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Abstract

Pipelines are buried in urban area, and the position (depth and orientation) of buried
pipeline should be clearly identified before ground excavation. Although various
geophysical methods can be used to detect the buried pipeline, it is not easy to identify
the exact information of pipeline due to heterogeneous ground condition. Among
various non-destructive geo-exploration methods, ground penetration radar (GPR)
can explore the ground subsurface rapidly with relatively low cost compared to other
exploration methods. However, the exploration data obtained from GPR requires
considerable experiences because interpretation is not intuitive. Recently, researches
on automated detection technology for GPR data using deep learning have been
conducted. However, the lack of GPR data which is essential for training makes it
difficult to build up the reliable detection model. To overcome this problem, we con-
ducted a preliminary study to improve the performance of the detection model using
finite difference time domain (FDTD)-based numerical analysis. Firstly, numerical
analysis was performed with homogeneous soil media having single permittivity. In
case of heterogeneous ground, numerical analysis was performed considering the
ground heterogeneity using fractal technique. Secondly, deep learning was carried out
using convolutional neural network. Detection Model-A is trained with data set
obtained from homogeneous ground. And, detection Model-B is trained with data set
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obtained from homogeneous ground and heterogeneous ground. As a result, it is found that the detection Model-B
which is trained including heterogeneous ground shows better performance than detection Model-A. It indicates the
ground heterogeneity should be considered to increase the performance of automated detection model for GPR
exploration.

Keywords: Ground penetrating radar, Finite difference time domain (FDTD), Fractal model, Convolutional neural
network

AR o= B2 A5 vl o] Az Elo] glom, o]2et 25 W] fIX|(Zo], BEF5)2 22S o] [l EX
Ejojop Rttt 215 vl dehs HAls] flol thet’t A2 2] tAR] WS AR QLo A|Rte] Bt g o = <]
gkt YIRS motohi= 2 o k. thelet |ty FA I 5 GPR (ground penetrating radar)= 1450 &2 41
OJO] 7 ]"*O}Ui TR AL o] Hol At o2 A et FA|E- 59 A7le 2=t 12U GPRE] HAL Hlo[El=
Z|Alo] QAT T HeldS o83t JAL Hlo B 9] AR Eks 7ol gt A
85| &1 Y=g Elo|E)7 REslod sl el 150 of 2ol Lt o5
5H7§_’5]'7 | H'5H = ﬁ?‘oﬂ/ﬂ% olggt ZAE FDTD (ﬁmte difference time domain)~A|3142 55l s dslal AFsH
2] ok HEo] S FIA717] 219t 712 A5 gttt A, Ddfte R 3 AR RS -5kl oA
Fogotolrt. Bt A9ke] 79 e 7S o] 8oto] BEkS q/dotal s ealstoitt. =4, S dw A
ol-gsto] Hefd el5-2 85It Model-A= w4 |5 slA] Hlo|EfRt o] 8-ato] als5-2 4-351%1 2™, Model-B
A 24k oA Blo|EE o]-8-5to] S5 - asISITE. T1 27 Model-B7F Model-A B TH AV 501 94
k. o= AR ER] HEO] S5 A, Z|HE] B Y-S aEtsto] Shaa 4-aliol B E““—J 350l

& N F 2 AF o] AR Eo] glom, midye] e estE Qls w4,
T 5 o] WARIH Lee, 2018). ©]2f3t vl d k] FAEE floliAle= A5 v dEe] A1 B S5t
2|5, AR oA ai d o] AR HE E 55 = 412 &t Ground penetrating radar (GPR)-> 7]&2] |k
ALl ol Hluta ] 9 vETolE 3, AT o = AR AL HIE-5-2] & ZH=TH(Benedetto and
Pajewski, 2015). “1&{U FANS avH2] 0 2 Aok -fsteH gt i 2] 4le] " skt thdo] glom,
EALHloE 9] S22 3H# 0] 2] ot ZAZES TS H HEA 91 x]4o] H @ 5ltH Benedetto and Pajewski,

