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Location and Accuracy Validation of Lunar Landing

Point Based on Multi-source Images
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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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Mosaic image
using 27 images

Mosaic image
using 17 images (a)
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Mosaic image
using 33 images

(c)

(b)

B2 BRSO (B 2028 (FEkAn R B a7 URERE R 7R X IE BHE R R A (L)

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)
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Fig.3 Matching result between the mosaic
image and the DOM
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Table 1 LROC NAC imaging
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5 SRS NG/ () RAHA/(C) PR/ (mpixel ') HUOAE/(°) AL/ ()
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 1.7 1.568 43.42 340.488
36 M183661683LE 1.78 54.12 1.569 44.33 340.339
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Fig.4 Thumbnail of the tailored LRO NAC DOM
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Fig.5 Matching with M1152001999RE, 18 homonyms
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Fig.6 Matching with M1154358210RE, 115 homonyms
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B 7 5 M1200241207LE SR ICEL (3£ 53 4~ 5)

Fig.7 Matching with M1200241207LE, 53 homonyms

8 5 M1200241207RE BARAYILEL (3t 75 4~45)
Fig.8 Matching with M1200241207RE, 75 homonyms
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Fili 50 A5 A8 7 S ok e % 310 ) 1 AR AL DT I A% 188 7R
15y, Hff iRz v 7E 0.4m (UL 10 TEREIH) 1,
BAWEMERBAEZE LRO NAC R ENMH
PIE, —E R LEBR T BRIRE

ASCHT 2R B GEE, &5 e RN A H TE Fi e
w7 R AR E R AR, 1L 3 TR
FFHIMTE IR 5 F R X DOM VCRL, SeBL# R Ay
FLREAL K BER R BR SR s R X # LRO
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Fig.9 Matching with M1200241207RE, 21 homonyms

K2 BETHRESHREMER
Table 2 Uniform transformation parameters and positioning results
WA AR RS BRL il 5 M T A R
> h o o
pl0] p[]  pl2]  pB] pl4]  pl] pl6] p[7  pl8 /() HE/(C)
M1152001999RE 2.47 0.52 —217.8 0.08 2.52 79.79 0.000055 0.000523 1.00 —19.511286 44.121183
M1154358210RE 2.38 0.51 —252.6 0.01 2.52 112.08 —0.000012 0.000542 1.00 —19.514429 44.121080
M1200241207LE 2.51 0.49 —324.1 —-0.02 2.69 185.62 —0.000030 0.000526 1.00 —19.516744 44.115557
M1200241207RE 2.61 0.44 —536.5 0.03 2.80 143.05 0.000004 0.000574 1.00 —19.518481 44.119002
M1259058367LE 3.23 0.64 —330.2 0.11 3.30 101.08 0.000033 0.000513 1.00 —19.513006 44.120923
R 3 RR=SEMSREMERIEXS
Table 3 Positioning statistics of landing point of Chang’E-3 probe
B 2R/(°) /(%) BiEA

MEERAR, IDSHX. DOM, IR £ LRO NAC 4% —19.5148  44.1196 45 1, A0k
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%A% . SR K& Chang’E-2 DOM
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—19.5125  44.1189 453 5, SCHk [4] ek
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