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MER SR

AFRAEILOFEE52951 1M i SC A, Horbe (1) B8 R15274680 1 Hod U
(2) hii#k2~222066 K4 SCF: (3) WIS 8662961 ELHE U (4) hiflk4
T 1875784 MR A (B) WA T FENIR RIS % . 4149014 HHE AT
(6) HHIk5S: 1875784 HH k.

HmSLA R

HAEFLLZL T E (Very Long Baseline Interferometry, VLBD) HiAZJEH T 20 th42 60 FALH
— T FE LA R SCHR, R 43 A0 BE B R S 1Y) 22 S B BRI B [FR N, A — B B A
AR RS, R HER R S I — O SOWI By, A R AR BRI R AR SR 5
JITHRAE T EEMAE R o ZBORRLH B 23 [ PR I S5 00 =400, AT B At ks FE R f A B B E B

KET 2004 1L H BRERI TAZ, #%H8 “Ze. ¥, 817 =08 S Seiitio A 3 Bkl
R0, Ji% 16 5, Sl TIHRA TR “@ik 127 (2007 ) . A TR “b
257 (2010 4F) F “Witk 357 (2013 4F)  #RH TR =M “@rifk 557 H s IR [FHL
B (2014 4F) A1 “@EMk 557 (2020 ) AR “HEMk 4 57 CR4RRAERINIZE, 2018 4F) k6 ik
1155, RAZBTUE TR, B TR H TG R =D IR .

EREFF R TREBE S, 0 “UEik” 2500 BRSNS 00 S B IR 2 i PR AT 55 58 i
(PVE B2 W% RGUR A S/X B4 —Ill#% 24t (Unified S-Band /X-Band, USB/UXB) +VLBI il]
I A ) S BB B . R R VLBI B (Chinese VLBI Network, CVN) J Ji& H BRI 25 5
RO, PR TREME RG8 VLBL M R4, 3R VLB Rk FE I 500 R e 1 25
X PR TE N A ERERMAT 55 1R 1535 56 UK #5 1 B2 BT,

VLBI M5 R S8 F AT SR DR TR TR B VLB W0t et BRI 25 0 S A [0 5300
FHRIF 4 3 1 oG S8 B BR P R L R, SRR IR TE T SR GG A E B VLBI ity AT
SN U BRI AT T AL B, 3R1G VLBI I SERIIN (e 284 . W, VLBI 04GR VLBI I
SR 5 R R R s I R A DU P A, U R H BRERI AR AT R P E A B
MIPOET S, IFRZEZE IR AT S O

RN TERA TR VLB M EEHE RSO 2E 7= 815 0 S, 77 b I bw v R At
AT, R RO SRR pE R 5 2.

HE VLBI W 5 AN F S S0 A0 1A VBT A G ZH i SIS A 4G iR ik (65 m) .
RS (25m) | dEEE R (50m) « ZF RN (40m) FIHTER S EARSERE LY (26 m)
VLBI H0 AT BHETTFATLIX ) VLBI SR 2GR0 48 3 ) 5 2a A2 0ol 5 NIk B 84T
(R VG RN R AL 7 1 IR R 4 o A, BT 1 B
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Figure1 Chinese VLBI network sketch map

VLBI WL 3k 32 22l K AR R E0AN VLBI i 85 F i & 4. RETTULRELHE S, R
Ef S/X B FRL R SRR R R A S r A 5 A0 BRI & VLBL SARM5 5, R HARME A O AN
BUHASIENE & VLBI B (R AL 0% 1 H P ZOR M5 5 B (2 e S i SR S8 B %
YL LA S AR 5 e e B g, O DA A S SR AE R A B DR B A B G, BE A
F1 e-VLBI Hudfi A% 4y A Ge 28 et | 308 15 W B A% A 2] VLBI A LobAT Jm S 4 A 2.
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BENAHACEENLSS 1 et SR AT AR s SR AR TS T S5 1IN S AT 34T 5 LU AR I SiE
% B3 S GURHE S UG L A4, (55 AR e AT, B 5 50 0 B U RR I M s B2
PR A 5 AT SR B AR IR 2 SR AR 3, 4321 H ARIR RIS BR AL, B AR AR DG AL BRI R FH i PR RE T
SERERIGFAT T R R SCIL AR BN, RS AH DAL I 25 T B3 v] 4w F2 T TR %1 (Field-Programmable
Gate Array, FPGA) O F SEELIIACEENL, P& TE VLBI O A ER KR R G BN R R

