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Figure 1 Schematic diagram of SEP angle variation during the Mars-orbiting phase of Tianwen-1
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Figure 2 Elevation of the deep space antenna during the test
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Figure 3 Solar noise measurement results of the 66 m antenna (a) and the 35 m antenna (b)
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Table 1 The number of data frames received by the 35 m antenna and the 3x35 m antenna array system of Kashi Deep Space Station

H 39 SEPi(°)  RERENGWEL  REIEMWE  KEMDIE(%) REMGIEWE KL EMDEL KL %)
2021-10-01 2.36 56 56 0 56 56 0
2021-10-02 2.04 55 55 0 57 57 0
2021-10-03 1.73 56 55 1.79 56 56 0
2021-10-04 1.435 56 48 14.29 56 51 8.93
2021-10-05 1.152 55 33 40.00 44 44 0
2021-10-06 0.899 56 0 100 56 0 100
2021-10-07 0.715 56 0 100 56 0 100
2021-10-08 0.65 56 0 100 56 0 100
2021-10-09 0.755 56 0 100 56 0 100
2021-10-10 0.95 56 0 100 56 0 100
2021-10-11 1.213 56 0 100 56 0 100
2021-10-12 1.525 56 2 96.43 56 56 0
2021-10-13 1.804 56 11 80.36 54 54 0
2021-10-14 2.114 56 55 1.79 56 56 0
2021-10-15 2.429 56 50 10.71 56 56 0
2021-10-16 2.747 56 56 0 56 56 0
2021-10-17 3.068 56 56 0 56 56 0

F 2 AEAREIRE 66 mR ZHEMEIE W

Table 2 The number of data frames received by the 66 m antenna of

Jiamusi Deep Space Station

] SEPMI(°)  HgWisk  IERAWIEC  AEWUR%)
2021-09-30 2.69 57 57 0
2021-10-01 2.44 53 52 1.89
2021-10-02 2.12 56 56 0
2021-10-03 1.81 56 56 0
2021-10-04 1.51 56 56 0
2021-10-05 1.22 56 56 0
2021-10-06 0.958 56 48 14.29
2021-10-07 0.75 56 30 46.43
2021-10-08 0.65 56 12 78.57
2021-10-09 0.708 56 40 285
2021-10-10 0.892 56 32 42.8
2021-10-11 1.143 56 5 91.07
2021-10-12 1.426 56 56 0
2021-10-13 1.726 56 56 0
2021-10-14  2.035 56 56 0
2021-10-15 2.35 56 56 0
2021-10-16  2.668 56 51 8.93
2021-10-17  2.988 56 56 0
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Table 3 Estimation table of the channel margin during the solar conjunction of Tianwen-1
SEPFC) fRMEL(32 bits/s) fHili4(dB)
AARMEEH66 m AR 35m B RARF3x35 m FEARWRAS I 66 m  WRATIRZS M35 m BAT KL FE3x35 m
0.651 13.5 13 14 -8 -8.5 -1.5

1.0 15.6 15 15.7 -5.9 -6.5 5.8

1.5 20.5 16.6 22.7 -1 —4.9 1.2

2.0 21.8 18.9 242 0.3 2.6 2.7

2.5 23.7 19.8 26.6 22 -1.7 5.1

3.0 243 20.1 27.5 2.8 -1.4 6
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Solar noise influence on TT&C link of Mars Exploration
Mission

. 1 - L1 . 2 2 2 .3 . 4
Rongqiao Zhang , Haitao Li , Guangliang Dong~, Hong Wang~, Yan Geng", Jun Liu’, Wenma Jin
2 .3 .2
Shaowu Chen’, Zhongbo Liu” & Zan Li
" Lunar Exploration and Space Engineer Center, Beijing 100101, China;
z Beijing Institute of Tracking & Telecommunications Technology, Beijing 100094, China;
* Xi’an Satellite Control Center, Xi'an 710043, China,

4 Beijing Aerospace Control Center, Beijing 100094, China
* Corresponding author, E-mail: lihaitaoi@bittt.cn

During deep space exploration activities, solar conjunction occurs due to changes in the relative motion between the Earth,
the spacecraft and the Sun. During solar conjunction, the main beam of the antenna of the ground deep space TT&C
equipment is aligned with the spacecraft as well as the sun. At this time, the strong electromagnetic radiation generated by
the sun will enter the main beam of the ground deep space TT&C antenna and bring strong interference to the spacecraft
signal received. Therefore, solar noise is an important factor affecting the performance of deep space TT&C
communication link. During China’s first Mars Exploration Mission—Tianwen-1, the opportunity of the Sun-Earth-Mars
angle-off less than 5° will be used for the first time, that is, from September 23 to October 23, 2021, the 35 m diameter deep
space TT&C equipment of China’s Deep Space Tracking and Control Network located in Kashi, Xinjiang and Jiamusi,
Heilongjiang. The influence of solar noise on the TT&C communication link of Tianwen-1 during solar conjunction was
studied, the latest experimental results were obtained, and the preliminary law of the influence of solar noise on the X band
TT&C link of China’s deep space TT&C equipment when the distance from the Earth is 400 million kilometers was
obtained. The completeness and correctness of the downlink telemetry data after frame synchronization of the deep space
TT&C station were verified, and the effect of solar noise on the reception performance of the deep space TT&C station was
evaluated by calculating the frame error rate of the telemetry received. According to data analysis, when the azimuth
deviation angle is less than 3°, the influence of solar thermal noise increases, and when the azimuth deviation angle is less
than 1°, the influence of solar thermal noise increases significantly. When the deviation angle is less than 2°, the influence
of solar thermal noise increases, and when the deviation angle is less than 0.5°, the influence of solar thermal noise
increases significantly. Since the Tianwen-1 Mission is in the midst of an 11-year lull in solar activities, the impact of solar
noise is relatively small. During the extended mission of Tianwen-1, the ground deep space TT&C system will continue to
monitor the influence of the TT&C link during solar conjunction, and strive to obtain the influence information of a
complete solar activity cycle, so as to provide more accurate reference for the analysis of the influence of solar noise in the
subsequent deep space exploration activities. Considering that Ka-band will be an important frequency band for deep space
TT&C communication in the future, it is necessary to further strengthen research and experimental verification of the
influence of solar noise on the deep space TT&C link at Ka-band.

Mars exploration, Tianwen-1, solar conjunction, TT&C link, system noise temperature
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