2015; Chae et al., 2019).
ZZ GPREA 2ol 25 A 5= B0 | ffoll Beld 71He o185t A7 Frai=]al It Al-Nuaimy
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et al., 2000; Pham and Lefévre, 2018; Yuan et al., 2018; Chae et al., 2019; Kim and Bae, 2021). ©|2{g}+ a17Lo]| A
= -5 A3 A7 (Convolution neural network, CNN)-2- ©]-85}9] B-Scan H||HE 250 2 HWEol=
AEE Aot sh5t|o|E| 2+= GPR A7 HIo[HE o]8ste] Sh5a Z8silom, 4 AtelM=
skEH|oE] 9Fe] =9 & FDTD (Finite difference time domain) 52514 A5 I elole] skEH|o|HE 4
SISt 12U FDTD 2|64 2] 74, tiF-2 A|5te] Rels w2k lelgst, ofof thet 2[siA AatE
ARgsto] Held HEls ohEstal gl AAooh T1au AA| A|Ee] 79, Z[Hke] ghpa] Bl S dH]of whet o
AstA] 927] whizofl & =] Hto]| B|s] B2 A7 A7, o= S W= Whahnt Al 2 of] Gk mIxIet whebA]
St Z[Htel A o] AL A1 9= w8 Z[Htel A o] HEARLL G B ok -2 o] Skl Q7] wlzell, AFEEA|
Sk Slofl ol2et kS g Bart ol

Peplinski et al. (1995)2] SA-tof| 2, 0.3~1.3 GHz 2] Fa==of| 4] A§ %—‘;U:;"é LA ES} HAE ] Hlg,
], A E O] T9l5 5= ol8ste] AHte] f3taa F4ske A5 -5kt Giannakis (2016)+=
Peplinski et al. (1995)2] gI--A} e} el 7% (Fractal method)-2- ©]-8-51<] ?ﬂ—‘_rf_-é} AL sk A Htn elg AA]
511, 7] W4 5 o dE 2| =S gAY ] 4% FDTD 21511438 =3t vl Qe TESF ANN (Artificial neural
network)& A&} 2|25 HR]s7| 93t sl FAE ZIaikt vt ol

2 Aol M= GPR BAFEH ] AbE The-g 913 7|2 +t= Te 7S of-gato] ZHhe] B dAdE 1
2ot Al sk, o5 ShssTolE & ARgsto] v ANt Hloje| 217t kst Ryt B+t W o8 E
I goto] kst RElS B 9 FAISHE S5 alskRlh ohgell AR P EjE 0 == CNN= o]-83H A4

o

A G2 FarEEE ARSI o™, "R A o= WEE YOLO vsE
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=
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R
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2. FDTD2|3|M S S5t sH&O|0|E M 15

o4 AHh Bt 2REe] St dlS H WSk ] 9fof 2 ol A= FDTD F-2|ofl A& o|-8-5te] A& 2]k
GPR H[o[E]e} £+ Z]|5HS] GPR HIO[HE S&513ith FDTD Aol AZHF S fetalrgolefal o,
—;5]]/\4 \:H/J—Q Yee /Hli 1494% Oﬂ__i o]/}_}_g}g} _11- 4 Aﬂon/\-] UH/\°J1 bg&l%
Pt Taflove et al., 2005). FDTD $=2|a}}4-2 7hckoh, A Q1 A7 o] Q= Ht =
Ao G g A S AR SfoF Fth= T o] Qltk Warren et al., 2016). Fig. 1-S Yee A& LFERH, E=
He 2P 1S onfahH shte] A2 x, y, z 502 09| Zol& 2H7| Hrt.

FDTD 42348 )4 A7+ %::!136}1, H|2A7Eg Aol Tl sl A& WA 0 = 4=8fsto] A A7 o]
it oAl -2y iﬂr 1 HH S EAEd, ‘?%’Oﬂ iRt g2 CFLER 0 2 g4 9 OU% Al ()T go] vehd
7} Yee A0 x, y, 252 T HolE 9JH]
’GJE‘r. *4 (1)f31P+J 6H*4°ﬂ ot eFg ol 21P+J H“Oﬂ ﬂi %@}_ﬁ%%ﬂ Aol A Az— o0 2 A5
H|AAEE & A,

oli

Journal of Korean Tunnelling and Underground Space Association 343



Sang Yun Lee - Ki-1l Song - Kyung Nam Kang - Hee Hwan Ryu

At < (1)

