The image from the Starlink satellites (left in the picture)
shows them shortly after release at an altitude of
approximately 200 km, see also Figure 5. This would
explain the small difference in size compared to the other

© eMetN Meteor Journal

objects if they were space stations. The ISS, for example,
flies at an altitude of 400 km.

Figure 5 — A meteor in the middle of Starlink satellites was
detected using ML. The echoes on the right and left belong to the
same satellite. However, due to the switching process of the
GRAVES antennas, they are not always exposed. One meteor and
five satellites are logged. In this case, that’s two too many.
However, such accumulations are rare.
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Background

A separate class was created to detect interferences. Various
crackling impulses and a disturbance carrier are labeled. In
an early version I had also labeled the stripes/carriers that
are caused by switching power supplies in LED bulbs etc.,
see Figure 6. However, not all types of interference need to
be explicitly labeled. By training with images that contain
both labeled echoes and unlabeled noise / interference, the
model learns that these signals do not belong to the echo.
Of course, prior knowledge is also incorporated through
transfer learning. The model already knows the recurring
frame or label. With the conventional method, everything
had to be masked away.

Figure 6 shows that the ML detects the meteor even in
presence of strong interference.

Evaluation with
Machine Learning

Conventional Method Original

-

Figure 6 — The ML method can detect the meteor even in presence
of strong interferences. With the conventional method, the
disturbances trigger many hits and evaluation was no longer
possible. With the ML method, evaluation is no problem. Another
image (Figure A14) with a very small meteor is shown in the
appendix.

4 The evaluation

The evaluation software reads all the images addressed by
file names and wildcards one after the other, usually those
from an entire day. The total recording time per chart is

143045600 Hz  143049€50 143045700 143045750 143045800 143045350

143045300

approximately one minute. However, since the plots are
saved every 20 seconds, only the contents of a 20-second
time window need to be logged. Due to the long recording
time, even large echoes that last significantly longer than 20
seconds are still recorded correctly. This is explained in
Figure 7.

8:37:40 AM

Figure 7 — Logging an Echo. Only the echo from 8'37™20° AM
(yellow) is logged because the center of gravity is in the 20 s
evaluation window. Figure A15 in the appendix shows an example
of another large and soft echo being logged.

Figure 7 is based on a plot from 8"37™20° AM. Two insets,
one on the left from 8"37™00° AM and one from 8"37m40°
AM on the right edge, were added. So, three recordings are
displayed approximately 20 seconds apart. At 8'37™00° AM
the meteor is partially at the bottom of the image but is not
recorded because the center of mass is still below the blue
line. At 837m20° AM the center of gravity is in the 20-
second evaluation window and logging takes place. At
8h37m40° AM the center of gravity is again outside the
evaluation area.

The Pixellib routines shown above then return information
about the detected objects to the evaluation program. These
are the classes, polygons of the areas, the probabilities and
the boxes. The result can be displayed in debug mode. An
example is shown in Figure §.

143048850 143080000 143050080 143050100 143050180 143050200

S = Dopplershift

Figure 8 — Detection of two small meteors and a disturbance. In this diagram, only the small upper (red) echo is recorded because it lies
between the two horizontal blue lines, i.e. in the 20 second window. The lower echo is in the evaluation window with the next plot. The

inset on the left shows the original echoes.
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759 Echoes

Evaluation with Machine Learning

1220 Echoes

Figure 9 — Measured meteor sizes as a function of time, recorded on 26™ October 2023. Each green dot represents an echo. The diagram
in the lower half of the image shows that 1220 echoes were recorded using the AI/ML method. The blue dots and the blue histogram
represent the Starlink satellites. The red dots are the logged interferences. For comparison, the evaluation using the conventional method
is also shown in the upper diagram. Only 759 echoes are logged here, see text. The noise floor is determined by integrating a small area

of background.

143049600 Hz 143043650 143043700 143049750 143043800 143049850

Conventional Method

143043300

-Original Echoes

143043950 143050000 143050050 143080100 143050150 143050200

EGT - OLN S

O +++++Size:

Meteor 0.99

Evaluation with Machine Learning

Figure 10 — With the conventional method, the threshold must be high enough so that disturbances do not trigger the recording. The ML

method also detects weak signals.

Figure 8 contains two echoes and a disturbance that occurs
occasionally and fortunately only on the right edge. I chose
this plot to show that such disorders can be reliably
detected. The upper small echo is below the level of the
interference signal.

