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Visual Detection and Deep Learning Interpretation of Bulding Damages 

by the 2016 Kumamoto Earthquake using Aerial Photographs 
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   This paper presents a study on visual detection and deep learning interpretation of building damages by the 2016 

Kumamoto earthquake using aerial photographs. The Kumamoto earthquakes are a series of earthquakes, including 

M=6.2 foreshock and M=7.0 main shock. Since these two earthquakes occurred within 28 hours, the building damage 

situation before the main shock is not clear. In this study, using aerial photographs, the building damage assessment 

before the main shock is carried out with visual detection and deep learning interpretation. Although the results are still 

tentative, it would be useful for estimating the damage situation after the disaster. 

 

Keywords : the 2016 Kumamoto earthquake, aerial photographs, building damage, Deep Learning, Convolutional 
Neural Network 

 
 

����ni	
/ 2016Y4Z14[21\26]�^_`^_&abcd���

M6.2�&cefg�hijk4lcmn	
�428\o

p�4Z16[1\25]��^_`^_&abcd���M7

�&cefg�hijk4_cmn	
�q�rst4

M6u��&cevwxfg�t�y4��z{�&c

��y4c|7b2x}~�h^_`0��������4

�w�V���F���efg�hn 

/ �x�^_&c��4lc�_c��oe28\o��

\o���hh�4����|������	����

V�����e��t_cp�����y4_cl��

K��e�
����ts�sn��h�4_cl��

K��b����h��4����� ¡¢£b¤¥�

h�������¦��LMe§¨�ts�1),2)n��


©§LM�
_cl��K���)ª«�¬��
�

���he4V�����e��®|¯°	�ts��

�s±²|�³´��	�ts�sn����� ¡¢

£b¥shµ¶�·�²|³´��s���©§¸¹e

�y3),4)4º»®|j0����-¼�·e½¾����

¿À	�ts�e4�·²|�³´�Á]��	�ts

�snÂ�^_&c��4Ã¿�Ä�s_cl��K�

�b ¡¢£���t���Å�ÆÇ�È������4

_cu��&ce{r�tfg�� !É"����

Ê�b³´��0��¨�tËÌ���n���_LM

��4c|7b2x}~�h���ÍÎ�ÏÐÑÒbÊÓ

��t4_cl����Å�²|�ÔsV������

¯°bµÕ�t4vwÖ�×� ¡¢£b¥stµ¶�

·b§s4���·²|��st³´��n 

/ �h4ØYÙÚÛ¾�]Ü�ÝÞ*ßiDeep Learningm

eàµ	�ts�nÂ���áâ�z������ãä

�Âå�hCNNiConvolutional Neural Networkmb¤¥�

hV����æb§±LMe§¨�t�y5),6)4��
�

LM��stç��®|�æe½¾�����¿Àe�

�n���4��CNNb¥st×� ¡¢£�
V��

�bèé«��æ���#4êë��ìíî�����

���b����eïð���n_LM��×� ¡¢

£bCNN�*ß	$tV����æ�½¾ñ��stç

³´��n 

 

��opqr������	
/ _LM��4���·b§±h��4òó&UG4ô

%ô ~iõm4iõm&�'eö÷�h×� ¡¢£

b¤¥�hn1Ö�×� ¡¢£��4wÁø�
wùø

�V�e¢�ts�h�4V�1ø(��úyûyüý)

þý�b�W�hn 

 

 
��� ������u�����	��

 

/ ��
 ¡¢£�4�K&�0¡b�x��e
ö÷

－ 127 －

地域安全学会梗概集 No.41, 2017. 11 



/

	�ts�n���4V�1ø�Ê�tV����e��

�a�
Çã����±�4½¾��y4a���b

úyûy4V�(��üý)þý���	�hn
1�4

a�
�*�V����z¹b��nV���bvw

�a�
Çã�����41ÖÅ����·�����

hV��+���)ª�e�
���y4�·²|�

0�ç��e�n 

 

��xy��j�zxy���
���xy��j�zxy���

/ _LM��4�W	�hüý)þý��
1ø�hy�

F4Ö� ¡¢£b��e
���·b���hn 

/ �·���415
���ÏÐVW�����»&)

ý�7)ijk4�»&)ý�m�����|��b¥s

hn���»&)ý��4����b��D0�
�»b

��D5���6�]�]�ijk4Damage Gradem	�

t�y4�����©§LM��stç4 ¡¢£��

����·��¥	�tshn���4���»&)ý

��&0�
����b��¶����	�t�y4 

¡¢£e������ ���&)ý�e!��ts�

sn���4����|���� �������8)b

"#�4� ���ç¨��Damage Grade$%���,

&ý-b���hi
2mn�����h��,&ý-b

��4Damage Grade�����|��b'\��·�hn

�h����|���4�Ð(ª���|��)*k+

�����|b,-�ts�e4_LM���Ð(ª�

��|�.b,-�hn 

 

