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. A method to separate stream and sporadic activity of forward scatter meteor counts is applied
to two widely different station set-ups: one has a long baseline and uses scatter from a high power
TV video carrier, whilst the other has a much shorter baseline and records echoes from a low pow-
ered beacon. The method was applied to the 2005 Geminids data sets from each station and the
results obtained were very promising. This opens possibilities for the method’s use on data from
other forward scatter observers as well as on other streams.

1 Introduction

Radio observations of meteors are complementary to optical observations. Unlike the optical coun-
terparts, radio observations have an additional benefit of being able to continue observing during
periods of daylight and during clouded periods. As a result, radio observations can provide a
continuous record of stream activity.

The data obtained from individual observers has been widely variable making comparisons and
modeling difficult. This lack of standardization of the radio observational data has been a major
deterrent to researchers trying to employ the data in their analyses.

The radio observers’ derivation of a term equivalent to the visual observers’ ZHR is dependent on
many instrumental variables, which has not yet been defined successful. Yet several radio observers
have succeeded in obtaining consistent measures of both sporadic activity and total activity in the
presence of a known stream. This raises the expectation that a quantitative function, that takes in
such factors as the radio set-up and system characteristics, can be identified and applied to each
observer’s data. The method described below is the first step to achieving that goal.

2 The observers’ stations

Felix Verbelen (Kampenhout, Belgium, 4◦ 36′E, 50◦ 57′N) registers the reflected signals generated
by the VVS (Vereniging Voor Sterrenkunde) beacon near Ypres (2◦55′East, 50◦49′North), at a
distance of 119 km. The beacon runs 40 watts with vertical incidence. His antenna is a 2 elements
HB9CV Yagi with an elevation of 52◦ and an azimuth of 250◦ (almost west), placed 2 meters above
ground level.

The radio signal is conveyed by a RG-213 line to an unmodified IC R-7100 receiver tuned to
49.990 MHz, USB mode. The station has been operating continuously since May 2005. The audio
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signal is fed directly into the sound card of an Intel-Pentium2 PC 233 MHz and analysed using
DL4YHF’s Spectrum Lab (Buescher 2006), a FFT audio signal analyser.

The resulting graphics, a 150 Hz wide frequency window, and sound (digitised at 5512 Hz) were
stored at 5 minute intervals on hard disks and then visually inspected at a later time.

Manual counts were done by placing echoes into three categories: reflections lasting more than
2 seconds, 10 seconds , and 1 minute. Reflections shorter than 2 seconds are not counted. This
highly favoured overdense echoes.

Brower’s station is located west of Kelowna, British Columbia, Canada (49◦ 51′N, 119◦ 34′W).
His station recorded reflected signals from the 58.9 kW video carrier (61.260 MHz) of KOAB (TV-3)
located near Bend, Oregon , U.S.A. (44◦ 4′N, 121◦ 20′W). The transmitter site is at a bearing of
193◦ (SSW) from the receiver’s site and at distance of 655 km, making the path a moderately long
baseline.

His station consisted of a software controlled Icom PCR-1000 receiver that was connected to a
less than ideal, temporary HF antenna by six meters of RG-9913 coax cable. The antenna was a
delta loop tuned by an automatic antenna tuner to resonate at 61.260 MHz. The null of his antenna
was in the direction of the transmitter station. No pre-amplifier was used. The receiver was in
the CW (Continuous wave) detection mode and had a bandpass width of 2.2 kHz. Audio from the
PCR-1000 was sent to sound card of a 1.4 GHz computer.

The computer utilized a fast Fourier transform (FFT) program, mAnalyzer-A V 0.94, which
was designed by Esko and Olli Lyytinen (Lyytinen & Lyytinen 2001). The program listens to a
100 Hz bandwidth to detect the presence of meteor echo signatures. It also compared the meteor
channel to a noise channel before it validated the signal as being true echo and not due to a noise
or other interference. Three data files were produced: a spectrogram image, an hourly text file,
and a ten minute period text file. The data files recorded echo counts along with echo strengths
and duration of echoes at four power levels. FTP software routed the data to various archives and
web sites. The output data text files were parsed and statistics performed by software written by
Brower.

3 The proposed numerical method

Steyaert introduced the proposed numerical method for data reduction at the 2005 International
Meteor Conference in Oostmalle, Belgium (Steyaert, 2006a). The method assumes that the observed
activity, O, at time t, is the sum of a fixed sporadic term S(T ) and a term which can be attributed
to the stream. The term for the stream is the product of the true stream activity Z(t) and the
observability function, OF (T ). The value of the observability function is dependent on many
factors, such as the geometry of the transmitter-receiver, the characteristics of the receiving and
antenna systems, the radiant height and velocity of the stream’s members, as well as other variables
(Steyaert, 1987). Conceptually, the observability function is an analog to the visual observers’ ZHR
correction factor.

