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Impact Crater Database of 10 Landing Regions from
Apollo and Chang’E Missions: Construction and Distri-
bution Patterns of Small Impact Crater Databases
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Abstract Among the celestial bodies within the solar system, the Moon maintains the most pristine
conditions of impact craters. Some landing sites on the lunar surface have in-situ exploration data and
experimental measurement results from the returned samples, providing distinguished meanings to un-
derstand the impact events and their reshaping effects on the lunar surface. Small craters play a signifi-
cant role in the formation and evolution of lunar regolith. However, existing lunar impact crater databas-
es lack comprehensive coverage of small-scale impact craters with diameters less than 100 m. Therefore,
this study produced ten mosaic images of 20 kmx20 km in width, using the high-resolution Lunar Re-
connaissance Orbiter Camera Narrow Angle Camera images acquired under solar incidence angles be-
tween 50° and 70°. These images cover ten lunar landing sites, including six Apollo missions and four
Chang’E missions. An improved YOLO114+SAHI deep learning model was then applied to automatically
extract craters with diameters =15 m within these regions. After manual verification, a high-quality
crater database containing 357764 records was constructed. Compared with existing datasets, the pro-
posed database demonstrates superior crater completeness. Based on this database, the density distribu-
tion and diameter-frequency characteristics of small-sized impact craters were further calculated and ana-
lyzed. This dataset can provide robust support for studies of lunar geological chronology, impact flux
evolution, surface process, and sample interpretation. In addition, it supplies a valuable training and val-
idation resource for future artificial intelligence models of detecting the impact craters.

Key words Small-scale impact craters, Moon, Landing sites, Datasets, Deep learning

Database/Dataset Profile

Title A crater catalog for typical landing regions of the Moon

Data Corresponding Author GUO Dijun (guodijun@nssc.ac.cn), LU Yingbo (lyb@sdu.edu.cn)

GUO Dijun, LU Yingbo, LIU Fangchao, ZHANG Li, LIU Bin, XIE Bin, CHEN Jian,

Data Author (s) LING Zongcheng

Time Range 2009—2025
Spatial Range The areas of 20 kmx20 km around 10 landing sites including Apollo 11, 12, 14, 15, 16, and
patis g 17, along with Chang’E-3, 4, 5, and 6

Data Resolution 0.5~2 m-pixel "
Data Volume 357764 impact crater records
Data Format *.csv, *.shp
Database/Dataset URL https://doi.org/10.12176/03.05.00008-VO01, https://cstr.cn/14804.11.03.05.00008-V01

- National Key Research and Development Program of China (2022YFF0711400), National
Source (s) of Funding Natural Science Foundation of China (42472304)

The dataset includes impact craters with diameters =15 m in the aforementioned typical

Dataset/Database Composition landing zones. Data is stored in shapefile and csv formats, with crater entries named in the

format “Mission-Numeric ID,” such as A11-1 and CE6-1
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Fig. 2 Schematic images with different illumination and terrain character. (a) (d) High-albedo elevated regions
with generally smaller crater sizes. (b) (e) Low-albedo lunar mare regions with medium-sized

impact craters. (c) (f) Low-albedo lunar mare regions containing some large-scale impact craters
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Fig. 3

Impact crater maps density maps for ten landing regions (The green line indicates the boundary of the

geological unit where the landing site is located when the study area contains multiple geological units)
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Table 3  Statistics on the number of impact craters in each section of ten landing
regions using Jenks methods

HHBfiX X)) 3 Redi iy X R S

All 15~26 26~46 46~177 77~130 130~205 205~319 318~562 562~2240 39024
29438 6116 1764 828 414 271 158 35

A12 15~21 21~30 30~44 44~63 63~93 93~147 147~387 387~1610 19355
9258 4267 1921 1421 1227 805 421 35

Al4 15~21 21~32 32~49 49~76 76~141 141~272 272~472 472~1641 17862
10025 4409 1918 840 418 133 55 64

Al5 156~24 24~36 36~54 54~83 83~128 128~206 206~437 437~3741 27309
17678 5486 2219 1034 499 277 104 12

Al6 15~27 27~44 44~72 72~121 121~197 197~320 320~615 615~1818 46889
34608 8971 2196 712 226 83 48 45

Al7 15~22 22~32 32~50 50~79 79~124 124~201 201~355 355~2489 19066
11628 4355 1808 525 367 237 102 44

CE3 15~31 31~57 57~93 93~143 143~208 208~305 305~504 504~1216 31497
20297 5537 3310 1278 659 269 113 34

CE4 15~26 26~43 43~68 68~100 100~142 142~251 251~515 515~1484 57259
33801 12529 6478 2689 1203 361 180 18

CE5 15~36 36~60 60~96 96~140 140~201 201~297 297~447 447~966 56545
40650 8036 4980 1930 640 245 54 10

CE6 15~30 30~47 47~71 71~98 98~133 133~198 198~338 338~853 42958
25470 11247 3018 1607 924 464 194 34
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Table 4 Detailed information on the nine landing site datasets used in training
and the model’s accuracy on their test sets
HliX HAEID PR (B FEES F1434L

All M117338434 R 1178 0.964 0.933 0.948
Al2 M162466771 L 1131 0.938 0.902 0.919
Al4 M162426054 L 1321 1 0.919 0.958
Al5 M119829425 L 1282 0.993 0.939 0.965
Al6 M177535538 L 3073 0.985 0.996 0.990
Al17 M162107606 L 1823 1 0.964 0.982
CE3 M1152001999 R 1279 1 0.963 0.981
CE4 M1303619844 R 20785 0.993 0.915 0.952
CE5 M1428381550 L+R 5598 0.988 0.929 0.959

HfH 0.985 0.94 0.962
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Table 5 Statistical information on crater diameters detected across ten landing regions

HRHX /N EAZ /m RRERZ/m SERMEE R /m KT etk HAR B
All 15 2239 22 14389
A12 15 1609 21 10023
Al4 15 1641 21 7971
Al5 15 3740 23 10808
Al6 15 1817 22 19990
Al17 15 2488 20 9184
CE3 15 1216 21 16975
CE4 15 1483 21 31203
CE5 15 965 26 26242
CE6 15 852 28 19618
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