ZoRT R A S A R LA H TR 4 S ER R 2% W A% (AR S A B S S, kAT IR
RhER, THREIE . U T TR 2 I S L R I A R A S S L R A 2 o R A e R A A
N RS IR AR AL R B A SRR I R G0, 15 BRI 25 o A 2 2 0] B 25 R

A3 R VLB, R FF S5 e B8 d7e 5 P = 38 SR R D00 £ BE AR /NI AN (B A BRINES, 8 I AH 5%
Kb F S5 75 B R AR 2315 5 AR AR S 76 D035 RO PRI 8 TR A7 R O 2 40, W R 2 K PH 5 5 TR
bR RN B 5 2 S U0 T PN SIS S (1 448 DK 20 A, 3 281 v s P ) 222 B S UL 001

B S IR T A5 0k P SR 1 92 A, DL VBT A0 B 0 38 el ey, ) P O b 5 1 22
P10 R 0 5 2 A 2 3 e 7 VR IR AR BRI TH SRS BRI B IRES S B RS (H5HUE A R —Lt
JURANERZHL, L RGZE St RE. KA REFILW M3 155D I ARG {ES,

WAy s 3T VLBI (I ZE | B ZE 2R B0 LA S USB/UXB I S At , S v b P40 2 Sz ik
BB S AAE S BX A Gt e . FEIRPUIENLZNBN B, BB AR A R 1Y, I — B
(] 3 BT DN 2 540 1 30 0 OB RS RIS B e YUt 5, 3 SRS S EUE S 8. EPUENLBI
B, FET N2 55 b T 38 X FRDAEDGT TLART 6 SR AN SZ R 38 BAR 52 J0 16 B2, 254 VLBI B AL,
i S4E 28 D 0] 0 R UL 0 e 50 I A B PR N 1) 57 B SR B 2, T SRR 6 AR N LI AR £,

P A TR ZENE TE G B TR & H50Hs A0 21 50 0SS i 1R 411 bR JE 2% BB A A5 578 28 Bk 44
KA B2 PR AR I B3R 22 . P M ORI B A& IE W] DU G B R R 4 BR 2 7 R S8 (Global
Positioning System, GPS) MIMEUHE T 5L R TTES 48, SR J5 K FH ST bR B 185 BN 20000 7 1), FREY
RHEAZTT A R MRS A B 7 RS S I B R T, 2 TR U X A 2 S 7 T AR, R
FH Ap ] X 4k GNSS W I i A BESREmE , R ZE T A IR LS S I A 5 IR AR,
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T SRR VLBL S & 3 2 B R M S SORAS S BT AL I, 3878 d il A5 T 2 I 7 53
Stof A R O S S T R A 5 A L) A8 3 o

A TR VLBI MHLr KRG RIIE RGOSR A g Ecds 7= i E BR I 4E . I 28 A/ 47
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Figure 2 VLBI orbit determination subsystem workflow diagram

21 WM EHIE S

(1) YL E A
RN EESCAE N ASCIL A AOCA LA, #3455 (VEX File Definition/Example) U121
A AT AT 6 NMFRA, EEHHNSFRRR, fE vex SXME L JEE N vexo
(2) FHRAEFHLIZAT IR S HOM
RN TAE Gob) SCAFZ VLBI AHRACFENL A ST, A8 7 EEA Ao BE
SR 56 5 PSR B R S AT S T b S
job XS MMM EE R 4, HIFZ0N job, BI<BLMANZEL 4> <fRAS5>job KITER, &N/ NG 7
¥, gl
<WIMZHEE 4> verl.0.job:
<WIMZHEE 4> verl.1 job:
<M ZHEE > verl.2.job:
<M E 4> cvnl.0.job:

