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Abstract

There are many craters in the moon. Among them are craters having a special structure called “central peak”
(hereinafter referred to as “the central-peak crater”). This central peak has an important characteristic that
substances inside the moon crust are exposed on the moon surface. Therefore, by measuring the surface of
the central peak, it is possible to estimate the material of the surrounding inner crust. By analyzing the inner
crust, it is expected that estimation of the cause of craters and central peaks, the process of the environment
of the moon surface, and crustal deformation of the past. However, except for some famous craters, the
investigation has not progressed much. The reason for this is that the discovery of the central peak is based on
visual observation of images by experts, so there are few known the central-peak craters. In order to solve this
problem, it is necessary to automate the discovery method of the central-peak crater and prepare a catalog that
records the position and size of central peaks, thereby greatly increasing the prospecting point candidate of the
central-peak crater. Therefore, in this research, the final goal is to create a catalog of the central-peak crater,
and for that purpose we propose an automatic discovery method of the central-peak crater. In this research, we
use Digital Elevation Model (DEM) of the lunar surface observed by JAXA’s lunar orbit satellite “KAGUYA” to
identify the central-peak crater by machine learning and verify its accuracy. Specifically, we first extract craters
using a high-speed crater automatic extraction method called “Rotating Pixel Swapping Method for DEM”, label
them, and then try to identify the central-peak crater by CNN. As a result, it was impossible to obtain a highly
accurate discrimination model that could create the catalog of the central-peak craters, but we could confirm
the possibility that CNN is an effective method in the central-peak crater identification.
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BOD3I 25720, 7V —Z—NIZMoPOMNEEY P HFET L5207 V-2 — %22 THRES L —
R—=e LTI LTI e —HeERX6NE, K14 KO 1512, SEETVICHREZ L —X —
EUTHEI NI L — X — O Sp R OB 2R 9. —F, FREOFREZZERLRNT L —X—
DEPOAKEE 1L, HH R 82.6%, MERMN83.3% THo7z. Ih&D, ZL—R—2ErO#MICEL
Tl& ONN 2RBINT WS, EZL—Z—TH Y ANLHREY L —&—& U TE# X N FHIRI%
Mmolztzd, B IZL—Z—=NERD 2 7 VORET D XD AT T IV EINERT L, K&k
ERFAETIVOEHNTETHD LHFEAOLND.
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4 FEoH

AWFETIE, DEM 7 — X OEGMEAREIZEH L, CNNIZX SR RS L — & —0 5B T %2 R
AEU 7z, FEROMER, BIEOHBAET V& > TRIOHBREY L — & — % @k EICM#E S 21013 £ 72RED
AR+RTHo7A, CNN PR ET L — X — DR EHIH T E T2 ARt iR X vz,

SHBOBEL UT, RPSD QRN K 2HHIT — 2 DNE AHEICFEES 28227 L — X — Ok, K
OHHT T — X DA X B ETNVOBEE, @iEeIEFons. £, REFEEZ I VIRL, wRE
DA H kS o 535, W% DEM KUY CNN 2 W TIT S Z &%, AiFRO & b BERNLFETDH 5.

S 3Rk

[1] Carlton C Allen. Central peaks in lunar craters. Earth, Moon, and Planets, Vol. 12, No. 4, pp.
463-474, 1975.

[2] W Hale and JW Head. Central peaks in lunar craters-morphology and morphometry. Lunar and
planetary science conference Proceedings, Vol. 10, pp. 2623-2633, 1979.

[3] Tsuneo Matsunaga, Makiko Ohtake, Junichi Haruyama, Yoshiko Ogawa, Ryosuke Nakamura, Ya-
suhiro Yokota, Tomokatsu Morota, Chikatoshi Honda, Masaya Torii, Masanao Abe, et al. Discov-
eries on the lithology of lunar crater central peaks by selene spectral profiler. Geophysical Research
Letters, Vol. 35, No. 23, 2008.

4] BRI, M, S, S, BT, S, Selene (5 <) BRHIEH A 5 AT LA AT
Fe 2 513 S NESHEHIGE F U (dtm) 7% 5 WIS 7V (dem) 70 X2 b OEEEEORIEH
& FHIMTAE I R T E B R &R, pp. 1-36, 2016.

(5] ILARHR, AR, st B, BIRREEA, SERUR, (T, FEE 2 2L v By S A ot s L— & —
FERZE. HARBRZ23ER AN, Vol. 24, No. 1, pp. 20-32, 2015.

[6] Alex Krizhevsky, Ilya Sutskever, and Geoffrey E Hinton. Imagenet classification with deep convo-
lutional neural networks. In F. Pereira, C. J. C. Burges, L. Bottou, and K. Q. Weinberger, editors,
Advances in Neural Information Processing Systems 25, pp. 1097-1105. Curran Associates, Inc.,
2012.

LA Andersson and Ewen Adair Whitaker. Nasa catalogue of lunar nomenclature. 1982.

CORE)

Diederik Kingma and Jimmy Ba. Adam: A method for stochastic optimizatio. arXiv preprint
arXw:1412.6980, 2014.
[9] Martin Abadi, Ashish Agarwal, Paul Barham, Eugene Brevdo, Zhifeng Chen, Craig Citro, Greg S
Corrado, Andy Davis, Jeffrey Dean, Matthieu Devin, et al. Tensorflow: Large-scale machine learning
on heterogeneous distributed systems. arXiv preprint arXiv:1603.04467, 2016.
[10] Léon Bottou. Large-scale machine learning with stochastic gradient descent. Proceedings of COMP-
STAT’2010, pp. 177-186, 2010.

This document is provided by JAXA.





