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Abstract High-precision positioning of the landing site is a critical step in the mission and an

important prerequisite for surface operations of the lander and rover. In this paper, a high-precision

positioning method of the landing site was designed based on image feature matching and multiple

image localization methods. And the positioning experiment and accuracy validation were carried out

in Chang’E-3 landing site. On the basis of high-precision image matching and geometric transforma-

tion, the matching precision between the sequent descent images reached sub-pixel, and the matching
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accuracy between LRO NAC image and medium-resolution descent image was better than 1 pixel.

The landing position was calculated to be (44.1196◦N, 19.5148◦W). This method comprehensively

utilized multi-source images, and didn’t entirely depend on the mapping accuracy of the landing base

map. It was a further refinement of the matching results between the images and landing base map.

So, this high-precision positioning method can be applied in future deep space exploration missions.

Key words Multi-source image, Landing site location, Descent image, LRO NAC,

Feature matching
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���%�+������� ���&��
�,-�!�'() , ��"+�� #�$�
&�����%� !!*��&" +'(�#
!� , � )*+���",$,�,�'( 
& [1−3].

#-�#-.�+�� %!.%""/0"1
/0�.0�+�/#0&'�%1$$%%23.

#-/&#(�%�-.� ,456&'/%+�
��$� ,%)*'(72 48: (1))3-.39
&'�+,(-)*,*+(4.:./+���0
;):. (Digital Ortho Map, DOM) '/&',5
)+��� +-6 [4,5]; (2) #-%".�/*0
/� (Lunar Reconnaissance Orbiter, LRO) 7+�
</4. (Narrow Angle Camera, NAC) :., ,�
��+�%�1, -= LRO ���>./+��)
., )3 LRO NAC :.230+��#8 #, '
1*-+��� + [6]; (3) +309�� ?, 1
)2+� 1� LRO NAC :., :4/2�,3
$�+����$ + [7]; (4) :4+�1� LRO

NAC :.� +��, >)3+��4'56 LRO

NAC:.�5.�-%!-;+�� +��$.
7 [8]. 3740, )* 1 -/<5�, 6� ��)
6-+�� DOM �@-��; )* 2∼4 �� �
�/+3� LRO NAC:.�7748, 8)6-+
�� DOM9-�@-��, =/:44'9���
>:A��01?;<1=B� ��, 6�%85
A�9@<,A(>,+��+�%�1, LRO0C
+��2)?:348-..

@B:;���%�+��2+4A3�,.�
$;54?-.� ).3��#!2, )3-.3

9&'�4'56:.� %!, 4;%���%
�+������ )*. D/C<+(-.=�
B�/EF(<3�G5B�8(39(- (Scale-

Invariant Feature Transform, SIFT) &')*?=�
H)6D, =C5)+�� +�DE. I8)*.
� -61EA>+3J>:.�K7?:3).
+,6D'/� -6, ><%BF [4], [8] �)*
?A. #-�775�� LRO NAC :., )3%;
):.'/4'9�,5G =B%+��� :@
���!32<.

1�8@

1A4)B-9�A.%�:+��% (/&
#("H() .���9F$GL%+(4.. HB
2+";18C+(4.*".,.+�4A1��
:3�77MI%��C<-.� , NO���+
�%�, +(4.8.. I:3�+(4.-.81
37DPCH���(%4A1%"J��(<D
J, E37-/E�����+(4A, ?<:.'
K�25�,�#-:.����+�� �'(�
 ?.

+��LDJ"��77 DOM �#-:.�
���%�+��� �MF#1. @BQ3 LRO

NAC :.@,�/&#(+�� DOM � ,
"N� �9-� , F� :4/0� !K
(Planetary Data System, PDS) LR ∗ :$, �7
7" 1.6m·pixel−1, -GL1" 11 171pixel× 47 903

pixel. A(S0��, @B)*Q3� DOM 9-?
89@- LRO NAC:.@,� DOM� ,OF:
.E*56+��/, 3Q3= 56>%"�77
2��/&P( DOM � [9].

