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1. Introduction

The radio meteor method is the main one for obtaining
regular information on dynamic processes in the mesopause-
lower thermosphere (MLT), height range from 75 to 110 km
[1, 2]. Information on dynamic processes is in demand during
creation of global atmospheric air circulation models,
monitoring global climate changes, predicting the
propagation conditions of HF radio waves or the magnitude
of ionospheric delays in the signals of Global Navigation
Satellite Systems like GPS, GLONASS and for calculating
the trajectories of space vehicles returning to the Earth.

In order to increase the volume of experimental data on
dynamic processes in MLT, a series of coordinated radio-
meteor measurements are regularly conducted within the
framework of international research projects funded by
NASA (National Aeronautics and Space Administration of
the United States of America), DLR (German Center for
Aviation and Cosmonautics), CEDAR (International
Community for the Study of Energy and Dynamic
Interactions in the Earth's Atmosphere). For these
measurements different ground-based remote sensing
methods of the atmosphere are involved. The principle of
wind speed measurement by the radio meteor method is
based on recording the Doppler frequency shift of sounding
signals reflected from meteor trails. Meteor radars emit such
signals with a power of few kilowatts or more and allow
determining coordinates of the reflecting regions of meteor
trails and their drift velocity along the direction of sounding
[3, 4].

The high cost of operation of modern meteor radars
complicates creation of network of such radars and limits the
time of continuous radio meteor measurements.

One of the solutions that reduces cost of such
measurements is the use of television or radio broadcasting
transmitters as sources of a sounding signal. In [5-7] it is
shown that television broadcasting signals (TBS) can be used
for observations of meteor trails. The prospect of using TBS

for monitoring of meteor trails is due to the fact that for this
purpose it is not required to radiate a specialized sounding
signal. Within the framework of the international project
"Global Meteor Scatter Network™ a network of receivers for
estimation of meteor activity using signals from television
and radio broadcasting stations was created.

The purpose of this work is study of the feasibility of using
TBS for wind speed measurements in MLT region by the
radio meteor method.

2. Theoretical Aspects of Wind Speed
Measurements by the Radio Meteor Method
Using Television Broadcasting Signals

The system that realizes measurements of the wind speed in
the MLT by the radio meteor method using TBS as sounding
signals can be classified as bistatic radar. This is due to the
fact that the distance between the receiver position and the
source of sounding signals (TV transmitter) is comparable or
exceeds the distance to the target (meteor trail).

Under this section, it is assumed that the coordinates of a TV
transmitter are known a priori. In fact, this condition is not
always fulfilled because of the large number of radio
transmitters of a single radio channel whose signals can be
received by reflection from meteor trails. In the next section
(section 2), a technique for identifying the transmitter of
received TV signal will be proposed.

The Doppler frequency shift (DFS, Fd) for bistatic radars can
be calculated as [8, 9]:
F=tV @+ =2V E4ven)
A A
where

F, — Doppler shift of the carrier frequency of the sounding
signal;
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v — the velocity vector of the target (the drift of reflecting
region of the meteor trail);

. T2 — unit vectors in the directions from the meteor trail
to receiver and transmitter positions;

A = clfy — wavelength of a sounding signal;

fo — carrier frequency;

¢ — speed of light.

According to formula (1) and figure 1, the DFS of the
sounding signal emitted at point B and received at point C is

determined by the sum of scalar products Vihiand VR or,

in other words by two projections of the meteor trail drift
vector onto the propagation path of the sounding signal
(segments AB and AC, Figure 1).
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For constant direction and magnitude of the vector V' the
DFS of the reflected signal will be different; it depends on
heights (h), azimuths (¢) and elevation angles (¢) of meteor
trails relative to the receiver or transmitter position.

