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Abstract

Wooden cultural heritages can be deteriorated due to the aged materials or natural disasters such as localized heavy rains.
Regular monitoring is necessary to accurately identify displacements and take precautions against anticipated problems.
However, regular monitoring has limitations in terms of time and cost. So, If Deep Learning technology is used when
displacement occurs, it will be a great help to the conservation of cultural heritages. In this study, we constructed data for
each environment using CCTV data. Then, we confirmed whether it is possible to predict the tilt of the roof using
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EfficientNetB0O model. As a result of experiment, it showed prediction accuracy of 99.68% or higher in all environments
such as clear, overcast, cloud, snow, and rain. Based on the results of the model verification, we analyzed the combinations
that demonstrate high predictive accuracy when integrating environments. Integrated datasets were constructed for both
environments, and experiments were conducted, showing high prediction accuracy of over 99.84% for both the same and
different variations in all environments. We propose optimal prediction models for tilt of roof validating their performance
on 14 datasets that were not used to train the respective models.
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Fig. 2. Data building process
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Fig. 3. Select data by environment (kweather on the left, Korea Meteorological Administration (KMA) on the right)
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Fig. 4. AVI data by environment
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Table 2. Normal and abnormal Images
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Table 5. Experimental results by environment
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Table 6. Model validation accuracy

g5 nd 3H4 el 15 A HE=

tlo]EAl ENV-02 ENV-03 ENV-04 ENV-05

o, HY (53 (75 (®) )
ae 5 99.52% 100.0% 84.48% 79.20%
= 97.64% 100.0% 72.04% 77.28%
o] e Al ENV-01 ENV-03 ENV-04 ENV-05

. Yy (%) T () Gl)
—F Y 79.80% 100.0% 94.00% 79.60%
= 85.40% 100.0% 95.12% 79.68%
o] e Al ENV-01 ENV-02 ENV-04 ENV-05

2= HE (#F2) (=9 () Gl)
- Y 92.28% 97.44% 72.72% 77.40%
= 96.40% 92.16% 77.32% 72.16%
Hlo]ElAl ENV-01 ENV-02 ENV-03 ENV-05

_ HE (F2) (=9 (=) Gl)
- Y 98.72% 99.92% 100.0% 96.68%
= 90.04% 95.88% 91.44% 92.88%
Hlolg Al ENV-01 ENV-02 ENV-03 ENV-04

. bk (#) (3% (T8) (5)
s 85.56% 100.0% 96.16% 100.0%
= 98.44% 100.0% 99.68% 99.64%
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4. 213 S¢ Ad
1 GoJe{All 14
ENV-01~ENV-05& o5t 27| @7gof| thel /15, =/t S8/, S8/ Ha/SH, Ha/m, S/,
T8/, Ha/H], AT 10712 3 vlolElAlS AAd 3Tt dloleAle] ede thet vlg-2 5:5 2 /33t A, A
241, El2EA] 212} 5,000%, 2,500%, 2,500%2] A1 Bagom, At ) ae] ulee 552 ek Table 7).
Table 7. Dataset configuration (2 environments integration)
Train Validation Test
Hlo]eAl
A H| 4t A vt A v
ENV-06
2 2 12 12 12 12
(‘3}' o 72 500 500 50 50 50 50
Eﬁv'm 2500 2500 1250 1250 1250 1250
(/1))
ENV-08
(BT 2500 2500 1250 1250 1250 1250
E;NV-9_9 2500 2500 1250 1250 1250 1250
(Z8he)
(DF;NQVOIO =N 2500 2500 1250 1250 1250 1250
ENV-11 2500 2500 1250 1250 1250 1250
(E‘l m/"'_)
ENV-12
(&) 2500 2500 1250 1250 1250 1250
ENV-13
(—_rL%/H]) 2500 2500 1250 1250 1250 1250
ENV-14
(@S 2500 2500 1250 1250 1250 1250
(Egﬁ) 2500 2500 1250 1250 1250 1250
42 S A At
B/TE, 1o/, ST, S, BS/5 T, W, UM, T/, BRe/Y, T RE $0] BT Y
I} oot Hegoll A 99.84% o/de] =2 oS Ak E HEhdHS ER1T 4= Qth(Table 8).
Table 8. Experimental results of Integrated environments
= olu|A|g ks A HlolH AE 8134 HlolH 4 S
el | @48 | N0 | zsean Ane e A Bt
ENV-06 4 0.036 s 44m3s 100.0% 100.0% 100.0%
H=TE) ThoF 0.037 s 43m5s 100.0% 100.0% 100.0%
ENV-07 Y 0.034 s 42m3ls 100.0% 100.0% 100.0%
(=Ml oeF 0.032s 44m30s 100.0% 100.0% 100.0%
ENV-08 = 0.034s 43m39s 100.0% 100.0% 100.0%
(ZHTE) oref 0.037 s 41m43s 100.0% 100.0% 100.0%
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Table 8. Experimental results of Integrated environments (continued)

