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New radio meteor detecting and logging software

Wolfgang Kaufmann!

A new piece of software “Meteor Logger” for the radio observation of meteors is described.

It analyses an

incoming audio stream in the frequency domain to detect a radio meteor signal on the basis of its signature,
instead of applying an amplitude threshold. For that reason the distribution of the three frequencies with the
highest spectral power are considered over the time (3f method). An auto notch algorithm is developed to
prevent the radio meteor signal detection from being jammed by a present interference line. The results of an

exemplary logging session are discussed.

Received 2017 June 7

1 Introduction

Meteor observation by forward scattering of radio waves
off meteor trails is well established. This technique
mostly uses the audio output of an appropriate receiver
(Rendtel & Arlt, 2015). Detecting and logging of the
meteor signals in the audio stream can be done by a
computer with suitable software. Different software so-
lutions exist for this purpose. Gathering hourly count
rates with arbitrary methods may not contribute much
to scientific progress but give an instantaneous result
to the meteor enthusiast. On the other hand recording
raw data (even of the radio frequency by means of a
software defined radio) preserves a lot of information
with little methodical bias. Nowadays storage of large
amounts of data is no longer expensive but this solu-
tion is unattractive to the enthusiast because there is
no prompt feedback. Also, a huge amount of data must
be processed most of which are of no relevance.

Here a new software package METEOR LOGGER is
described. Its current version is 1.21. It has been devel-
oped by the author with the goal to find a solution to the
aforementioned dilemma. This software detects signals
and records them with a high frequency and temporal
resolution. For this purpose, signal detection relies on
identifying signal signatures in the frequency domain
instead of using an amplitude threshold. A tabular
on-screen output of detected meteor signals gives im-
mediate feedback. For further processing the data are
also written to disc. These data allow studying Doppler
shift of head echoes as well as compiling power profiles.
Hourly count rates can be extracted. Because many
meteor enthusiasts live in populated areas polluted by
man-made noise a measure is implemented to partly
overcome interference. The program is free software
under the GNU General Public License and is based on
PyTHON 3. It can be downloaded from the author’s
website at:
http://www.ars-electromagnetica.de/robs/
download.html.

ILindenweg le, 31191 Algermissen, Germany.
Email: contact@ars-electromagnetica.de

IMO bibcode WGN-454-kaufmann-meteorlogger
NASA-ADS bibcode 2017JIMO...45...67K

2 Material and Methods

All analysis for the development of METEOR LOGGER
and all testing was performed on radio signals reflected
from the radar beam at 143.050 MHz from GRAVES,
France. The location was Algermissen, Northern Ger-
many (N 52°15'16, E 009°58'71). A HB9CV-antenna
was directed to the transmitter location and fed to a
FUNcube Dongle Pro+ (FCDP). The FCDP? is a soft-
ware defined receiver. This means all filtering and de-
modulation is done by software. SDR# was used as
receiving softwareP. For its cooperation with METEOR
LOGGER it was set to USB, 143.049 MHz receiving fre-
quency, 48 kHz audio output, audio filtering and AGC
switched off. Both programs ran on the same com-
puter (Intel i5, clock speed 2.3 GHz) with Windows 7.
The FCDP has not been frequency calibrated, so the
received audio signals from meteor trails must not be
expected at 1000 Hz exactly. For comparison also the
spectrum analyzer software SPECTRUM LAB from Wolf-
gang Biischer, DL4AYHF® was used with a conditional
action script that performs a threshold-based signal reg-

istrationd.

3 Principle of function

METEOR LOGGER continuously takes overlapping
chunks of data from the audio stream of the sound-card.
Each chunk includes 2048 samples. Overlap amounts to
75 percent. With a sample rate of 48 kHz this results
in a frequency resolution of 23.4 Hz, a time frame of
43.7 ms and a temporal resolution of 10.7 ms. This
configuration is derived empirically from the study of
high resolution spectra of prerecorded meteor signals
from GRAVES. A Blackmann-Harris window function
is applied to the samples of each chunk. Then a Fast
Fourier Transformation (FFT) is performed to get the
frequency spectrum of each chunk. Figure 1 gives an ex-
ample of such a time sliced meteor signal. Adjustable
frequency limiters narrow the FFT-spectrum down for
the following analysis.

METEOR LOGGER pursues the goal not to use an
amplitude threshold for detecting radio signals of me-

®http://www.funcubedongle.com/
Phttp://airspy.com/download/
Chttp://www.qgsl.net/dl4yhf/spectral.html
dhttp://www.ars-electromagnetica.de/robs/index.html
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Figure 1 — A 3D-Plot of a meteor signal as outcome of a series of subsequent FFTs. The logarithm of spectral power of the
audio signal (arbitrary units) is plotted against time in s and frequency in kHz. As can be seen the meteor signal stands
out as small ridge from surrounding noise. (The software for this analysis was written by the author).
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Figure 2 — Image of the diagnostic screen of METEOR LOGGER. The upper graph shows the distribution of the three
frequencies with the highest power (3f) within the selected bandwidth 0 — 3000 Hz of each FFT. A cw-transmission is used
for demonstration. At the presence of a signal, the random dispersion of the 3f is lost and the 3f agglomerate around the
signals peak frequency. The lower graph shows the result of the detecting algorithm.

teors but act on the detection of signal signatures. The
basic idea is to extract the three frequencies with the
highest power (3f) within the FFT. At the presence of
white noise, these 3f are randomly distributed over the
spectral range of the FFT. The more a signal stands
out from noise the more the 3f concentrate around the
signal’s peak frequency (see Figure 2). So the first step
is to detect such an agglomeration and determine its
peak frequency (pf). This agglomeration also happens
irregularly at the presence of noise, so further criteria
have to be applied to isolate a real signal. Therefore in
an additional step it is checked whether the pf emerge
in subsequent FFTs in a special manner: a pf must not
deviate more than 117 Hz from its predecessor. This
accounts for a maximum Doppler shift of 11 kHz/s for
head echoes. From testing with white noise at a band-

width of 2.5 kHz a series of 5 / 6 FFTs are found to be
suitable, resulting in 1.5 / 0.7 erroneous signal registra-
tions per hour respectively. Thereby one gap is allowed
at random position within each series (indicated by set-
ting the frequency-record to —1). These lengths of series
are implemented as sensitive / robust detection mode.
Hence a meteor signal must be present 40 / 50 ms at
minimum to be registered.

The 3f-method requires a continuous wave transmit-
ter to work properly. An AM transmission may func-
tion because the carrier is much more powerful than the
side-bands are. METEOR LOGGER should lock on the
carrier. Any multi-frequency transmissions like FM or
the countless digital modes will not operate.

METEOR LOGGER logs date, local time, peak-
frequency, the power at the peak-frequency and the
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Figure 3 — A screenshot of the GUI of METEOR LOGGER.
The actual log is displayed and also the raw counts/h. This
allows one to follow the actual meteor activity as well as to
control interference situation.

power of the noise of each chunk only during signal
detection. A serial number is assigned to each signal
detection. Noise is indicated as the median of the distri-
bution of spectral power within the selected frequency
limits. Within noisy surroundings it can be used for
corrections. Time is taken from the system clock im-
mediately after a chunk is taken from the audio stream.
The log is displayed in real time in a window of ME-
TEOR LOGGER’s GUI (see Figure 3) and also on disc as
.csv file.

Against persistent interference an auto-notch algo-
rithm is implemented. It drastically reduces the power
at the frequency rated as interference before the signal
detection takes place, so a meteor signal detection is
possible despite the presence of interference. Determin-
ing a signal as interference is based on the persistence
of agglomerated 3f with a common pf. A common pf is
assumed if the standard deviation of an adjustable num-
ber of consecutive pfs (METEOR LOGGER’s auto-notch
speed option) drops below a predefined threshold. This
threshold can not be a fixed value because the standard
deviation depends on the range of frequencies chosen as
analysis bandwidth. Three quadratic equations with
different coefficients for three degrees of responsivity
(METEOR LOGGER’s auto-notch responsivity option)
are adopted to determine the threshold as a function
of the analysis bandwidth. If the condition is fulfilled,
the pf will be regarded as interference and its power will
be reduced.

