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Abstract: When a massive earthquake that causes Tsunami happens, it is too difficult to get a full picture
of the damages caused by the disaster and it causes the delay to recover from it. The debris generated by
Tsunami or broken houses block roads and all transportation for people, rescue supply and bringing debris
stop. In order to remove the debris and clear the roads, we need to decide which and how many spaces
should be allocated for temporal storages immediately. However, there is no method to estimate the amount
of generated debris and to get a full picture of the damage for a short time. This paper proposes a novel
method that uses a convolutional neural network to classify images taken by a plane into damage or no-
damage automatically. The network is trained with the images of 10 different areas stricken by the Great
East Japan Earthquake. Our results shows that the trained network can correctly answer with about 86%
and we found that the correct rates changes in response to the extents of the damages in different areas. The
possibility to create a better network classifier is discussed in the end.
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Fig. 1 Rates of damages classified into 8 classes in 12 different

areas where the aerial photographs used in this paper

are taken.
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Fig. 2 Examples of the aerial photographs in 3 different classes of damages.
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Fig. 3 Percentages of correct answers during learning.

O, TAMTF=%71E, ANEFOAFRICEST, F—D
F—y TS, F0O, 77—, BIO
HH OB EGENOMEREFHTE 28048, 7L —2
r— Vi E AIMETE L EDERIIR V. 12751,
Wb BDP o IEERUINTH T —HEE 7L — A — VI
B% AT LB OENEHERRT A &, grayscale-validation
T, =Ry 27 1G 7%, =Ry 723 719%ThHhy, =
Ry 7 TR CHhLE, TRy 7 60584%, TRy 7
TH80%, TRy Z 8WL%THY, IEERN T
Mo TWwhb, — T, grayscale-test TlX, THRv 7 11
80%, LRV 7 21Z2%THY, =Ry 7 71JHBOTRY
7 6H82%, TRy 7 THT6%, TRy T 8N RLUTH

D, ABMICIEERA T oTWD, LEOHESEH,S, Hil
2720, WEREFIH L mE R e W2 b,

PABE L FI B 35 D IR 228 0 H BN Rl L 709 % B 5 5 1%
&, BRIE LCH T —WlifgE ANET L LGAxhiRs
T5.

3OIKRy 7 1L 9%LEKT AL, color-validation
DIFEEREDP TN TVALEHICHRZSL. LeLidss, ©
Ry 7 11E85%, TRy 7 2H8T%E wHHERIZHL, =
Ry 7 89592%, THRY 7 9H 8%, TAY 7 10 H¥93% T
HoHlD, HENPSIEY 7 1 IV LELRRLD, EE
WERIZEL L T, 72, IEERSEPTHERL 25
FRE LT, Iy FIZXBINM%47) kb, EADHE
FZ L o THRIZRO W MZIZALAEZ ), 7m0
FLOTEMMPOANERICILAZ ETEL) 5.

RIZ, BT =G TRS IEEREOECEED, HIBI L)
IZOWTELET L. HHNIKM L7z 61 BFONERIE, #1iE
HEE ) % JEEIE & BT 2 5025 30 1F, FEBISEEEY & Bl
CHIBT AEIA 3L TH o 72, FNFENOHBILBBIAT,
COHIROWIETH 5% 3 1R, 72, FHIINIEE
WIHDOTF A N F=FIZHEINTVLHEORTH L. &b
WA BEY D L CBIE L 7o dhis, BIEREREY) & IR
SEWANIRAET B IS, EEWICHE IR D o 72 b D DIEES
WL T D » 72 I KRG L 2B, Bl & JEfE s
BEEMASICT NG RET S 3 20HIT, FOMoHiE X
DHBI DI L MED B D, 7272 L, Bl & Ik
BIEEEY DS WT N IRET S 3 204k T, 7 A 7 —

1570



IEMNIEF L/ Vol.57 No.6 1565-1575 (June 2016)

e = )

4 MEHZERRIG G (fh s, KANETN, Bma, ILmr)
Fig. 4 Examples of the aerial photographs of Ofunato (left), Noda (center) and Yamada
(right) areas.
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Fig. 5 Percentage of correct answers by networks trained with different training and
evaluated with Ofunato, Noda and Yamada test data from the left.
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Table 3 Number of wrong answers and test data in each area.

Area Num of Collapsed Num of Not-Collpsed

Error num (Test num)

Minamisanriku 1 (50) 0 (0)
Minamisanriku2 0 (22) 0 (0)
Kesennuma 0 (36) 0 (0)
Rikuzentakata 10 (72) 0 (0)
Ofunato 8 (40) 4 (11)
Noda 8 (46) 5 (18)
Yamada 1 (26) 9 (17)
Hachinohe 2 (3) 3 (14)
Miyako 0 (0) 0 (22)
Hitachi 0 (0) 0 (28)
Hatinohe2 0 (0) 8 (31)
Hitachinaka 0 (0) 2 (36)
Total 30 (295) 31 (177)
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Table 4 Number of trainning data, and test data.

Area Num of Test Data Num ofTraining Data

(Collapsed houses, not-collapsed houses)

Ofunato City
Noda Village

Yamada Town

160 (109, 51)
172 (109, 63)
140 (77, 63)

5,184 (2,592, 2,592)
5,184 (2,592, 2,592)
5,176 (2,588, 2,588)
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R 6 FHIHET R T =512 LEBROHEX SR

Table 6 Advanced disaster classification of test data in each area.

Hazard Collapsed Collapsed Partially Collapsed Partially Some No
Collapsed . . ) Total
Type (washed away) (inundation) (more serious) Collapsed ~ Damaged Damaged
Ofunato 7 (66) 11 (26) 10 (17) 13 (28) 9 (20) 1(3) 0(0) 51 (160)
Noda 0 (0) 13 (103) 1(3) 7 (23) 4 (25) 2 (11) 0(4) 27 (172)
Yamada 0 (11) 6 (60) 2 (6) 5 (23) 10 (31) 2 (9) 0 (0) 25 (140)

K5 FEHHETANT— 7L LEBEORS B o 2 IEER

Table 5 Best percentage of correct answers in each area.

Area Grayscale (%)  Color (%)
Ofunato City 73 68
Noda Village 81 84
Yamada Town 72 82
LH(R) 2 SRR L LK)
Wre e

& S

R IR 3% — BB R WELZL
RNeBori &8

6 &S5 0H B KN

Fig. 6 Example of incorrect answers in disaster classification.
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Fig. 7 Examples of discrimination mistakes in the category of
‘collapsed’ (answers (Ofunato, Noda and Yamada from
the left)).
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