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26 H 21 i} 4543, CE-2 DR EIH S EE RN 15
km. & H SE RN 100 km (980E, TFEE TR B X H
TAI £ 1B 25 Bl DX O V2 X i AT 1A, JJ5 T 10 H 29 H
10 15} 36 73 FHEL 21 A 171 100 km = [BI#LIE, TR A
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PEA M A R EGE. CE-1 TLAR Y S P8 A E A M
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SR FH A DU o 280K T ELRKS TR ik AR B A 1
977 3. AT AR K 4 2 51 1k A Bk as AT g a], I
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F1 EIEPRE BLE T TS — BB Z)

. . JiBR AL T35 JC 3 JEE i 22 L7 R IER B8 |
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st R T 8] 6 22 A0 PR 1 T 7. SR BT ol 545 g Ak 2%
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WE 1 AHBRIEN S, BB E 1 R TFiG.
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R 20T A AL EE 25l 40 km, 26 I RE SR
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INZ I T A5 RS e B 5% 25 0T, 19 h DU
HUITK B /2 S S R I O R A 22, B X Fh
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M 3 BB 2012F38 £57% FoH
F2 AEAEHRBEERILE
BAEINBEKJE (h) TR 235 A A5 R B (km) 256 1 B AE (m/s) T A (A (m/s) il BB (R
R 1 19 150 2.14,1.11, 1.35, 0.75 0.08, 0.09, 0.18, 0.09 4
A 2 7 110 0.098 0.086 1

BB L 28 ) S R A (E — B, e R
ZAAR/IN, TR Z AT H 00 7R S 0 2R T 4
REAR—F, MBI E R R, H3 R
S B AN, PRI R I s v S i AR A PR
WS 2 2 LA A BRI S VLB 0 ) X
2R, HEERIENEN, X — S NESINE M ]
LU, BORRS 2 89 7 h IRK 5 9 h 9K 4TI
B, BIiIMWZ2R 200 m BKF. e Bl Rk
LB T 1 5 0 2 A 205 2 I 2 I B 45 F T % e B ke
FIEEAEH. F GEODYN B A" 2I% R #4474k
PRAS B T A [E] 258

Bifi 25 U 2 TN B A B T, aX — IA) RELTE S 2T
Sk o B, B AR R R R AR, R XE EE A N
K, R E RS BE A SR ARG . # B i 7 B LR
B A FE L 80 7 KN DL R SEBRAT RO I
F e . R B AEAT 55 Bt bt A R R X — R
DIAE T EA A8 B DU T A T 12 RS 2% 3 L.

1.3 35 H gl B2k A B BsRmE SRsE Fil

HERHRPUE T A mlm A, TR E SRS
ARABRR, E B BE W AR N S . AT A ) Sl e S e
TE A HOIR A IEAT 55 S0 P B — A R HEIATY. DH A
4 27 3 b R iU 2 A TP R TR 0 R A Y S e
FARPEATORF . U 3l 45 o5 5 9IE B X
PEJRIRAS M A A R T B LAY H i 8h = 1] 64
e I A RSO T A B R S UIE O SR MERLE, Ah
AR T M AR I R v LB 0 B 1R 22 /N T 300 m. T
THT 0 A A ) 0 30 26 5 KA [ I B 9 4 R G 3K

FEFUN L. B 5350 % [ )5 15 min, 30 min )
3 h AL, 0 O A 4 S AU R USB I 4k
Wi 5 FH USB I s B8 i VLBI 22 250805 P Al 1 .
BT S IEPOE g R gk 3 il

28 3 Bl AT W, % CE-2 H BRI IRELIE 1T =,
¥ USB AU e o A AF T e Bl A SR, 7
3 h KT, PuBEAEXRE, HEESAALY 0.02°0)
2%, T USB Il VLB A & P 56 R A5 T T 3
I AP, 15~30 min UK A2 K il 2
FEBUA KRR, H0E A 2s 0] mm R AR e, e
4% 2R G BR W TE T H il 352 U5 30 min PIAf 2 T
A SRS R

1EH BRI B B iR 45—k T FLIE T AL ).
Ptk — 5 TR AR HBE B0 RS, HIE KR
B [60) RT3t 46000 DX A B ) B g 23, AR T R L Sk
By Siti, FrLATE 12 h 3R H s s — ok iz
T T 5 AR L. AE TR Bk A BRI AR R A, 0
— A5 3 H BT 1T TR A ok, KRR H B
T T A — R R, (TR B OE R OAY A ) 4R A
KN HSE S AL B0 K 2 BUEE 25 ] E R R
T VHE A P T RS B I R DA 3 Ak R B A I R )
WokF, PEBFmHLshik 3] T HHCR.