4 Results

The logging session of METEOR LOGGER presented here
shall only demonstrate its capabilities and also its short-
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comings. It took place from 2017 May 20, 15"00™ local
time CEST (CEST = UTC + 2") to May 21, 14559™.
It was performed with robust mode, auto-notch speed
slow, auto-notch responsivity high and frequency limits
set to 400 and 2900 Hz respectively. The graph of the
registered frequencies gives an overview of the session
(see Figure 4). Each dot represents the peak-frequency
of one FFT of a detected signal. The largest number of
dots originate from meteor trails exhibiting only small
Doppler shift by high winds. They are centered around
1195 Hz. Zooming into the data to a deep fading over-
dense meteor (see Figure 5) shows that METEOR LOG-
GER registers this single meteor event as three separate
signals. So for extracting hourly count rates, a time
lapse must be defined and applied to conflate such sig-
nals. This is also true for determining the duration of
the meteors.

Figure 4 also exhibits some impressive Doppler-
shifted head echoes. Zooming into the data of such a
meteor results in Figure 6. Graph (A) displays the de-
volution of frequency and graph (B) exhibits the power
profile as signal to noise ratio (SNR) of the selected me-
teor. SNR is given in decibels, a logarithmic measure
that is ideal for depicting the very high dynamic range
of the meteor signal. The power profile has a high spec-
tral purity with a bandwidth of 23.4 Hz.

There are at least a couple of non-meteor signal reg-
istrations present (false positives). The most evident
are marked with an ellipse in Figure 4. They have dif-
ferent origins. Some are simply detection errors as de-
scribed above. The very elongated ellipses mark satel-
lite passes and an aircraft transit. The intermittent
structure of these signals is based on how GRAVES is
operated (somewhat like a lighthouse with four rotating

beams, see http://dk5ec.de/Graves-Echo-english.pdf).

Most false positives have their origin in man-made noise:
during the logging session the waterfall spectrogram of
SDR# showed drifting noise bands of irregular shape
and pulsating harmonics with a bandwidth of 1-2 kHz.
However broadband noise (ignition sparks, lightning)
and interference lines with a bandwidth less than 25 Hz
did not affect METEOR LOGGER. Table 1 gives a quan-
titative overview. Most false positives can be identified
on the basis of their frequency and power, but some
false positives come with a frequency close to the fre-
quencies of the meteor trails and a similar power. These
remain unidentified. In the case of false positives hav-
ing an equal frequency distribution over the bandwidth
their number can easily be estimated: The ratio of the
frequency segment around the frequencies of the meteor
trails to the bandwidth reveals the fraction of uniden-
tified false positives. Its multiplication with the total
number of identified false positives results in the num-
ber of unidentified false positives.

Interference has to be removed prior to obtain the
correct hourly count rate. Fading signals must be con-
flated and for purpose of standardisation an amplitude
threshold has to be applied. The result (here without
applying an amplitude threshold) is shown in Figure 7.
Starting with declining count rates a minimum of about
20 counts/h is reached at 19" CEST. From then on the



70

WGN, THE JOURNAL OF THE IMO 45:4 (2017)

Table 1 — Signal identification of the 24 h logging session. The identification of false positives bases on frequency and
power. Some false positives may have the a frequency close to the frequencies of meteor trails and a similar power and
thus remain unidentified. They are estimated assuming an equal frequency distribution of the false positives. Thereby
five times the frequency resolution is considered the relevant frequency segment (see text for calculation).

Identified Estimated Meteor
false positives false positives signals
Detection errors 15
Man-made interference incl. 91
aircraft- and satellite-transits
Total 106 5 1388

hourly count rates are rising slowly to gain about 70
counts/h between 04" and 08". An outstanding maxi-
mum is seen from 09" to 10" CEST. This may be as-
signed to the meteoroids of the o-Cetids (293 DCE).
This shower was predicted to have a peak at 2017 May
20, 09" UTC (Rendtel, 2016).

Auto notch works fine with a persistent interference
of small bandwidth (see Figure 8). However Auto-notch
cannot cope with intermittent interference.

5 Discussion

Comparing METEOR LOGGER to SPECTRUM LAB, al-
most the same hourly count rates can be found after
processing the raw data of each session appropriately.
This is a strong indication for the proper working of
METEOR LOGGER. Selecting the sensitive mode of ME-
TEOR LOGGER an even enhanced responsivity can be
achieved at the expense of a higher susceptibility to
interference and erroneous registrations due to noise.
The specified parameters of sample rate, temporal and
frequency resolution together with the algorithm for de-

tecting signals are well equipped to deliver reliable re-
sults at least in relation to GRAVES radar.

Because of the applied 3f-method, noise is a major
theme to METEOR LOGGER. As long as noise is broad-
band, METEOR LOGGER is immune against it. The
smaller the frequency distribution of noise becomes, i.e.
the more the noise becomes the character of a signal,
the more erroneous registrations will occur. Thereby
strong interference blocks any registration of weaker
signals. At least at an interference bandwidth of less
than 100 Hz auto-notch will become effective. An even
more narrow bandwidth of interference (less than 25 Hz)
will be ignored by METEOR LOGGER because such a
small bandwidth cannot agglomerate the 3f (see above).
This behavior is different to threshold-based detection
systems which respond equally to any interference by
adding the power of interference and signal. In this log-
ging session 106 false positives could be identified and
removed. An uncertainty of 5 false positives is assumed
(Table 1) provided the false positives have an equal fre-
quency distribution. If these are pooled in a small time
span particularly the hourly count rate will be biased.

Detected Signals
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Figure 4 — A frequency vs. time plot of a 24 h logging session. Each dot represents the frequency with the highest power of
a FF'T being part of a detected signal. Bandwidth is set to 400 — 2900 Hz. Signals evoked by different types of interference
are encircled with red ovals. Most dots belong to meteor trails and some nice head echoes can also be seen.
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Figure 5 — Zooming into the graph of Figure 4 reveals an overdense meteor trail with deep fading resulting from interference
due to secondary reflection points caused by wind shear. Multiple moving reflection points can appear on a trail that is
distorted by strong winds in the upper atmosphere (Rendtel & Arlt, 2015). Deep fading causes the detecting algorithm of
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Figure 6 — (A) A deep zoom into the graph of Figure 4 outcrops a complete meteor registration with head echo as well
trail reflection. (B) shows the power profile of this meteor as signal to noise ratio to properly depict the huge dynamic

range.

Auto-notch works well in the test but it cannot dis-
tinguish between persistent interference and long last-
ing meteor signals. After a certain amount of FFTs
with a continuous signal present it starts notching this
signal. Therefore a long lasting meteor signal can be
truncated. To avoid this the auto-notch speed must be
adjusted to the awaited duration of incoming meteor
signals or even switched off. An intermittent interfer-
ence will not trigger the auto-notch function.

The recorded raw data allow for processing to get
a corrected and standardised output. Irregularities can
be identified and excluded. A software allowing viewing
and zooming into the data as well as processing them is
in development by the author. Meanwhile a spreadsheet
program will do the job.

The precision of timing is mainly an issue of the
long-term accuracy of the system clock. Multitasking
will also bias the readout of time to a degree that de-
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Figure 7 — Hourly count rates after removing identified in-
terference (see Table 1) and conflate distinct signals (see
Figure 5). Time is given as CEST. A diurnal variation can

be seen as well as a peak at 09"-10" that could be assigned
to the o-Cetids.

pends on the computer hardware. If using a SDR the
time delay of processing by the SDR-software must be
taken into account further. Also Python is an inter-
preter language. To speed up, the Python script can be
transformed in a Cython module.

6 Conclusion

METEOR LOGGER detects and logs meteor signals with
a high frequency and temporal resolution. The detailed
log of time, frequency and power of the detected signals
allow for a later processing of the recorded events. Inter-
ference can be identified and removed. A detailed study
of single meteor signals can be performed. Overall mea-
sures like hourly count rates or logarithmic cumulative
amplitude or duration distributions can be extracted in
a standardised way.

WGN, THE JOURNAL OF THE IMO 45:4 (2017)

METEOR LOGGER delivers reliable results fully com-
parable to Spectrum Lab software running an action
script for meteor detection.