L0 A, RISCWIH
L1 A, ROSCWIH
1.2 fAS, RICWIA
1.0 it4s, CE-1. CE-2. CE-3 {£%H;
<WLMNZEA4> cvnl.1job: 1.1 A, DOR REGAT45H;
<N EE 4> cvnl.2job: 1.2 fiA, CE-51E45H.
SRS B job SUHF A SCARSCF o SCHFRI SR —AT 38 SIS UAs, il
Table rev=1.0; (1.0 fRA) ;
Table rev=1.1; (1.1 JRA) ;
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Table rev=1.2; (12 fRA) .
AT 5 A E A R R AR, AR T AP £ <8< 44>, 5l 5 —A1T, Bl SMASTER.
PATER TR AT T RAT o [F— AT A F S8 8 L& 5 T
FR T B U IR 1 R,

R 1 WNPERRE T EMRLEHBITEHSEOR T B A LR

Table 1 Schedule data subset correlator control parameter file table field name description

REBA & U
$MASTER ERUIES
$STATION L6 57 22
$SOURCE VRIRER A TIFS
$SATELLITE PRI ZABARFIZE USRI LI 5256 A4 H D

$CLOCK SRR
$CUSTOM MRSHEE

$FREQUENCY BB
$FORMAT &
$MODEL R

(30 M2 L4 A

A A4 5 SCA<VLINAA B 42> sum, BI04 B sum Ji5 25

R QUEER: A 3 AT SOk UL, SRS 4 47 0T R, BAT IS EUR KON

(DSCAN %5, 4 %%,

QU HIRLHR, FERFE, 12 DMFR, X5

@FFEhmE, FHHEF (UTC) , #AAN “YYYY-MM-DD HH:MM:SS” ;

@gER ], 47 B2 (UTC) , #X8 “YYYY-MM-DD HH:MM:SS” ;

G®ZNiZ SCAN FI G 48K, Frrd, WE B 8 MERF (EHN—M 4 M, RibsifRs
sk —, DARS¥NTE, SN RGN, BRI 20 MR (g HoAhE Ak 2
o, b 2 AN, cSheRon BiEgill, B ndb R, “Km Ron s B, “Ur
RINHTIE S EARFE ™ LG, “Tm 3R~ LR Gk,

FO~GZ 6K F 2 4% 53 B o

2.2 VLBI B} %t 5 A B EHE S

(1) FRI 23 e 2 S

A AR d " HE ThR iR dat’s SCIFEESAFII ARG e — > S
EREZ AN LR

@O S1: WI#F S1 550 4E;

@ 82: WIGAE S2 15 S 4E;

® X1: I8 X1 5 S0 i,

@ X2: RIH X2 5 FHIE;
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MEREIF IR

B X0: LAY X PBHT TS A I 4E
I ESCEE A ASCIL #4520, FATE & I EEWE, RSN, LEHE 15 5IN%,
&k 2 fos.

2 JEAEEE TR A% A

Table 2 Post-processing data subset prober delay file format description

% % LY
1 &, WAPIst, UTC. DUhrEEs
2 H, Wiy
3 H, Pt
4 B, AR
5 51, PR
6 5, DI12.6
Al 1 ECEbR IR RS E G, B 1Rl 25 m o, 2-B A, 3-RENE, 4B EK
! Fruli, 5-R5 65 m ¥
8 B2 B THR IR B ECTAR IR e XA -
9 CHESRAEEMNTBE (11, 12, 13)
i ZE M B R %, BA6: nso D10.3, oM Fortran A A %8 Ak, BEEE 5 16
10 FRE, NGRS 6 TR
11 WA EEIE, A ns. D163
12 BRI B 1E, #A7: ns. D103
13 RSB IEZIE, f$47: ns. D103
14 RIERIEARME, B ns. DI33
15 SHA, Hfi: MHz. D8.2

(2) FRI 2 2 R LA

AR ZAINA “r 7 HE SRR “dat” o SRS A RIEELBERBHE — . B
FARIRE R E 5 I E S — S

BT AE 2 ASCIH A8, FHTEES — K EHIE, A& mEdENE, LasE 15 51N
2, W5 3 Fis.

