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Research on Overall Design Technology of TT&C for Lunar Exploration

LI Zan', LI Haitao', ZHANG Zhe*, FAN Min', XU Dezhen', XIN Xiaoshengl
(1.Beijing Institute of Tracking and Telecommunication Technology, Beijing 100094, China;
2.Lunar Exploration and Space Engineer Center, Beijing 100190, China)

Abstract: In China’s lunar exploration project, a three-step development strategy, i.e., “circling”, “falling”, and
“returning”, is adopted. As one of the five systems of the project, through the lunar exploration project, the telemetry
track and command (TT&.C) system has built the deep space TT&.C network and 18 m TT&.C network, successfully
complete the TT&.C of detectors in all previous missions, and a lot of practical experience in the analysis and design of
missions, the determination of orbits, and the design of links has been accumulated. Based on two Chang’ e-4 lunar
launch missions, the deep space TT&.C network and 18 m T'T&.C network in China are systematically reviewed. The
implementation capability of TT&.C missions is analyzed in detail from the aspects such as TT&.C coverage, link
performance, orbit measurement accuracy, and influence of solar eclipse. On this basis, the TT&.C schemes of multi-
target TT&.C, orbit measurement, and solar eclipse period are designed. Through the comprehensive analysis of the
measured data obtained during the missions, the implementation of TT&.C is summarized, and suggestions for the
follow-up work are put forward. It is expected to provide reference for the mission design of lunar and deep space
exploration
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Fig.6 Theoretical flight process of Chang’e-4 detector

Hh gk B ) A SR T S B BE St — 2 I T
(USB) , X i v 1o B0 f% 2R 1S 030 B 400 A 28 20 3 o 44
i 5 55 3 B g A A 2 B T R 1) K8 A% R A X
B, I AT ek A X8 BERT IR 1) {5 5 RS

THT 1 07 22 e R AR A% o A B i o) b U 7 SR R X0 B
G —FP AR T (UXB) , &5 A 5 B0 R S
B, b T e A% 2 8l 1 R R TR T X OB M3
TREFF UG A B AS KA R R X B 1 gk A
K5 4 T 58 BLAT IR 1) BCHE A8 B o A X TG I 4
Fe 0o FE IR A5 R Y S A B Gt — 2 AR T
XoF b 2 KB A2 i SR Y XA 3 0 ) 2 e R o A
Hov, 25 Bl A% X80 BE I B = 35 J90% 5 500 kHz, H 4k
SR TR S B BEI B 3 ¥ 455k 100 kHz; [ i 25
i 25 T 42 155 55 90T 6 7 XoF 2 43 0 B B 15 5 (3R AR
R 1/2 200 F1 1/440) , o 4k 5L ARG RL DN ¥ £ 5
B 98 ) — X 22 43 W0 PR B  fE S (U R
1/600) , FH T 3wl LA b I oK Bz oy % 45 H bR i#E 47 22
A3 PR R o Ak R R R A A T A R B
B 7 iR

TATS
B
Lt
S BATS

SRE

TATSHIB
gxﬁﬁ&&ﬁ%

FE5 1%
BRI N

1 R ) i
AR

B7 HHENSXBAEERXRTEE
Fig.7 Diagram of Chang’e-4 TT&C links
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Fig.12 SEP angle of the relay satellite in Argentina before

and after the dynamic descent of detector
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Argentina under different offset angles
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Tab.2 Post-analysis results of orbit determination
accuracy of relay satellite (35)
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Tab.3 Post-analysis results of orbit determination
accuracy of detector(3c)
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Tab.4 Post-analysis results of orbit determination
accuracy of microsatellite (35)
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