This type of AI/ML-investigation is called instance
segmentation because multiple instances (meteors) are
distinguished in one class. In the case of Figure 8, only the

© eMetN Meteor Journal

upper small meteor is recorded. The evaluation software
determines the area and a relative Doppler shift is calculated
from the center of gravity of the surface. The lower meteor
is in the evaluation window with the next plot. After all
plots have been examined, an overview is created, see
Figure 9.

The points in the lower illustration in Figure 9 represent the
measured echo sizes as a function of time for October 26,
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2023 as an example. Around five orders of magnitude of the
echo sizes are resolved. 1220 echoes were counted. The
yellow histograms show the rate and the red histograms
show the rate weighted by the size of the meteor echoes.
The blue dots and blue lines represent the Starlink satellites.

To the threshold

Figure 9 shows the evaluation using the conventional
method for comparison purposes too. Significantly more
echoes are detected with the ML method. The reason for
this will now be examined using Figure 10. Two echoes are

15. Dezember 2022, Logarithmus der Flaechen der Echos, mask_rcnn_model.075-0.393305 vom 8.11.23

IN—
1 I III

011

detected using the conventional method. The third middle
echo is below the threshold. With the ML method, all three
echoes are detected because there is no threshold. The
absence of the threshold also means that the echoes are
larger by a factor of 10 according to the ML method. (There
are 10 times more pixels in the polygon.) The reason for this
is that the conventional method only detects the peaks of the
echoes that are above the threshold. The ML method also
detects the part of the echo that lies in the background or
noise. This is one of the big advantages of object detection
with ML.

15. Dezember 2022, Histogramme, Zeit in UTC, Blau = Starlink  —

Summeg Eldgecher

FIA315 am O+

/7 um O h

Figure 11 — Recording from December 15, 2022. I canceled the recording because of the interferences. An inset clearly shows the In-

Line-Peak, see the red dot.

5 Summary and outlook

Figure 12 — Photo of the OV N62 clubhouse. It is a former NATO
radio tower. (The photo was taken by the author.)

The so-called Al, or rather ML, is not a fad or something
mystical, but a tool that can deliver very good results. I am
particularly interested in the very small echoes in order to
further investigate the In-Line-Peak, see Figure 11, the red
dot. I would also like to investigate particle sorting in
streams based on the Poynting-Robertson effect. To do this,
small echoes in particular must be detected. The method
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shown here should help. Because of the interference in my
residential area, I will test a new location in the future. It is
the clubhouse of the chapter N62 Wiillen of the German
Amateur Radio Club, see Figure 12. But at the moment it’s
too cold and too dark, so realistically collecting data
probably won’t really start until the Perseids in summer.

The project is constantly being developed. I would be happy
to pass on the programs, the label data used and the model
if anyone would like to participate.
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Appendix
Installation, a bench test and a few additional images.

Installation

The important packages are Python3, Pixellib and the
CUDA software for the RTX-3060 GPU. Since Pixellib
hasn’t been maintained for two years, installing it is a bit
tricky, especially on Windows 11. First you have to install
Python 3.9.7 with appropriate dependencies. Tensorflow
2.5 is the highest working version with Pixellib.

Tensorflow 2.5 installs an older version of Numpy with a
module (scikit-image) that is not compatible in the current
version. Another problem under Windows 11 is a bug in the
labelme2coco program. It works with the very first version.

These versions and this sequence work on Windows 11 for
the author:

pip3 install scikit-image==0.18.3
pip3 install numpy==1.19.5

pip3 install tensorflow==2.5.0
pip3 install imgaug...(it is 0.4.0)
pip3 install pixellib -upgrade
pip3 install labelme2coco==0.1.0

This is how you can view the installed versions:

C:\Users\wilsi>python

Python 3.9.7 (tags/v3.9.7:1016ef3, Aug 30 2021, 8"19™38s
p.m.) [MSC v.1929 64 bit (AMD64)] on win32 Type
“help”, “copyright”, “credits” or “license” for more
information.

>>>import numpy

>>>print (numpy. version )

1.19.5
>>>

An exception is scikit-image. You import it with:

>>> import skimage

>>> print (skimage. version )
0.18.3
>>>

The installation ran with the default settings on the
Windows 10 gaming PC.

