I LR

=
514 &
s gk

43 AaE 29x dxgF

5 Gololas, ral W Fx
2!, *xPosts and Telecommunications Institute of Technology, Hanoi

{rosh,bgchoi} @kongju.ac kr,namvh@ptit.edu.vn,manhdungbk45@gmail.com

A Study on the Sinkhole Detection Using Infrared Image

*Soong Hwan Ro, *Bokgil Choi, **Nam Vu Hoai, **Nguyen Manh Dung
*Kongju Univ., **Posts and Telecommunications Institute of Technology, Hanoi

i

sholl A Ao

132FPSe] &% S|
47} 88 %o, ELZM Xézl

HU
ox
[
m\o«
m o
>
z
ri
O

34 @ 5 988wl A

F Je)2 Aol FERA} 77
AR F =A A 1A EFo] wolyle|

w}e} *P%%ﬂ o4 %rﬂg% Ha gl F43 F7keka ek 43 58 &
A5 o PT, Cone Penetrometer Test),

GPR(Ground Penetrating Radar) W 5 ] %E} GPR< & 7b4 dwr

qoz Ags I 9o, A Az dolr] NEE Hfa 541 A
52 BAU, e o] e we Asel Bk e e =
29 93 A5 24 2 5 ek Aol

Aol we 39 o4 HolHE AT F 9,

71§14l Argst oke] Wa= g2l @ & K Thermal Imagery)2 4
E g9 ¥W 257 W 9499 ¥ 259 A/ tErhe *Hj_]%
AFg-gh

HowmRo A= 704 A&EE dole AEES ALgsle] A= E9
271 34 9 ARE she A A3 & 54 A2EE g & =7
ol A Alokel AlxEle FA A FEo R FAHECE $A1 o] gatelA
FTHAAF AYYE FEF § A S FHE A A2 ER BRI
A&l CNN Ae 8<5(Transfer Learning)S 2-&3lth vixetoz A3
&  F%(Sinkhole Tracking)st?] ¢8id  dol]  AA(Data
Association) o] Fd¥Th
ImEe

21 T A3 & 23

Gt el 939 A &9 oM A= A WA wAY Yot *
H(Segmentation) L] F2 & GolA A7 JG& 2ol &
Z5 A ol Yste, 79 o] A ER AT A Tt

-

2 & 9l7] W&o o]% ¢)A(Dual-thresholding) <& 2-&3ic} o]F
UA ZEA 2 o 2k 15 98 oA o3, (z,y)v= 54 A

o

o 910, 7, T, & QA% ek,

Haa) =19 if Iz, y) < Tyor I(z,y) = T,
DY \ass,if T < I(2,y) < T,

A (sinkhole tracking)®] Al 7}A F

976 % A B e Aske 4aE

ok
=2

2 2% (Sinkhole) &
ANZo 7 AEE7] Y3 dugEs Aotety, dug]Ee IA vloluve] ®E&(binrary segmentation), A3 & #F
Fo HRow pAdA A Adte [1]9 dolE MES AMgdte] 23
te daE|Eo] A8 Ay A2 & 549 Hit loUIntersection over Union)
S BAEed AAdHoz 248 4 gle Ao vgiEnh

A7) gk GaelFol #F Aotk & =X | 2dt dol

Framet-1 Frame 1

Sinkhole
segmentation and
classification

& e
B = =
srincle 0 |1 sinkncae 0 |§ J

snkhale 1 sinhala 1

Sinkhole Tracking ‘

Data iransiar Data transfar

Data vanster

9 1. Aleks Hiete] &2
method

il

Fig. 1. Flowchart of proposed

22 CNN Ag ko] o3 A & 257

B =Rl e A4 A3 3 g2 RS 28] 98 CNN 25
718 78U CNN A9 858 o83 94 B57+ 8<5(Training)
3} o Z(Prediction)d] T 9AZ FARTE CNN 2dS 8k53}7] 9)8)A
= g o o

Fo] w7 W wiitel] 2 vlole J W Fof ANk, 1
23 Aol Hold HFE7E "asit) makA do]E 5
CNNE g5A7)=d B2 ofglgol Ak dial ARl g5 €

Azl dlole Aol &olA] gz HFolA Adst=s A

=i AE ONN A2 & 57 Z9S sxap] 98 de
A&l ResNet &2 s=uletk 7o) oju]=] ¢} 10007] 2]
¥3 ¥ Image Net Dataset[l14]o]4 &<5En, B
ResNet-50& AHEl4th A3 & 498 £/ &l 2T

A3 E3 A Eo] opd F /M A £37 1 e Al E]"ME A3


mailto:rosh,%20bgchoi%7d@kongju.ac.kr
mailto:namvh@ptit.edu.vn

ool dolofe deld WA G st v 2P AT WA
Ak B =ReA 05 A% dolel AE 700748l 32 F oJv)As
7000708] 421 Fo] ohd olu A7} glov, B} Hlole) A= 2 Fol
2:9] thshAl LO0O7RS] ol vl A7k ek At Tz A2 Hoh 50000 2
5 gaEiglon, 3 8 ONN #5719 23 Ahmi 0% o) delgich
7Y 2 S0l A AT Y2Fo) ohd A3k Gl 9]
ogaLe. A% ogAkS qu_,_u:] ofE & A Fo] old JAS HolF

o

29 2. 4AER YaEe] opd Held oful
Fig. 2. Images from sinkhole and non-sinkhole data image

o

}6]

I

S
w
X

HA

TN

4
o At A ek & FA] HAlE
A A% 7 EAZ(Tracklets)ol FF8h=
t} o] £AE dAs] 8 dole 43S fl3 Fried G SHA,
Hungarian Algorithm)& F&3ch dHeolg 23S gt o
NNDA (Nearest Neighbor Data Association), PDA(Probabilistic Data
Association), JPDA(Joint Probabilistic Data Association) ¥ FDA (Fuzzy
Data Association) & %< ¢ag]Fo] Jom[15], £ &=ddlA= oA

1o
=l

2 Eol 93
Bl CNN #57]
AL Zyqle 7

= )

=
o

mlm
N

l!:l o

=
|

T b e
= o

[e)

ok
tlo o>
il

of W AJago] 9 Alo] of7] wiito] g daelFS AHEst
Stk

m 23

31 A= B}

At © A F F4 A=EE Hrhel] Y8 S2dA AA g 3]
H HT o7 ARESITE WA Y4 HY o 54 toH AES} H 2~
ES dole AERZ AE3 3 3o AeS Hrlsly] A8 d ©x 4
(AP, Average detection Precision)?} B+ A& (AR, Average Recall)
< 7433t

TP

AP=pFp M
TP

AR=Zp TN @

TP : True Positive, FP : False Positive, FN : False Negative

£ 19 A We) ARSH APE RelZth 34 97 gl S5
A2 8 PR AP AR B} B2 A€ 2 5 A9 Yo
2 B4 34

o) A5 ) A FH A A4S 052
Apg sk

# 1 A% 97t

Table 1. Accuracy evaluation

TH AR Het AA(AR) Bt T4 AG=(AP)
0.3 93.2% 94.1%
04 92.0% 92.4%
0.5 88.7% 89.0%
0.6 86.6% 87.4%
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Table 2. Performance Comparison with Other Algorithms(Jetson TX)

G g §E(FPS)
CNN + Random Forest 53
Faster RCNN by VGG16 1.3
GMM + AlexNet 47
SVM + HOG + Sliding Window 114
Our proposed method 132
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