D=t
Figure 2 shows the dependency of M from the ¢ of a
meteor trail relative to the receiver position. The value of D
characterizes the DFS of the signal reflected from the meteor
trail relative to the modulus of its drift velocity vector. The
dependencies in Figure 2 are calculated by formula (1) for
the following special cases:

1) "Longitudinal” drift of the meteor trail in the longitudinal
plane (D||, figure 2(a)). The longitudinal plane is a plane
that contains the receiver and transmitter positions and
which is orthogonal to the earth surface. If the transmitter
position is located in the East or the West relative to the
receiver position, then the "longitudinal” component
corresponds to the zonal component of the drift velocity
of a meteor trail. The direction of the drift is assumed to
be from the transmitter towards the receiver position;

2) "Transversal" drift of the meteor trail in the transversal
plane containing the receiver position. (DL, figure 2(b)).
The transversal plane is a plane that is orthogonal to the
"longitudinal™ one and to the earth surface. When the
transmitter position is located in the East or in the West
relative to the receiver position, the "transversal"
component corresponds to the meridional component of
the drift velocity of a meteor trail.

It should be noted that D|| and D_L characterize the drift of a
meteor trail relative to the receiver and transmitter positions,
these values are independent from orientation of the trail in
space.

The calculation for the cases Ne1 and 2 were performed
under the assumption that the wind motions in the MLT are
horizontal [3, 4], taking into account the curvature of the
earth surface, for a constant magnitude of the drift velocity of

a meteor trail, M = 1 m/s at 90 km height, for different
distances between receiver and transmitter positions (see a on
figure 1). The carrier frequency of the sounding signal
corresponds to the nominal value of the image signal carrier
frequency of the second television radio channel, [10], f, =
59,25 MHz.
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From Figure 2 it can be seen that same order of the
DFS can be caused either by the longitudinal or transversal
drift of the meteor trail. Moreover, depending on the value of
&, the same drift component of the meteor trail can cause
either positive or negative DFS of the reflected signals. For
certain & the DFS is independent from the longitudinal or
transversal component of the drift velocity (values of € when
Dy(e) =0 or D,(e) = 0, see figure 2). Consequently, there is
an ambiguity of estimation of any component of the drift
velocity of a meteor trail using values of DFS of the reflected
signal.

For estimation of the ambiguity and possibility of
extraction of a certain component of the meteor trail drift
velocity, it is proposed to use the selection coefficient of the
longitudinal drift component:
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The selection coefficient Sy quantifies the contribution
of the longitudinal component of the meteor trail drift to the
overall value of DFS of the reflected signal. The values of S,
close to unity show that for the corresponding ¢ and ¢ of the
meteor trail the DFS of the reflected signal is determined
only by its longitudinal drift and vice versa.

Figure 3 presents the contour plot of values S for
different ¢, ¢ of a meteor trail for the case when the
transmitter position lies westward related to the receiver
position. The distance between the positions is a = 500 km
(the values of ¢, ¢ a are given relative to the receiver
position).

Figure 3 shows that the region of maximum values of S,

corresponds to meteor trails with elevation angles ¢ close to
90° or located in a direction away from the transmitter
position.
For the selection of the DFS caused by the longitudinal drift
of a meteor trail and for estimation of the corresponding
MLT wind speed component, only those signals should be
used which are reflected either from meteor trails above the
receiver position or in a direction away from the transmitter
position (see figure 3, the area of maximum S values) [11].
For a=100...700 km maximum S; values correspond to
range of elevation angles ¢ =90°+/-30° for the condition
when S, is not less than 0.7 of its maxima or to the range of
elevation angles & = 90°+/-45° for the condition when §; is
not less than 0.5. Such spatial selection of meteor trails above
the receiver position can be realized by a vertically pointing
antenna. Beamwidth of the antenna should not exceed
60...90°, which is relatively easy to realizable for this
frequency range.

S

— 0.5

et

o

2
o
5
-
=

Elewation mgle (), *
[

Azimuth {g), ©

Figure 3

As the distance between the receiver and transmitter
positions increases, the size of region with the maximum S,
value expands too. However, with the increase of a, the
probability of shielding of the propagation path of the
sounding signal by the spherical earth surface increases too.
This fact limits the range of possible values of ¢ and & of
meteor trails, from which a reflected signal can be received.

Such influence of the earth surface can also be observed for
a =500...700 km in the absence of atmospheric refraction for
meteor trails with & > 170° (¢ < 10° in the opposite to
receiver direction), see figure 3.

