6% 5 6 w®ERMNZE R Vol 6 No.6
2019412 H Journal of Deep Space Exploration December 2019

JE AR B S S T R B M 5

gﬁﬂﬂg\‘LQ’ Z’J& ‘]'L‘%J':l, }%%}mﬁ]l’ "ng‘;’ﬁls i ;:‘;Et‘l’ T% 7}—3’ iﬁ%g’éla ’% “Jaﬂl
LA 7RI TR JR AR, A/KIEE 1500015 2. M8 LK AEFOGEERMBARA R, WA/RIE 150028;
3. E A ORI 7 BE TR SRR LR, bt 100094)

 OE: AT HEBINERL, Wik TS RS R E e R B E T ER TR, K, B TR0 A B 4
TLA RS HEA RKFT (8) VAU I AARXS L, WFAL 1 AN IR S B H 3R TR T8 0 - Y 1T T2 AR AR O 8 45 24 s i v
FEPERISZI o 7 FUAT R R, J, B0 BN A DA A2 H Bk TR H s OB A5 245K, 245038 & B2 1 000 km Al
2000 km I, 10 min 75 672 fi 22 AN 40 prad, TR0 s 22400 7 prad I, 75— @ R b J, B TG00 AT LA
T ] OGS T AR .

KR AMBOGEE: LPUETRHERT, RWOGE E

HESES: TN929.13 SCEKFRIRAD: A N EHE:2095-7777(2019)06-0530-07

DOI:10.15982/j.issn.2095-7777.2019.06.003

SIAE: FORE, ZE, REANS, & BB A OGS TR R SR AT S [T]. VRS IR AR
2019, 6 (6): 530-536.

Reference format: GUO P Z, LI B, KANG D P, et al. Pointing accuracy of lunar-ground laser communication
based on J, perturbation[J]. Journal of Deep Space Exploration, 2019, 6 (6): 530-536.

5] = Ty A WRHIE SR PUE TGRS B2, S ARORHE R A4

AR R IRERRR P BEUE, WBOGIBERER I L
HORAFIFEM . P, R H6E 2 1 HUE TR R %
GIRTECS/WSL T

EREOEB AR REE AR
BETHAE A, )T BRI 2 6003, 20
gk, FM. E. FIA DU P E A B
TR TR SERBOBBAS (NS, Ny REHD  yppiyap) )y siaebmn sl gy, SR I31 UUA
FTRLBIRSE T AR, B, BABHRIKE g o i 2. de R3] 05
PRI BRI SRR T RN gy e L 31 s Bt L S 5
DI, B, ROBBAE A RARG RAMITRE oy punmmpey, Af LRETIE R
- NEED, SRS TR, S8 DR

201348, KM “SPREOCRETORRIE" (Lo- Ao fapmm —Fes), Sk, A5

nar Laser Communications Demonstration, LLCD) f£ K EA T RSP EEEEE B S8 E A
ORI IIE | B EOGE G R AATYE, RN g s 38, ST S M ZE AR KIS, His

JTHEATZ IR RIS, DREBOCEERE. W ANk, ERE ATHREPGETIBE A EosE
FRHEREE (Pointing, Acquisition and Tracking, PAT) 125 v i G A 5 0 (R 9T

e S SO A RS AR 2 I A A SR B BRI, BUIE J, IV T AE A S B3 A Oy T B ) U TE T A
Tt e 2 OGBS PAT F 35—, 3 s S ThIHA B, FELRUE— @RS L ROFERL b, WA 25 AL I3 T
JERTA AR T IR 1A, SCELEERS AL, BE— PR, FETL, ASCRRST T H BRILE U HUE R
AR R BRI ) BRI S E S, A B BRI R AR 15 1L R ROCHEAS PRI R, 7T BOAARSKR A #isos s

W H I 2019-11-1  1BFEIHA: 2019-12-2
HAWH: R EARREESEIITE (61705053); WA /REE Tolk k2 E A suie S TPt 4% B H (BAQQS5780002517); | fH+
Ja Bl EVIhTH (2016M600249)



% 6 3

SRR J BB A MO I A TR AERS FE S T 5T 531

{5 BERR B FITE DRI GEE B 2% 3L
1 AHNHEDERE

11 #3J, DEHERNER

VEJy— Mt o tir, A ERJ, PR PIE IR E R AL
MIEANIRBUE RS SR, )LV LA AL
2N H R I E RSP SUE. R, £
MAFEEKEMARILENE, LERESSE XK
E%[ZO-Z.?]

X =[a,e,i,Q,0,M1]" )

Horpe a NEUIEEKS e NPUER-OF: i NPIE N
iy QAL RIFRE: o NIEHAEA: MNFiE
Ao

J, DR PGB AN J7 N A R Ay

0X
E=a% [a,e,i,Q2,0,M] (2)
At RIR A
da
=S=0
dr
de
-0
dr
4 _
x| 2
E = dQ _ _3']2R Moon . (3)
— = B n - Cosit
dr 2p
dCU 3J2R2 Moon 5 s 2.
? = 71’1 2 — —sin’i
3J,R?
ar_ n+ 2M"O"n(l - 3sinzi) 1-¢
det 2p* 2

e LR HBRAEER G| D1 TR EG: Ry /9 H BRE
1% p=a (1-¢*); n NVEshAiEE.
12 B2 ERERIRR

XfJ, BB BB B R A AT B, WA R 2K
RABR TR PR HERS R . b A Bk RO
Lt KA AL bR R, DA TR AR S5, Z iR
A HERER Oy X5~ T RIES T MR TR, YA
AFwEn, BEE-YReRm, wE 1R, Aok
A TR A AR BE 43 00 BT LA 6, ARTARD A 6, AR 4K,
KRR

