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Analysis and Simulation of Tracking Algorithm
for High Orbit Weak Signal

YANG Xiaojiang ~ WANG Juan

(Space Star Technology Company Limited, Beijing 100095)

Abstract Autonomous Navigation Technology of high orbit spacecraft is one of the new aerospace
techniques to be developed urgently in China, which is widely used in communication navigation,
meteorology, early warning and other fields. High orbit navigation receiver provides a convenient and
effective means for autonomous navigation and positioning of high orbit spacecraft. In the high dynamic
environment, the carrier frequency, phase and pseudo code phase change greatly with the carrier motion.
Because the influence of Doppler frequency change introduced by carrier dynamics on PN code tracking
loop can be eliminated by carrier assistance, the dynamic performance of receiver mainly depends on the
performance of carrier tracking module. The increase of propagation path of high orbit, high dynamic
signal leads to the problems of large loss of received signal path and weak signal of high orbit navigation
receiver. Through carrying out special research on high orbit weak signal tracking technology, through

many times of simulation and analysis, through reasonable design of loop noise bandwidth and
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adjustment of pre-integration time and other measures, it can effectively and stably process and track

the navigation weak signal of —173 dBw. The algorithm has been applied to the Chang’E-5 high orbit

navigation receiver project. It provides the technical guidance and index reference for later engineering

application such as flying around the Moon.
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3.3 LHENER
W DA L AR R TR S B, 1 ik 15 T St
EHUGEERTLIAS] 15.81 m. 1l GNSS FERYJE
UL B A 5% 550 =y AT S R S AR, R
S FURES T B SE L SR LA 1R 22, 15 2]
SERF LR ZE, FHUATEAL GNSS ZEFLRIL . JEia Wi
BRI Be 2y 48 ho BARZEIR AT : GNSS &L
B R2EH 15.8133 m( =4, 1o), Nl 14 PR, HE
K 0.012108 m-s '(=Hh, 1), WE 15 FiR .

4 ZEig

HRAEAR X 328 Bl A B 0 B2 234, w] e i

A9 TP 4 i A SR CH AR X 3 B2 90 R 10 kemes ™, AR s
Fig. 13 IP output st O/Np = 20 dB-Hz', UL R -£2g, 368107 252 B TRS H0 453 Kz, 2235 )
B = 15 Ha, f = 20 s PR S L4105 Hzs ' 4F GEO Al HEO g%
*x1 BESUTBRERMEEAEINER
Table 1 Simulation analysis of weak signal loop tracking performance
S % i SFS
iﬁ_j sl SRR Eﬁg%}z H (7 rTiRs
PLL -160 31.38 1 2.05° 2.07°
-170 15 1 4.45° 5.67°
-171 15 20 4.99° 6.91°
-172 15 20 5.62° 7.13°
173 15 20 6.32° 8.56°
-174 15 20 7.10° 9.78°
-175 15 20 7.99° 11.68°
FLL -160 21.2 1 9.42 Hz 9.84 Hz
-170 10 5 4.17 Hz 4.88 Hz
-171 10 5 4.72 Hz 5.59 Hz
172 10 5 5.36 Hz 6.42 Hz
-173 10 5 6.10 Hz 7.14 Hz
-174 10 5 6.97 Hz 7.83 Hz
-175 10 5 7.99 Hz 9.12 Hz
DLL -160 1.06 20 1.37m 1.69 m
-170 2 20 5.67 m 6.22 m
171 2 20 6.40 m 7.44 m
-172 2 20 7.22 m 7.99 m
-173 2 20 8.17m 9.19 m
174 2 20 9.25 m 9.73 m
175 2 20 1129 m 13.15 m
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