∗http://ode.rsl.wustl.edu/moon/
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LRO NAC �= ./0/�/%).�77
2�"� 2�$�D>�, %�772�37Q
% 0.5m·pixel−1[10]. GO= , LRO NAC H//
&#(+��'/ 44 .56, //&H(+��'
/ 8 .56.

2�RMIJ

#-4?:.����%�+��� )*T
(�"AKCU: (1) )3���2D�+(4.C
<-./+�� DOM9-'/&', *-+���
S; +'(; (2) *1�77�+(-. (/ LRO

NAC :.�774O) /4G56+��� LRO

NAC -.'/&', >:;+����A'(, 2
V-;+����$� , ?- 1 I@.

+���$ +$�W37�" 4 C: (1) )3
+(4.C<-.'/39&3/&', *-+��

.1�77+(-.1�.-�; (2) *1�77+
(-./+�� DOM9-'/&', *-+���
S; +; (3) HNI556F +� LRO NAC :
.?/%'/;)O;,*1�77+(-./AA
GO;1� LRO NAC:.'/&', M&':@;
60+��� +'(; (4) /4.;6:@*3B
$X, ,"���+����$� :@.

2.1 34#56789:;<=1>?@AB
#-C<+(:.�).3�, #3 SIFT 6

C [11,12] /C<-.'/39&3/&', L $
%�&'39�M-;+�� +�DE, *-+
��.1�77+(-.1�.-�. D/:.=
�?&', #3QCTU*H�&'�1N; [13].

#-:.�DNI39, $�%. DOM 9-
2�LY�Z, .D�O[2$E 4 E72=F3
9�; #3P)6D*$+(:. (1�77) /+
�� DOM9-\=�+,8!, -;+���N�

� 1 ������

Fig. 1 Landing position method
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 . "$=D�O[�1$<, .-94A1#34
.-]3B$X�VG.

.'/+(:./ DOM9-&'�4A1, E
37:;8+��%3�,*(�77�+(C<-
.'/HJ, KL-.� �ZDJ, &�-.&'
�)B7.

2.2 34FGHIJK<= LRO NAC

L5MNOM
LRO </4."P^QIJ)., #35L

Q�6D RFM (Rational Function Model) ,"%
KR).+,6D�RU, K;��..)37Q
% 0.01pixel[14]. IM#3%'S 78 KM� (T5
LQ�!� RPC, Rational Function Coefficient) �
#N4,J5LQ�6D, 5

rn =
[
(1 Xn Yn Zn · · · Yn Z2

n Z3
n)·

(a0 a1 a2 · · · a19)
T
]·

[
(1 Xn Yn Zn · · · Yn Z2

n Z3
n)·

(1 b1 b2 · · · b19)
T
]−1

,

cn =
[
(1 Xn Yn Zn · · · Yn Z2

n Z3
n)·

(c0 c1 c2 · · · c19)
T
]·

[
(1 Xn Yn Zn · · · Yn Z2

n Z3
n)·

(1 d1 d2 · · · d19)
T
]−1

. (1)

/AG LRO NAC :.��5LQ�6D�4
AT�:4/KR+,6D RSM (Rigorous Sensor

Model) �K;*- RPC �4A. LSL LRO

NAC :.�KR+,6D RSM (Rigorous Sensor

Model) M)LOTKP@�, TW:.�Z��A
�)NOK�A�,..)7A�=QM):.�R
L�-�,".)TKP@�;11L KR+,6
D*RL�:.-�U:%$K�A�2$%V)
TKP@�.

LRO NAC :.� RSM 3MHP)AJQ, T
⎡
⎢⎣
X −Xs

Y − Ys

Z − Zs

⎤
⎥⎦ = λRopRboRib

⎡
⎢⎣

x

y

−f

⎤
⎥⎦ = λR

⎡
⎢⎣

x

y

−f

⎤
⎥⎦ .

