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Fig. 1 Crater detection
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Fig. 2 Crater matching
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Fig.3 Camera model and its coordinate system

R BIR RPN FRBARATE N x =
[ » 11" MHBIZ C WIr R LIR RN
x"Cx=0, i=1,2 2)
AP C IR 32X 3 X FRFEFE, HLAEAH 22— E
HRUA T X Fh R R —
EFE1 —FWwiih&ad#E 25 mgi
LANIR I R 2
IE  BOAHBLXS V10 S B4 FH AT LA — A B P
i H R B u=Hx, WML T BER N
x"Cx=0,
XEER x€ S, HEMR S u=Hx, it L
u"H 'CH 'u=0 (3)
W C,=H "CH "5 —A 3X3 BYXFRAFE . B
ERREGE Rk kil g, EEE,
5 fE (D J 2=0.K=11%
Au = [R t]x=Mx (€]
K -M=1[r, r, t]. BRI ri=r Xr.|r| =
[ri| =Ilr. | =1, Br LAFEFE M AT 3%, A SCH H RS2
SKAFE Mt M A3 3 e 5 55 FE R B ) i e
PRI 2% 1Y J7 00 ] LU E o
BTEM .G RBRAYTLEML C, i
LMHEERR ., EEW xEC, .15

u'Gu=0, i=1,2 (5

A6, 2 3X3 XFRHARE, horf (O F (5

x'M'GMx =0, i=1,2 (6)
5@ . 1%

M'GM =6C,, i=1,2 "

Krbeo, RAEFFE., WNHERE C M 2
Wi A6 M G, oo n] R R, il A5



B A L — R T A BT UL (5 Y B O A T Sk 243

M'=6CM 'G;', i=1,2 (8)
ClMilclil :812C2Milc;l (9)

‘ ~ '[det(G,'G)) B
Ao, = 7(1&(0;10) . BHE G F1C, A

b 3 — B SERE G, Al C, F£ow, B det (Gr) =
det(CH=1, H—AFITFE (9 ATLIE N
(G,'G)OM =M(C,'C)) (10)
my M,  Mms
ms |, fEB5E M M 5 R n) 1B
m; Mg My
XA m = (m, s my), Al H HE B W
Kronecker 1,3 (10) A] 5 N
[(G,'GHYRXRT—1® (C,'C,) " Tm=0 (11)
WM& & %0h N=3. (D 5k
[(G'GHRXI—IX (C;'CHy ' Tm=0 (12)
A 1<<G<IN,
2.2 &It
B SCHRL I3 0, X 2= 3 5B A il 4 i
LRI TR (L2 A ME—fif . A
(G,'GHYRIT—IX (C,'C)"
(G;'GHYRIT—IX (C,'C)H "

W M=|m, m:

E= (13

(GR'IG.\Jfl ) ® I—1 ® (CT\YICNﬂ ) B
TR (12) ANy
Em =0 QEY)
Ti AR (14) S el 5 7 B 4, de /D AR R T
i (1) 3B/ N = ff m™ BT L
my  m, ms
M =|m, m; mg (15)
m;  ms  mg

M 5 M AR R B

M=eM" (16)
WH e || =|r|=1,7 L1755
M=+ M- (17)

(my )* + Gng )* 4 Gng )?
HR 4 S PRl O, 7 R AL A i A — 2 A

B Sk B3 A 37002 T 3 Bl i 1 7 o B LA AT L) A 3
rax tFray+i; >0 (18)
Xrhx=[x y 0]" BMiAvAZGMZ A, M
WM oms 2+ me y+mg >0 B BIES, ) 2Z, U
Ty XA ry=r Ky KW ry . B AR T
AR RE R FP-F% ) i e, 45 Bl 4% 09 05 L ] DL oE — 19

i .
3 XBRHERERSH

FERLL B3 S5 KR BRI A 1) 2 B o AR v, R
FH 4 A~ B A4 3708 36 TE AR SCH: 1% 10 0 it P R A
WE 4 B S Bl A S B 2 000 m B, 1 e X
B3 A7 0 A5 1 2 1) e vl R R ) 5 B 1 v
SOy 1 R S ] R 5 A AR R RS TEARS
) ) 25 AR 43 i BN SE B 1000 K, A S5
1R,

v !

/ ov)
// y Bz £
D510
u
K4 BiayugRih &Rz
Fig. 4 Error of crater image
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Fig. 5 Position error
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Fig. 6 Attitude error
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Fig. 7 Position error
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An Attitude and Position Determination Algorithm of

Lander Based on Craters for Precision Landing

GAOQO Xizhen, SHAO Wei, LENG Junge, XI Sha

(College of Automation &. Electronic Engineering, Qingdao University of Science and Technology.Qingdao 266042, China)

Abstract: As for the problem of autonomous optical navigation, this paper presents an easy and high-precision

algorithm to estimate the attitude and position of a lander by using at least three extracted marginal elliptic curves of

craters. Firstly, the geometric and algebraic constraints between the marginal elliptic curves of craters and its 2D

images are derived, then the linear equations about the lander’s motion are established by using Kronecker product.

With this method, the attitude and position of a lander can be uniquely determined. In particular, the algorithm is

easy to use and more flexible because all computations involved in this algorithm are linear matrix operations. The

extensive experiments over simulated images and parameters demonstrate the robustness, accuracy and effectiveness

of our method.

Key words: elliptic curve;autonomous navigation; planetary landing; crater detection; crater matching
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