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R -13.778 4.426 0.000 348 0.000 100 51.478 12.151 0.000 682 0.000 093

T —-82.644 35.100 —0.000 205 0.000 047 —-105.721 6.444 —0.000 103 0.000 011
4. D f] -+

N —335.438  121.933  —0.0013 11 0.000 709 —246.355  58.600 0.001 423 0.000 156

Total 341.095 126.962 0.0013 21 0.000 717 260.001 60.193 0.001 581 0.000 182
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HESCRR[3]00 1H 52 3P i ) 26 4040 O RMIS 1] LA il 7
0.5 m, RIMBUEM AL R GX 50T &
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78, JLRAE T MR HE 1 KSE, A ST 1
RMSEIERE R FE AR 2 2 Bk S i
KA B VR AR -5 0T I 0 52 bR L IE HEAT 0BG, A3 3
S8 BB 5 AR 22

4 %
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D2 040 KO RMES ZE A0+ M0 5 W) #E 2 RMS — N 2,
(7 A PR A= Oy 0 B 50 90 2 U0 T ARoRs B2 008 000 < )
PEECHE — . ISR B S k0, P AR O i A
BN P A RS LA T R, (EAE o [ A SRR
55 v A O B I B A AR I SEBR o AR SCR
FI A v 2 B2 P 2 Dy R0 P X 6 P 2 s L3 0
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K5, XA D B I BEAE R SR A PRI
55 oS BRI AT AR 2%

2 % x W

[1] B, BRO, 5kT%, 55 “ORAI S h gk B an LB BUE it L S
SrHTD]. BRES R EAR (330, 2019, 6(3) : 247-253.
DUAN J F,CHEN M, ZHANG Y, et al. Orbit determination and
analysis of Chang’E-4 relay satellite on mission orbit[J]. Journal of
Deep Space Exploration, 2019, 6(3) : 247-253.

[2]  REERsE. A TCL I B BOR M. dbat: [ B Tl R,
2012.

[3] Bz, 5k M, SRR I, 5 WO R U FEBOR B FE[T]. RAT a2
#2,2005,24(6): 9-13.
JU L,ZHANG B X, ZHANG X M. Research on pseudo-noise ranging
technologies for DSN network[J]. Journal of Spacecraft TT&C
Technology,2005,24(6): 9-13.

[4]  Exm, Rt HURMEE RS Oy DI RS 2 2 T ()], Bk LR,
2009,39(1):39-44.
WANG Q, WU B. Analysis on precision of pseudo noise code ranging
in space TT&C systems[J]. Radio Engineering,2009,39(1) : 39-44.

[3]

[6]

(7

[8]

[

[10]
[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

BRAZA, SRS, AL b CoVR 2 R 28 05 25 2 BT B B R G ],
TRAT A IR 244, 2010,29(5) £ 69-74.

HU S J, TANG G S. BACC orbit determination and analysis software
for deep-space explorers[J]. Journal of Spacecraft TT&C)\;
Technology,2010,29(5): 69-74.

RAPPAPORT T S. JE£kIB(% JR B 5 R I [M]. 5436, 450, ALAR IS, #%.
Jbut: B LA RRAL, 1999.

BERNER J B, LAYLAND J M, KINMAN P W, et al. Regenerative
pseudo-noise ranging for deep-space applications: TMO Progress
Report 42-137[R]. [S. 1.]: Communications Ground Systems Section,
1999.

CCSDS. Pseudo-Noise(PN) ranging system informational report:
CCSDS 414.0-G-2[R]. Washington, DC : CCSDS, 2014.

HFOLSE, FE R, EHOK, & P EESEW: RE w5 REEAR D
S/X/Ka =SB 25 M4z 1815 R G M. dLaT: iE R R & H R, 2016.
SN FEAE ORGP EE AR R SEBLE ST [D]. N - WL K5, 2007.
HOsE, IR E, FE R, & M ERE M : KRG RIS RBEARCH
R TWIE RG[M)]. bt H R R, 2016.
#FOLSE, R E, FER, & PEETM: KRGS RBHEARD
SIXBUIRBA T MBS RGEMY]. ALat BRI, 2016.
K, W, BRAAS, S, M T3 m o kS HUE GERF[T]. R AR
PR CPEI) , 20154 : 318-324.

LIU L,CAO J F,HU S J. Maintenance of relay orbit about the Earth-
Moon collinear libration points[J]. Journal of Deep Space Exploration,
2015(4):318-324.

DA, BRI, R R, HON SR BE B AR [z I (M. B
I 5 ol H g 2002,

A NG TR A S OB € (M. b5 RRCE AR AL, 1995.
WRi, ok 3, ol 0, S5 OR AR S RIS PUE i 2 S B EOR D). B
AR, 2012, 57(9) : 689-696.