METEOR LOGGER reacts differently to interference
than threshold-based systems do. It proved to be widely
immune against broad-band (white) noise as well as in-
terference lines with a very small bandwidth (< 25 Hz).
Otherwise, strong interference blocks the registration of
weaker signals completely. However an auto-notch func-
tion allows for registering weak signals at least at the
presence of persistent interference occupying a band-
width less than 100 Hz.

The raw data as well as the raw number of counts
of the actual hour are displayed on-screen immediately
after each detection of a signal.

METEOR LOGGER requires a continuous wave trans-
mitter to work properly. Any multi-frequency transmis-
sions like FM or digital modes will not operate.
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Temporal and Spatial Variation of Meteor Flux in Radio Data

Charles Powell¥*3 and Kristina Veljkovié¢*

The variation of hourly detection counts from almost 350 radio meteor detection stations is analysed to determine
the effect of year, time of day, and latitude on observations, as well as discussions of annual and monthly
variations. Results indicate a significant increase in hourly detection counts in 2009-2010, supporting previous
hypotheses of correlation between radio meteor detection rates and solar activity. Annual increases in meteor
rates during summer months are noted, with no clear explanation. Monthly variations are not significant. The
effect of latitude on detection counts is significant for years 2005-2016. For 12 of 17 considered years, night-time

detection counts are greater than day-time counts, likely due to changes in ionospheric structure at night.

Received 2017 September 6

1 Introduction

Many patterns arise in meteor detection: for example
diurnal variations in meteor flux, or meteor showers
which cause variation in activity rates. These trends
often occur periodically, and studies of temporal vari-
ation help to study the mechanisms that cause these
trends. In pursuit of this, the variation of radio meteor
detection results is analysed over a daily, monthly, and
annual scale. Influences of the time of day and lati-
tude are also considered. This analysis is made using
a database of hourly detection counts, provided by the
Radio Meteor Observation Bulletin (RMOB)?.

Lindblad (1968) analyses long-term variation in me-
teor radar rates, as well as echo amplitudes. Echo am-
plitudes are seen to correlate with electron line density,
indicating an influence from the solar wind. It is also
observed that long-term variation in radio meteor de-
tection count can be explained qualitatively by a varia-
tion in atmospheric electron density in the region where
most meteors burn up, which itself is related to the solar
cycle.

Bumba (1949) calculates the yearly rate of meteors
as a function of the position of the Sun in the solar cy-
cle, demonstrating an inverse relationship between solar
activity and detection counts.

Singer et al. (2005) note an increasing diurnal rate
with decreasing latitude, suggesting that overall, hourly
detection counts increase with lower latitudes. A greater
meteor flux in summer (for the Northern Hemisphere)
is noted.

2 Method

2.1 Data collection

The data used are from the publicly available collec-
tion of observer records provided by the Radio Me-
teor Observation Bulletin (RMOB). The locations of
the observers are spread across the globe. This does not

lExeter Mathematics School, Exeter, Devon, EX4 3PU,
United Kingdom

2Norman Lockyer Observatory, Sidmouth, Devon, EX10 ONY,
United Kingdom

3Email: cpowell@cwp.io

4Faculty of Mathematics, University of Belgrade, Studentski
trg 16, 11000 Belgrade, Serbia. Email: kristina@matf.bg.ac.rs

IMO bibcode WGN-454-powell-temporal
NASA-ADS bibcode 2017JIMO...45...73P
aAccessible at www.rmob.org.

Table 1 — Number of observers by latitude class.

Latitude class (°) N° observers

N(45-60) 135
N(30-45) 45
N(15-30) 5
S(15-30) 2
S(30-45) 4

present an issue when considering the data as a whole,
since individual observers’ variations in data will be in-
significant, given a sample size of almost 350. Thus the
influence of individual setups is disregarded. Spatial
variations may be present: these are considered.

Collection of data from the website was automated
using a script. Once obtained as a raw text file, the file
was parsed and stored using custom Python objects.
"Observer’ objects contain the username, a Python dic-
tionary containing their data, location attributes, and
detection setup information for the given observer. The
data dictionary was populated with ’Entry’ objects,
which are a single month of data and contain the date
in format YYYY-MM, data source URL, and the data
itself. If the same observer reported a different detec-
tion setup in a certain month, this was separated into
a different object. Some website users used a different
username occasionally — these data were combined, pro-
vided the detection setup is identical, otherwise placed
in a new object.

There were 345 observer objects in total. 213 of
these contain both latitude and longitude co-ordinates
in decimal degrees. For analysing monthly and annual
variation of detection counts, these data were suitably
formatted and only required categorising by month or
day. For statistical analysis, the data were compiled
into a spreadsheet of tuples of detection counts for each
hour available, split by latitude class. Longitude classes
were not analysed since longitude does not represent
a significant effect to be considered. Equally, further
splitting the data by longitude as well as latitude would
have reduced sample sizes further, making some classes
too small to be analysed. Table 1 shows the number of
observers by latitude class and period of the day. Note
that not all observers with sufficient location data were
included, since some do not have enough valid data.

Before being compiled into the spreadsheet, dupli-
cated data were removed, when an observer has entered
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Table 2 — Total number of detection counts and removals by latitude class and period of day.

Latitude class (°) Day counts

Day removals

Night counts Night removals

N(45-60) 430685 22970 312143 14 346
N(30-45) 191336 3736 177142 2970
N(15-30) 4029 0 3986 0
S(15-30) 4781 0 3426 0
S(30-45) 6691 157 7236 175

the same set of data twice onto the RMOB website.
Data were split into day or night periods by defining
night as 12 hours centred at local midnight. Values
greater than 1000 were considered too extreme, and
were not included. The value at which counts are con-
sidered extreme is arbitrary and of little importance. A
threshold of 1000 was chosen as it results in the removal
of relatively few counts. In total, for latitude classes,
there were 637552 day-time counts after 26 863 were re-
moved, and 503933 night-time counts after 17491 were
removed. A full breakdown of counts and removals is
given in Table 2.

2.2 Research hypotheses

1. Is the effect of year on detection counts significant
(e.g. detection counts significantly differ for dif-
ferent years)? Are the detection counts collected
during the years 2009-2010 significantly higher
than other detection counts?

2. Do time of day and latitude have a significant ef-
fect on detection counts? Are the night-time de-
tection counts significantly higher than day-time
detection counts? Are there significant differences
in detection counts when going from southern lat-
itudes to northern latitudes?

2.3 Statistical analysis

The distribution of the detection counts collected dur-
ing the period 2000-2016 was analysed with graphical
representation (histogram) and with descriptive statis-
tics (mean, median, first and third quartile, coeflicients
of skewness and kurtosis). Statistical tests for nor-
mality were not used. Because of the large sample
size, these tests are very sensitive and would detect ex-
tremely small departures from a normal distribution.
Fligner-Killen test of homogeneity of variances
(Conover et al., 1981) was used to examine if the vari-
ability of detection counts collected during the period
20002016 is approximately the same. Significance of
the effect of year on detection counts was tested by
Brunner-Dette-Munk non-parametric one-way ANOVA
(Brunner et al., 1997). For examining the effects of pe-
riod of the day and latitude class on detection counts,
Brunner-Dette-Munk non-parametric two-way ANOVA
was used. More details about these statistical methods
can be found in Rand Wilcox’s book (Wilcox, 2012) and
complementary R code on his web page (Wilcox, 2016).
Multiple comparisons between detection counts for
pairs of years, day-night period of the day, as well as
pairs of latitude classes were performed using Brunner-
Munzel test (Brunner & Munzel, 2000). The probabil-

ity of type I error was controlled using Rom’s method.
Comparisons between two groups were made only if the
sample size of the bigger group was at most 100 times
greater than the sample size of the smaller group.

P-values < 0.05 were considered statistically signif-
icant. Statistical analysis was performed in statistical
software R, version 3.4.1 (using packages e1071, law-
stat).

2.4 Monthly & annual variation

In lieu of the statistical analysis, mean ranks were used
to analyse variation because the data is asymmetric,
so mean is not a good measure of location. Group
variances are also not the same, so the data can not
be meaningfully compared using median, leaving mean
rank as a suitable option. These mean ranks of hourly
detection counts for all observers were analysed over
monthly and annual timescales, demonstrating the vari-
ation of observations in the period 2000-2016.