(i+1 j+1,k-1)

(i+1 k-1)
Yy

r o (ijk) e (i+1,,4)

—_— z

Qa2 T2 07l gprMaxs ©-85H] FA[slA S st o™, AR 912! 3HHr|El= Table 1, Table
207 e SITE. Table 1, Table 2= ZF2F w89 ARE ==t Aot Z|Rte] Qluleiu]gjofo), 2 Lol A o det
Ak Tl 78S F9l A Aol i ofufsh, St det ARk 2[yte] gk wheh A A
F7F AR 7S Fof B Hde vt Et AR Rdle AAshltt & 9] S5 == Fig. 20 Al
ot

Table 12wt AR A== A=E/de LEt il Ale @91 o] ZolE ofulsiH, ¢, = siie 8
St AR e, = 8H 7, o= Wi, 4, =/ HFARE, 0. =27 SAE UIRIT:. Table 2= & d A5

Table 1. Input parameters about homogeneous soil

Al (m) 0.0142
t,, (ns) 72
€, 55
o (S/m) 0
Soil 3
i, (g/em’) 1.0
o (g/lem’) 0
T Rick
Waveform e o
J (MHz) 300
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=S e ZlolH AR A AFE(S) 2 HAE( ) 2 W], AHEES TS TH p, ), AIREe] A4

2 S py), FHI(m,) T2 AHEL o2 ARSIt Sl o] Az 2 ober] o] ghof w507}

A 273 A dsial ofg mallE 7| Fal| vl E5lo] IASHIH. Peplinski et al. (1995)°] Altet A1& 55l %]
A

=
Hto] Slet]of| M -85 A w7t Altelo] IFE| ) o, Al 5718 8.57~9.873 H = 0.0628~0.0718

Table 2. Input parameters about heterogeneous soil

Al (m) 0.003
t, (ns) 110
S 0.5
C 0.5
Soil p, (g/em’) 2
py (/em’) 2.66
m, 0.15~0.2
Type Ricker
Waveform
f (MHz) 300
FDTD analysis
Homogeneous soil Heterogeneous soil
! |
B-scan data of B-scan data of
homogeneous soil heterogeneous soil
Learning homogeneous Learning heterogeneous
soil data using YOLOVS soil data using YOLOVS
I T

3

Pipe signal detection of test data through training model

}

Calculate mAP@0.5

!

Performance Comparison

End

Fig. 2. Flowchart for this research

Journal of Korean Tunnelling and Underground Space Association 345



Sang Yun Lee - Ki-1l Song - Kyung Nam Kang - Hee Hwan Ryu

AAofA A7 ute] Zege Wik Feutaof A glo] T U et £ & HubEL, FDTD 2|54 9] 73754
384 5l Q4 2 ] e el 21 il 181 o 9
71} zke. mipo] Zo] 1_;1_\:]- 108 o)A 2t & wdlS LAJs]oF Hokal 4elA Itk Giannopoulos, 1998; 2005).
wpeba] 2]ite] Al 5238 kel vl WellA] 212p7] whe] sjago] skeln o) <ls) Bhs] 41| Zlo]} wshA
sick. wfebd] Zpte] §89] Zho] Aol L= Table 13} Table 2] €191 419 Zlo|i= k) 4llck

S Tl mELe Alei o] S0k 21712 elelz AVstel 415k STal 7H2 10 m 2ol 5 mo] Agke At
SFem, 2D T Q] sfAde 719Ys Fﬁﬂr ot 99 A e s i B ujefl o] x|l A4St
A gotgiet. 9@ AT o] 2782 50~100 cm®] oA ojz AElE|glon], g 7] A= 1
Tl e, 1.0 — 002 IS, o] A S 7 50 2 47 2 S Ricken
T APSIA2 P, 441 I 300 MHZ2 A0k

sl e pzo] 9jA1o} 2)S Waslel 20 W 27 A% ROl 212 1003] 4-3sjo] Shlolels
Hok3.0, Fig 324 2 ¥4 4 wlr}B-Sean Ho]E]] slAlolet