If you want to install CUDA code for Nvidia GPUs, you
need to know the compute capability of the GPU. My

13 https://pixellib.readthedocs.io/en/latest/custom train.html
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graphics card, the GeForce 3060 laptop GPU, has a
compute capability of 8.6. Therefore, cuDNN 8.6 for
CUDA 11.2 and the Cuda Toolkit 11.2 were installed.

Tensorflow then calculates in parallel.

Bench test
comparing the gaming PC with the Nvidia 3060 GPU and a
normal i5 PC.

A short script from the tutorial is used for training'3.

I calculated 200 epochs to train the current model. I didn’t
remember the total computing time, but the last saved epoch
was epoch 92. It took an hour and 20 minutes up to that
point on the gaming PC. An epoch therefore lasts just under
a minute.

However, the model from epoch 92 was not used for the
analyzes in this paper, but rather the model from epoch 75
(mask renn_model.075-0.393305.h5) in order to prevent
overfitting.

For comparison purposes, I calculated only one epoch on
the 15 PC. It lasts 37 minutes. The 92 epochs of the gaming
PC would therefore last 56.7 hours, i.e. 2 days and almost 9
hours. The i5 also works with its 4 cores in parallel: the load
was up to 100%.

The analysis of the 4320 images from the 24 hours of
October 26", 2023 took 17 minutes on the gaming PC. To
compare the analysis times, I only examined one hour of
data on both computers: It takes 50 seconds on the gaming
PC and 8 minutes on the normal PC, which would mean
over 3 hours for data from a day. When analyzing, the GPU
load of the gaming PC is in the range of 30%, while the
GPU load during training is around 80%. The analysis does
not benefit as much from the GPU, as images constantly
have to be loaded.

This comparison should show that it is difficult to do
machine learning without a GPU. It’s not just a one-off 2
days and 8 hours, but a lot of tests are necessary. I often see
where the journey is going after 3-4 epochs. That’s a few
minutes of computing time. On the PC it would then be 2
hours.

Supporting images

Figure A13 — Further weak echoes that were correctly detected
using the Al method.
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Figure A14 — The ML method can detect the very small meteor

even in presence of strong interferences. Figure A16 — An example of disturbances/clicking impulses is
shown in a Labelme screenshot.

Figure A15 — The picture shows how a soft echo that lasts
significantly longer than 20 s is logged correctly. The ++++ show
that it was logged.
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Radio meteors October 2023

Felix Verbelen

Vereniging voor Sterrenkunde & Volkssterrenwacht MIRA, Grimbergen, Belgium
felix.verbelen@gmail.com

An overview of the radio observations during October 2023 is given.

1 Introduction

The graphs show both the daily totals (Figure I and 2) and
the hourly numbers (Figure 3 and 4) of “all” reflections
counted automatically, and of manually counted
“overdense” reflections, overdense reflections longer than
10 seconds and longer than 1 minute, as observed here at
Kampenhout (BE) on the frequency of our VVS-beacon
(49.99 MHz) during the month of October 2023.

The hourly numbers, for echoes shorter than 1 minute, are
weighted averages derived from:

n(h—1) ) n(h+1)

N(h) = — 2 4

Local interference and unidentified noise remained
moderate to low for most of the month, and solar activity

also caused only limited periods of increased noise.

Lightning activity was observed on 2 days.

14 https://www.meteornews.net/wp-
content/uploads/2023/11/202310_49990_FV_rawcounts.csv
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The Orionids were especially active during the period
October 19-28, with a clearly increased number of
overdense and long reflections.

Over the entire month, 20 reflections longer than 1 minute
were recorded. A small selection of these, along with some
other interesting reflections is included (Figures 5 to 19).
Many more of these are available on request.