The hourly detection counts were sorted in increas-
ing order and then ranked. For annual variation of de-
tection counts, the mean rank for each month was cal-
culated by dividing the sum of the ranks of detection
counts in that month with total number of monthly
counts. Similarly, for monthly variation of detection
counts, the mean rank for every day of the month was
calculated by dividing the sum of the ranks for that day
with the total number of daily counts for that month.

3 Results

3.1 Annual scale variation

The annual variation is shown in Figure 1. The highest
mean rank occurs in June. From January to March,
there is a decrease in mean rank, followed by a steep
increase until June. After this, mean rank steeply de-
creases until September, with a smaller increase to No-
vember, followed by another smaller decrease to Decem-
ber.

3.2 Monthly scale variation

The variation over the course of a month is shown in
Figure 2. The variation of mean ranks over the month is
small, with no significant increases or decreases except
at the beginning of January, the middle of August and
the middle of December.

Note that the mean ranks of detection counts for
each day of the month are calculated using data from
the entire period 2000-2016, so the decrease on the 29th
of February occurs due to leap years.
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Figure 1 — Variation in mean rank for each month of hourly detection counts collected during the period 2000-2016.
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Figure 2 — Variation in mean ranks for each day of each month of hourly detection counts collected during the period

2000-2016.

3.3 Statistical analysis

After removing duplicates and extreme values from the
data-set of detection counts, 1097101 counts are left.
The minimum value of detection counts is 0, and the
maximum value is 996. The sample median is equal
to 30 and the sample mean to 55.7. The first sample
quartile equals 12 and the third is 75. The sample co-
efficient of skewness is equal to 2.7 and the sample kur-
tosis, 11.5. The normal distribution has coefficient of
skewness equal to 0 and coefficient of kurtosis equal to
3. Values of skewness and kurtosis of detection counts
suggest a distribution that is skewed to the right (posi-
tively skewed), with higher peak and longer tail than a
normal distribution. Detection counts are represented
as a histogram in Figure 3. The bins of the histogram
are of length 10. In the first bin (0-10 counts) there

are 244 364 detections. Starting from the 421-430 bin,
frequencies corresponding to the bins are smaller than
302 and can not be seen on the histogram (zero line).
In Figure 3, only counts 0-450 are presented.

We will now inspect whether the variability of de-
tection counts during the period 2000-2016 are approx-
imately the same. Using the Fligner-Killeen test of ho-
mogeneity of variances (x? = 62952, df = 16, p <
0.001), we can conclude that year variabilities are not
the same (in other words, heteroscedasticity of detec-
tion counts by year).

As the distribution of the detection counts is very
skewed, in testing our research hypotheses, we could
not use standard parametric tests. In the case of het-
eroscedastic data, even median is not a good choice for
the measure of comparisons of different groups. Rather,
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Table 3 — Summary statistics of detection counts by year.
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Year Number Min Max 1.quartile Median 3.quartile Mean rank
2000 8889 1 996 3 10 35 376 040.5
2001 8341 1 903 10 18 30 421829.9
2002 8710 1 949 9 18 32 399802.5
2003 7819 1 532 8 16 31 374920.3
2004 9924 1 393 6 11 18 280121.4
2005 5763 1 464 5 12 25 314692.0
2006 5526 1 334 9 17 30 405231.9
2007 3978 1 614 9 21 106 523092.9
2008 1230 3 395 19 35 57 575226.5
2009 25050 1 995 34 94 169 778523.5
2010 60198 1 446 26 53 112 696 070.7
2011 71985 1 668 18 36 86 604 521.2
2012 136076 1 905 17 38 83 594 963.6
2013 171149 1 804 11 29 73 538737.9
2014 191108 1 778 11 33 83 560 308.3
2015 193938 0 818 11 28 73 536 771.0
2016 187417 0 752 10 22 53 478 370.7

in order to compare distributions of detection counts in
different groups, we chose a mean rank. All 1097101
detection counts are sorted in increasing order and
ranked — the smallest count gets rank 1, second small-
est rank 2, and so on, with the largest count getting a
value of 1097101. Then, the mean rank for each group
is calculated (for example the mean rank of detection
counts in every year from 2000 to 2016). Group mean
ranks are compared in statistical tests. For example,
for two groups, a higher mean rank means that there
are higher detection counts in that group (though not
necessarily a greater maximum detection count).

Summary statistics (number, minimum, maximum,
first and third quartile, median and mean rank) of de-
tection counts by year are presented in Table 3.

Mean ranks of detection counts by year are pre-
sented in Figure 4. It can be seen that detection counts

Frequency
150000 200000 250000

100000

50000
1

0
L

vary by year. The highest detection counts occurred
between 2009 and 2010.

The significance of the effect of year on detection
counts is confirmed by Brunner-Dette-Munk non-
parametric one-way ANOVA (F 2158.974, df;
6.03, dfs = 12429.09, p < 0.001). We will now test
the hypothesis that detection counts in 2009 are higher
than detection counts in 2010, as well as the hypothesis
that detection counts in 2010 are higher than counts
in other years. Formally, we first test the existence of
difference in detection counts for 2009 and 2010, as the
hypothesis is set before seeing the data. The directional
hypothesis that detection counts in 2009 are higher than
detection counts in 2010 is tested afterwards. Although
this can be considered biased, a directional hypothe-
sis is of greater practical significance. Brunner-Munzel
test was used for multiple comparisons between two

r T T T T
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T T T T
250 300 350 400 450

Detection counts

Figure 8 — Histogram of detection counts.
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Figure 4 — Plot of mean ranks of detection counts collected during the period 2000-2016.
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groups of year detection counts. It was confirmed (in all
cases p < 0.001) that detection counts in 2009-2010 are
higher from other detection counts, and that detection
counts for 2009 are the highest.

We will now test the hypothesis about the signifi-
cance of the effects of period of the day and latitude
class on detection counts. As the effect of year on de-
tection counts is significant, we will perform analyses
for each year separately, including a separate ranking
of the data by year. The number and mean rank of de-
tection counts by year, period of the day, and latitude
class are given in Table 4. There is no year where all
latitude classes are considered.

In the years 2005-2016 there were at least two lati-
tude classes and the analyses of the effects of the period
of the day and latitude class on detection counts could
be performed. In 2004, although the N(45-60) class is
available, the sample size is more than 100 times smaller
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5 — Plot of mean ranks of day-time and night-time detection counts collected during the period 2000-2016.

than the N(30-45) class. For testing the hypothesis, we
used the Brunner-Dette-Munk non-parametric two-way
ANOVA. For all the years in that range, the interac-
tion effect of period of the day and latitude class on
detection counts is significant. As this interaction ef-
fect is not part of the research hypotheses and is dif-
ficult to interpret, we will not analyse it in more de-
tail. Also, the effect of period of the day on detection
counts is significant in years 2005-2010 and 2012-2015.
In 2011 (p = 0.367) and 2016 (p = 0.172) no difference
between day-time and night-time detection counts was
found. Effect of latitude class on detection counts in
years 2005-2016 is significant.

We will first compare day-time and night-time de-
tection counts, and then detection counts in latitude
classes. Multiple comparisons between a selection of
two classes were performed using the Brunner-Munzel
test. For the years 2012-2015 and for some pairs of the
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Table 4 — Number N and mean rank R of detection counts
by year, latitude class and the period of the day.
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groups, Brunner-Munzel statistics could not be calcu-
lated. In these cases, the Wilcoxon sum rank test was
used instead.

Mean ranks of day-time and night-time detection
counts by year are represented in Figure 5. In most
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years, night-time detection counts are higher than day-
time detection counts.

Results of the multiple comparisons between day-
time and night-time detection counts are given in Ta-
ble 5. By the formal statistical testing, it is confirmed
that for 12 out of 17 years, night-time detection counts
are higher than day-time detection counts.

We should note that, although the two-way ANOVA
did not find any significant differences between day-
time and night-time detection counts in 2011, further
analyses (Brunner-Munzel test) showed that a differ-
ence probably exists (p < 0.001).