 
��� f� 
¡t¢u����£¤�¥�¦§�i�l

¨©�ª��«¬®¯�����	°±²³���

�

���xy���

/  ¡¢£���V����µ¶�·b§s4_cl�

�K��b¯°�hn�1�Damage Grade����·./

�014
3�Damage Grade����·./b��n�2

�����|������·./�014
4�����

|������·./b��n 

 

´�� �µ����¶��i�lfh·��¸¹º�

D0 D1 D2 D3 D4 D5 223(ø) 
2718(57) 928(19) 877(18) 154(4) 44(1) 68(1) 4789(100) 

( )0�4%�� 

 
��� �µ����¶��i�lfh·��¸¹º�»¼�

 

´�� ½¾¿ÀÁxÂi�lfh·��¸¹º�

���4 ÌÌà� ��� 223(ø) 
2718(57) 1805(38) 266(5) 4789(100) 

( )0�4%�� 

 

 
��� ½¾¿ÀÁxÂi�lfh·��¸¹º�»¼�

 

Ã�xyÄÁ��Å�
���fh·�gÆqr�ÇÈÉÊËÌi�l��xÂ�

/  ¡¢£������·�²|b³´��h��4_

cl�ö÷	�hV����&0¢£b5.�hn^_

&c��4lc�_c��oe28\o��\o���h

h�4Á]�Ã¿e6	�ts�sn���478F*

���°&��9),10)�YouTube
11)49:;T12),13)�eö÷

�h&0¢£��<�)ý/0-0�6	�ts�ç�

ç��n���4��
_cl�ö÷	�h&0¢£b

5.�4��6�
ÏÐÑÒ��yV�e)ª«�Çã

����e��h56øb=>�hn 

/ ?���5.�h56ø�����b§�hn��@4

&0¢£Å���Çã���s9]ç��h�4×� 

¡¢£ç'\�¤¥�t���hn�������4V

W�Ð�ABC6Di±14����|��E3Dm�(

FGshÅshn���]�4�»&)ý�b"#�4

Damage Grade�����|����hn&0¢£���

����|����stç4�Ð(ª���|�.b�

�ÊÓ��hn 

 

���vwxy��ÉgÆqrxÂÉ�ÍÎ�

/ ×� ¡¢£����·./�&0¢£�����.

/bHI�hn�3�Damage Grade���HI4�4��

���|�����HI�h./b��n�h4
5��

·./ezJ�hz¹4
6��·./ezJ����h

z¹b��nD0�
D14D2�HI«��eKL�V�

－ 128 －



/

��·�4Ôs²|b��n���4D14D2�����

eM��t� ������h�4 ¡¢£�·eNO

�����eÌP��t�2
��nza4D34D4��

·²|���yÔ��snD3��st�4����eM

��tQR�+���h�4vw�×� ¡¢£�


�·½¾�V�ç��e4¢£�ÖweÄ������

�t4�·eS����n	
�D4��st�����

eM��tV��¬×���h�4 ¡¢£�
��·

eS��4²|eTk��ç��#*
��n 

/ ��./b����|�����U¥�hV2��4

�7�y4W��4X�86%4WÌà�X�90%4W��X

�70%�s±ÔsY�zJ�4Damage Grade�HI�t4

Ôs�·²|���hn 

 

´�� �µ����¶��i�lxyÄÁ�
//     / &0¢£ 
 ¡¢£ D0 D1 D2 D3 D4 D5 223 

D0 6(86) 1(8) 0 0 0 0 7 

D1 1(14) 9(75) 0 0 1(8) 0 11 

D2 0 2(17) 6(86) 2(33) 6(46) 0 16 

D3 0 0 1(14) 4(67) 1(8) 0 6 

D4 0 0 0 0 5(38) 0 5 

D5 0 0 0 0 0 11(100) 11 

23 7 12 7 6 13 11 56 

( )0�4%�� 

 

 
�Ï� xy��Ð	Ñ¢u	���Ò���Ò����

 

 
�Ó� xy��Ð	Ñ¢Ô��u	���Õ���Ò����

 

´�� ½¾¿ÀÁxÂi�lxyÄÁ�
/ / /     &0¢£ 
µ¶�· ��4 Ìà� �� 23 

��4 6(86) 1(5) 0 7 

Ìà� 1(14) 17(90) 9(30) 27 

�� 0 1(5) 21(70) 22 

23 7 19 30 56 

( )0�4%�� 

 

