ChinaRxiv [$X]

AT translation - View original & related papers at
chinarxiv.org/items/chinaxiv-201711.01336

Postprint: Impact of Solar Wind on Mars
Exploration Communication Channels and Anti-
scintillation Strategies

Authors: Xue Xiping, Li Chunlai, Kong Deqing, Zhang Hongbo
Date: 2017-09-26T00:00:00+00:00

Abstract

During solar superior conjunction, solar wind severely impacts deep space com-
munication links, potentially causing communication link interruption under
severe conditions. The discussion establishes that the distance between the com-
munication channel and the Sun is the primary factor determining solar wind’
s influence on deep space communication channels, and analyzes the specific
characteristics of this impact. Finally, using China’ s Mars exploration mission
as a background, theoretically feasible strategies for improving communication
channels to resist solar wind effects are analyzed.
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Abstract

During solar superior conjunction, solar wind severely degrades deep space com-
munication links and may cause complete link interruption. This paper demon-
strates that the distance between the communication channel and the Sun is

chinarxiv.org/items/chinaxiv-201711.01336 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01336
https://chinarxiv.org/items/chinaxiv-201711.01336

ChinaRxiv [$X]

the primary factor determining the severity of solar wind effects on deep space
communication channels, and analyzes the specific characteristics of these im-
pacts. Finally, using China’ s Mars exploration mission as a case study, we
theoretically evaluate feasible communication channel improvement strategies
to mitigate solar wind effects.

Keywords: solar wind; deep space exploration; intensity scintillation; phase
scintillation; frequency expansion

1. Introduction

China’ s deep space exploration program has officially commenced, with Mars
and other small celestial body exploration missions already initiated. Deep
space communication features extremely long transmission distances, low signal-
to-noise ratios, and significant propagation delays, making it particularly vul-
nerable to solar wind effects. During solar superior conjunction, when the Sun
lies directly between Earth and the spacecraft, communication signals must pass
through the solar corona, resulting in severe degradation of communication qual-
ity. For example, during the Galileo mission, when the Sun-Earth-Probe (SEP)
angle was 2.9° the spacecraft signal could only be acquired after multiple re-
transmissions. When the SEP angle decreased to 0.6°, the signal-to-noise ratio
fluctuations became so severe that the spacecraft signal could not be acquired
at all.

With China’ s deep space exploration program now underway, research on the
impact mechanisms of solar wind on communication signals and corresponding
anti-interference techniques is essential for mission planning and implementation.
This paper systematically analyzes the influencing factors and scope of solar
wind effects on communication signals, and proposes several technically feasible
mitigation strategies for China’ s Mars exploration mission.

2. Impact of Solar Wind on Deep Space Communication
Signals

Solar wind plasma exhibits non-uniform electron density distribution and tur-
bulent motion within the solar corona. When communication signals propagate
through this medium, the irregularities cause rapid fluctuations in signal am-
plitude and phase, known as scintillation. Phase scintillation refers to rapid
phase variations caused by the solar wind, which leads to frequency shifts in
the received signal. Since both the spacecraft and Earth are in relative motion,
phase scintillation can also be interpreted as Doppler noise. For instance, during
Cassini’ s solar conjunction in 2000, significant phase scintillation was observed
at SEP = 0.6°.

Frequency expansion occurs when signals propagate through the irregular
plasma distribution of solar wind, causing the signal’ s power spectral band-
width to increase. The degree of frequency expansion depends on plasma
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density fluctuations and solar wind velocity. If the transmitted signal expe-
riences large frequency expansion, a wider receiver bandwidth is required to
capture the signal, but excessive bandwidth introduces more thermal noise and
degrades receiver performance. Cassini observations in 2000 showed frequency
expansion effects at SEP = 0.6° and SEP = 3.1°.