Mean ranks of detection counts in latitude classes
by year are presented in Figure 6. The detection counts
vary greatly in the same latitude class by year. In most
years, detection counts in the N(45-60) class are higher
than detection counts in the N(30-45) class.

Results of the formal testing of the differences be-
tween detection counts in latitude classes is given in Ta-
ble 6. In the third column of the table are listed classes
excluded from the multiple comparisons because of a
sample size that is too small. The detection counts in
the N(45-60) class are higher than detection counts in
the N(30-45) class in 10 out of 12 years where both
classes have large enough sample sizes.

4 Discussion
4.1 Effect of year on detection counts

The apparent maximum in detection counts between
2009-2010 is significant. This period is the same as
the period of solar minimum (Figure 7). This corre-
lation between solar minima and radio meteor detec-
tion counts maxima is noted in other articles (Lindblad,
1968).

That the solar cycle has an impact on meteor de-
tection rates is not unexpected; the solar cycle heavily
influences solar wind and electron line density in the up-
per atmosphere, and this has been known for some time
(Wright, 1962). These changes in the ionosphere can
have a large influence on detection rates, especially for
radio meteor detection. It is necessary to ask whether
the detection count maximum is a result of reduced
noise, or an enhancement of radio signal intensities. No
analysis of this is made.

Analysis of fit between an idealised diurnal shift
curve and a given observer’s data (Powell, 2017) sug-
gests that the background detection rate increases be-
tween 2005 and 2011, but the intensity of diurnal shift
does not, supporting the result that there is an increase
in detection counts between 2009 and 2010. The den-
sity of debris surrounding Earth is likely not the cause
of the detection count maximum, since this would also
increase the intensity of diurnal shift. Rather, the noted
maximum in detection counts must be due to better de-
tecting conditions.

4.2 Effect of latitude on detection counts

Our results indicate (but do not fully confirm) that
greater hourly detection counts are seen at greater lat-
itudes. Whilst this appears to contradict Singer et al.
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Table 5 — Relationship between day-time and night-time detection counts by year.

Relationship between

day and night counts Year
day = night 2000, 2002, 2016
day > night 2001, 2013
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Figure 6 — Plot of mean ranks of detection counts in latitude classes collected during the period 2000—-2016.

(2005), their research noted a relationship between di-
urnal rates and latitude, not overall detection rates as
in our research. It is not clear why detection counts
would be affected by latitude, nor why both latitude
and period of the day interact to cause an effect.

A statistically significant difference in detection
rates is found with class N(45-60) observing greater
hourly detection counts than N(30-45) in 10 of 12 years.
However, overall the relationship between latitude and
detection counts is not clear.

4.3 Day-time and night-time rates

The fact that there is a statistically significant increase
in detection rates during night-time could be due to
many effects. A likely explanation is due to the change

in ionospheric structure at night. With the absence of
solar excitation, the ionisation of the D and E layers
dramatically decreases, whilst the F layer remains well
ionised, resulting in more free electrons, enabling radio
signals to travel further — this was first reported in
1938 and is well studied (Booker & Wells, 1938). This
effectively increases the area over which meteors can
be detected, resulting in slightly higher detection rates.
The effect is not large, since the increase in detection
capability in the area of atmosphere where meteor burn-
ups occur is little — it is largely an increase in range.

Theoretically, the peak hour of diurnal shift occurs
at 6am, so any influence will be uniform between day
and night (with the method of defining day or night as
defined), and thus this phenomenon can be disregarded.

Table 6 — Relationship between detection counts in latitude classes by year.

Year Relationship between Excluded
latitude counts latitude class
2005-2007, 2009 N(45-60)>N(30-45) —
2008 N(45-60)<N(30-45) —
2010 N(45-60)>N(30-45) S(30-45)
2011 N(45-60)>N(30-45)>S(30-45) N(15-30)
2012 N(45-60)>N(30-45)>S(15-30) —
2013 N(45-60)>N(30-45)>N(15-30)>S(15-30) —
2014 N(15-30)>N(30-45)>N(45-60) S(30-45)
2015 S(30-45)>N(45-60)>N(30-45) S(15-30)
2016 N(45-60)>N(15-30)>N(30-45)=S(30-45) —
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Figure 7 — Solar cycle sunspot number over time, observed data through 2017 August (Data provided by NOAA/SWPC

(http://www.swpc.noaa.gov)).

There is a potential inaccuracy in the way day-time
and night-time is defined for this analysis. Choosing
night as a 12 hour period centred on local midnight
allows analysis of the data whilst avoiding a large degree
of complexity in calculating actual day and night for
the observer. However, this simplification means that
some items of data may be considered part of the day,
but where recorded during the night. Overall this effect
should be minimal, since the definition of day as 12
hours centred at midnight used can be viewed as an
‘average’ day across an entire year.

4.4 Annual scale variation

The increase in the middle of the year may be due to
an increased number of meteor showers, or another phe-
nomenon. This increase is likely due to an event or
mechanism occurring during summer in the Northern
Hemisphere, since most observers in the sample are in
the Northern Hemisphere. The summer increase is in
agreement with Singer et al. (2005).

The mid-year increase is likely not due to Earth’s
position relative to other bodies, which may sweep up
meteors. The observed variation is an apparently an-
nual occurrence, but Earth’s position relative to other
bodies is not periodic over the same period.

4.5 Monthly scale variation

It is unsurprising that there is no overall trend over the
course of any month. Any variation on this scale could
potentially (though unlikely to) be caused by the moon,
though it is unlikely that it would have a significant
impact, and this is seen in the results. The only clear
increases in any month are the major meteor showers,
namely the Perseids in August, Geminids in December,
and Quadrantids in January.

4.6 Hemispheric effects

Specific northern and southern sources of meteors exist.
Thus the temporal variations of hourly detection counts
may be different between each hemisphere. However,
variation over periods beyond a year are unlikely to be
affected, since any difference between the hemispheres
would counteract one another. Effects over shorter pe-
riods, such as sub-annually, may not counteract. Differ-
ences in sub-annual and sub-monthly variations should
be considered in more scrutiny by hemisphere. Only 9
observers from the available data used for this analysis
are in the Southern hemisphere, making any conclusions
difficult to obtain. Therefore these effects have not been
considered and are an important analysis to make in the
future.

5 Conclusion

1. There is no clear variation in hourly detection
counts over a month other than due to major me-
teor showers.

2. An increase in detection counts is observed during
the summer months, with no clear explanation.

3. A statistically significant increase in hourly detec-
tion counts is present between 2009 and 2010.

4. The noted increase in meteor detection counts be-
tween 2009 and 2010 appears to correlate with a
solar minimum, supporting hypotheses from Lind-
blad (1968) and Bumba (1949).

5. The effect of period of the day and latitude on
detection counts is statistically significant.

6. For 12 out of 17 years between 2000 and 2016,
night-time detection counts are greater than day-
time detection counts, potentially due to changes
in ionospheric structure between day and night.
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7. In 10 out of 12 years tested between 2000 and
2016, observers in latitudes 45°-60° observe great-

er detection counts than observers in latitudes
30°-45°.
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Results of the IMO Video Meteor Network — February 2017

Sirko Molau*, Stefano Crivello?, Rui Goncalves®, Carlos Saraiva®, Enrico Stomeo
Javor Kac®

5 and

The IMO Video Meteor Network cameras recorded more than 14 000 meteors in about 7000 hours of observing
time during 2017 February. The flux density profiles resulting from observations from 2012 to 2017 are presented
for the following minor showers: a-Coronae Borealids, February e-Virginids, February n-Draconids, m-Hydrids,
([-Herculids, and February p-Virginids. Most showers display a nearly constant activity, with the exception of
the February n-Draconids which peak on February 2/3.
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1 Introduction U0 L L L L LI SV

Seventy-five video cameras contributed to the IMO Vid-

eo Meteor Network in February 2017. They recorded |
about 14 000 meteors in 7000 hours of effective observ-
ing time (Table 1 and Figure 1). The monthly statistics
reveal large gaps and so the output was below the av-
erage of the last five years. This month’s nightly flux
ranged from less than a hundred meteors during the
night of February 11/12 up to more than a thousand
meteors per night in mid-February. With an average of
2.0 meteors per hour we were approaching the annual
activity low.
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2 Minor showers of February 604 E— ]

Since there are no noteworthy meteor showers in Febru-
ary, we focused on a set of minor showers close to the
detection limit. Specifically, we analyzed six meteor
showers in detail which we detected in the IMO Network 104 "
data during our 2012/2013 analysis (Molau et al., 2013; 0 T T T T T T T T e e
Molau, 2014). What shape of activity profile would we 2017 February

see now that we have collected continuous flux density Figure 1 — Monthly summary for the effective observing time

measurements over six years? The answer is revealed in  (solid black line), number of meteors (dashed gray line) and
the graphs which follow. number of cameras active (bars) in 2017 February.
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2.1 «-Coronae Borealids

The a-Coronae Borealids (429 ACB) are active across tivity with a flux density of 2 meteoroids per 1000 km?
the January-February boundary. Overall, we recorded per hour. The activity profiles of the individual years
1500 shower members between January 26 and Febru- 4o not differ significantly from the average.

ary 4 at an effective collection area of 830000 km? per

hour. For comparison: during the same period, we

observed 9000 sporadic and 3000 Antihelion meteors.