The S and OF terms are periodic in that they have the same value at the same time of the day
during consecutive days.

O(t) = S(T ) + Z(t)OF (T ) (1)

Where T is derived by applying equation 2.
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T =
t− t0

D
(2)

Where t0 is an arbitrary starting point in time and D is the length of the observing day in hours.
We assume a double asymmetric exponential function for the stream:

Z(t) = e−(t−tM )/a (3)

for t < tM , where tM is the time of the maximum and:

Z(t) = e−(t−tm)/b (4)

for t > tM
In practice we have counts, or other measures, that cover a time interval that is typically of one

hour duration.
We replace the continuous model of Equation 1 with its discrete counterpart. The index refers

to the time interval.
The equation for the first hour of the first day is:

O1 = S1 + Z1OF1 (5)

The equation for the last hour of the first day is:

O24 = S24 + Z24OF24 (6)

The equation for first hour of the second day is:

O25 = S1 + Z25OF1 (7)

The equation for the last hour of the second day is:

O48 = S24 + Z48OF24 (8)

The general equation for hour j of day k:

Oj+24(k−1) = Sj + Z1+24(k−1)OFj (9)

Next the 24n equations (n days) for 24 unknowns S, and the 24 unknowns O were solved. We
then determined the three stream parameters tM , a and b. The equations are linear for S and O,
but non-linear for the stream parameters. A practical minimum duration of observation is 3 days,
whilst 5 days will generally capture the maxima of most annual streams.

It is obvious that an exact solution is not possible. However, if the stream parameters are
known, we can a least find the least square solutions for S and O. We use equation 10 to minimize
the quadratic criterion J :

J =
1
2

∑
k

∑
j

(Oj+24(k−1) − Sj − Z1+24(k−1)OFj)2 (10)
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For Sj , j = 1 to 24 and OFj , j = 1 to 24

αJ

αSj
= 0 (11)

αJ

αOFj
= 0 (12)

The solutions for this form of linear regression are:

OFj =
n

∑
Oj+24(k−1)Zj+24(k−1) −

∑
Oj+24(k−1)

∑
Zj+24(k−1)

n
∑

Z2
j+24(k−1) − (

∑
Zj+24(k−1))2

(13)

Sj =
∑

Oj+24(k−1) −OFj

∑
Zj+24(k−1)

n
(14)

Not unexpectedly, the OFj and Sj values remain constant for the given time interval j for all days
being calculated.

Although we know that OFj has to be zero when the radiant is below the horizon during the
whole one hour interval, we can still apply equation (13). This should result in a small positive or
negative value, the latter, having no physical meaning.

If on the other hand we force OFj to zero, then formula (14) simplifies to:

Sj =
∑

k Oj+24(k−1)

n
(15)

Or, the average of the observed values for the hourly interval j.
Up to this point we have worked with known, or rather assumed, stream parameters tM , a and

b. The function, J , is non-linear for the stream parameters:

J(tM , a, b) (16)

We minimize J(tM , a, b) by means of the downhill simplex numerical method (Vetterling et al.,
1992), for the three stream parameters. There are some limits involved in using this numerical
method. The initial tM should fall somewhere within the observation period (unless only the
ascending or descending branch of the stream activity was observed - in which case the downhill
simplex method is not recommended). Initial values for a and b can be taken from the literature. If
no such information is available, then start with very high values of a and b, or put b always equal
to a if there is no reason to expect an asymmetrical stream.

4 Applying the proposed method to the 2005 Geminids

The method was tested on the observational data of Brower for December 12-16, and of Verbelen for
December 11-15, which was published in the Radio Meteor Observation Bulletin (Steyaert, 2006b).
Figure 1 shows the observed counts of both Brower and Verbelen. The activity curves are very
different regarding the time of the observed maxima.

Note: Verbelen observes only the larger particles that produce overdense echoes, whilst Brower
records both overdense echoes and the shorter underdense reflections as well. The maximum for the
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Figure 1: Observed number of reflections by Brower (solid line) and Verbelen (dotted line) for
December 12 15, 2005.

larger particles occurred later in time according to the results presented in figure 1, which was in
agreement with the literature for this stream. Figure 2 shows Verbelen’s activity curve is narrower
and steeper than that of Brower’s, which was also as expected with the mass sorting of particles
seen in the Geminid stream.
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We derived the following stream parameters:

Derived stream parameters

Observer tM a b

Brower Dec 14 at 4.7hUT 77.7 13.5
Verbelen Dec 14 at 9.5hUT 25.0 6.1

Table 1: Stream parameters for Brower and Verbelen.

There were very few visual observations of the 2005 Geminids and therefore the IMO did not
issue a Shower Circular for it. However it was known the maximum was predicted to occur on
December 14, at 4h30mUT ±2.5 hours.