Ao | owg | Ol T | BRI S PRI g
ENV-09 Y 0.034 s 44m34s 100.0% 100.0% 100.0%
(ZHAD) oeF 0.035s 41ml12s 99.84% 100.0% 99.92%
ENV-10 Y 0.035 s 44m3ls 100.0% 100.0% 100.0%
(F=/53) T}eF 0.035's 41ml5s 100.0% 100.0% 100.0%
ENV-11 Y 0.036 s 41mlls 100.0% 100.0% 100.0%
(H=E) oroF 0.034s 41m5ls 99.92% 100.0% 99.96%
ENV-12 Y 0.034 s 41ml15s 100.0% 100.0% 100.0%
(Z-/H]) ThoF 0.035 s 41m13s 100.0% 100.0% 100.0%
ENV-13 Y 0.035 s 43m27s 100.0% 100.0% 100.0%
(574 ek 0.038 s 41m2ls 100.0% 100.0% 100.0%
ENV-14 Y 0.034 s 43m54s 100.0% 99.92% 99.96%
(F=2/H) choF 0.034 s 41m30s 100.0% 100.0% 100.0%
ENV-15 Y 0.035 s 42m26s 100.0% 100.0% 100.0%
(T-5/) oeF 0.034s 41m16s 100.0% 100.0% 100.0%
432YUHEHZ U BN
EoRt oflA shgote] A E HElEo]| tE S8 ol thollA= Ervt =2 oS Aot & UER=A1E oot
571 Qlof 5Lt HagollA A/ 107]2] Hellar} theket igoflA] AJ/dE 107]e] ek thdo 2 of 2 53 3ol 4
4ol il 435S ASFUC o] -l ARFENV-01~ENV-055 L gtoto] ZFzko] mdlutrt $174-5- F ot uf) Skl AR
512] 92 1479] el thel ol & g SAFTE HF A ST S0 2 Tl dj o2 A HloEAl

oz o] e A= 1 98.16% oVde] A& =g b= 2= gele &= 2It(Table 9).

Table 9. Model validation accuracy for a dataset consisting of a single environment in the learned environment

geEged | HolA wg | PEOOAAS ) TEERE | aames
ENV-01 Y 100.0% 100.0% 100.0%

grome (H=) =5 100.0% 100.0% 100.0%
ENV-03 Y 100.0% 100.0% 100.0%

(=) =t 100.0% 100.0% 100.0%

ENV-04 4 100.0% 100.0% 100.0%

. (®) =3 100.0% 100.0% 100.0%
ENV-05 4 99.92% 99.92% 99.92%,

Gl = 99.92% 99.92% 99.92%

ENV-02 4 100.0% 100.0% 100.0%

sy7e (=9 = 100.0% 100.0% 100.0%
ENV-03 A 100.0% 100.0% 100.0%

(T tleF 100.0% 100.0% 100.0%

ENV-02 Y 100.0% 100.0% 100.0%

s (&9 = 100.0% 100.0% 100.0%
ENV-04 Y 100.0% 100.0% 100.0%

() thoF 99.52% 100.0% 99.76%
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Table 9. Model validation accuracy for a dataset consisting of a single environment in the learned environment (continued)