Ö�{|}~i�l��x�	

������x�×Øj�z���ÙÚ¥���	
/ ?���×� ¡¢£b�s4µ¶����ÝÞ*ß

����·b§±n_LM��4�3Z[«�³´��

t6\]�Damage Grade����4W����X�W��

�yX�2�]�^_å�t³´�hnµ¶�·��41

��V����b�F4a�
ö÷	�h ¡¢£b¥

st�·�hn���4a���t�4'4V��ç

��e�*�`���e�*�s`���eab��n

���_³´��4���
���W�yXW��Xb

�·����bµ«���h��4��c�)5d��

�st4����*�s���4h�*��V��æ�

`���efg�tstçW����X�)5d��hn 

/ 2.2��W�hüý)þý�b��CNN�eG��üý

)60-b���hn�����CNNb¥shV���

�æ����LM5)��st4�æ���fu���

�V�e¢yg7�s�V2�����æeS����

�e¿À	�ts�n���_LM��4½¾��y�

æ²|b0	$�h��4üý)þý��
��1Ö�

Ê�t-¼1øÅ�¢�ts���b=>�hn?�=>

�h���
V�e6h����±�4Æai�úy>

�4	
�256j256k6l�É8<9�hnj0�y4

W����X�W���yX���e��:�550Ö�ü

ý)60-b���hn�hCNN��4*ß�³mbn

o�§±h�4*ßüý)�³müý)�]��pÌe

��n���46:4�q2�*ßüý)�³müý)�]

�hn 

/ 	
�4r*ßÊs��t4*ßüý)�Ê�t4'

�-u�-iô0tS;u�m4���x+i90|S180

|S270|m4���vuýåb�������üý)w

b24w�xy	$hüý)60-ç���hn�5�4*

ß�¥sh��Öwb��n 

 

´Ï� }~it�uÛ�Ü��

�
Ý��Ô¢Þ� Ý��ßàÞ�

}~� �Å� }~� �Å�

áàâ¢���� ÏÏã� ÏÏã�

���äåÔ¢� ��ã� ��ã� ��ã� ��ã�

���äåßà� ³Ò��ã� ��ã� ³Ò��ã� ��ã�

 

æ����çè�
/ _LM��4Network in Network

14)b"#�CNNb�W

�hn256j256k6l���b4u�;z�227j227

k6l�úyûy4	
����Æ{åb§s4;k

6l|b0}1��hüý)bCNN�eG�hn_LM

��*ß�v<=0,8<9b100��4*ß�~��

2,000x4�Uåáâ��Adamb¥shn 

 

é�}~��	
/ 
7�üý)xy��4
8�üý)xy�y�*ß.

/b��nüý)xy���üý)60-bCNN�U¥

�h��>4~�xwe250xb�*h��>��Ye

F������4�4r*ßefg�h��eÇã��

hn 

 

 
�³� ���äåÔ¢�}~���

 

/ za4üý)xy�y�üý)60-��stç4~

�xwe1000xb�*h��>��Ye����4�4

r*ßefg�hn���4üý)xy���yçÆ�

－ 129 －



/

Ye0�ts���e�
����hn 

 

 
��� ���äåßà�}~���

 

/ �6�üý)xy���üý)xy�y���:��³

müý)�Ê���'§�b��n�'§���æ²|

��bjk���n 

x�ÄÁ�ê�æ���ë�����ì�æ���ë����ë����ë�����

����y4üý)xy����æ²|�74%4üý)

xy�y��æ²|�86%��y412�<�-®|²|

e0�ts���e�
����hn 

 

´Ó� �Å���iíîlx�ï�ðñòó�

� �

x����

���äåÔ¢� ���äåßà�

��Ô¢� ��ßà� ��Ô¢� ��ßà�

ô

õ�

��

Ô¢�
�Ï�æ���� Ó�æ���� ��³æ���� ��æ����

��

ßà�
Ï�æ���� �Ó�æ���� ��æ���� ���æ����

 

/ 
9�üý)xy�y*ß�ülb�¥�h³müý)

�Ê�����æ�z¹b��n FN�y4V��z9�

ç�Ïe����æeS�s��e¨��hnFP�y4

QR��)��»�hV�e��æ	�tshn��Ì

P��t4�x�*ßüý)��4QR��)��»�

hV����e�D�Ä���hh�4�æe����

�h�#*
��n 

 

 
��� ���äåßà�}~ö�÷st�u�Å���i

íîl��x���ø�ùúÁ��

 