In addition to the usual graphs, you will also find the raw
counts in cvs-format'* from which the graphs are derived.
The table contains the following columns: day of the month,
hour of the day, day + decimals, solar longitude (epoch
J2000), counts of “all” reflections, overdense reflections,
reflections longer than 10 seconds and reflections longer
than 1 minute, the numbers being the observed reflections
of the past hour.
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49.99MHz - RadioMeteors October 2023
daily totals of "all" reflections (aufomatic count_Mettel5_7Hz)
Felix Verbelen (Kampenhout)
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49.99MHz - RadioMeteors October 2023
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Figure 1 — The daily totals of “all” reflections counted automatically, and of manually counted “overdense” reflections, as observed here
at Kampenhout (BE) on the frequency of our VVS-beacon (49.99 MHz) during October 2023.
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49.99MHz - RadioMeteors October 2023
daily totals of reflections longer than 10 seconds
Felix Verbelen (Kampenhout)
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Figure 2 — The daily totals of overdense reflections longer than 10 seconds and longer than 1 minute, as observed here at Kampenhout
(BE) on the frequency of our VVS-beacon (49.99 MHz) during October 2023.
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Figure 3 — The hourly numbers of “all” reflections counted automatically, and of manually counted “overdense” reflections, as observed

here at Kampenhout (BE) on the frequency of our VVS-beacon (49.99 MHz) during October 2023.
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49.99MHz - RadioMeteors October 2023
number of reflections >10 seconds per hour (weighted average)
Felix Verbelen (Kampenhout)
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Figure 4 — The hourly numbers of overdense reflections longer than 10 seconds and longer than 1 minute, as observed here at
Kampenhout (BE) on the frequency of our VVS-beacon (49.99 MHz) during October 2023.
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2023-10-01 10:30UT 49_95MHz Felix Verbelen{Kaupenhout/Belgium} 2023-10-15 04:20UT 49.95MHz Felix VerbeleniKampenhout/Belgium)

Figure 5 — Meteor echo 1 October 2023, 10h30™ UT. Figure 8 — Meteor echo 19 October 2023, 420™ UT.

2023-10-0§ 07: S5UT 43.98MHz Felix Verbelen(Kawpenhout/Belgivu} Z023-10-19 05:15UT 43.98MHz Felix VerbeleniKaupenhout/Eelgium)

Figure 6 — Meteor echo 5 October 2023, 7°55™ UT. Figure 9 — Meteor echo 19 October 2023, 5"15™ UT.

2023-10-18 07:25UT 49_95MHz Felix Verbelen{Kaupenhout/Belgium} 2023-10-1% 06:05UT 45 95MHz Felix VerbeleniKampenhout/Belgium)

Figure 7 — Meteor echo 18 October 2023, 7"25™ UT. Figure 10— Meteor echo 19 October 2023, 6"05™ UT.

42 © eMetN Meteor Journal



eMetN Meteor Journal

2023-10-19 08:20UT 49_95MHz Felix Verbelen{Kaupenhout/Belgium} 2023-10-21 01:30UT 45.95MHz Felix VerbeleniKampenhout/Belgium)

Figure 14 — Meteor echo 21 October 2023, 1'30™ UT.

z023-10-23 22:35UT 49.98MHz Felixz VerbeleniKaupenhout/Belgium)

Figure 15 — Meteor echo 23 October 2023, 22"35™ UT.

2023-10-25 06:15UT 45 95MHz Felix VerbeleniKampenhout/Eelgium)

Figure 13 — Meteor echo 20 October 2023, 6"25™ UT. Figure 16 — Meteor echo 25 October 2023, 6"15™ UT.
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2023-10-25 07:20UT 49_95MHz Felix Verbelen{Kaupenhout/Belgium} 2023-10-27 12:05UT 49 95MHz Felix VerbeleniKampenhout/Belgium)

Figure 17 — Meteor echo 25 October 2023, 7"20™ UT. Figure 19 — Meteor echo 27 October 2023, 12"05™ UT.

2023-10-26 01:40UT 43.98MHz Felix Verbelen(Kawpenhout/Belgivu}

Figure 18 — Meteor echo 26 October 2023, 1"40™ UT.
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An overview of the radio observations during November 2023 is given.

1 Introduction

The graphs show both the daily totals (Figure I and 2) and
the hourly numbers (Figure 3 and 4) of “all” reflections
counted automatically, and of manually counted
“overdense” reflections, overdense reflections longer than
10 seconds and longer than 1 minute, as observed here at
Kampenhout (BE) on the frequency of our VVS-beacon
(49.99 MHz) during the month of November 2023.

However, due to technical problems, the beacon signal was
very unstable from the beginning of the month until the 22"
at 09"27™ UT and therefore the data are given with strict
reservations.

The hourly numbers, for echoes shorter than 1 minute, are
weighted averages derived from:
nth—-1) N n(h) n(h+1)

4 2 4

N(h) =

15 https://www.meteornews.net/wp-
content/uploads/2023/12/202311 49990 _FV_rawcounts.csv
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Local interference and unidentified noise remained
moderate to low for most of the month, and solar activity
also caused only limited periods of increased noise.