[Figure 1: see original paper| Schematic diagram of solar wind impact on deep
space communication

[Figure 3: see original paper] Frequency residuals in X and Ka bands from
Cassini reflection phase scintillations during first solar conjunction (SEP = 0.6°)
[Figure 4: see original paper| Frequency expansion of signals during Cassini’ s
first solar conjunction observed in 2000 (SEP = 0.6° and SEP = 3.1°)

3. Anti-Interference Techniques
3.1 Frequency Selection

The impact of solar wind on radio signals is frequency-dependent, with lower
frequencies experiencing greater effects. Therefore, selecting higher frequency
bands can enhance resistance to solar wind interference. Under the same channel
conditions, the scintillation index for Ka-band signals is only 0.064, while for
X-band it is 0.37—meaning Ka-band experiences significantly less attenuation.
However, higher frequencies suffer greater atmospheric attenuation. For deep
space missions, using a relay satellite to receive the spacecraft’ s Ka-band signal
and down-convert it to X-band before transmission to Earth can substantially
reduce atmospheric attenuation. Ka-band communication represents the future
trend for deep space communications, offering both improved communication
quality and reduced spacecraft power requirements.

[Figure 5: see original paper] Communication link performance at X/Ka band
(Rice distribution model)

3.2 Channel Coding

Traditional deep space communications have employed convolutional coding
with Binary Phase Shift Keying (BPSK). However, under strong scintillation
(scintillation index > 0.3), convolutional codes perform poorly. As signal at-
tenuation and phase fluctuations intensify, receiver performance degrades sig-
nificantly. Low-Density Parity-Check (LDPC) codes have emerged as a su-
perior alternative, offering performance near the Shannon limit and excellent
anti-interference capability. MATLAB simulations comparing different coding
schemes under solar wind effects show that LDPC codes provide a 3.3 dB coding
gain improvement over convolutional codes under the same channel conditions
and information rate.

[Figure 6: see original paper] Communication link performance with different
coding schemes under solar wind influence

chinarxiv.org/items/chinaxiv-201711.01336 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01336

ChinaRxiv [$X]

3.3 Adaptive Compensation

Increasing spacecraft transmit power is one method to compensate for attenua-
tion, but deep space spacecraft power is severely limited, and raising transmit
power adversely affects other instruments. Adaptive power control based on
channel characteristics offers a better solution. For deep space communications,
channel attenuation exhibits slow variation due to distance, and fast variation
due to solar wind scintillation. An adaptive compensation approach using a
tapped delay line filter can estimate channel characteristics. Ground stations
correlate received spacecraft signals with local reference signals to extract fre-
quency and phase deviations, then compensate the data-bearing signal to restore
normal performance.

[Figure 7: see original paper] Adaptive compensation principles of the data
receiving system in ground station

3.4 Antenna Arraying

Increasing antenna aperture enhances ground station receiving capability, but
large antennas face technical challenges including structural deformation and
high costs. China has halted development of large single-aperture antennas.
Antenna arraying technology using multiple smaller antennas offers equivalent
performance with greater reliability and lower construction/maintenance costs.
International successes include the Galileo mission, where arraying enabled re-
ception of weak signals when the primary antenna was damaged. China has
established an experimental antenna arraying system using the Miyun and Yun-
nan telescopes, achieving 2 dB signal-to-noise ratio improvement (92.5% com-
bining efficiency) during Chang’ e-3 lunar descent data reception.

[Figure 8: see original paper] Test system of the antenna array
[Figure 9: see original paper] Analysis of the antenna array’ s synthesis effect

4. Conclusion

During solar superior conjunction, solar wind severely impacts deep space com-
munication quality, causing signal attenuation and phase fluctuations. With
China’ s deep space exploration program underway, research on solar wind ef-
fects and mitigation techniques is crucial. Key strategies include using higher
frequency bands (Ka-band), advanced channel coding (LDPC), adaptive com-
pensation, and antenna arraying. Researchers should thoroughly investigate
these anti-interference technologies to ensure reliable deep space communica-
tion during solar conjunction periods.
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