(2)

J1: f "RQ, (x, y) ".��RB�-�, 3:4
X_ LRO IKBS�O) M� (IO) MU(6D;
6:$; (X,Y, Z) "/2�V)�.0V-�!�

-�, (Xs, Ys, Zs) "P:1W.0V-�!1�-
�; Rib ".T=-�!%/*�@+-�!�EF
U^; Rbo "/*�@+-�!%/*-�!�E
FU^; Rop "/*-�!%0V-�!�EFU
^; λ "2V`C; R ".T=-�!%0V-�!
P�EFU^. EFU^37L SPICE kernel 1
� SPK (0W� ) � CK (QÆ� ) BS$%, Q
=(X4<W<-�!%0V-�!�F-, 72M
�$�"4a. $%IXLO�TKP@�/1, 3
7:421PY)*-6FG:.� RPC !�.

. DEM �Xb2, L ��� LRO NAC ).
+,6D,*-AK.�-�/2�L -�T35
):.�;)O;.

72ZL4A8R!-.&',-�!F-?;
3YG8;,:.� ?;T(3Y-D>�@S�
 ?;, '(D>���/"�Q7!O) ��O
?;, c" 20m[15].

3�TdZZ[\Y

Q3/&#(�%HB2+3�+(4.C<
-.� "]Z � DOM:.!48� LRO NAC

:.'/%/&#(���+��� -]. X-
6, /&#(���+�� +'(" (44.1196◦N,

19.5148◦W).

3.1 @ABRS
/&#(HB2+3/^U[\2,#3HJ)

*��5GKL-.�� �ZDJ, ?- 2� 3I
@.

33G+(4.]V:.�-G" 397pixel×508

pixel, �77c" 1.5m·pixel−1. F[%]V:.�
�_e28% DOM :.� 1%, -]1LSL W
[&"�`G +/f; DOM -.'/\Æ. - 3

a0%AG:.�&'W\,-60�S;+�� 
+" (19.513◦W, 44.119◦N).

3.2 TABRS
M-N� 4A#3+��� DOM ,"� 

9-, %� ��:X-.&'�:^), E3Y
- DOM �@-��,1. DOM @,4A1gbG
5&'?;>. `]@BL -60�N� :@,

:4 PDSLR2hc6F'(�4] EDRd NAC

:.,/A]:.�^'/&'-6,:4� :@
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� 2 ������Y^ (_Z) �� (_`�[�_\]U`ab����efY^�����i)

Fig. 2 Resultant mosaic of the landing area (The white cross marked by the arrow represents

the position of the landing site in the mosaic image)

� 3 Y^��� DOM ���	

Fig. 3 Matching result between the mosaic

image and the DOM

3B$�)J,>:� �01?;, -;+���
�$� . F[-.`�8�ac, .HN/*aÆ
��/�DJ@@" 0◦∼80◦, GO 2018 ^ 8 % 22

_,`VbS�:.H 36G,-.8+'(<-J 1.

MJ 1 3740, NAC :.��775�, B$c
" 1.5m·pixel−1.

2h% EDR d� , )j 2.2 a�)*/
$ EDR d NAC f;:.'/;)O;; -]Q
3� DEM " SLDEM2015[16], :4 PDS LR2h.

NAC :.�-GL1" 5064pixel×52 224pixel, N
JM/&'b:^k6c�,`]L N� :@/

;):.'/\Æ, IX:.�dG:@?- 4 I
@.

`)./="/*��>;l, :.Xgj:^
5L, a-.�WH&'m)hLa�. ) ;5X
], = Affine-SIFT (ASIFT) 6* [17] 35i b
28=gjbS�-.WH&',@B+3�&')
*MLc"? ASIFT &'Ud-; ∗[18]. F[%=
>�77�:.'/WH&'�)B7j�, Q31
�77�+(-./ NAC ;):.'/&'. F+
(-.�-GL1" 1024pixel×1024pixel, �77
c" 1.8m·pixel−1.