TETHR AR =R, 6 A Bk R Ak
RS G — B — AN Asbr R Ho, F R0 R
A b BRHb TG Kb AR AR R 5 72000 Hb G R TE AR 5
1M 72000 Hb /0> 7R TE AL AR 5 5 12000 H 0~ 1Bk R T8 Ak
W R AN

Ryinono = Repons ~ Ry C))

1 PO AR R
Fig. 1 Pointing coordinate system of LCT

Hodr: Ry 972000 H O F-HuER 7R 18 A8 by 567 B K
i Ripoo /912000 Hb O /R TE AR R ALE R R T
R, H BRAE 72000 H 0 7R TE AR KR 2 AL E R &

J2000 H 0P HBR IR IE AL bR R 5 H BR TR Hig Ak
/N W

Ry = Tunooo - tsae * Ryipooo (5)

Hp: R NHBRT RGN R BERE: Ry
912000 H Oy P HEER R E KR RO E R B Tasooo - 1sa
NEEERE, wlEd A TR
T, xT.

y

T, X Voo

TX
Tyii2000 - Lsat = (Ty = ‘T 2 X vMJZOOo‘ (6)
T, _ Ryi2000

‘RMHOOO‘
FoA: Rypoe 7972000 B 0 FHiBR AR T8 Ak bx & B E AL
BRI Voo 7912000 A O FHUER 7R I8 AL bR R TR
HEERE,
MW 4. (5) F(6), TPEAEE H brAnH Bk
TREG—BBOCLIAAR R T, KRN
r=(r,r,r.)" (7
W5 60 6, DRI 6,
6, = arctan (r))

rX

®)
rZ
/rxz T 2)

1.3 BIMAKIEHNERR
HERDEHUEERERIE, e DREPORmREL
Ui f REAE TR - YA, WK 2 s, XEEOGIEE
Lui A AR BEAR BN, ABR PRV S HNE 1.
T HERE 273 FRHH, RS, i85/
WIREmES AR BBk ) B ik %
LP150Q#EAY, 4848 ih7yr, fw/aHIH J, LEHIE

0, = arctan




532 TRE BRI AR

2019 4F

T 45 RS HHA ) RKFT (8) vE45 KM
P, MBI AR, Hd, P K R120s.
b T S A B R B # AL R, 465 39.928 9°, KR4
116.388°.

*1 ARIENHRSEE

Tablel Parameters for lunar orbit satellites
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Fig. 3 The one-month-prediction position accuracy of circular orbit
lunar satellite based on J, orbit prediction model varing with
orbital inclination and heights
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Fig. 4 The 10 min-prediction pointing accuracy of lunar-ground laser link varying with orbital inclination based on J, orbit prediction model
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Fig. 5 The 10 min-prediction pointing accuracy of polar orbit lunar-ground laser link varying with orbital heights based on J, orbit prediction model
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Fig. 6 The one-day-prediction pointing accuracy of polar orbit lunar-ground laser link varying with orbital heights based on J, orbit prediction model
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Pointing Accuracy of Lunar-Ground Laser Communication
Based on J, Perturbation

GUO Pengzhen'?, LIBo', KANG Dongpeng', YU Siyuan', WANG Qi', NAN Fang®, TAN Liying, MA Jing'

(1. School of Aerospace, Harbin Institute of Technology, Harbin 150001, China;
2. HIT Satellite Laser Communication Co. Ltd. , Harbin 150028, China;
3. China Aerospace Components Engineering Center, China Academy of Space Technology, Beijing 100094, China)

Abstract: Based on the J, orbit prediction model, lunar satellites with various inclinations and orbital heights have been
designed. Then, by comparing the simulation results of the J, orbit prediction model with the direct integration RKF7 (8)
simulation results, pointing accuracy of lunar-ground laser communication is studied. The laser communication terminal is installed
on the —Y plane satellite deck in our simulation. To a certain extent, the results show that the J, orbit prediction model can meet the
requirements of lunar polar remote sensing satellites for lunar-ground laser communication. When the orbital height is 1 000 km and
2 000 km, the azimuth deviation of 10 min does not exceed 40 prad, and the pitch angle deviation is only about 7 purad. The orbit
prediction model can satisfy the lunar-ground laser communication pointing requirements.

Keywords: lunar-ground laser communication; J, orbit prediction model; deep space laser communication

Highlights:

e The moon satellites in circular orbit with different inclination angles and orbit heights are designed, and the lunar-ground

laser communication pre-targeting models for different types of circular orbit moon satellites are established.

® The effects of different types of circular orbits on the pre-targeting accuracy of J, orbit prediction model during satellite

Lunar-Ground laser communication have been studied.

e With the limited spaceborne resources, the influence of pre-targeting accuracy of J, orbit prediction model is analyzed, and it

is proposed that the pre-targeting accuracy of J, orbit prediction model can meet the requirements of circular orbit lunar-

ground laser communication to a certain extent.
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