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Abstract: In the event of a natural disaster, Japanese local governments investigate the level of damage of
the buildings and issue damage certificates to the victims. The damage certificate is used to determine the
contents of support provided to the victims; hence, they must be issued rapidly and accurately. However, in
the past, the investigation of damage was time consuming, thus delaying the support provided to the victims.
Additionally, while investigating the roof of the damaged building, it was difficult for the investigators to
look at the entire roof and calculate the damage rate accurately. To address this issue, we have developed an
image processing model to automatically calculate the rate of damage on a roof through image recognition
from aerial photos. To circumvent the problem of lack of training data reported in our previous study (2020),
in this study, roof images were divided into roof surfaces based on image segmentation by deep learning, and

the number of training data was increased.
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Fig. 1 Calculation flow of roof damage rate in this study.
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from left to right).
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11 E2 202 FHoRMREG (K550 5T, ERHE,
eI, WIS (F2 D HIER))

Fig. 11 Roof images with overlapping regions (Each row shows

the original image, correct region, estimated region

and estimated region after eliminating the overlapping

regions from left to right).

12 Bk U ok L 72 ARG (K50 /A 5 onmifg, IR
B, HEWEDE, HERIREEL (FEZ 0 HIER))

Fig. 12 Roof images with overlooked regions (Each row shows

the original image, correct region, estimated region

and estimated region after eliminating the overlooked

regions from left to right).
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Algorithm 1 Delete Overlooked Region

1: while overlooked region exist in building polygon region of image do

for R; € all estimated regions do
R + R;
for P; € all pixels in R; do

P, is added to R
end if
end for
10: end for
11: R; « R
12: end for
13: end while

2

3

4

5: for P} € pixels adjacent to top, bottom, left and right of P; do

6 if P is in building polygon and P} is not in any estimated regions then
T

8

X 13 Rk LFEEEIRO 7V T) X4

Fig. 13 Algorithm to remove overlooked region.

14 RARME IR OVERA]
Fig. 14 Example of divided roof surface data image.

6. HBIEREENLE

6.1 EFILHE

A CIREBRESHETVICBV O ERBFEEET
VD 150 ResNet50 [17] ZFIH L, BRmE I & DGR
FEAHERT B ET NV EHET S, 2O ResNet (& 2015 FD
S %30T >~ 7 A O ILSVRC T L 72 €7V T
HY, MEFFCBNTHVEELZRFOZ LTSN TWY
4. F72ILSVRC &£131,000 7 T AL DA 5 I %4557
LHDTH D720, ResNet lEEWILHAMKEFF2ET LT
HHEVZD., —HMIEEFEIIBNT, BESGZWE
TR FR I 2FH 9 5 [18]. L2 LEBEN S TE
LY, AR OB IR NS TIEIEZD 5
CENTES, 85 A= —DEIFHIPITHO N WAELE L
AU %, ResNet Tld residual EV 22—V kw9 ¥ 3 —
Fhy POBEBINESESLZ LT, BHEESLLTOHR
FHE ST FIBIER LI LN TEL., T2, FR¥EE
API ® 1 2 T» 5 keras Applications TIZBELDE T &
B OHEH D ResNet it LT 5% [19]. KREFFRITH
Y A7 PHEBREICRESNTWE 2 &, BRESEIC
LDWGEF A ZDEP L TWDEIERnD, /8T A —FEKH
i D A7 ResNetb0 = T 5.

6.2 T—2{ER

FERESENC L )RR S e BIREWEIG 7 — 4 1%, #E
£ 20 cm X fRRE D BRARIE 2 0E L 720 D TH B 720 WE
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Fig. 15 Breakdown of data used in classification of degree of damage.

16 AJI DRI I %
Fig. 16 Image used for judgement in inputting.
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6.4 HERIFER

ST — & & 72 TV OHEIE R 1EFR 3 ORFEITH
DI ol %75 ADOFHTIIMHESR LAT0.7479,
WEHY (-25%) 250.5577, BEH Y (25-50%) #50.1250,
WEDHD (50-75%) #50.1364, #iEH Y (75%-) 5%0.2500,
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& 3 RHEESHOERATY

Table 3 Confusion matrix of classification of damage.

EfiR

e L WEDHY | WEDY | HEDY | EDHY

(-25%) | (25-50%) | (50-75%) | (75-%)
WAL 181 15 9 4 0
BB Y (-25%) 2 29 19 6 6
HER | B5E D 0 (25-50%) 8 5 5 5 5
BB 0 (50-75%) 6 1 3 3 1

B B 0 (75%-) 5 2 4 4 4 SR F R
A% 0.7479 | 0.5577 | 0.1250 | 0.1364 | 0.2500 0.3634

K4 %77 AOHNEE

Table 4 Matrix of tendency of estimation by our model.

