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fiE RMS/m B RMS/m - s—1
RE LR
X Y Z total X Y Z total
(1) 19.069 27.709  48.022 58.631  0.333 0.704 0.278 0.827
(2) 598.624 931.205 298.518 1 146.563 0.024 0.015 0.032 0.043
(3) 9.458 6.648  18.359 21.696  0.021 0.027 0.036 0.050
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BT 1St B PUrE A BRI PUEBREE ST, FEX T, FIASEE Ik
PSRBT, XA SCHRE A I2 3 St UL PUE Bk e S 17 PR AL . ARIE Laysr
M, TEX— R A 5 r2m=, ME + BP5E + B EREERE A 2 PURRE 31T & PR,
T HCECARF I $ 2 0 SRR A 25 2R

SR FEFERXYS 5 min . 7min, 9 min, 11 min JREAEEE FIZE 35 E#AT
Y, FRXEHE 3min, 6 min, 9 min WIKEHTHETR, FES3h%5T 08
BEH#THE, M EMEER RMS L& 4,

x4 HMETHRERLLE RMS

ERIE S Wik 3 min Wik 6 min i+ 9 min
/min Pos/m Vel/m- s~1 Pos/m Vel/m- s~1 Pos/m Vel/m- s~1

5 100.542 1.879 993.917 11.706 4 772.087 40.162
7 29.669 0.141 73.763 0.709 289.210 32.282
9 35.898 0.071 53.046 0.257 127.099 0.891
11 34.592 0.201 89.351 0.698 288.242 2.101

HiR 4 ATLAEH, 252 PRIBR R BEXT PUE R A iR L E R, AT
BEFE X MRS i TG 2O BOR FE AT, BATXBHRAR 6 min , FRFBEH
ZUAXMAF R ER EPIRBER, FRIT:

x5 AEMBSHATIHRERRK 6 min HUEEFHLLE RMS

EB 4 Br 5 Bir 6 B 7 B

IS

/min  Pos/m  Vel/m -s~! Pos/m Vel/m -s™! Pos/m Vel/m -s~! Pos/m Vel/m -s~!
7 223.56 2.246 73.763 0.709 2 261.71 27.654 4 531.21 61.568

9 359.61 3.388 53.046 0.257 325.06 3.755 1087.2 14.975
11 565.83 5.142 89.351 0.698 155.06 1.436 858.69 10.610

13 757.963 6.873 106.72 0.810 7 273.64 2.670 960.02 10.981
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AOOTEFEER T T REINBCE PRI, S2bs AR A 77 ey B i 2 s
HERRE AL, XMHLEBHRE R A .

3.4 ERARIE

W3k B 5 — s B S BRI A TS RIS OB 24 2009-03-01 T 08-13-07.020(UTC) , ASCHF
HAEN CE-1 i HHpEZ], R 5 Br2mi=. MEE + BT + iR ERR E PR e 4,
TR Z] TRAE A BRKHARR R T4 AR, WIS CE-1 it f4iE —1.63091°, &
B 52.2549° , E5AR —575.4 m(AEAT 1 738 km BRE)

®6 HASWMATENERSEHRESLER

28 /(%) 25 /(%) T /m
AR A 52.36 —1.50 -
e s P 52.255 —1.657 —2 562
FIRZ T EIE A 52.255 —1.631 —2575.4

4 4 W iE

AR FE B2 G0 B Ik R T T CE-1 48 H i R0 B R T A B4, BE G
USB 45 VLBI ##E#i € CE-1 ¥ A BHHE, FfrEd S gnita.

WHEERER, A5 M2, KA USB MIE +VLBI B 3E +VLBI B SERE R B A
EYL, FTUBREHERSER: S GRETEI N, MEREE 20m, BE
5%22 5 em/s . FUABIFESCHLEH 9 min JRBBERIHITEY, FHRAE 9 min PliE, (LEERZE
7E 150 m DAY, #EEFRZETE 1 m/s W, PUEXRVLE, CE-1 it Am#Ed ARk, EHisagE
—1.630 91° , 2 52.254 9° , B —2 575.40 m(FAXT T 1 738 km BRT) .

SPESTMEIRE Z /T, KT X —I%, WRMITE G E AT R S RS
T, YRZI R BAENM B EBUE, et TR RS, PR a R S REA S T SE M B
PEAbHE, BAR(FEANZAMZERINT: BB T RERH R A AR LR 7, 3 H HCBCR TR I 2R %
P& (FE N HFEMIER VLBI BFHE) 7E3E1T @ BT AIPE A, DL RORTE I 32 o 2 e B 45 SR 0 4
K. RS RIRE VLB B8 7T U] BAR S @ PR, B2 TN 3y i S 07 AT 41
BRKEER, B THELS R, FreAfT T e SR A T/, BH7E T HESX Ry
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Kinematic Statistical Method Using in the Orbit Determination of CE-1

LI Pei-jia'*2, HU Xiao-gong', HUANG Yong', CAO Jian-feng'-23

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030; 2. Graduate School of

Chinese Academy of Sciences, Beijing 100039; 3. Beijing Aerospace Control Center, Beijing 100094)

Abstract: A kinematical orbit determination method using polynomial functions to describe
the short-arc trajectory of a spacecraft is proposed for CE-2’s planned descending flight toward
the landing site on the moon. For kinematical orbit, spacecraft’s dynamic modeling is not needed
and better noise reduction than point positioning method is expected by making full use of all-arc

observational data.
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The first Chinese lunar exploration spacecraft CE-1 performed a free-fall impact on the moon
after its mission was accomplished on March 1, 2009. The dynamic modeling for its free-fall
flight is relatively easy; therefore the dynamic orbit determination strategy has been successfully
applied. In this paper, the feasibility of a kinematical method is investigated by processing CE-1’s
free-fall tracking data. For accuracy evaluation, the kinematical trajectory obtained is compared

with CE-1’s dynamical ephemeris.

CE-1 was tracked with the national USB (unified S-band) ranging and Doppler tracking net-
work and the national VLBI (Very Long Baseline Interferometry) network. For the proposed
kinematical method, this paper focuses on two issues, one is the selection of the degree of the
polynomial functions used to describe the short-arc trajectory, and the other is the contribution
of the VLBI data.

The results indicate that the using of higher order polynomial functions may fit the tracking
data better, but it will generate parameter correlation problem, which could deteriorate the
accuracy. Simulation experiments and real data processing show that the optimal description
of CE-1’s free-fall landing trajectory is a set of five-order polynomial functions for each of the
position components as well as velocity components in J2000.0. We find that the combination of
the VLBI delay, delay rate data and the USB ranging data significantly improves the accuracy
of the kinematical method than the use of USB data alone. By providing a new method for
the determination of its descending trajectory, the accuracy of 20 m for position and 5 cm/s for

velocity meets the demand of the planned CE-1 mission.

Key words: CE-2; CE-1; kinematic method; statistical orbit determination; VLBI; USB