û�üÉn	
/ _LM��4vw�×� ¡¢£b¥st�����

µ¶�·b§s���·²|��st³´�hn	
�4

�� ¡¢£bCNN�*ß	$t4ÝÞ*ß�����

�æ�½¾ñ��st³´�hn 

/  ¡¢£���µ¶�·��·²|�³´��4vw

Ö�×� ¡¢£b�¥�������t4�·²|e

0�h��eÇã�hn 

/ za4 CNN�*ß	$h./4üý)xy�y�üý

)60-b¥s����4 86%®|�²|�W����X

�W���yX����æe½¾�����e�
��

��hn���4*ßüý)�QR��)��»V��

��ÖweÄ���h���
4��
����æ�S

���hn���4*ßüý)����9�(����

b���4�æ²|�0b~�pÌe��n�h4µ

¶�·��1��V��vwa�×� ¡¢£b¤¥�

�����·²|e0�����
4CNN��stç

'��aâ�����æ²|e0���³´��pÌ

e��n 

 

ýþ�
/ _LM��¥�h ¡¢£�4ô%ô ~iõm4

iõm&�'�
��shÅshn	
�ABC��t4

v9' Sô�?Sô@ �<A�����4ERS�6

�2��4Q*GF*���Æ��4��Q*LM��

����4iõm ¡3� ¢£¤¥�4F¦§�¨©

ª��¢£�·�(FGshÅshn ¡¢£�
�ü

ý)����4DEF*T+HI*9«)F*GHIJ

KLMNg�(FGshÅshn¬�t�b����n 

 

�����
1) B@®z, ¯°ì§, 6�2�, ±²³´, k�µ¶, ·5¸¹, 

¯º»¼½3�28Y^_&c��������c|]¾�V

����¦¿, [_&cQ*+,-., óÏ*+, 2016. 

2) <=>?@, A1BC, ÀÁÂÃ, ÄZÅzÆ½¡ö���µ¶

�·���^_&clc��)_c�������ÍÎ�V

���, &'()*+,-., No. 39, 2016. 

3) Ç>ÈÂÉ, ·ÊËÌ, A1BC½¡öB<C%Í�Î�b¥

shÏÐ`Ñ9&c���V����µ¶�·, óÏ*+ÒË

., No. 682 / I-56, pp. 257-265, 2001. 

4) ÓÜÔÕ, ·ÊËÌ, A1BC, Ö·×Õ, Ø0Ùz½ ¡¢£

���Ú1`ÛaÜ&c��ÝÞß�C�����, &cQ*

+, Vol. 28, pp. 225-226, 2005. 

5) àáâ, A1BC, ã¤;, äåæ, 567½ÏÐ`Ñ9&c�

°&¢£b¥shÝÞ*ß���V��K|�æ, [_VW*

+*çèé,-., pp. 415-416, 2017. 

6) ê5ëì, íù·îÆ, Ô5ïE½üDýtuý<�5���

&c\V���������&U«]¾È�áâ, [_VW*

+F+*çèé,-., pp. 417-418, 2017. 

7) 15�ð, ÔáñÌ½&c�����h��V�]���»&

)ý�, [_VW*+�ÐXÒË., ò254ó, pp. 65-72, 1999. 

8) �KVW�����|��LM+½�KVW�����|�
�ô<õôl, [_VWJKF+, 1998. 

9)/78F*öÜ÷ø
���°&��½http://wiki.arch.ues.tmu.ac.jp

/saigai/index.php?plugin=attach&refer=%CA%BF%C0%AE28%C7%AF%A

1%CA2016%C7%AF%A1%CB%B7%A7%CB%DC%C3%CF%BF%CC&o

penfile=20160425%C4%B4%BA%BA%B7%EB%B2%CC_%CB%DC%B

F%CC%C1%B0%B8%E5%A4%CE%C8%E6%B3%D3%A3%B2.pdfi20

16Y 9Z 1[°bm./

10) ±¯¤����W°&��¿ÀX½http://bousai.env.nagoya-u.ac.j

p/wiki/saigai/index.php?plugin=attach&refer=2016%C7%AF4%B7%EE14%C

6%FC%B7%A7%CB%DC%C3%CF%CA%FD%A4%CE%C3%CF%BF%C

C&openfile=160415%B1%D7%BE%EB%C8%EF%B3%B2.pdfi2016Y9

Z1[°bm. 

11) YouTube½https://www.youtube.com/watch?v=6-OFCvHVPmYi2016

Y5Z1[°bm. 

12) ·ù"�u<�½http://www.yomiuri.co.jp/feature/photo/etc/garticle.ht

ml?id=20160415-OYTSI50046&gr=CO020211i2016Y5Z1[°bm. 

13) dot½https://dot.asahi.com/print_image/index.html?photo=2016041800081_

1i2016Y5Z1[°bm. 

14) Min Lin, Qiang Chen, Shuicheng Yan½Network in Network, https:

//arxiv.org/pdf/1312.4400.pdfi2017Y10Z6[°bm. 

－ 130 －