:. M1145007448RE � M1147368335RE �
775I, 8)-1P&'ZL, -]18,Q3,

.- 4 17be)c�f. :. M1123733573LE,

M1142582775LE, M1147268724LE, M1147290066LE

7! M1243808548RE (d- 4 17ke�e� 5 G
:.) 8'S+��, `]-]1g8Q3. *gn
� 29 G:.�^/1�77+(-.&'k6. X
-]d;, o5/+(:.gj)\4=� NAC :
.e�WH&'$%=F39�, d- 4 1 5 G�
ele)c�:., 8+" M1152001999RE, M11-

54358210RE, M1200241207LE, M1200241207RE 7
! M1259058367LE, %/1�77+(:.�&'
W\).?- 5∼9 I@.

L 52(-mJ,M&'�=F39�37;

∗http://demo.ipol.im/demo/my affine sift/
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X 1 YZ[\] LROC NAC ^_`_ab
Table 1 LROC NAC imaging

�� ��hf ijf/(◦) njf/(◦) ���/(m·pixel−1) �ef�/(◦) �eg�/(◦)

1 M1116664800RE 1.23 44.83 1.098 44.61 340.432

2 M1123733573LE 1.77 74.51 1.465 42.855 340.537

3 M1127248516LE 1.78 75.54 1.519 44.495 340.136

4 M1129602407LE 1.78 58.88 1.519 44.385 340.446

5 M1142554338LE 34.72 73.87 1.755 44.63 340.35

6 M1142568554LE 18.41 75.24 1.54 44.4 340.41

7 M1142582775LE 0.85 76.52 1.47 3 44.39 340.232

8 M1142596997RE 21.27 78.17 1.559 44.37 340.6

9 M1144922100LE 20.18 56.49 1.554 44.36 340.48

10 M1144929211LE 11.19 57.06 1.497 44.37 340.465

11 M1144936321LE 1.79 57.62 1.475 44.37 340.43

12 M1144943432LE 7.96 58.21 1.488 44.375 340.429

13 M1144950543LE 17.16 58.78 1.544 44.37 340.4

14 M1145007448RE 63.04 64.25 2.983 44.755 340.961

15 M1147268724LE 31.69 44.27 1.702 44.39 340.276

16 M1147290066LE 5.04 45.01 1.484 44.405 340.327

17 M1147290066RE 2.06 45.09 1.48 44.4 340.67

18 M1147304295RE 16.97 45.64 1.531 44.38 340.65

19 M1147368335RE 66 49.46 3.487 44.707 341.392

20 M1149645693RE 4.41 45.0 1.483 44.41 340.38

21 M1152001999RE 1.2 56.56 1.357 44.0 340.59

22 M1154358210RE 1.2 74.52 1.447 44.2 340.46

23 M1157862508LE 5.04 75.16 1.446 44.07 340.48

24 M1160218845LE 1.78 58.47 1.445 44.05 340.57

25 M1162575180RE 1.2 47.51 1.448 44.41 340.6

26 M1164923253RE 8.87 46.83 1.465 44.36 340.5

27 M1164930369RE 0.38 46.63 1.451 44.37 340.4

28 M1164944600RE 19.37 46.23 1.534 44.37 340.33

29 M1180251193RE 15.32 45.39 1.443 44.235 340.41

30 M1200241207LE 1.77 75.33 1.358 44.11 340.63

31 M1200241207RE 1.19 75.54 1.355 44.095 340.334

32 M1243808548RE 1.19 60.96 1.233 44.275 340.5207

33 M1254353205LE 1.75 44.93 1.107 43.8802 340.5387

34 M1259058367LE 1.75 63.21 1.136 44.1302 340.4388

35 M181302794LE 1.78 71.7 1.568 43.42 340.488

36 M183661683LE 1.78 54.12 1.569 44.33 340.339
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� 4 gho� LRO NAC pj��gk��
Fig. 4 Thumbnail of the tailored LRO NAC DOM

� 5 � M1152001999RE ���	
 (p 18 q�)

Fig. 5 Matching with M1152001999RE, 18 homonyms

61�77+(-./ LROC NAC :.�52(
-M�,<1�$*-+��.AG:.1� L-
�, 8+:@<-J 2.

