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Autonomous navigation for powered descent phase of
Chang’E-3 lunar lander

ZHANG Hong-hua, LI Jif, GUAN Yi-feng, HUANG Xiang-yu

(Beijing Institute of Control Engineering, Beijing 100190, China;
Science and Technology on Space Intelligent Control Laboratory, Beijing 100190, China)

Abstract: The powered descent phase of Chang’E-3 lunar lander is fully autonomous. The navigation system obtains
the lander’s movement information such as position, velocity and attitude, and introduces them to the guidance and control
system. To meet the requirement that landing on the lunar surface with terrain uncertain, an integrated navigation scheme is
contrived, which combines a multiplicity of data types including a strap-down inertial measurement unit, a laser altimeter
and a capable radar altimeter and velocimeter. The information from laser and radar altimeters are fused to correct the alti-
tude output of INS, and the data from multi-beam doppler velocity radar are combined to decrease the velocity calculation
error of INS. To simplify the algorithm, filters with variable gains which are calculated by predesigned functions are used
to replace normal extend Kalman filters. And the validation of measurements from altimeters and radars are verified by
some altitude-varing thresholds before they are introduced to these filters. The flight results demonstrate that this navigation

method is reliable and effective to the Chang’E-3 lunar landing mission.

Key words: Chang’E-3 lunar lander; powered descent; autonomous navigation; integrated navigation

1 5|5 (Introduction)

roy SR IR SN AN N Sy YN EE ]
15 km FEFFAR. 727500 N3 & SIS s/ H T,
23 17685 sl 11 ¥AT, &0 T ok Pkl i 22, £
AT BT WERR NG T BESE I LAS VATP B S, & T
JEHCI 2013 4E12 H 14 H 210 115 1 7R e Sh i & Bl
T HERR ML R X M 38 AT R 5 4 A 3,
A1 b B = SHRGRIE T HE
RIFEH.

gk — A Mas 3 1 N R B RSN
SRS LRI i ds RATIRS S 2L, G &
TE S SIS RESE, [RIN e 7R EE R AT H AR
7 it At PSP R 8 LA S LT o 2 1) 21 RS

Wik H #: 2014—08—30; s H: 2014—11-29.

Ti@{5/E% . E-mail: jerem-lee @sohu.com; Tel.: +86 10-68744866.
HLETH: BRI R BRI E ST &7 B .

5 H.JT(inertial measurement unit, IMU) 5 PE S &
)1 F SRR RIAZ L. IMU L 5 B SRR i
FE vt BEAE I S 23 AR O] IR 2% [R] PR e 2 #11 FEE ANl
1IN RE (L)), 1EE g 2Ry, ] AR ik
PIALE RIS AHR T AR AR R 280 e i
7 MR R 22 I B)) ) A B w2256, iR ZE 2%
MR X T 7 SRR g A 1 v FEE S i )
H BhAT 25 K U, 2l PE S MU Be i 24T 25 75 3K, S
{90 THT S M T AL AR A AR AN 1. PR, 2%
VA BN RAR G Bl R A, #G—ARAEA
LEe IR E = ) N S S 1B o B T B =g B
ffJSurveyor®, Apollo™ | i 75 Bt ffflunar & 4151, DL K&
St B KR 2 J5) EuroMoon2000UFT H 7K f] Selene-



12

TR IR =S s sh ) R ER 0 B T 1687

BUV 25 JERCRIE B 1E 05 | N BERS KR i e
i BEM = HET S EFRURS S, o1 ORUEAS i ) 24 Al
B AHGE d DA I, X VEAN BRI
XA RS ACEAL BB IE. K, [ bs E45te
T AL SEIAA R R AR T PR, 38 3ol PR G I Bt
BRI = UKL BRGS0 7 5, lanSe i LU
T PR 2 01 ELIE PER VT BE R B ER B 1945 H
i KR R 2 AR A R FEME R R 2R B B 4
BEEOR, DA H R BAT AEAR AT AT IS 1521
SER RIS, HA A 1S S ERI s 2 B etk
TR AR, HE R U I R A 4k )
PG AT [t sk, i A B AT 8%, BEReSE

A RSB, ST GRS RUAEE, 5 RIS
= AT AN R RUR P B BRI ANK e (e s A R
BEMET6 km), DRIk — 5 A Bl 3 70 BRI AR R
T B A 1R A S AUTE.

AR ST & I SEATT 58— FF, (EEAERT
AR, TR SAEAN R BOL P T 2 A
7] AR HAR T A0 A SO 5 S kAT L,
X = A s B AT B 0 R B B S AU
IKHATAA.

2 SMi A% (Navigation system)
21 FHiAAR R (Navigation coordinate frame)
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Fig. 1 Diagram of the autonomous navigation system

23 PR RE R, AN A RAT B BOW SR L
SORFEAFEI. AEB )N BRIATIR I B, R AT
PR vy, SRS P I SRIFAN AR, 158 BE 8 i 2
SR B N E], AT ORI, AT
S FRURS PR MW iy, 1A )R 22 R AR

TR PTG, 2% R8I E RN T AR s 1) S B e
L, i8R PO BRI AS LE I B R 370 R
BEATIIR N AU L AT, DA T S IR I AN R
SO, TG e 5 LN B A I bR 1 R B &

Jri, 7 i s DR A AR R ACUE RO T2, I 5 N



1688 E R N 75

5 N H 531 4%

BB IE; 0k N R, A5 Mhids iE ) 1f i BERRAR, &3
HUPIATICED A0 00 R0 B AR it AN 5
M), WO R Al S

2.3 FEMSHUBUELS (Navigation sensors)

F et FE I SRS RS W LA

1) A G,

U = A Bl e 6N IR BE IR (RN 64
 GEREE I R v, A R T Aok Y 2 e AT
3N PRGN I B v 416t e AR A L A B
P NN U P

2) WOLIMIEE{X.

WOGIEE A A PN AS R R0 PR R, 43 51
1T T BB AR ) — Z A — Xl 7E8h 77 R AR
R, B AR AE — Z R m) I, 7ES 0 R R
Je KRR, A AR EA S — X R ) A . O T R
RATLASAR R S MY, WO AR T A
ANFIFR R, — Z 5 R FE2 km~30 km, H T
B 7T B R — Xt R R Y 15 m ~
dkm, HF3) 77 T BRI R . AN 3 RAS R N T
1E.

3) Tl M EE DA

TR0 P S R SR AR SN BOR, B2 s
W BE R RAFI RS F 1n) 5 306 I #E A — Z A
— XA AT, OB RS OGN EE 1R 2% 43, 34
MR (RL ~ R3)FRIAE R —X, —Z )5, I
KTXOZFM NI, B T — A =M. IXFE
3N R AT RN RE 8 A B 5 £ — s R
i, A N A RS — Z 3517 HTH 2 - X 45
1) F THT g e el R e, 3N IS8 R s 48 ek 21 H
T eAh, O T 3 AT AR, — X1 I EE % R (R5)
WA IE ) BE.

2 TR DM B AR I A 1)
Fig. 2 Radar beam geometry
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Table 1 Comparison of the calculation drifts
(unit: (°)/h) of different sub-sampling
algorithms with an amplitude
0.001° vibration
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Fig. 3 The filtering gain for laser altimeter data
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Fig. 4 INS and altimeter error in the powered descent phase
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Fig. 5 The filtering gain for radar velocity data
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Urelative = U — Vy,.
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Fig. 8 Altitude outputs of the onboard navigation system
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Fig. 10 Attitude outputs of the onboard navigation system
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