(a) Homogeneous model (b) Heterogeneous model

(c) Homogeneous analysis result (d) Heterogeneous analysis result

Fig. 3. FDTD analysis model and result

e ) 919 AR W9 HSH 25-50 cme] o, S1Ak A1 U F2k] 91xef At shate Aast
w2 st
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3. YOLO v5& 0|8t 2| &2

o Ak HhApn} 4] © & Skt REllvt Eotd HHElo] EAJ-S S oy RS Hlwsty] flof ShA A
S5 oA Hlole Al o]-8sto] ZARA] oh5-5 X13¥5H3ITt. Redmon et al. (2016)°] W=, T2 1 4]
2] 24l DPM (Deformable parts models)Zt R-CNN (Regions with convolution neural network)”} 31t
DPM-2 o]u|2] ZAA|o]A] &atold 1=-9(Sliding window) 4]0 2 A S AE5H= dlo]m, R-CNN-2 ©]
n]z] Qtef] F219]2 A3/d % bounding box Al ZiA|7F HZE%H bounding box 2] 371 & 2|5 4ot @4}
£ o7t o= AAE HEshke Rdoth 13y F il B Bt vy o2 olsf oy 9 At =
2ok ©do] it

YOLO+ You only look once2] 2F2}2 Redmon et al. (2016)°1] &J5l] #4223 E| gl o H, ofE A &2 411
2} ol vlol FR|E T FuE T A2 FAF Ao & 2 E R (Tian et al., 2019). THbA] 2 Aol A= HAIZE
EF7H7FsoHeE HAEG A 02 w2 YOLO vSE o-8-oto] 855 Z3E Hlwstlct.

YOLO v5 &118]&2] 4£5+= YOLO v48}-AFsHH 7] 3714 (backbone, neck, head) 2 23 4~ QIth(Fig.
4). Backbone®lAi= 48 oJn]x]ollx] Fa 3t EASE FE5HH, neckoli= o|r] x| 9] 37|19} 4o st
U AAIE A Es| 2t LRt AFQfell T2 501, mER]] head ol A] B HTA B A 257 2HE 0] AF
HE}S S 3H(Fang et al., 2021). §FH YOLO v5+ YOLO v39JlA4] AR&E]S1E K-mean clustering} genetic
learning algorithm®] /352 FIAIA oMol Hlol| 7t Eolalttal d2f 4 At

Input Backbone ! Neck

= L&

(
M
&

Fig. 4. YOLO v4 structure (Bochkovskiy et al., 2020)

3.1 @EAR| 23U EA|

(6]

—-

& AoHe AR s At o] §oto] shg-g A aistal AR A o] 2] et E4td ARke] F
]

| 2HHE vlatsto] et 9l shsgol ARS- HloTEl= 100712] w8 A[4 4] Hlo]eE A-8-51 3 2™, 9071

N

sheslolelo} 107]19] FETIolE] 2 TRo1o] & Walstsic, Fig, 5t S0l AHEE apal gofele] ojxjs}
j] 0wl 2] efjAlo]et.
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Sh5-2 89| HX|AFO| 22 F 300 epochE 5551512 ™, ZF epocho]| THE & % A3}= Fig. 691 EASHAT
Fig. 6°l4] Box loss+= bounding box®l| t$t QAFE- oJu|s}hH, obj losst= alld ZHA]] classol] T$t @AFE 2]
St

7\

(a) Labeled data (b) Batch image

Fig. 5. Labeled data and batch image of homogeneous model

0.10

0.09 1} —~Box loss (train)
0.08 ~Box loss (val)

0.07 |
0.06 —=—Obj loss (val)

——Obj loss (train)

E 0.05
0.04
0.03 |
0.02
0.01
0.00

0 50 100 150 200 250 300

AR HloJE = ol R (Model-A)S 9l A E ?ﬂ—?@ S e K e S == R
Fig. 70 & A|5H3]T. 74501] /\}4‘151 oJa] A= 4671101™ Model-AE- o83t o EA5H B! E+t Z|RF S48}

q
£ 9| Ak, BREAo] R0 Bl Rt a67ie] @, Bk sh AL F d07e] B S A5
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18l olulA A 2, FEANS] A HLSE A HASHE A0 AIstA
e A 9 HAALE R Al 4B AR e 210 2 Skelo] K5t} sl nEle o] 2 Hhalel
2] 3k 9 7H I WA AL S1918 2 Q190 o F AN O] WIS tro] 27} Ao] 24
oot o} ol gale] ST BLL B Xlel A At Lol 2 QI #] Aol WolAl A0 R AR
o}

