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Fig.1 The monitoring sensitivity of VLBI delay in the plane of the sky (a), and the lunar surface (b)
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Fig.2 The differential phase delay during rover’s 5 movements
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Table 1 The coordinates at the parking point of rover (the lander position as the

origin of coordinates)

A B c D E S1
North /m 11.14 5.79 —-4.79 —-883 —17.4 —25.58
East /m 135 7.62 877 0.42 —-0.37 —0.45

X2 6E BB, EMERE

Table 2 The moving distance, time, and speed between each two of six points

Date Time (UTC) Move Distance/m  Time interval/s Speed/(m/s)
15 17.3137~17.3990 A — B 8.24 142 0.058
20 15.3637~15.4596 B — C 10.64 197 0.054
20 21.4596~21.5085 C — D 9.28 174 0.053
21 17.8154~17.8851 D — E 8.61 191 0.045
23 19.7637~19.8710 FE — S1 8.18 119 0.069

SCRR (7] 0 0 LG 22 43 A IS S 0 P ) ke b v 0 e R e 5 (I 2 R 2k 2 ) 11
FE SR B2 25 (10 285 5 S o ) e U B 29 1) 22 57 (£90.16 m) S LAt A AT, A5 T 2T 22 40 A
FEI 5 16 H BRZEAS I AU B AR 22 0 T mP S5 8. T 22 70 AN S (1 3 37 &85 SR xet I 2 il
A H BRAERZ AT rvoo ] (R ARG A 1, T FH A 28 SRR LR 0 5 o7 485 SRR R, i 24 A1
BRI 0225 g PRI Bl 07 45 A5 5 2% 7o X EAFAAEL~2 mif 22 ). 1K
AN 22 SR I R R) PR 5 BURS Bl A 5 AT — 38 R I, EDGS 25 B IR P B A i AN oK. AR
I SCHR [O)P 2 (07 ¥ 45 S, R AR SC b sRAS 14 %5 BURE 2 I 1), THS5045 380 10 88 1~ 4 o4
490.053 m/s, 5 A SR F0.056 m/sf 2 5 40.003 m/s. 2i4r FiRkiHE,
1K, T HERER — KRB ZIR A D T100 s, 450 EAREE N1 m, Bt 5
TFE ST AN AE SKRAF R (PS8 2R R 5 22 /0 170,01 m/s.

4 ETHUSHREERAKERNSH

HT - H BRER M AN RUA BRZE B S U 32 55 ) DY, BRZE A T RS 3 i 25 5
REFp, ANRTaRE S oy P R SR BN, 22 0 AR I S AT W e ) R B, ) R HUROR Bl 1) 5
B S W) 22y MR E R, RGBSR BN TR] 5 10022 70, 1M BRANHLER AR NS 12 3
T R 72 3 AR I IE AR A R J I 20 0 24 bl B 24877 DAFE HY, BEIR RS Bl 5 RS 0 22 20 A I SE
AT BN 2, #BRATT T ZE 0 T SEREAT L B 22 T A, AT L5 5 22 DL KU 5 0k
ZE I R T A BRAAE RS S RE A (1 S B 1 .

B3 (a) A ERZE A RLEI B i 55 LR RS B IR (0 2 73 IR SE S 045 .2k, TEI3 (D) U



4 3 R ST 22O AN AR IR H BR AR 8 R I E s 155 357

Wzz. B3(c) ()20 HERAE A RLEI B i S5 208K sl (1 22 0 AR SE - U5 L Ze AU
ik, AMREIEIBI-KMAE LA, AR BAIPUEIL. B (a) M (c) il LR
i, HERTE AR B R0 R 30, 26520088 Bl I 1R 22 70 FH IR A L2 10K (18 B8 InnG 5 #9045
HZ. MIEB(L)FI(A) T AT EAE H, H1IREE SN HE S 200FS Bl I 1) 5€ 2y 5 4 B sy, i Ji2
K.

924

S

(a) “ (b) — DPD residual
-926 . Ca . ¢ 12 5
@« i S e e e | B J
o -928 PRI oo St S =
g EIRTEt o
" s s |8
93240, w ™, . < Fitting line | | &
it + DPD -2
OS5 1732 17525 1733 17335 17315 1732 17325 1733 1733
;
t/h t/h
920 4
e (C) *  Fitingline || (d) — DPD residual
930 N -+ DPD s
w 5
2 gty 2
& 940t Mt a0
o o
[a} s
i, o
950} W { D27
94058 17.385 17.39 17395 T74 1138 17.385 17.39 17.395 174
i
t/h t/h

K3 HEGHASKEIIEBANZESHNIE. WG HE Gk

Fig.3 The differential phase delay, fitting lines, and fitting residuals of the rover’s movement from point
A to point B
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Fig.4 The spectrum of the fitting residuals of the differential phase delay when the rover moved from

point A to point B, and the photo of the rover moving path taken by the lander
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Fig.5 The spectrum of the fitting residuals of the differential phase delay when the rover moved from

point B to point C, and the photo of the rover moving path taken by the lander
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Fig.6 The spectrum of the fitting residuals of the differential phase delay when the rover moved from
point C to point D, and the photo of the rover moving path taken by the lander
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Fig.7 The spectrum of the fitting residuals of the differential phase delay when the rover moved from
point D to point F, and the photo of the rover moving path taken by the lander