The mean profile (Figure 2) shows a constant level of ac-
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2.2 February s-Virginids

The activity period of the February e-Virginids (506
FEV) lasts from January 28 to February 8. 1700 shower
members (12000 SPO / 3600 ANT) were recorded dur-
ing this time with an effective collection area of more
than 1.3 million km? per hour. Once again, we find a
smooth activity profile without a clear peak (Figure 3),
but the absolute flux density level is lower than before.
The individual annual profiles do not provide additional
information.
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Figure 3 — Average flux density profile of the February e-
Virginids in the years 2012 to 2017, derived from video data
of the IMO Network.

2.3 February n-Draconids

In parallel, but with a shorter activity window, we find
the February n-Draconids (427 FED). The shower is
detectable between February 2 and 5 and provides the
smallest flux density of all the showers analyzed here,
but it is the only one with a classical activity pro-
file (Figure 4). Thanks to the circumpolar radiant we
obtained a remarkable effective collection area of
880 000 km? per hour despite the short activity interval.
Overall 400 shower members (4000 SPO / 1200 ANT)
were recorded. Peak activity is reached at 315°2 so-
lar longitude (2017 February 3, at 0200™ UT). A look
at the individual years reveals that the 2013 peak was
particularly prominent.
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Figure 4 — Average flux density profile of the February n-
Draconids in the years 2012 to 2017, derived from video
data of the IMO Network.

2.4 7-Hydrids

The minor shower of the m-Hydrids (101 PIH) is active
between February 3 and 9. Despite the effective col-

83

lection area of only 180000 km? per hour we assigned
650 meteors to that radiant (7000 SPO / 2100 ANT).
Indeed, the flux density reaches larger values of almost
4 meteoroids per 1000 km? per hour. There are no
outliers in the individual years.
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Figure 5 — Average flux density profile of the w-Hydrids in
the years 2012 to 2017, derived from video data of the IMO
Network.

2.5 [(-Herculids

In the middle of February, we find the S-Herculids (418
BHE). Between February 12 and 16 we recorded 700
shower members (5000 SPO / 1700 ANT) with an ef-
fective collection area of 700000 km? per hour. The
flux density level is constant at a level of 1 meteoroid
per 1000 km? per hour (Figure 6) and there are no
significant deviations in individual years.
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Figure 6 — Average flux density profile of the S-Herculids in
the years 2012 to 2017, derived from video data of the IMO
Network.

2.6 February p-Virginids

Last but not least we obtained data from 2 000 February
p-Virginids (516 FMV) from February 14 to 28 (14 000
SPO /4800 ANT). The collection area of the IMO Net-
work totalled nearly a million km? per hour. The activ-
ity profile shows only small variations as in the earlier
cases (Figure 7) and the flux density scatters around a
value of 2 meteoroids per 1000 km? per hour.

Looking at the profiles of the individual years we
find indeed an outlier on 2014 February 18/19, for which
the flux density was by a factor 4 to 5 higher than usual
(Figure 8). Looking in more detail, this peak is made
up of ten shower members which were recorded during a
night with a particularly small effective collection area.
In fact, we can even further pin down the outlier to
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Figure 7 — Average flux density profile of the February pu-
Virginids in the years 2012 to 2017, derived from video data
of the IMO Network.
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five shower meteors recorded by all active video network
cameras between 02" and 04" UT. Hence we can assume
that this outlier is of statistical nature only.

WGN, THE JOURNAL OF THE IMO 45:4 (2017)

3 Summary

In summary we can conclude that no February source
stands clearly out of the background. Only the Febru-
ary n-Draconids provide a classical activity profile with
a peak on February 2/3. In this case, our video cam-
eras are particularly effective data collectors thanks to
the favorable location of the radiant and the low meteor
shower velocity.
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Code Name Location Camera FOV Stellar Eff.CA  Nights Time Meteors
[02} LM [mag] [kmﬂ [h]

ARLRA  Arlt Ludwigsfelde/DE Lubwic2 (0.8/8) 1475 6.2 3779 17 859 327
BOMMA  Bombardini Faenza/IT MariIo (1.2/4.0) 5794 3.3 739 17 102.8 268
BREMA  Breukers Hengelo/NL MBB3 (0.75/6) 2399 4.2 699 11 772 108
BRIBE  Klemt Herne/DE HERMINE (0.8/6) 2374 4.2 678 14 878 151
Bergisch Gladbach/DE ~ KrEmor (0.8/6) 2286 4.6 1080 15 84.0 132

CARMA  Carli Monte Baldo/IT BMH2 (1.5/4.5)* 4243 3.0 371 16 124.9 449
CINFR Cineglosso Faenza/IT JENNI (1.2/4) 5886 3.9 1222 16 98.7 288
CRIST Crivello Valbrevenna/IT BiLBo (0.8/3.8) 5458 4.2 1772 14 89.7 175
C3P8 (0.8/3.8) 5455 4.2 1586 14 90.9 351

STa38 (0.8/3.8) 5614 4.4 2007 16 111.1 168

ELTMA Eltri Venezia/IT MET38 (0.8/3.8) 5631 4.3 2151 12 72.0 111
FORKE  Forster Carlsfeld/DE AKM3 (0.75/6) 2375 5.1 2154 11 813 150
GONRU  Goncalves Foz do Arelho/PT FARELHO1 (1.0/2.6) 6328 2.8 469 6 7.7 23
Tomar/PT TeEMPLARL (0.8/6) 2179 5.3 1842 23 173.1 373

TEMPLAR2 (0.8/6) 2080 5.0 1508 23 163.9 277

TEMPLAR3 (0.8/8) 1438 43 571 19 1446 121

TEMPLAR4 (0.8/3.8) 4475 3.0 442 23 153.7 287

TEMPLARS (0.75/6) 2312 5.0 2259 22 141.2 260

GOVMI  Govedi¢ Sredi$ée ob Dravi/SI OrION2 (0.8/8) 1447 5.5 1841 18 117.3 138
OrioN4 (0.95/5) 2662 4.3 1043 12 86.4 85

HERCA  Hergenrother Tucson/US SarLsa3 (0.8/3.8) 2336 4.1 544 25  216.3 338
HINWO  Hinz Schwarzenberg/DE Hinwol (0.75/6) 2291 5.1 1819 15 90.8 165
IGAAN Igaz Hédmezévasarhely/HU  HunoD (0.8/3.8) 5502 34 764 13 771 58
Budapest /HU HupoL (1.2/4) 3790 3.3 475 10 576 27

JONKA  Jonas Budapest /HU HUSOR (0.95/4) 2286 3.9 445 11 429 51
Husor2 (0.95/3.5) 2465 3.9 715 12 52.6 44

KACJA Kac Ljubljana/SI OrIoN1 (0.8/8) 1399 3.8 268 9 48.9 28
Kamnik /SI CVETKA (0.8/3.8)* 4914 43 1842 7 530 131

REZIKA (0.8/6) 2270 44 840 8  58.0 237

STEFKA (0.8/3.8) 5471 2.8 379 6 49.9 7

Kostanjevec/SI METKA (0.8/12)* 715 6.4 640 16 100.3 111

KOSDE Koschny Izana Obs./ES Icc7 (0.85/25)* 714 5.9 1464 12 72.3 368
Licl (2.8/50)* 2255 6.2 5670 14 119.5 736