seuded | HelHA wg | PEIOHAS L TEERE | aaes

ENV 01 A 100.0% 100.0% 100.0%

are/ 53 (3=) oF 100.0% 100.0% 100.0%

e ENV-02 o] 100.0% 100.0% 100.0%

(=9) =3 100.0% 100.0% 100.0%

ENV-01 Y 100.0% 100.0% 100.0%

o (%) oh¥ 100.0% 100.0% 100.0%

e ENV-04 o 100.0% 100.0% 100.0%

(®) =)y 100.0% 100.0% 100.0%

ENV-02 d 100.0% 100.0% 100.0%

s (=9) =3 100.0% 100.0% 100.0%

ENV-05 Y 100.0% 100.0% 100.0%

Gl) ChoF 100.0% 98.16% 99.08%

ENV-03 A 100.0% 100.0% 100.0%

e =) =l 100.0% 100.0% 100.0%

ENV-05 d 100.0% 100.0% 100.0%

Gl) =3 100.0% 99.84% 99.92%

ENV-01 Y 100.0% 100.0% 100.0%

oo (F= cheF 100.0% 99.92% 99.92%,

ENV-05 Y 99.92% 99.84% 99.88%

(D thoF 100.0% 100.0% 100.0%

ENV-03 d 100.0% 100.0% 100.0%

= =) o 100.0% 100.0% 100.0%

o ENV-04 Y 100.0% 100.0% 100.0%

(®) = 100.0% 100.0% 100.0%
= 750014 99% ]*JPJ A& Aot S Ul B2 5Ust AgoA= Ha/am ePEolA A/dH mddlo]qlom,
TRt Hedol A= Ga/H] S0l A/ g o] Q). s Ut ¥, thalet o] s S0l 99% ode] ol& A
S yehH 2 gigy/v] e oA AJAd El o] QiTt. o] 5 Fofl et =, et v, Bt vl ek o] Hlw A of

Z2Q1 gollA S o] of| S H LTt A U2 I 4= IthFig. 7)
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SRS W ASE g/ BHOIN MUE BY A3 U MY YHe

100.0% —_— e
99.0%
98.0%
97.0%

9%60% - . o o Jmemz] g sz =] so loesal saim | 2= | orem | 220

Ea =) =g TS = | ane/TE Ui/ =g/Tse =g/o sio/=ac =d/¥l TS/Y aia/vl TS/T™

——S U3 ME  100.0% 100.0% 100.0% 100.0% 99.60% = 100.0% = 99.84%  100.0% 100.0% 100.0% 99.76% 99.84% 99.76%  100.0%

ARE WB AR TE/H BHOIN MHE DY A5 U MY FHe

100.00% — . . B " s
99.00%
98.00%
97.00%
T Tas | eu | 78 | = H 812/ H/E SRR S/ US/BY W/E SHM WS RE/AE

—e-Citot B 99.72%  100.0% = 100.0%  100.0% = 99.92%  100.0% 99.96% 100.0% 100.0% = 99.84%  99.84%  99.92%  99.76% = 100.0%

9IS W3 XS BesH BN YUE DY AZ Ny WN YU

= AlS
oS 2%

100.0%
99.0%
98.0%
97.0%
96.0%

e sy PE & W %8RB H/E BYFE sYE W/SE Hes  sEM FEM /&
BEAst HHE  1000%  100.0%  1000% = 100.0%  99.88% = 100.0%  99.92% = 100.0%  100.0% = 100.0% = 100.0% = 99.96% = 99.92% = 100.0%
WO A 1000%  1000%  100.0% = 99.88%  100.0% = 100.0% = 99.88% = 100.0% = 99.96% = 100.0% = 99.92% = 100.0% = 99.96% = 99.96%

Fig. 7. Best models in both the same and different variations

4.5 Grad CAMS 0|8l 7|23 2| o=

CAM2H2]d L9 oS Q1S metsh= dalgjEo|th. CAM-2 GAP(Golbal Average Plooling) 9] -5
7} "4 o]7] whRof L35 WA sfoF sh= T Qlth. Grad-CAM-> CAMS -5-85H i o 2 d#io] 3Hy glo] 71
O] BL.E CNN FEof| A ARESE 4= Q7] w2l CNN 7] 325 g okA] 920l CAM ©|H| A& S5 5= T Selvaraju
etal., 2017).

Grad-CAM=< °]-85H Hed v 5 geldo] ofd 27 = 7 274e Ws=Al AlA2kslF7] whzofl Grad-CAM
= o-gste] ShaE B g AR Tas YIRS S 5 Ak o e 0lA S 5 AR R 107]9] R oot
B9 107]9] o] tisfiA] Qh=s 1850 A8 7125 A dlSdl Hdrh B s A5 A 2 dS Ae=E
HoF=SlE B, Ha/H] E7g0lA /gt idlo] thE Fot eHof| A A R H T oh=E g Ae7-0] 78w
A& & o= AS 21 4= Ath(Fig. 8).

e}

:\9

~

QE#-S—/E griol A Wa B E%/ [gHE/8] BYM 4 2 | /

Fig. 8. Grad-CAM visualization results
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