It should also be noted that in the area above the
receiver position within ¢ =90° = 45° D; component has a
constant sign, and D, component has the opposite sign for
£>90° and £<90° (see Figure 2). Consequently, in the
assumption of the symmetric distribution of ¢ of meteor trails
above the receiver position within the specified region, the
average value of D, component calculated by some set of
reflected signals will tend to O, in contrast to the average
value Dy. Furthermore, the coefficient S; calculated from
mean Dy and D, values will exceed the same one calculated
by single values. It follows from the above that analysis of
the average values of the DFS of signals reflected from the
meteor trails above the receiver position allows to estimate
the magnitude of the longitudinal component of the wind
speed with better accuracy than the estimates based on single
DFS values. Level of such improvement of accuracy is
determined by the real distribution of & of meteor trails above
the receiver position.

From a practical point of view, the receiving of signals

reflected from meteor trails above the receiver position has
the following advantage: vertical orientation of the antenna
pattern maximum in the receiver position suppresses signals
propagated by ground-wave. It can be signals either from the
transmitter position or from nearby transmitters on adjacent
frequencies. Due high power such signals can cause
intermodulation interference and mask the signals reflected
from the meteor trails.
Moreover, the vertical orientation of the receiving antenna
creates equal conditions for the receiving of signals reflected
from meteor trails, which are transmitted by different
transmitters at different azimuths relative to the receiver
position. Each transmitter can be paired with the
corresponding longitudinal component of meteor trail drift
velocity. Orientation of component is determined by the
azimuth of a transmitter at the receiver position.
Consequently, it is possible to measure different components
of the wind speed for the same volume above the receiver
position by receiving TV the signals from different
transmitters. It allows determining the vector of wind speed
in MLT using results of such measurements.

3. Television Broadcasting Signals of the
Second Radio Channel for MLT Wind
Speed Measurements Over Kharkiv,
Ukraine

There are no TV transmitters of the second radio channel in
Kharkiv and nearby suburbs. It creates the beneficial
conditions for receiving signals from remote TV transmitters
of the second radio channel (see Table 1) by reflection from
meteor trails [12, 13]. However, it should be noted that the
reception of television signals reflected from meteor trails is
not always possible in the conditions of real interference
environment (due to presence of signals from high-power
transmitters at adjacent frequencies (within an octave) and
the possibility of long-range tropospheric propagation of
signals from remote TV transmitters [12]).
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Table 1: Location and operating frequencies of TV
transmitters of second radio channel whose signals
can be received by reflection from the meteor trails
in Kharkiv, Ukraine

Location of @, a Operating Power

transmitter (relative to frequency, MHz , kW
Kiev 279°; 414 km (ggkﬁ’z;) 340
Stary Oskol |  38° 173 km (5?133219;3?;) 20
Dubky 14°; 865 km Ziéigﬁﬁ% 113
Borysoglebsk 40°; 436 km 891320;{'72) 40
Bali 251°; 656 km (5?133219!32?;) 109
Briansk 36°; 380 km (igiéioﬁi;;) 36
Vilnus 300°; 907 km ?f;gslff'g) 177
Krasnodar 159°; 593 km ??5)214;35) 27

For measurement of the meteor trail drift velocity using
reflected television signals, it is necessary to identify the
source of the received signal (a TV transmitter) and
determine its azimuth relative to the receiver position.

The identification of the source of the received signal
can be performed by the value of its carrier frequency. The
value of the carrier frequency of the television signals (fo)
emitted by a specific TV transmitter is the sum of the
nominal carrier frequency (constant for all radio stations
within a single radio channel) and carrier frequency offset
(CFO). The CFO values are set individually for each TV
transmitter during planning of a broadcast television network.
The possible values of CFO are defined in the national
standards [10] and have order of magnitude of tens of kHz.

Therefore, an estimation of the carrier frequency of a
TV signal reflected from a meteor trail allows obtaining the
following information [11]:

1. A coarse estimation of the frequency (to the order of
magnitude of kHz) allows identifying the source of the
signal. Unambiguous identification is not always
possible, because some TV transmitters have the same
operating frequencies (the same CFO), see Table 1.
However, this estimation provides a significant
reduction of the list of possible sources of the received
TV signals.

2. An accurate estimation of the frequency (to the order of
magnitude of Hz) and its shift from the operating
frequency of the TV transmitter allows estimating DFS
caused by the drift of a meteor trail along the direction
from the receiver position towards the identified TV
transmitter.