La Palma/ES Toc9 (0.85/25)* 683 6.7 2051 14 119.1 736

LOJTO Yojek Grabniak/PL Pav57 (1.0/5) 1631 3.5 269 9 60.5 81
LOPAL Lopes Lisbon/PT Nasol (0.75/6) 2377 3.8 506 18 95.2 82
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Code Name Location Camera FOV Stellar  Eff.CA  Nights Time Meteors
[*] LM [mag] [km?] [h]

MACMA  Maciejewski  Chetm/PL Pav35 (0.8/3.8) 5495 4.0 1584 14 67.2 70
Pav36 (0.8/3.8)* 5668 4.0 1573 11 60.7 49

Pav43 (0.75/4.5)* 3132 3.1 319 13 60.2 55

PAV60 (0.75/4.5) 2250 3.1 281 11 64.3 99

MARRU  Marques Lisbon/PT Cagl (0.75/6) 2362 4.8 1517 22 166.0 262
RaN1 (1.4/4.5) 4405 4.0 1241 16 137.1 156

MASMI Maslov Novosibirsk/RU NowaTEC (0.8/3.8) 5574 3.6 773 4 17.2 31
MOLSI Molau Seysdorf/DE Avis2 (1.4/50)* 1230 6.9 6152 21 119.6 550
EsciMo2 (0.85/25) 155 8.1 3415 16 121.6 220

Mincaml (0.8/8) 1477 4.9 1084 18 109.4 281

Ketziir/DE REMmO1 (0.8/8) 1467 6.5 5491 18 89.1 290

REMO2 (0.8/8) 1478 6.4 4778 19 102.3 366

REMO3 (0.8/8) 1420 5.6 1967 16 98.9 177

REMO4 (0.8/8) 1478 6.5 5358 18 96.7 310

MORJO Morvai Fiilopszéllas/HU HuruL (1.4/5) 2522 3.5 532 12 89.4 68
OTTMI Otte Pearl City/US ORrIEL (1.4/5.7) 3837 3.8 460 21 138.1 180
PERZS  Perké Becsehely /HU HuBEC (0.8/3.8)* 5498 2.9 460 20 1413 274
ROTEC  Rothenberg Berlin/DE ARMEFA (0.8/6) 2366 45 911 6 34.1 27
SARAN Saraiva Carnaxide/PT Rol (0.75/6) 2362 3.7 381 19 135.2 141
Ro2 (0.75/6) 2381 3.8 459 21 142.8 191

Ro3 (0.8/12) 710 5.2 619 21 1311 224

Ro4 (1.0/8) 1582 4.2 549 18 82.2 80

Soria (0.8/12) 738 5.3 907 16 110.3 102

SCALE Scarpa Alberoni/IT Leo (1.2/4.5)* 4152 4.5 2052 12 69.0 69
SCHHA Schremmer  Niederkriichten/DE ~ DORAEMON (0.8/3.8) 4900 3.0 409 15 100.2 179
SLAST Slavec Ljubljana/SI Kavakl (1.8/28) 563 6.2 1294 2 10.9 28
Kavak2 (0.8/12) 741 5.5 920 2 16.6 5

STOEN Stomeo Scorze/IT Min38 (0.8/3.8) 5566 4.8 3270 15 90.6 255
Noa38 (0.8/3.8) 5609 4.2 1911 15 100.8 252

Sco38 (0.8/3.8) 5598 4.8 3306 13 66.0 221

STRJO Strunk Herford/DE Mincam2 (0.8/6) 2354 5.4 2751 15 88.3 230
MincaMm3 (0.8/6) 2338 5.5 3590 16 85.2 126

Mincamb (0.8/6) 2349 5.0 1896 14 90.8 149

Mincam6 (0.8/6) 2395 5.1 2178 15 85.7 111

TEPIS Tepliczky Agostyan/HU Huaco (0.75/4.5) 2427 4.4 1036 16 106.2 91
HuwmoB (0.8/6) 2388 4.8 1607 18 117.6 146

WEGWA  Wegrzyk Nieznaszyn/PL Pav78 (0.8/6) 2286 4.0 778 12 72.6 80
YRJIL Yrjola Kuusankoski/FI FiNnexcam (0.8/6) 2337 5.5 3574 12 87.0 127
* active field of view smaller than video frame Overall 28 7030.3 14036
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Results of the IMO Video Meteor Network — March 2017

Sirko Molau®, Stefano Crivello?, Rui Goncalves®, Carlos Saraiva*, Enrico Stomeo

Javor Kac®

° and

In 2017 March, cameras of the IMO Video Meteor Network cameras recorded more than 18000 meteors in
over 10000 hours of observing time. In the absence of any significant meteor showers in this month, the flux
density profiles and population index profiles of the Antihelion meteors are compared to sporadics, using March

observations from 2012 to 2017.

Received 2017 September 15

1 Introduction

In the last few years, the observers enjoyed favorable ob-
serving conditions in March, and 2017 was no exception.
47 out of 75 cameras that joined the IMO Network in
this month, collected twenty or more observing nights.
Even our Slovenian observers, who are often hampered
by poor weather, experienced perfect observing condi-
tions and collected up to 31 observing nights.

The overall effective observing time was slightly
above 10000 hours (Table 1 and Figure 1) and thereby
above the average of the previous years. The mean of
1.8 meteors per hour is one of the smallest values we
ever recorded — only March 2014 and 2015 were below
this year’s result with an average of 1.7 meteors per
hour.

2 Antihelion meteors in March

In the absence of significant meteor showers, we had a
quick look at the flux density of the Antihelion source
(ANT) and sporadic meteors (SPO). Figure 2 compares
the activity of both sources in the course of the month,
whereby ANT (lighter/green, right axis) were one or-
der of magnitude weaker than SPO (darker/red, left
axis). Note that the Antihelion source is about twice as
active in the middle of March compared to begin and
end (whereby we omitted an outlier on March 19/20
caused by insufficient data), whereas sporadic activity
is almost constant. After all, the Antihelion source is
in reality a collection of smaller “streamlets” which are
difficult to separate from one another. Hence, the in-
creased activity at mid-March could be related to such
a “streamlet”.

It was not possible to obtain reliable r-values from
the 2017 March data alone, because there were too few
Anthelion meteors. However, we may average the pop-
ulation index over the last six years which has the ad-
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Figure 1 —Monthly summary for the effective observing time
(solid black line), number of meteors (dashed gray line) and
number of cameras active (bars) in 2017 March.
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Figure 2 — Flux density profile of the Antihelion source
(lighter/green, right axis) and sporadic meteors (darker/red,
left axis) in 2017 March, derived from video data of the IMO
Network.

ditional advantage that lunar phase-dependent fluctua-
tions are smeared out.

Figure 3 shows for sporadic meteors (darker /red) an
almost constant population index of about 2.7 with only
minor scatter. Due to the smaller number of meteors,
the scatter and error bars are bigger in case of the An-
tihelion source, but otherwise there are no systematic
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Figure 8 — Average population index of the Antihelion source
(lighter/green) and sporadic meteors (darker/red) in March
of 2012-2017, derived from video data of the IMO Network.

variations. The average is only 0.1 smaller than in case
of sporadic meteors, i.e. the brightness distributions de-
viate only marginally from one another.

Handling Editor: Javor Kac
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— Sporadic meteor lasting 3.2 s, recorded on 2015 March
5, 02850™20° UT by GONRU with TEMPLARS.
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— Sporadic with flickering, scenic view with Moon, clouds
and landscape, captured on 2015 March 29, 21"32m22% UT
by GONRU with TEMPLARA.

— End of sporadic fireball with a clear segmentation in the
end, captured on 2017 March 5, 22°50™11° UT by PERSZ
with HUBEC.

— Sporadic meteor that lasted for 5.2 s with an interesting
light curve, recorded on 2017 April 1, 03"34™46° UT by
HINWO with HINwO1.



