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Abstract ; Chang’ e-3 implemented its soft landing on the moon which is the first time for a Chinese spacecraft to
conduct soft landing on an extraterrestrial body. GNC is the key to achieve successful soft landing. For the desire of high
safe and reliable soft landing, the soft landing flight program including rough-fine-relay hazard avoidance is designed, the
autonomous navigation method based on single beam time-sharing correction and multi-beams fusion filter, and the self-
adaption powered explicit guidance, the non-iteration polynomial large hazard avoidance guidance, the inner-outer-loop
small hazard avoidance guidance are presented. The real flight result of Chang’ e-3 shows integration that the high-precision

states is estimated by navigation algorithm, the high-precision states control and effective hazard avoidance maneuver are

implemented by guidance algorithm to ensure the safety and reliability for lunar soft landing.

Key words: Chang’e-3;

0 3

) Pt T 0 4 Y ) A0 5 4 A, % T R AT
KA B Rl 3h 7 T R 64T BE, FEAG BE (S PRl
FEPEAETE 2 7 AR XS & R 55 f Ko KA
RN RARR T R0 SR 1L B BESIU
RAAFERRE A MBI ATE, RERLR LK
H R RN . & Hias A BA RBI R R
A5 BE S-S5 1 S AL BBk R Y BB ) A BEXE B 2R B
A2 R, BRAERCE Tl 19 2 2R AT SR 4

T

R H399:2013-12-25;  4&18) H $:2014-01-25
I H - =P IR R R AR R L TS B

soft landing; autonomous navigation; guidance

IR =S" RN MEF Z — R—EH R
AR R KW H WEKE R, ZORE Mgy T B
ERRAFIRA AR EE B S 6 SISl EE T
EIR=S" MR T 2013 4212 A 2 H 1 8 30 &
kﬁf/\ﬁl,d—ff 5 KRHATEIE A BRIF A H L

B, &4 T 14 H 21 i 11 73 i ECE R A BRE
T, B REH T REM KRR EEKE R 4
SCHEARSEH T 43 “ IR =57 R 3CE fii 3h
TR BORAR H AR B B S-S R U
RAEPURATHIZER



F1M

HHTE RS RIS KER B M-S HSER

53

1 REMHSSMEEHNRZHK

1.1 SRR

TR TS R USRS VBRI 2 50T
0B 0 3 R R B PR AR O = 4k LR
TR O B AR IS S LR . P 1R
PN 2R TG BRI PR AR ARl ) B AR A
P SR P TR R 3 0 TR B T 6
SR AR TR A% A O = 4 B U RS T R AR R
B, a2 SR BURES P T IR BOHL Bk I Y a2 R 3
e =4 RGP T AR B P9 R MR B, b 7
B3I 2 Il X = 2k R AR B , 0 30 8 5 A3 S H LA
B TR ZRE THIBEPREXIGES .
1.2 HATHLM

7500 N [AEHE S &SP THEREH] 10 N #E
JIEFFAFHRASEH, 150 N 7 #5 F Tk B AL s A
B . 150 N 7K HL3h#E 51 8% F T 7K PG i
W, HHLEE R Th REE L & LB S LB B,
1.3 #Hlas

P A AR R BV E R B BT A,
TR0 R S B PT DOk B R =
o R BIE ) A FE 5

2 REMYTRAFIZIT

“PEIR =5 BRI B84 55 0 B I 0 R B R
3% 1) BXTFEERIX; 2) EA%L(AFMm%
TRERK); 3) EARBEA (RS B A
FEREHIRE B R AR ER) . MIBXBER, 5%
T Apollo ZF™ F1 ALHAT HRI™ B ® TR, %
T AT T2 0s B P R B T B B B e

~15km

PEBOZE T R B S B RATRR T, B 1 B
FIBH BV i 25 ) A, DR R 5 B A U
HBRESEMBEBL . SR ERERGL 53 VE & 4
RS EMER R T — A 1B AR, HE
R RN 4 MES B Bl B BT B R B
TN T B, 405 S B | 5 0 B =4 A%
Ko A i O B AR RE T AR, TE AR T K e Rk e
/INVEE DK 3 e 2 i o7 B R B T R i
2.1 ERHEBEITERF

F B RS RRER W 3. AR ESIL
Yoo , (5 Pl AR AR X H BRI 1.7 kmv/s 245
EIBAE A H T R R TR R R BRA
KB 7 R Bew) 1 7K T 38 BE 14 55 225K, HE 3 77
THAERAL R B B S 1 FZ T BAR, A4
WS B A SE i DA R AR ST 5 RS
WATER, ARIEIESER, FWoEBH S EAR R
=B, HRATRE R R 32 R S LIS B
WT-25 FRERNIE , ARLY 430 km, = B T 2 12 km,
2.2 POEABE TR

FWHBAY, HREEFEDMERAT, &
AU TAE TR S R HE 7 B, #E 7 ik B i, 36 31 A
K TEM BB RER R LSRR, £
RN TAELEARIE 1K F &, v B o 0 o e
BRI R —ERFR. A0, BRI AS g
EBYIERSREEEGE L. FHit, aiEg e
FEES R R R B G ST B . iR YR
45 Z0R, Pl A 5 B R B PO BV h B B2 B
A BES , BNLHETB 5 MRS K, SRAiE A
Ty A i R - At P B R B O,
TREZ 600 m,fifE29 1 km,

CREESCHRHA) g
?
‘ Hill .
0km ~430 km
Bl “fm=5" HRNRPEMIN T B il

Fig. 1

Powered descent flight procedure for Chang’ e-3 spacecraft lunar soft landing
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Fig.7 Lander’s horizontal position relative to the landing

site for approach and large hazard avoidance phase
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Fig.8 Lander’s horizontal position relative to the landing

site for small hazard avoidance phase
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Fig.9 Altitude residual for autonomous navigation
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