The average duration of a radio-signal reflected from a
meteor trail is about 0.1s (up to 2 s) [1—4]. The stability of
the carrier frequency of a television signal during such short
time intervals is not regulated in the appropriate standards
[10, 14]. However, this parameter is critical for the
measurement of the meteor trail drift velocity by the
technique described above.

In [15] there are presented the results of the
experimental estimation of the standard deviation of the TV
vision signal carrier frequencies (Omes). Such stability
measurements were carried out using ground-wave signals of
TV transmitters at Stary Oskol (second TV channel) and
Kharkiv (third TV channel). The measurement time interval
(tmeas) Was chosen equal to the average time of existence of
meteor trail (0.1 s) and more. It was found that &, equals to
2 Hz (for Tmess =0.18); 0.3 Hz (for tpess =105); 1 Hz (for
Tmeas = 24 h). The obtained values of 8.5 do not exceed the
typical values of the Doppler shift caused by the drift of a
meteor trail. Hence the vision carrier frequency of TV signal
is sufficiently stable for estimation of the reflected signal
DFsS.

4. Structure of Device for MLT Wind
Measurement by the Radio Meteor Method
Using Television Broadcasting Signals

For MLT wind measurements based on the above
described technique, it is proposed to use a device with
structure that consists of a receiving antenna, a specialized
radio receiver, analog-to-digital converter (ADC), a reference
frequency source and a computer for digital signal processing
[16]. The receiving antenna is three-element Yagi type. The
maximum of the antenna pattern points vertically, its
beamwidth should not exceed 90° in 1 MHz bandwidth
relative to nominal frequency of the second TV channel. The
antenna with such characteristics is used for spatial selection
of signals reflected from meteor trails in the area above the
receiver position. It corresponds to the above mentioned
requirements for selection of DFS, which is caused by the
"longitudinal™ component of meteor trail drift velocity or
wind speed in MLT.

The receiver is of superheterodyne type with single
frequency conversion [16]. It has two outputs: the first one,
the output of amplitude limiter, is intended to estimation of
carrier frequency of the received signal. The second one, the
output of amplitude detector, is intended to recognition of
reflected signal and for estimation of its power. The receiver
has fixed set of operating frequencies that correspond to the
nominal values of TV signal carrier frequencies of first to
third channels (49.75 MHz; 59.25 MHz; 77.25 MHz), [10].
Intermediate frequency (IF) of the receiver is 6.5 MHz, IF
channel bandwidth is 160 kHz, selectivity is 40 dB. Adjacent
and image channel selectivity of the receiver radio frequency
channel is at least 60 dB. High adjacent and image channel
selectivity allows to receive signals reflected from meteor
trails in urban conditions with noisy environment. It is
achieved by using a helical resonator filter as a preselector of
the receiver [17].

The reference frequency source is used as a local
oscillator of the receiver and for clocking of ADC. The
relative instability of used reference frequency source
(«Frequency synthesizer» type 46-31) is 5:10™ for 10 s time
interval; 5-10°® for 24 h time interval; 5:10” for 6 month time
interval. The on/off frequency error is 5-10°®,

A series of test measurements showed that the device allows
estimating the frequency of a radio signal of few microvolts
amplitude over a measurement time interval of 0.1 s with a
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standard deviation error in the order of magnitude of few Hz.
The expected DFS of the TV signals reflected from meteor
trails significantly exceeds this error (for meteor trails with
drift speeds up to 150 m/s [1, 2] the DFS is 20...40 Hz, it
corresponds to the range of elevation angles of a meteor trail
at a receiver position &=90°+45°). Consequently, the
specifications of such device are sufficient for estimation of
DFS of TV signals after reflection from a meteor trail and for
further MLT wind measurement..

5. Conclusions

The possibility of using television broadcasting signals as
sounding signals for measurement of wind speed in the
mesopause-lower thermosphere by the radio-meteor method
was investigated. Such use of television broadcast signals
allows excluding the transmitter device from the measuring
system and, therefore, reducing the cost of the measurements.
The described equipment can be taken as the basis for
creating  spatially-distributed  observation  points  for
monitoring of wind motions vector in the mesopause-lower
thermosphere on the basis of existing television broadcasting
network.
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