R3 ISR TR B R S

Table 3 Post-processing data subset prober delay rate file format description

5l 5E SR

1 , MIMPIse, UTC. DUhrRE%
2 H, P

3 H, WA

4 I, P B

R, 2022, 7(1) | 7
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DB FEIR
7 & MYtH
5 gy, PNIEEEL
6 . DI12.6
G 1 AR IR BESH G, w3 1210 25 Kk, 2-Bmuh, 3-BWE, 4-B8ARFH,
’ 5- R 65 muh
8 Gl 2 TR IR . BB AR E S -
9 BT AEZRWMME, H$A7: ps/se D16.3. CEFERAEEMATEE (11, 12, 13)
10 WM R, AL ps/se D103
11 WA IERIEIE, HAL: ps/se D16.3
12 BRI IERIBIE, H$hL: ps/s. D10.3
13 PP RARRIERIEIE, AL ps/so DI10.3
14 NI AR ZEZE, HAL: ps/s. DI13.3
15 ZHEMFE, Hfi: MHz. D8.2

PRA TRE VLB A ) 808 o B 2] o 25 Bt A BB 1R e B TR R e b AT F i AE 3%
XFTHUE AL T I A GBS FE EAT 2 bR, 0 T IEH R 22V A s 7 DUR B o ZE I 5 b 3
RErf, B CE U AR RS B FE T R HEE R, BRI IESE . Bl S e B
K W s AN RS FAT VAL SR, AN BRI IS 5K de . AT e B E I, X 1k
ot ) AR S R AT I, 1R D VLB 7 28 GEA AL 1 5 28 Bt ™ i o 208 it % 1 VLB
D73 2R GE A B A I B0 1) (4870 2R e VP A IR B AE AR AL AR B SORBEAT VR ALE AN LT

XFF VLBL U H RS L DAL, SR FH X 8 S 56 >R FH AT AT B IS fR AR A B S %
SEPUNE AL 45 R BT SR B Gt o i A 2030,

RH LR IIRAES VLB I 08 2 3 B 5 H R SOWN 3 Al 25T [ X H B8R-S 98 2= PR 2K & T
TFERRR B — T R E R . B RS T 2R R SRR A B AR TR A
WA EdE R B RRE SRR LR sebr N RIS I E 8RS . Tk “im” 7S
{145 VLBI I} 4 5 B 58 R E G FE G it Wik 4 Frs.

£ 4 FHR “BEIR7 BS/E5% VLBI B 5N R EEERE S

Table 4 Data precision statistics of previous Chang’E mission VLBI dealy and dealy rate

MSER PURI 22 B (ns) NS
CE-1 S BBk 6.2 0.7
CE-2 S BBk 49 0.6
CE-3 X B 0.8 0.9
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DERF IR
BE(T% VR By FFFE (ns) B IR
CE-4Z7) S Wk 1.2 1.1
CE-4 X BB 0.7 0.7
CE-5T1 X/S B 1.4/3.4 0.7/1.1
CE-5 X BB 0.4 0.4

MR SRS MBS, 9 TR A BRI SRR ST Al AT PR IE . SRBE BT A AN,
ARIK . RGERENNRIIE B B S R G A REE AT e, BLE 1 W SERHE BRI 3Eat . 140,
£ CE-4 (S MERM B, /7 CE-2 fl CE-5T1 19 S W B &4¥s; £ CE-S RS HERB BT, i
M7 CE-3 Al CE-5T1 1) X B EHdE . 1 7 IX e p L EAFE L, NARGH MR Bt 17K
T, IRt B b HERE, FFIEeE T VLBI RG] SEME

A VLB 24, HIRIE G0 T0 N BRI TR . SR TR AR KR RFER ] /)
TR ARERMSEAT BRI TR IR KM RIAPRRIN TR, SR8 — T Huk ORI 7t 5
fitte [FWF, AHA VLB &4 &AL, 38w DU A BRE 7 AUK R XS 2R 51T
ERMAR, B BRI AR, R R R E .