Code Name Location Camera FOV Stellar EfffCA Nights Time Meteors
[02} LM [mag] [km2] [h]

ARLRA Arlt Ludwigsfelde/DE Lubpwic2 (0.8/8) 1475 6.2 3779 23 129.8 459
BERER Berko Ludényhalaszi/HU Hurupl (0.8/3.8) 5542 4.8 3847 13 97.4 249
BOMMA  Bombardini Faenza/IT MaARrIO (1.2/4.0) 5794 3.3 739 29 204.6 484
BREMA  Breukers Hengelo/NL MBB3 (0.75/6) 2399 4.2 699 22 126.2 162
BRIBE Klemt Herne/DE HERMINE (0.8/6) 2374 4.2 678 19 1324 203
Bergisch Gladbach/DE  KrLEMOI (0.8/6) 2286 4.6 1080 22 135.0 201

CARMA  Carli Monte Baldo/IT BMmH2 (1.5/4.5)* 4243 3.0 371 10 616 200
CASFL Castellani Monte Baldo/IT BwmH1 (0.8/6) 2350 5.0 1611 22 187.2 328
CINFR Cineglosso Faenza/IT JENNI (1.2/4) 5886 3.9 1222 22 168.0 243
CRIST Crivello Valbrevenna/IT BiLo (0.8/3.8) 5458 4.2 1772 26 188.6 376
C3P8 (0.8/3.8) 5455 42 1586 22 173.0 224

STc38 (0.8/3.8) 5614 4.4 2007 28 217.6 566

ELTMA Eltri Venezia/IT MET38 (0.8/3.8) 5631 4.3 2151 19 127.2 182
FORKE  Forster Carlsfeld/DE AKM3 (0.75/6) 2375 5.1 2154 17 100.8 217
GONRU  Goncalves Foz do Arelho/PT FARELHO1 (1.0/2.6) 6328 2.8 469 25 72.9 98
Tomar/PT TEMPLARL (0.8/6) 2179 5.3 1842 28 194.6 354

TEMPLAR2 (0.8/6) 2080 5.0 1508 28 185.8 291

TEMPLAR3 (0.8/8) 1438 4.3 571 24 166.8 115

TEMPLAR4 (0.8/3.8) 4475 3.0 442 27 1624 282

TEMPLARS (0.75/6) 2312 5.0 2259 27 156.9 230

GOVMI  Govedié¢ Sredisce ob Dravi/SI ORION2 (0.8/8) 1447 5.5 1841 31 1944 243
ORION4 (0.95/5) 2662 4.3 1043 22 1353 129

HERCA  Hergenrother Tucson/US SALsA3 (0.8/3.8) 2336 4.1 544 30 290.8 390
HINWO Hinz Schwarzenberg/DE Hinwol (0.75/6) 2291 5.1 1819 17 1194 173
IGAAN  Igaz Hoédmezévéasérhely/HU  Hunop (0.8/3.8) 5502 3.4 764 18 109.9 83
Budapest/HU HupoL (1.2/4) 3790 3.3 475 14 827 42

JONKA Jonas Budapest/HU Husor (0.95/4) 2286 3.9 445 20 105.5 108
HUSOR2 (0.95/3.5) 2465 3.9 715 23 151.8 124

KACJA  Kac Ljubljana/SI OriIoN1 (0.8/8) 1399 3.8 268 26 185.4 331
Kamnik /ST CVETKA (0.8/3.8)* 4914 4.3 1842 17 1457 332

REZIKA (0.8/6) 2270 4.4 840 18 146.0 535

STEFKA (0.8/3.8) 5471 2.8 379 17 139.9 228

Kostanjevec,/SI METKA (0.8/12)* 715 6.4 640 97 194.2 183

KOSDE Koschny Izana Obs./ES Icc7 (0.85/25)* 714 5.9 1464 5 35.4 169
Licl (2.8/50)* 2255 6.2 5670 6 41.4 210

La Palma/ES Icc9 (0.85/25)* 683 6.7 2951 25 157.1 768

LOJTO Y.ojek Grabniak /PL Pav57 (1.0/5) 1631 3.5 269 9 52.7 129
LOPAL Lopes Lisbon/PT Nasol (0.75/6) 2377 3.8 506 17 76.0 68
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Code Name Location Camera FOV Stellar  Eff. CA  Nights Time Meteors
[©?] LM [mag] [km?] [h]

MACMA  Maciejewski  Chetm/PL Pav35 (0.8/3.8) 5495 4.0 1584 18 75.1 88
PAv36 (0.8/3.8)* 5668 4.0 1573 19 99.7 116

Pav43 (0.75/4.5)* 3132 3.1 319 16 96.0 85

Pav60 (0.75/4.5) 2250 3.1 281 22 122.1 212

MARRU  Marques Lisbon/PT CaBL (0.75/6) 2362 4.8 1517 2 199.1 274
RAN1 (1.4/4.5) 4405 4.0 1241 20 129.5 161

MASMI Maslov Novosibirsk/RU NowATEC (0.8/3.8) 5574 3.6 773 5 324 65
MOLSI Molau Seysdorf/DE Avis2 (1.4/50)* 1230 6.9 6152 25 163.8 745
Escimo2 (0.85/25) 155 8.1 3415 23 169.4 306

MincaMl1 (0.8/8) 1477 4.9 1084 23 155.9 421

Ketzir/DE REMO1 (0.8/8) 1467 6.5 5491 24 135.5 444

REMO2 (0.8/8) 1478 6.4 4778 22 147.3 509

REMO3 (0.8/8) 1420 5.6 1967 23 167.1 430

REMO4 (0.8/8) 1478 6.5 5358 23 156.4 566

MORJO Morvai Filopszéallas/HU HuruL (1.4/5) 2522 3.5 532 25 149.6 118
OTTMI Otte Pearl City/US ORrIEL (1.4/5.7) 3837 3.8 460 17 97.0 104
PERZS Perké Becsehely /HU HuBEC (0.8/3.8)* 5498 2.9 460 29 199.2 346
ROTEC Rothenberg  Berlin/DE ARMEFA (0.8/6) 2366 4.5 911 6 37.3 51
SARAN Saraiva Carnaxide/PT Rol (0.75/6) 2362 3.7 381 21 137.1 151
Ro02 (0.75/6) 2381 3.8 459 18 116.1 149

Ro3 (0.8/12) 710 5.2 619 20 109.2 205

Ro4 (1.0/8) 1582 4.2 549 18 86.3 82

Soria (0.8/12) 738 5.3 907 23 121.5 134

SCALE Scarpa Alberoni/IT LEO (1.2/4.5)* 4152 4.5 2052 24 122.8 116
SCHHA Schremmer  Niederkriichten/DE ~ DORAEMON (0.8/3.8) 4900 3.0 409 24 156.3 199
SLAST Slavec Ljubljana/SI KaAvak2 (0.8/12) 741 5.5 920 24 191.3 104
STOEN Stomeo Scorze/IT MIn38 (0.8/3.8) 5566 4.8 3270 29 171.4 489
Noa38 (0.8/3.8) 5609 4.2 1911 28 181.4 455

Sco38 (0.8/3.8) 5598 4.8 3306 30 194.4 636

STRJO Strunk Herford/DE MincaM?2 (0.8/6) 2354 5.4 2751 21 110.7 265
Mincam3 (0.8/6) 2338 5.5 3590 20 113.4 157

Mincam5 (0.8/6) 2349 5.0 1896 15 95.9 120

MincAaM6 (0.8/6) 2395 5.1 2178 19 102.1 129

TEPIS Tepliczky Agostyan/HU HuaGo (0.75/4.5) 2427 44 1036 14 106.8 95
Huwmos (0.8/6) 2388 4.8 1607 24 176.0 198

WEGWA  Wegrzyk Nieznaszyn/PL Pav78 (0.8/6) 2286 4.0 778 19 103.1 119
YRJIL Yrjola Kuusankoski/FI FINEXCAM (0.8/6) 2337 5.5 3574 16 109.5 170
* active field of view smaller than video frame Overall 31 10190.1 18723
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Eta Aquariid fireball train on 2017 May 6

e

Evolution of the persistent train of the Eta Aquariid fireball that was imaged from Mount Bromo,
Indonesia on 2017 May 6 at around 04"16™ AM local time. The photograph showing the fireball is
presented on the front cover.




