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Abstract. Ionospheric irregularities make significant impact on the efficiency of radio-
engineering system operation. Our investigations carried out on Kamchatka peninsula
showed that field-aligned irregularities have particularly destructive influence on decame-
ter radars. We pin some definite expectations with them to increase the efficiency of radio-
engineering systems by active impact on the ionosphere. One of the important parameters
of such irregularities is their velocity characteristics. When determining irregularity ve-
locity in the impact area, different approaches are used, for example, aspect scattering
method which specifies velocity on the whole but does not allow one to determine its
vertical and horizontal components, direction of its motion. We have developed an ap-
proach which allows us to solve this problem. As an example, results of observations
over EISCAT experiments in October 2019 are presented.

1 Introduction

Our investigations [1] showed that presence of a special class of ionospheric irregularities, field-
aligned ones, is acute not only for beyond-the-horizon radio location. This type of irregularities
is of interest during active impact on the ionosphere [2]. Consequently, research of field-aligned
irregularities is a topical task.

In order to estimate the parameters of artificial irregularities of the ionosphere, different methods
are applied, for example, test wave [3], aspect [4] and backward scattering [5] methods. To real-
ize these methods one needs complex equipment unpurchasable for the majority of researches. We
suggested a method [6] which included generally acceptable software-defined SDR receivers (Soft-
DefinedRadio). Results of the observation over the experiments taking place in October 2019 are
described in the paper.

2 Method justification

A network of SDR receivers installed in Europe, in particular, make it possible to record electromag-
netic radiation from the impact area within the line-of-sight, that minimizes the ionosphere impact
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on radiation propagation. An analysis of the distribution of the amplitudes of the heating radiation
scattered by ionospheric irregularities showed it’s bimodal and, in some cases, polymodal character.
When estimating the capacity of the short-wave communication channel (ionosphere heating is car-
ried out just in this wave length range) one take Rayleigh, Rice or Nakahami distributions [7], as a
rule. However, they are not bimodal, i.e. the observed distributions are anomalous with respect to
those distributions. Based on the velocities of the observed fading, Fig.1, they refer to fast ones.

Figure 1. Scattered signal record on October 18, 2019 at 13:14 UT at Alta

Fast fading is divided into interference and polarization ones. It is known that polarization fading
is determined by magneto-ionic splitting of the wave incident to the ionosphere and, in a general
case, by the formation of elliptically polarization signal the polarization characteristics of which do
not coincide with the same characteristics of a receiving antenna. However, under active impact on
the ionosphere, when the direction is towards the magnetic zenith, radiation with circular polarization
is used and the possibility of polarization fading manifestation is low as long as in this case there
will always be a position of electric field strength vector which will coincide with receiving antenna
polarization plane [8, 9]. Interference fading is, as a rule, determined by ray path differences, i.e.,
phase ratios. In our case, it is necessary to take into account frequency Doppler shift as long as field-
aligned irregularities move [1]. Then, in a general case, the resultant field can be represented as a
sum

E(t) = E1 · cos(ω1t + ϕ1) + E2 · cos(ω2t + ϕ2) + ... + ξ(t),

where E1, E2 are amplitudes; ω1, ω2 are frequencies; ϕ1, ϕ2 are phases of separate scattered
components; ξ(t) is the noise component.

For the case when ω1, ω2 differ insignificantly and noise dispersion is small, in the paper [10] an
approximated expression for the density of process envelope possibility for two-ray distribution was
obtained
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When choosing the parameters E1, E2 and σ we can obtain bimodal distribution and component
correlation is not necessary in this case. The main requirement is the difference of frequencies ω1
and ω2. As long as this difference is determined by frequency Doppler shift, it cannot be significant
compared to the heating frequency, then quasi-beats and quasi-periodic processes should take place.
In Fig. 1, features of such a process are indicated by arrows.

3 Observation results

Besides the features of beats in a wave form, we detected spectrum splitting, Fig.2. This phenomenon
is described in the papers [10, 11]. In the paper [10] it is assumed that this phenomenon is determined
by field-aligned irregularity drift.

Figure 2. Scattered signal record on October 18, 2019 at 13:14 UT at Alta

Spectrum splitting is an interesting phenomenon but during automatic processing of records it
causes difficulties in detection of real value of frequency Doppler shift. As long as at the current stage
of investigations the experimental data volume is not large and our resources are limited, we made
some simplification, the software determines frequency Doppler shift for the maximum amplitude.

At the initial stage of investigations when estimating velocity and direction of irregularity motion,
we applied ten-second averaging that is, probably, unjustified for the irregularity parameters described
above. Thus, when we processed the data from October 2019, another approach was used. In software
we defined the FFT maximum and the maximum time resolution.

Based on the initial data, frequency Doppler shift distributions were drawn and velocity distri-
butions were calculated from them. As long as it is not possible to present the data over the whole
heating cycle, we divided the cycle into periods of power increase and decrease. Results for ALTA
site are illustrated in Fig.3-4. Markers show velocity discrete values, the lines connecting the markers
are applied in order to trace easier velocity changes at the heating stage. It is clear from the graphs
that when the impact power increases, the velocity value and sign change. Under minimum impact,
the irregularities moved away from an observer. As the power grew, they began moved in an opposite
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Figure 3. Velocity distribution during impact power increase

direction. When impact power decreased, we expected an opposite picture, that occurred, however,
the process was slow that may indicate the inertial process in ionospheric plasma.

Figure 4. Velocity distribution during impact power decrease

We use multi-position diagnosis of ionosphere modification, i.e. the area is observed at different
angles in vertical and horizontal planes, that allows us to determine the components of irregularity
velocity and direction of their primary motion, Fig.5.
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We use multi-position diagnosis of ionosphere modification, i.e. the area is observed at different
angles in vertical and horizontal planes, that allows us to determine the components of irregularity
velocity and direction of their primary motion, Fig.5.

Figure 5. Distribution of irregularity motion directions

4 Conclusions

• We have shown the possibility to investigate velocities and directions of ionospheric field-aligned
irregularity motion applying SDR technology.

• Observations showed the dependence of motion velocity and direction on heating wave power.

• The motion determined by active impact on the ionosphere has primary southern direction.
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