EfiR
WEHY | HEHY | HEHY | HiEDHY
(-25%) | (25-50%) | (50-75%) | (75-%)
weEmL 0.7479 0.2885 0.2250 0.1818 0.0000
e B Y (-25%) 0.1736 | 0.5577 0.4750 | 0.2727 0.3750
HEB | WREDH 0 (25-50%) | 0.0331 0.0962 0.1250 0.2273 0.3125
BeE B 0 (50-75%) | 0.0248 | 0.0019 | 0.0750 | 0.1364 0.0625
Wt H Y (75%-) 0.0207 0.0380 0.1000 0.1818 0.2500

HeERL

BEPENZ LRG0 sb. $72KR 412, TRERORE
THNOEE K7 T ADEBDO T — 5 TEY, %7720
F=FPEDLSVOEETED Y FAZFRENTNS
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DT — % OIEBREIE/NGHI SN TV 2 HANICH D Z &
W5

ICHEBRESENEE ST LE 27— 76l %
AT, IO OREBmHIZ, HRBERmICEOMN G EDE
GRS ORI S VA, BREKIKRE LTS D
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Fig. 17

Left: loss function, right: accuracy, orange line: train data, blue line: validate data.
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e #EH Y (-25%), PIER D HED D (50-75%), T
W WERL, TIER I #HEDY (25-50%), FHER C #E
E2L)

Fig. 18 Underestimated roof images with extensive damage.
The true label of the upper row images was dam-
age (75%—), estimated label of upper row was damage
(—25%), true label of middle row was damage (50—
75%), estimated label of middle row was no damage,
true label of lower row was damage (25-50%), esti-

mated label of lower row.
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W Ehzb o, afEEmG, LIEF gERL, it

W peED Y (25%), HIEM L HER L, PN HED D

(-25%), FIEMR @ HEER L, THEN D #EESH YD (25-50%))

Fig. 19 Roof images without damage estimated as damaged.

The true label of upper row was no damage, estimated

label of upper row was damage (—25%), true label of

middle row was no damage, estimated label of middle

row was damage (—25%), true label of lower row was

no damage, estimated label of lower row was damage
(25-50%).

i 7— % O T v AJJEOHEE & 058 7%
LY, BEBLTWwWLEEZLNS.

T/, HEZLOBRIMEGD ) bikEs ) LHEM L 72
T8 % 19 [IRT. e s, BREROYEO K
EA2EKHOELDE, BYAR) T DAV L %M =h
DY, BARBEFIZ S 5 FM % E Rl Lo THEM L
TLEoTWBIEDGND. 20X HIHEETD L7
Y iEe 2 e 21 ﬁELTw%tb,ibyﬁ&%%&L
FERRE WS 2 528 7 — 7 1BNT 5 2 & AYE RN LIS g
ThbLEZLND.

co TV Z

#

21



BHAIBFRHNEE TI>221—7 - TNHNA X &Y XFL Vol.12 No.2 12-26 (May 2022)

7. BHIEEXREH
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Fig. 20 Scatter diagram of correct damage rate and estimated

damage rate.
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Fig. 21 Histogram of error between correct damage rate and estimated damage rate.

Left side: roof data with damage, right side: roof data without damage.
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HEPREE  23.93%)

Fig. 22 Roof images with a large error of estimated damage

rate. Each row shows the original roof image, whole

roof image painting true roof surfaces, whole roof im-

age painting estimated roof surfaces, whole roof im-

age painting true damage degree and whole roof image

painting estimated damage degree ordered from left to

right.
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Table 5 Result of accuracy evaluation of the model.

Mize TR L e M E KN MR D H b S
R EH MOHETLE  LERERELY  La@ARE Le@saky A
AR EFEE AL [l 55 R
FEEEIT & DFREE ) 15(25.00%) 3(5.000%) 30(50.00%) 12(20.00%) 60

Z 30
=
B
o

20 4
101 ==

04 T
T T T

=photo and ground  =ground =ground
type of accuracy

T
=ground

23 [E R OHERFRZEDOFHI 0TI (“=photo and ground” (3t
25 L B S I L7 FAE B L HEE, “>ground” (& (R
R oRdm) M A S L 2R L DY, “=ground” (X
(BB Aeim) Hh b2 o HIl U723 A& B & A4, “<ground” (&
b b2 5 HIT L 724 B X DR, E2IRY)