Wil 5 B IEE R Y R AR, 45 HE Bl T B B2 AE
KA AR, Hod A BRAESRIE 5] 0 A Ak i o
LI EE SN 52w G o BT R R R A B
BRI T /AT

N 4TI 0L, B HBRAEERIE S shAh, HAb 4 5sh
WA T b AR Ak, Bt I ) T R ARG, 4%

3 AR EIEIE B B

TR & Aa (m)  Ae(0.001)  Ai(0.001°) AQ (0.001°) Aw (0.01°) AM (0.01°) Af(0.01°)

15 min % USB 42411 1.725 1.295 0.921 6.358 ~7.680 -6.12
USB+VLBI 742 0.039 -0.876 -2.191 0.262 -0.170 -0.12

30 min %, USB 40391 0.783 12.477 13.582 28.291 -11.022 —44.78
USB+VLBI 952 0.049 -0.493 -1.609 0.297 -0.206 -0.11

3 h ML USB -215 0.036 0.280 -1.364 0.500 -0.527 -2.15
USB+VLBI 461 0.048 0.021 0.040 -0.0730 -0.133 0.29
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F4 FRARESEFENNEMERSHEEMN T A BRSO )
$Bh A CE-2 3 /1 44100 km H i) CE-1 #3177 & % (200 km H T &)

N &3] J14%3)

KFAHES) 5.32x107 6.24x107

IR HE B 1.11x107° 1.30x107°

HAh AT 25 3h 7.34x107" 8.62x107"?
NP NS iz 5.88x107° 6.55x107

H BRI AR S) 4.06x107'2~5.43x107* 9.91x107'°~4.88x107*

T SO 8 45 3l (— 1k [0 ) 8.90x107"° 8.44x107"°

B B e/ H ERARBRIE $5 2 77 /9 i B 1
8 B2 W 7 S o ] PP R — 2P B H BR AR R
G115, X5 HRTE R LP165 H BRE
NGEANE, N 70 BrUd b, EHGh Rk ES
BOARA AR, HELL 70 B A2 4 R EL

2 HARMEATYL S A ARG R BB LE B
il

CE-2 AR R EE 3 H ks TR % A H #%
FEIE, CE-1 TENE oA d Se A HLE, K5
YA H R HGE. BTE S BT R E R S, P
IWAEIE R EOR T A% . I EE AU | BT
) | s o R 4 A A5 L T A RS B R n gk 5
FiR.

hm#E 5 WL, CE-1 #BEAPMKENR ST
CE-2, %P isEIEmil /T CE-2. F5 L,
M CE-1 #£55 — @ B IE S B IE R KN, EAT55
o, PR B IE IR — KRS, el L, SR R AR
A M A G RS BT A O R PR TR vk A BRI
1245 BRI R B A o B A & X, HEARH R
TR ERAMAL 557 m/s BYTRAHE R . X F CE-2
AR, B4 RE o s TR AR, okt
FHE K TR F5 iy, JE A 480 25 (R A0S F R 2 A
FEE Y. AERIIREBE CE-2 L CE-1 T & £ 14 FERY
EEHE FE R T CE-2 TETE 100 km =5 FH174H
FRM CE-1 LA AE 200 km =5 JEHISE. T IHAH B A/
16, CE-1 TR 7E MBS T 7 KAYIHE], [ T

2L 20 U 5 L TR 2SR G 22, X TSR Y 2 el A
TR A SR LRI IR AT, SO
Hels LR 3R A M A R BB 1 07 SR B3k 1 Bk
SEATHS IV LR AR A LA B R 22 4 S e
1830 B 5 S VR 2 R o, AR BT 55 o o i 4
I 1 5 R 30 I 5 B 9 R AL A A
3 X MBI BRI i3 SR G
X B s T B AR R AR AT 55 B 1 O i
AR Z . TR IR AR S 3 A VR A L
BRI DOR Tl AL, T SE s B i BRI, R JH
S BT s B S 2 9 U O AR T L (1 5 2
U A 1 08 7 SR J KR (U R

