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Abstract. The ionosphere is the ionized part of Earth's upper atmosphere,
from about 60 km to 1,000 km altitude, a region that includes the
thermosphere and parts of the mesosphere and exosphere. The ionosphere
is ionized by solar radiation. It plays an important role in atmospheric
electricity and forms the inner edge of the magnetosphere. It has practical
importance because, among other functions, it influences radio propagation
to distant places on the Earth. The region below the ionosphere is called
neutral atmosphere, or neutrosphere. In this paper aspects of design
antennas for radio occultation method of ionosphere diagnostics are
presented.

1 Introduction

Ionosphere as a medium of propagation, affects the characteristics of the radio
signal-amplitude, frequency, phase, group delay and polarization of radio waves, which in
turn has a significant impact on the quality of communication "spacecraft—spacecraft",
"spacecraft—Earth", as well as the accuracy of navigation definitions on signals from
navigation satellites.

Ionospheric effects are used not only to study ionospheric plasma, but also to calculate
the necessary corrections in order to improve the accuracy of navigation determination.

Thus, the diagnosis of the state of the ionosphere is an actual, modern task.

In this paper to improve the efficiency of sensing on small and large spacecraft through
the use of simple but more efficient antennas compared to those currently used is proposed.

2 Perspective of development

Global Navigation Satellite System (GNSS) receiver mounted on a low Earth orbit
(LEO) satellite is useful for making a radio occultation. The GNSS radio signals
transmitted from GNSS transmitters to LEO satellite’s receiver are bent when the radio
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signal goes through atmosphere and ionosphere of Earth. Because GNSS and LEO satellites
are moving at the same time, the radio signal path sounding the atmosphere and ionosphere.

The radio occultation divided by two types [1]:

—  atmospheric occultation (lower than 90 km);

—  ionospheric occultation (from 90 km to LEO altitude).

The schema of radio occultation is shown on the Fig. 1:

G1 — occultation GNSS satellite,

G2 —reference GNSS satellite,

L — LEO satellite with onboard GNSS receiver,

Gn .. Gn+2 — other GNSS satellites for solving primary navigation task for

LEO satellite,

A — ground station for processing data,

T — bending point of radio signal.
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Fig 1. The schema of radio occultation method.

The main sources of errors in radio occultation method are [2]:

—  radio signal to noise performance;

—  clock error;

—  multipath propagation;

—  orbit determination error;

—  retrieval error et al.

To minimizes errors and get well quality of occultation information is necessary
developed special antennas.

3 Antenna system

It is known that a multibeam onboard antenna with a high gain is required, which can
receive reference signals from ten or more navigation satellites, as well as register their
corresponding reflections from the vicinity of mirror points on the earth's surface.

It is proposed to improve the efficiency of sensing on small spacecraft through the use
of simple but more effective antennas compared to those currently used [3].

In the course of clarifying the requirements for the antenna, the following characteristics
were obtained from the developers of the sensing equipment:

—  again of approximately 10 dB;

—  radiation pattern in azimuth 60° to 90°;
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— radiation pattern in elevation from 20° to 30°;

—  working frequency: 1.6 GHz or 1.2 GHz.

It is possible to use antennas with uneven radiation pattern.

Further, the following options were considered to solve the problem of constructing
antennas for sensing equipment [4]:

—  spiral emitter (the number of turns of the spiral 8);

—  spiral emitter (the number of spiral turns 11);

—  helical antenna array of four elements (the number of turns of the spiral 6);

—  helical antenna array of four elements (the number of turns of the spiral 8);

—  antenna array of two elements, for example, microstrip radiators;

—  microstrip (printed) emitter;

—  horn radiator with a helical exciter.

For example, variant of design of on—board antenna is shown at Fig.2

Fig 2. The on—board helical antenna array.

The on—board helical antenna array consists from different types of helical emitters as
shown at Fig. 2. Each helical emitter can be used as on—board antenna as shown at Fig. 3.

Fig 3. The on—board helical antenna array.

Also in this paper the main characteristics of presented on—board antennas such as
voltage standing—wave ratio, radiation pattern, gain, axial ratio and etc are presented. The
obtained results satisfy the specified requirements.
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4 Conclusion

The diagnosis of the state of the ionosphere is an actual, modern task. The use of the on-
board antennas considered in this paper will improve the performance scientific
experiments on sounding the atmosphere, the ionosphere and the earth's surface from space
using spacecraft, including small, and the proposed options for the construction of antennas
of this equipment will allow developers to choose the best option depending on the
spacecraft on which the sensing equipment will be installed.
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