Obtaining an error margin on the stream parameters requires running a series of Monte Carlo
simulations, which has not yet been done. For those not familiar with this type of simulation the
number of events, in this case echo counts per period, is the parameter, µ, of a Poisson distribution.
A random number between 0 and 1 serves as a look up in the cumulative Poisson distribution
table. The corresponding look up x-value replaces the observed value. This is repeated for all the
observed values, and the new stream parameters are found. After a sufficient number of simulations
are performed the spread on the parameters can be established.

The observed and fitted activity for Verbelen is seen in figure 3, and for Brower in figure 4.
In general the fits are remarkably good, giving credibility to the model. The remaining differences
between the observations and the calculated values are due to:
• true deviations of the stream activity from the model
• the measurements are counts following the Poisson distribution, not an exact measurement
• errors, e.g. overlapping reflections (saturation), interference counted as meteors

Verbelen’s setup is insensitive to the Geminids between 10hand 17hUT. The radiant is below the
horizon for him for part of the hours between 12hand 15hUT; thus the value of, OF were set to zero.
Note the corresponding sporadic echo values, S, also remain low during this period. On the other
hand, his setup is most efficient between 22hand 1hUT. The highest observed counts occur during
this interval, although the actual maximum stream activity was found to peak on December 14 at
9.5hUT. The non Geminids, sporadic, activity is low throughout the day. The S values between
20hand 1hUT might even be overstated, and the corresponding OF values underestimated.

For Brower the Geminids radiant is below the horizon a portion of the time between the hours
of 19hthrough 0hUT. The sporadic echo activity, S, contribute significantly more to the total counts
for Brower than they did for Verbelen. The maximum in the sporadics takes place around 5hlocal
time, while the minimum occurs around 18hlocal time, which is in good agreement with the normal
diurnal curves found in the literature. Each of the S and OF values are determined independently
from the adjacent ones, yet good continuity is obtained.

5 Predictions

Assuming the radio observing set-up, stream activity, and solar longitude of the maximum remain
unchanged the next few years, we can make predictions of the number of reflections that should be
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Figure 2: The normalized Geminids activity curves for Verbelen (solid line) and Brower (dotted
line)
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Figure 3: Observed (solid line) versus fitted activity (dotted) line for Verbelen.

Figure 4: Observed activity (solid line) versus fitted activity (dotted line) for Brower.
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Figure 5: The sporadic activity S (dotted line) and the corrected, OF , (solid line) values for
Verbelen.

Figure 6: The sporadic activity S (dotted line) and the corrected, OF , (solid line) values for Brower.
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Figure 7: Predicted Geminid echo counts for Verbelen 2005 to 2008.
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Figure 8: Predicted Geminid echo counts for Brower 2005 to 2008.
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recorded by the two observers. The time of the maximum increases 6 hours in 2006 and 2007. It
occurs another 6 hours later in 2008, but one day earlier due to the leap day.

Figure 7 shows the predictions for Verbelen. The predicted highest rates are as low as 105 in
2006, and as high as 165 in 2008.

Figure 8 gives the predictions for Brower. For him the lowest maximum of 430 is predicted for
2005, the highest is 500 in 2006.

6 Conclusions

A central archive of forward scatter data began in August 1993 with the first publication of the
RMOB, Radio Meteor Observation Bulletin. Yet during the intervening 13 years very few re-
searchers have utilize the collected data. The primary reason for this neglect is that the potential
researcher is immediately confronted with the problematic task of interpreting a confusing mix
of unknown variables that exists between each observers’ stations. A quick look at the raw echo
counts shows widely varying results from one observer to the next. The seemingly random, chaotic,
non-cohesive raw numbers hide any intuitive sense of patterns or trends. This paper represents the
first attempt to develop a tool to aid the data reduction and resolve this problem.

A promising numerical method which is easily incorporated in a spreadsheet, has demonstrated
data reduction from two widely different stations is possible. With this method variables such as
transmitter power, baseline lengths, unknown path geometry, as well as other equipment variables
are dealt with by applying a correction factor, referred to as the observability function, to the data.
By employing this method the data can be reduced, and trends discovered, on a per observer basis.

Not only does this method allow the researchers to make sense of the data, it will also allow
them to make predictions of future behaviour on a per observer basis assuming the station and the
antenna system remains constant. By recording several years of shower activity, the radio equivalent
of ZHR can be deduced for each individual observer.

It is also hoped that this new method will encourage greater professional-amateur co-operation.
With an increase in such co-operation the amateur observers will be more motivated to continue
their around the clock recording of echoes and the data archives will continue to grow and be more
useful to researchers in the future.

The model presented is the first step in data reduction between widely varying forward scatter
data. The next logical step will be to employ Monte Carlo simulations in parallel with the model to
further refine the method’s effectiveness. At that point the experimentally derived OF function can
be evaluated against Hines and Pugh’s (Hines & Pugh 1956) theoretical model of stream structures.
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