3.0 AR B A BT 15 SRS o

AR AT 55w B I 25 A A I 2 B3 Sl WURE 22 3 i
T I 5 R r ) iy BRRR — AN R B BN Y
LR TR AR B R R BE S AT, TE
AT 2880 B ECh N, W 238550 n] 3%
INH 4= N/AT Y NALSE TR R3] N 6 2k A 4 2
JEVECRN JE AR B (DA R B s ). T i X
ﬁN@pfﬁﬁ@yﬂM@ﬁamLﬁ$mﬁﬁ%
RN, o AT tre 5390 AR S 2 UOT B 5 45 SR A,
fr MESHEWICR, frer NS HHR, BiE S H IR
BOASTR], Fh RO A B Y 22385 55 05 8% b i m] e
A F— RIS . A LA, FERE AN

RS ARABREBHELE
AT B ] (h) L B B (m/s)
2 e ANELEE (km/
R R s — e mBE | WEE | RBE TWIRER L
CE-1 Ak A B 10.446 167 114 557 5 847 1409
CE-2 B ik A 10.766 0 112 0 16 924 940
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thR 20 S PR AR LRI R . KRR
S I8 5 A B A Im] 22 38 Al 031 25 5 - 347 B 2 A48 {1 4 1)
56 Z R

N(tR):M'fT '(tTe _th)_M'fT '(tRe —le)

=-M-f.-(s,—5))/c, (D)

K M RHE PESH KR, fr BG5S R, i, f
tre M BINAE S RSP IR S8Rz, ()R T4k
§S=—=f"c/(M-fy). %R KLE RS w) ][] BE o
238 WS 5 IR R A Y AR AR R DG R R,
i AT AR R AR WO, AR IR, R b
BBR s=—f"c/(fy—f*). BB M X 53 KRN
RGP A, WA kAR E 2SR
As=5-f11 fr. RESRINRGMEWE.

WK AR Ty e se g i i X I BRI B O
Ay MO i, JFI R 2E, 5 S P B

5 é 7 8I é 1IO 1I1 12 13
1B (BXTT2010-10-04, 7 516)

HATILEL. DA By sl e ny 858 . s R an sl
2(a) iR,

FE 2(a) WA 1s BOTE GG, FRIG UG,
aok S R 53 ) T AR M W R . R TR Y
AR, E s LARR 3 1) 18] Sy B2, SR T 45 30 A AR I
(i) 4y R S 000 2 B b, O o 2 B B R AR L T R AT 2R
hn, AR BN B B AR B e . B a2 an 18] 3 .

FH I 3 AT U, B AR 43k ] 14 38 fin 4 M 7 I =
K. XFTF 30 sFHAMETE, RMS 254 0.08 mm/s. AR B
AR AL 5 R A OC R R, DU S Eh i e 75
Bifi o AR I TR] B4 385 g e vl /), (H A ER s Ak B 2
HokE, WHNSEER, X5 Hi% BN TS 3
KRR 4 SR A G, RS 4 S A B8 2577
e BEDL R 22 RGN, 5 IR A M A UL, n A%
22 AT B Be N AR, B AR 20, 2 (AR A7 25 i e 75

% ; 100 kHz BlZEE |

e

8.3,
51

s
0F; '- :
-5 & %

»

-

-10 t ':

XRERPEFTRZE (m)

500 kHz BIER

| i i i i i i
9 95 10 105 11 115 12 125

iYi8)(h)(18%33-2010-10-04, & Bi)

B2 HFEME. MPERBER
(a) USB Il 55 X i BEURZS A0 07 00 B 7% 22 Lh %%, 8 h mii ok USB I AHE 5% 22, 9 h J5 o X I BEUR as A s S b ok 22 . ARyt iE] Sl 1s, 3
o USB 5% 2% RMS f 2 mm/s, X I BEURZS AH A I 80 5% 22 RMS 4 0.6 mm/s. (b) X I BB 7% 22 B (35— | 28 =/NBE R 100 kHz 8l 2%
MRS, HAxH 500 kHz fll 2k 0 FE)
2.0 0.5
15 1149 . _.".. . k. 04H 10s %R
2 e’ 2 03
€ €
£ 10 £ w
ﬁ 0.5 ﬁ 0.1
% 0 2 0
& -05 g "o
& & -0.2
2 -1.0 i
X X =03}