360 KR X ¥ #H 56 %

23H AR E B sl BIS1xL, KIRFEEN 73320 FE i, 50 20 S5 3 UK AL B0 () I )
K, SRAE SBOK D, I 7> B3R, AVEDHT. BB RIS 1A B ) 22 70 A I SE AL
Ak ZE PG vh TC W Yk 5 (2, H R AT Wl ) P SO ). AR it 14 23 A m]
DIt v, 3X— Bt 22 HL P44 1.

5 it

ZE 7 RIS SIE (R PR AR AY S e T 5 [k 8% R0 H BRZE L (PR R 28 [ (P AR 7 B (R A8 4k
Fiti % IR ORERAT B R FEANAR, 1 H BRGE LR 26 S B H BRGEA 5 108 B R 3l kAR AH B
IR BhE B3, 2 H BRI 248 R i i ok A BRTE N, REARAL HR O R 458 14
BRI B L TARR], 29245 HBRTE/IN B RS S fn 24 H BRZEACE SR A feam i H 3k
Ul /N B, REG AR F OV B M 446 A B AR R P A B K — 28, HERG= K150
em, AEREFEERMRIEELNT5 ecm. 2 HERZE LTI 5.6 cm/sAT5, #0345
TAK S — PN, S 5R3KGES), S K (5.6 cm/s)/(75 em) = 0.075 Hz. 4
N HERYTA A B AR HLIRNFE /N T A58 (A1 FE 75 eI, RE S AR 1K (fF 42153013
Hz. 0.14 Hz#10.4 Hz[P) AT §E). 14H HERAEFGE B2 B, F 488, PR 8 & 5 )
HJ140 emy 10 emy 5 cm A5 cm, FiF [P KK IF R I, 22 90 A0 I 245 B 2 A2 1k, P
5 e, Z2 3 AH I SE S WA B S an IS FT . X U W 22 4 AH I 4iE I H BR A= B 1R 1)
RYSEES~10 e 2 [A6] 5 AR (2) G g5 RILARF &, HEREH 64 B 4230
cm. LS em 7RSS, HAA20°8HE, 20 R A A, o] DABHERAE 2= 4 AH I 42 7= A2 0 i
FLEN /N A BREE L. TEG I =5, X ZE 0 AR G406 J5 SRAS Bk ZE W I T R U A i
T FE AR ALK 5L, A% 25 2 10 e 2 A T TSR 0 U1 AR Ak dn /N i Bk
BT G B 22 I B I R RO, AR Ry B 2 WU B T b SR T AR R 2L B
K, ATTEAE L. SCHR[9)4h T M Ry RE (ARG AR A4 i 28 AN % i 1) i 28 1) /8 U
A HT T LA H, 2TN01025 s5N0103.2 [ il 2 (0 1 2 340 BH S LR 235 4 AR AL ) 24
RINO103F SINO104-Z [A] i1 26 1 U1 AR A0 A 0 il 245 sIN0104. sINO105FH £iN0106:2 [A]
(R B 2 19T AR A R R BB/, ZNT10 em; SINO106F SINO107 8] [ 26 3 98 %5k > F
W, LR/ R BRI AR k. 25N0102. N0103. N0104. N0105. N0106. NO10743%1
SN AL A By Cv Dy Ev S1. BR85S AR OIS 43 #1159 2 1 45 A — 2 1)
FEABATE .

400
140 ecm

10 10 cm

DPD/ps

420 / |

-430

1915 192 1925 193 1935
t/h

K8 HABRAE14HARTR Z 5 GE (KM-URMZ)

Fig.8 The differential phase delay when the rover moved 4 times on December 14 (KM-UR baseline)
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Speed Measurement and Motion Analysis of
Chang’E-3 Rover Based on Differential Phase Delay

PAN Chao'?  LIU Qing-hui!  ZHENG Xin'? HE Qing-bao’? WU Ya-jun'?

(1 Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030)
(2 University of Chinese Academy of Sciences, Betjing 100049)

Asstract On 2013 December 14, the Chang’E-3 made a successful soft landing on
the lunar surface, and then carried out the tasks of separating the lander and the rover,
and taking the photos of each other. With the same beam VLBI (Very long baseline
interferometry) technique to observe the signals transmitted by the lander and the
rover simultaneously, the differential phase delay between them is calculated, which
can reflect a minor change of the rover’s position on a scale of a few centimeters. Based
on the high sensitivity of differential phase delay, the rover’s speeds during 5 movements
are obtained with an average of 0.056 m/s. The relationship between the rover’s shake
in moving process, and lunar terrain is analyzed by using the spectrum of the residual
of the differential phase delay after the first-order polynomial fitting.

Key words Moon, techniques: interferometric, techniques: miscellaneous, methods:
analytical, methods: miscellaneous