Fig. 23 Box plots of error of estimated damage rate of each
class. This shows box plots of “equal to investigators
who looks at roof from ground and aerial photos”,
“(lower than the above and) higher than the investi-
gator who looks at roof from ground”, “(lower than
the above and) equal to the investigator who looks at
roof from ground” and “lower than the investigator
who looks at roof from ground” ordered from left to

right.
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FTIX, FEFIL 400 BOFE T — & ORI AT EHEIC
6 REHIZE L 72, F72 6.2 HiOBBRESETIE, £51T
24,000 M D BIRME{E A S HE D B 5 AR MG 684 & Hilii
THOIK 10 B ZE L2, BBEREODSH Y 7 AANI
BB 1ATIMDADH BB BELL-Z LS, KiFgE
THIH L 72 AR % 4,392 121349 43 AL ETH
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brEZHNL, ZLT, BREGENICBIT 2 FH A
# 16 BE[, RGBS HOZEEFM AT 6 BEfTd > 72
DEDZENS AT LERICE, 75 OREICH1
W, 77— a AEFEITK 59 AR, K 22 B
MLETH L. REAHBERORRAT T, HERERHED
BRAGICTE 14 2 BB L 72 [20) 2 & A5, FRAASEMR
WWE T AT LEHOMERIETT5EEZbNE, $72
M1IRTAYATF LD 70— 3HETETENL -0,
ARG TR (BN TR E N 24T ) 2 LT & 5.

W EREREN I A ST 5 1 ki L, FHC
P AT 2 Kt - BRESHAET 5. BMEOFOH X
B H 5, BUROEBRMRMAATIE 1 KFHEDOEE 5 A8, 2
KA OBE 15~20 SREEN D5 Z e SN TV 5,
HEAHE 22 T OREATT TIE 135,959 1h o 1 K& AT, 37,807
B0 2 KA, 2,635 fEOFMELTHNI [21] T &2
5, b LAMEOMHIEERZ 20T FFPCE 44, 1
FARE TR 472 (NH), 2 KT 394~525 (AH),
FHHFAETIZ27~37 (ANH) OHMZEHTEL LV 5.
8. FEHESHDFE

ARIFFETIE, MZBEEED SHEREREIB T 5 BEHRIE
BRYABENTLIEEFHMELT, P IV - BB
& - JBEFRE S - BERELEO 4 DOMEI S %2 5
E{ZEE 7L % BI%E L7z, EH S ORITIIZE [1] 225 1%
7THETH L, KEHROEET -5 ORI LT, K
7% Cld instance segmentation % i\ 7z AR 05 2 1TV,
FRT— 5 RHWINSE L ke L o7,

BIRESEICB T, % S0 X 2 BIRIA O
MO AREfETH > Td, EMICERESEEZITR LD
5, BB O instance segmentation FIHAHRITH - 72
NGtz T, BhEZRTVEREE Y FH T —
FIGEMT A2 8T, HOLBEORKE LA 572, L
2L ToU, AP AL L W #msE5121%, €7V
BHEZRTWT =Y 2 ELIC@D), FEHT—Vx = -
HMEBITE DV BEBEIZLZITUIE S B,

RGBT, THHEIES0.3634 TH D, HES
ML RSB Nz, WRERE 2 Tld % RO RIBOTE
W EEETFVOATMEE LCHH L GEBANEZ 5 <2
LR, O TNV ANEIC L 5T — v e S U
MBRETNVEWEST LI ENLETHDL I ENTroTz.

EEREI T, AT DR T AT 7~V O/ A
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RS 2R

HELTWB I e nl, LIRS ATTE - BE
BEOEHTEPLETH LI ENGho72. TNHDHE
NFEAC XD, BEO D L BAREIE OHERFEEERIC b A
/NG E L TV B S ol T2, EOL
WERARNE & IEREICHE T 5121, BRSSO O
EL LBRBRAOBHFEZHINL 2 FUE% 52w 2 &%
No7z.

IAREER D B b BRI B X ARSI T, 30.00% D
B EMEROM E2 S PAT 207 L 0 B OIBE CHEGR
FHEHHBTHIENTE, 80.00%D EMRANERITIE & [F%%,
bLARENI ) BWKETHEGR 2B T2 LTS
2. TOTENL, BKEFIVICE VIEROBMFARIC X
5L EOREEE THLZEE B S EREG R 2 BRI 3
HIENTEREVZL, 2L, FHMIICFIHL-T—%
RHME DT A BB E TV R VDT, ARIFL)EER
T CRERFHET 2 LEX D L. £/, BEOHFHED
FERDPSARY AT L O S L /2.

7.4 BT ) IR FEE BT 5 L mVEE %
b5 L7z, 7.3 HiTl~7z& ) ICHiZEE 5 AAvH)
WrL723a L ks 5 &, W EICE L OUEED4MA
Rohi, %I EDO L) IHEICNZ T, BYR) o
UHRELTNRTWE, TREEHENEVEG EOBHNS
PR SN BIREZ IO TE D L9 %, BURBEL
DETIVERE L RIFIUIE 5w,

#EE SRS AR RO EARIC X ) 7=
AN EATo T2 & T L7z, ZOYaf ) TR CHFLH
LEFET.
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