CHEN M, ZHANG Y, CAO J F, et al. Orbit determination and tracking
technology of CE-2 satellite[J]. Chinese Science Bulletin, 2012,57(9):
689-696.

i, B, AN, S A BRI 0 O — 5 I H B 5
m[T]. TR 2010, 31(4) : 998-1004.

CAO J F,HUANG Y, HU X G, et al. The effect of lunar gravity field
on the low orbit of lunar satellite CE-1[J]. Journal of Astronautics,
2010,31(4):998-1004.

WREA, BRSSO Ak — 5 0 T IR AR N 24 5 5 LS T
1. BSR4 f5 B ARHRR 2011,36(2): 212-217.

CHEN M, TANG G S, CAO J F, et al. Precision orbit determination of
CE-1 lunar satellite[J]. Geomatics and Information Science of Wuhan
University,2011,36(2):212-217.

IR, Brd e, 56, . O AR IO 5 PRI 25 o LR A 0 I B
i BURE FE I BT [C1// 36 — S vh B A R RHE R iR SR, BT
R 2, 2019.

NIU D W, DUAN J F, WANG M. A study of the orbit determination
ability for China's Deep Space Network VLBI data for Chang 'E-4
prober[J]. The 1st China Space Science Assembly. Xiamen: Chinese
Society of Space Research,2019.

B, ik, W g, 55 b E T BRERIIAE S5 PUE B 2 BOR BOR R


http://dx.doi.org/10.3969/j.issn.1003-3106.2009.01.013
http://dx.doi.org/10.3969/j.issn.1003-3106.2009.01.013
http://dx.doi.org/10.1360/972011-818
http://dx.doi.org/10.1360/972011-818
http://dx.doi.org/10.1360/972011-818
http://dx.doi.org/10.3873/j.issn.1000-1328.2010.04.010
http://dx.doi.org/10.3873/j.issn.1000-1328.2010.04.010
http://dx.doi.org/10.3969/j.issn.1003-3106.2009.01.013
http://dx.doi.org/10.3969/j.issn.1003-3106.2009.01.013
http://dx.doi.org/10.1360/972011-818
http://dx.doi.org/10.1360/972011-818
http://dx.doi.org/10.1360/972011-818
http://dx.doi.org/10.3873/j.issn.1000-1328.2010.04.010
http://dx.doi.org/10.3873/j.issn.1000-1328.2010.04.010

28

AR AR CRIE30)

20224F

ZRIR[I]. IR HRI ZAR (R 5830, 2019, 6(3) : 203-209.

DUAN J F, ZHANG Y, CAO J F, et al. A summary of orbit
determination techndogy for Chinese lunar exploration project[J].
Journal of Deep Space Exploration, 2019, 6(3) : 203-209.

TEH R

HHRICA986-), 53, TARIW, F LW FC 5 1 « i R R 200
AR,

AL - b5 T EE X LT #5265 B (100094)

i (010)66360292

E-mail:ndw05044050@163.com

F1979-), 5, m S LRI, EEH T R B ENEA .
AL : A5 513015 4 (100094

Hiif: (010066361456

E-mail:zackyzy@163.com

Regenerative Pseudo-Random Code Ranging Orbit Determination Accuracy Analysis
for Chang’E-4 Relay Satellite

NIU Dongwen, DUAN Jianfeng, OUYANG Qi, ZHANG Yu, CHEN Lue, WANG Mei
(Beijing Aerospace Control Center, Beijing 100094, China)

Abstract: Flying on the mission orbit at the Earth-Moon L2, the Chang'e-4 relay sattellite carried out the experiment of
regenerative pseudo-random code ranging, during which the regenerative pseudo-random code ranging and the sidetones ranging
were both utilized. The regenerative pseudo-random code ranging data and the side tone ranging data of the Chang’E 4 relay satellite,
which are flying on the mission orbit at the Earth-Moon L2 libration point, are used to evaluate their orbit determination accuracies.
The results show that the RMS of the regenerative pseudo-random code ranging data is one order of magnitude better than that of the
sidetones ranging data, and the orbit determination and prediction accuracy of the regenerative pseudo random code ranging data is
twice as good as that of the side tone ranging data. This is a reliable reference for the application of regenerative pseudo-random code
ranging in the future Chinese deep space exploration missions.

Keywords: Chang’E-4 satellite; relay satellite mission; regenerative pseudo-random code ranging; tone ranging; orbit
determination; accuracy analysis

Highlights:

e China’s first regenerative pseudo-random code ranging experiment beyond the distance between the Earth and the Moon is

introduced.
e Based on the actual track measurement data, the orbit determination accuracy of the regenerative pseudo-random code ranging is

analyzed and evaluated.
e Based on the actual orbit measurement data, through the precise orbit determination analysis, it is quantitatively verified and
further illustrated that the measurement accuracy and orbit determination accuracy of the regenerative pseudo-random code ranging

are better than those of the sidetones ranging.
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