Weak lightning activity was observed on 3 days.

Despite the problems with the beacon, 10 reflections longer
than 1 minute were recorded.

A selection of these, along with some other interesting
reflections is included (Figures 5 to 16). More of these are
available on request.

In addition to the usual graphs, you will also find the raw
counts (subject to strict reservations as previously said) in
cvs-format'> from which the graphs are derived. The table
contains the following columns: day of the month, hour of
the day, day + decimals, solar longitude (epoch J2000),
counts of “all” reflections, overdense reflections,
reflections longer than 10 seconds and reflections longer
than 1 minute, the numbers being the observed reflections
of the past hour.
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49.99MHz - RadioMeteors November 2023
daily totals of "all" reflections (automatic count_Mettel5 7Hz)
Felix Verbelen (Kampenhout)
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Figure 1 — The daily totals of “all” reflections counted automatically, and of manually counted “overdense” reflections, as observed here

at Kampenhout (BE) on the frequency of our VVS-beacon (49.99 MHz) during November 2023.

46

© eMetN Meteor Journal



eMetN Meteor Journal 2024 -1

49.99MHz - RadioMeteors November 2023
daily totals of reflections longer than 10 seconds
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Figure 2 — The daily totals of overdense reflections longer than 10 seconds and longer than 1 minute, as observed here at Kampenhout
(BE) on the frequency of our VVS-beacon (49.99 MHz) during November 2023.
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Figure 3 — The hourly numbers of “all” reflections counted automatically, and of manually counted “overdense” reflections, as observed
here at Kampenhout (BE) on the frequency of our VVS-beacon (49.99 MHz) during November 2023.
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49.99MHz - RadioMeteors November 2023
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Felix Verbelen (Kampenhout)

number

1 2 3 4 5 6 7 8 g 10 M 12 13 14 15 16 17 18 1‘9 20 21 22 23 24 25 26 27 28 29 30
date

49.99MHz - RadioMeteors November 2023
hourly totals of overdense reflections longer than 1 minute
Felix Verbelen (Kampenhout/BE)

number

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
date

Figure 4 — The hourly numbers of overdense reflections longer than 10 seconds and longer than 1 minute, as observed here at
Kampenhout (BE) on the frequency of our VVS-beacon (49.99 MHz) during November 2023.
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2023-11-06 03:35UT 45 98MHz Felir VerbeleniHamperhout/Eelgium) =BEKAMP
Z023-11-02 06: S5UT 43.98MHz Felix Verbelen(Kawpenhout/Belgivu}

Figure 5 — Meteor echo 2 November 2023, 06h55m UT. Figure 8 — Meteor echo 6 November 2023, 03h35'“ UT.

2023-11-08 06:25UT 43.98MHz Felix WerbeleniKaupenhout/Belgium)=BEKANP

2023-11-04 06:45UT 49_93MHz Felix Verbelen(Kaupenhout,/Belgiun) =BEKAMP

Figure 6 — Meteor echo 4 November 2023, 06"45™ UT. Figure 9 — Meteor echo 6 November 2023, 06"25™ UT.

2023-11-18 09:55UT 45 95MHz Felix VerbeleniKampenhout/Eelgium)
2023-11-0§ 03:40UT 43.98MHz Felix Verbelen(Kawpenhout/Belgiuw) =BEKAMP

Figure 7 — Meteor echo 5 November 2023 03h40™ UT. Figure 10 — Meteor echo 18 November 2023, 09h55m UT.
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2023-11-19 10:50UT 49_95MHz Felix Verbelen{Kaupenhout/Belgium} 2023-11-23 05:35UT 49 95MHz Felix VerbeleniKampenhout/Belgium)

Z023-11-20 08:40UT 43.98MHz Felix Verbelen(Kawpenhout/Belgivu} z0Z3-11-23 08:15UT 49.98MHz Felixz VerbeleniKaupenhout/Eelgium)

2023-11-26 05:15UT 49 95MHz Felix VerbeleniKampenhout/Belgium)

Figure 13 — Meteor echo 21 November 2023, 09"55™ UT. Figure 16 — Meteor echo 26 November 2023, 05"15™ UT.
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