3.3 RScd$e
= ,45486&hh)3/&#(-.� 

'/%� -],$)*/@B� :@�/2<-
J 3.

� 6 � M1154358210RE ���	
 (p 115 q�)

Fig. 6 Matching with M1154358210RE, 115 homonyms

J 3 1:@ 1∼4 $�#- LRO NAC :., :
@ 2∼3 �AY<5i, :@ 4 M-21'/%B;
ZL, `1/:@ 2 � 3 G58=. :@ 5 � 6 i�
#-+(-.//&#(+�� DOM 9-'/'
1� �, � ��/ DOM9-�@-��7l4
8;M-+3�� ?09, `]��4O. @B+
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� 7 � M1200241207LE ���	
 (p 53 q�)

Fig. 7 Matching with M1200241207LE, 53 homonyms

� 8 � M1200241207RE ���	
 (p 75 q�)

Fig. 8 Matching with M1200241207RE, 75 homonyms

���.-��:4+(:.=�39&'DE:
$�,%DE?;3P@. 0.4m (7 10G:.;)[1];

2V�� :@3��4' LRO NAC :.� �
$X, A�A�2>:%01?;.

4�Zm

@B#-4?-.� ,:;���%�+�3
�, 4;%+������ )*. :4HB2+�
C<+(-./+�� DOM &', -;+���
N� ; *1�77+(-./56+��� LRO

NAC :.'/&', :4'39�'ACq<%+
��� +'(. +3/&#(�%48:.",

� 9 � M1259058367LE ���	
 (p 21 q�)

Fig. 9 Matching with M1200241207RE, 21 homonyms

X 2 fghijklmnop
Table 2 Uniform transformation parameters and positioning results

��hf j�
�k� ���	i��
p[0] p[1] p[2] p[3] p[4] p[5] p[6] p[7] p[8] g�/(◦) f�/(◦)

M1152001999RE 2.47 0.52 −217.8 0.08 2.52 79.79 0.000 055 0.000 523 1.00 −19.511 286 44.121 183

M1154358210RE 2.38 0.51 −252.6 0.01 2.52 112.08 −0.000 012 0.000 542 1.00 −19.514 429 44.121 080

M1200241207LE 2.51 0.49 −324.1 −0.02 2.69 185.62 −0.000 030 0.000 526 1.00 −19.516 744 44.115 557

M1200241207RE 2.61 0.44 −536.5 0.03 2.80 143.05 0.000 004 0.000 574 1.00 −19.518 481 44.119 002

M1259058367LE 3.23 0.64 −330.2 0.11 3.30 101.08 0.000 033 0.000 513 1.00 −19.513 006 44.120 923

X 3 2qrs3tumnopvw
Table 3 Positioning statistics of landing point of Chang’E-3 probe

�� g�/(◦) f�/(◦) in

����lrj	� DOMlpjkp�
f LRO NAC �� −19.5148 44.1196 �� 1, Æ��

��o 1 f LRO NAC �� −19.5116 44.1214 �� 2, �l [6] �

���o 5 f LRO NAC �� −19.5115 44.1213 �� 3, �l [7] �

���o 14 f LRO NAC �� −19.5113 44.1219 �� 4, �l [8] �

����	 Chang’E-2 DOM −19.5125 44.1189 �� 5, �l [4] �

����lms��t Chang’E-2 DOM −19.5126 44.1188 �� 6, �l [5] �
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%� -]/��]B,2V-60�+�� +'
(" (44.1196◦N, 19.5148◦W), /= 4mn�$0
� :@��AY.

F)*Æ;)3%4?-.� ,685>)2
+�� DOM 9-�@-��,�/:./ DOM 9
-'1� :@�'AC�<,.m,�%"+��
��%18523jX. k), M-= 56/&H
(+��� LRO NAC:.�O5o, n+1Q� 
�l_,37)3F)*//&H(+���� :
@'/]B�$.
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