SEAE Ry

-20 i i - i i e i
8.5 9 95 10 105 11 115 12 125 13

f58)(h)(18X7F-2010-10-04, & i)

-0.4

-0.5
85 9 95 10 105 11 115 12 125 13

f918)(h)(18XYF-2010-10-04, & &)

B3 ARSI AL 3 5 2 3 W 43 A
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SN A, RO R 2 M P L R A R BTG 1/
MRHRIX — G R, B30I Ak 2 Mt 75 B 5 0L 1 — 380
AN, AETE—AN29 0.1 mm/s 9 R G MEIR 2%, TTRES
B A 6, WAlREk ASHHIE. HAHA R R
FHOL, BB R B K n A5 (RD nAT), J0I0G RS
AR Un, i 25 H 00 B0 7 2 M s TR 22/
n .

FE XU B A O 0 B 0 S s T AR v 1 A
. Bt 035 (5 5 A0 3R A0 1 i, 00 e S A 7
ET Rz, X% T 500 kHz B EE S, Hop
[ EE RMS 294 1.5 m.

3.2 DOR -5l Ledli o Hr

CE-2 DEFWHFHEIT X P B DOR Ik {5
5, HPAHL 2505 s Tl EHE AR, TAFSS
fE VLBI M0 3% i VLBI 2 ab 3 e i A 7
AHICALBE 540 5 5 AbBE, e J5 45 2R AE | B 28 R A,
JF3% 2 A O B T E L. NS iR
FeZE 1) DOR I 2 454 5k 22 &

I I 9 - L B 3 2 1 9 I A e R 22 RO R
DOR ##imms AL, gl 4 1 VLBI fGtns
DOR fEARi 2B 5% 25 1T UL, 776 F 5% 22 v i) B mi 5k
AK—F, XNEREWESHHEA I, 5N

6 7 8 9 1‘0 1‘1 1‘2 1‘3 1‘4 1‘5 16
g1 (h)(#8xYF2010-10-04)
B HE-209
B 4 VLBI/{E#:5 DOR SHRETRERE LR
VLBI {5 5B EE RMS 274 0.5 m, DOR {5473 4E RMS 254 0.05 m

N I

P RGERERA SRR, WEE P RGMERE
e ZEHE— DA R, DA o I R

FELRA 45, DOR A 3L ¥4 40 MHz, 1fif VLBI
{EhRa S84 2 MHz. (55458350 T2y 20 5. X
HLZ5 1 () DOR AbBRZE ok —Fb— 5, 8433l DOR
Bl ARSI R], AT DL — 2 I A RS

WAL AT X I BORAS A DU | I K2 DOR %
WkE, LRI SHiE—3, 5 S B K& VLBI 7
Frfe 5 Ab BREE B — B, BRSNS
MR T RERS, LS T RIFHSCER.

4 iS5

CE-2 T3 278 M 4 il o0 RS B S A S5 45 )
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Orbit determination and tracking technology of CE-2 satellite

CHEN Ming'??, ZHANG Yu', CAO JianFeng'*, LI Xie'?, TANG GeShi'?, WANG Jian',
DUAN JianFeng', XIE JianFeng' & TONG Bin'
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The article focuses on the orbit determination and tracking technology of CE-2 satellite. CE-2 satellite was injected into trans-lunar
orbit directly by launch vehicle and captured by the Moon at perilune with altitude of 100 km. Orbit determination and accuracy
estimation of CE-2 satellite is one key technology. Data process method and accuracy estimation of experimental data in X-band is
another key technology. Considering the influence of momentum wheel unloading perturbation, an orbit determination strategy with
shortening observation arc is put forward in order to improve the orbit accuracy. The estimation of accuracy of the injection position is
given based on the satellite orbit and first trans-lunar midcourse correction. The estimation of accuracy of the lunar capture orbit is also
given depending on overlap arc orbit determination. Based on the analysis of magnitude of perturbation, orbit determination strategy
for CE-2 satellite lunar orbit is shown. The method of process deep space phase observation data in X-band is given. The noise of
round-trip range data and DOR data in X-band is estimated. The noise of the experimental observation data in X-band is decreased
obviously. CE-2 satellite entered the mission lunar orbit precisely under the control of the ground control center. Tracking technology
and data process method in X-band can be used in future deep space exploration.

deep space exploration, CE-2 satellite, orbit determination, tracking technology in X-band, trans-lunar orbit
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