RS VLB H o [R5 5 it 25 R A SRR 500 rho0 S oK S5 R S RN HHiE g
(https://www.vlbi.csdb.cn/) FHESATIKIGHERT, 1197 RGUSHEMEARE BHIEIRSS . F P alidad B s
W6 A5 A BORE A S E, R (BRH L2 VLBI R HHEEHINE) (2014) R HEHHEHE.

¥ RS E R AL B T R I A RORI IR SS . B R SO S IR S BRI AR R IR 55 G HR AR S
TR E TR M B A 2R RS

AW RRARE] THRA TRME RS VLBL WL RGRIR SR, DR E ZER 2R A IR
FRHAE L RITER, AR IR RO .

Bre (1979—) , 55, WA TN, Mt @mPCTRM, B RN R IR STk, R &E
TAE: B RSCERERIMEBEE SRR 5181751, Tl @ 5 ksss, RudkEE
A ik 55 % B4

AR (1970—) , 55, WiLABUNTIN, 185, B0, HFRT A RSCEAR ST FEAHET
fE: SFHRSCS RS RIS 2 A I H 75T .

BRE (1961—) , %, FilFWA, %t BRI, BT ROy THENL DR ROR . FEKET
fE: SRS R ERNEIE E R RT 6.

meats (1981—) , 5, BRILAFRMARTA, L, ST, 507 mouthakpl: 55 8R4,
FERHTAR: SR SCS IR SRS T R 54, AEERE SR IR & 5.
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Abstract: China Lunar Exploration Program’s (CLEP) “Orbiting, Landing, Returning” missions require high
accuracy of orbit and landing position measurement. Combined with range and range rate data with Very
Long Baseline Interferometry (VLBI) method, the high accuracy probes orbit could be quickly obtained. The
“CLEP VLBI measurement dataset 20072020 was created based on the data collected during the missions
of CLEP Chang’e-1 to Chang’e-5 that Chinese VLBI network participated in. The dataset covers the data

from 2007 to 2020. Besides the real-time mission data, it also includes other VLBI data of extensive
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experiments and the long-term operation observations. The dataset is significant and can provide VLBI

performance assessments and validations of multiple Chang’e missions. More importantly, it has supported

all the VLBI orbit tracking tasks for CLEP. It also has irreplaceable important value for CLEP and other

planetary exploration projects in the near future, as well as for space astronomy research.

Keywords: CLEP; VLBI; measurement data set; database

Dataset Profile

Title

A VLBI measurement dataset of China Lunar Exploration Program 2007-2020

Data corresponding author

CHEN Zhong(zhchen@shao.ac.cn)

Data authors

CHEN Zhong, ZHENG Weimin, CHEN Xiao, XUE Yansong

Time range

2007-2020

Measured flight arcs

Earth-Moon transfer trajectory, Lunar orbiting trajectory, Lunar soft landing phase,
Moon surface exploration phase, Moon surface take-off phase, Moon-Earth transfer

trajectory

Accuracy of Time Delay

CE-1: 6.2ns, CE-2: 4.9ns, CE-3: 0.8ns, CE-4ZJ. 1.2ns, CE-4: 0.7ns, CE-5T1: 1.4ns,

Measurement CE-5: 0.4ns.

CE-1:1.8TB, CE-2: 25 TB, CE-3: 6.8 TB, CE-4: 5.6 TB, CE-5T1: 1.8 TB, CE-5: 2.5
Data volume

TB.
Data format *.vex, *.tab, *.dat, *.shi, etc.

Data service system

<https://www.vlbi.csdb.cn/>

Sources of funding

National Basic Science Data Center” Radio Astronomy and Deep Space Exploration
Database” (NBSDC-DB-11); National Natural Science Foundation of China-Joint
Foundation for Astronomy of Chinese Academy of Sciences (11973011, U1931135).

Dataset composition

The dataset contains in total 5529511 files, among which: (1) CE-1: 274680 files, (2)
CE-2: 222066 files,; (3) CE-3: 866296 files, (4) CE-4: 1875784 files, (5) CE-5T1:
414901 files, (6) CE-5: 1875784 files.
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