°$

i

cylinder 0.41

cylinder 0.69

cylinder 0.73

cylinder 0.71

/

(a) Homogeneous soil (b) Heterogeneous soil

Fig. 7. Signal detection result using homogeneous soil training model

A AR A] 5ol ARERE Hlofe] GR-etEtA Z|RtellA] o] Hlofe] YR-E o] 8oto] Bh5-S Zlsgekal
T ARE SRISHTE o) sksTo|E] o] o] EolutH Rt HlwrHE7 Fs A1 0 2 whdksie] 94 Model-A
a5t FUoHA 90719] sh5tlolEL} 1070e] HEHolElE ot o™ AR Ho[e] o B4
Z|5te] gllolE] 4= 27 A735HIT. 841%], 300 epoch 2 437g510] Sh5-& X18Y6H3] 0™, 279 epochol| wHE

1o

0.10
0.09 ——Box loss (train)
0.08 Box loss (val)
0.07 + ——Obj loss (train)
0.06 —=—Obj loss (val)
@
5 0.05

0.04 h
0.03
0.02
0.01
0.00

%Mﬂ o,
il %'ﬂ ‘b‘ l g;?;\‘-hi S

0 50 100 150 200 250 300
Epoch

Fig. 8. Box and object loss about train and validation result (homogeneous and heterogeneous)
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S5 A= Fig. 87 At}
A Z|He] ols el vto] vl WS 915l FRIE 4R 467119] ofn]x]of| thet AR A S 4-351q Fig. 9¢1]
TSIt Bt o]n |2 E 2ERlsle] ks REet H(Model-B) 2] 7-9- 46711 o]m| 2ol A R e £
< Zrohdll 2o 2 BRI
St Z|9He] 7, Z9ro] ol of| et f7d-Eo] 2 .0 2 HoHA| Ew 2[Hke] {7 Xfol 7t A H il
oA o] $4141 7 0] £ o] Zfo]7hHol A =4l Hlo]E 9] tro| == AR A Hh. whehA] oksRE o] 5= &
Q1571 f1sh Z[HFe] @FH] o] 'S 0.05~0.257H] WS shAlS el 11 AvE s S Fall A5l

[}z
AT,

HI

. cylinder 0.70
cylinder 0.76

cylinder 0.79

cylinder 0.79

i .81
cylinder 0.71 oyinder 0.6

(a) Homogeneous soll (b) Heterogeneous soil

Fig. 9. Signal detection result using training model including heterogeneous soil

o= 3R A} Model-A= =2 0] $IAE FAI6HA] 23 HHH, Model-Bi= 0] 27 B2 HRAF ATG o[ 4]
S 1 4= Q)3T Fig. 102] (a)= Model-AS 55 ©%] Aito|H, (b)+=

yhnder

(a) Model-A (only homogeneous soil) (b) Model-B (include heterogeneous soil)

Fig. 10. Signal detection results according to the training model in large water content range
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Fig. 11. PR curve and mAP@0.5
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2 Aol A= GPR BAE F A5 TR 25147 %S I3t 7|12 AF2M FDTD F2|ol4-& 53t a5t
o] o] HA 3 11 g 5-& AF 0l A= Bl ohgell AR Hlof Bl Al A F ER=E HESIloH,
1) T {8 2]9k+d Z]9h o2 A HElo] s Aat 2) T S HlolE|et I 7S o] 8]t &
w4 25t SA AT 29+ B AEhE Sk o8] Ale FdSHSInt o) F ol-8ste] - AR ElofH
Tk ol gste] st Hlul -l W B 2|REo & ok WO ©7] A5 v wokoiTt. Sl ARge gl
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glolE oA oA |AE o Z& &I o= 3lo] 710 sha o] vls]] vl 2] A |xjehe A #AD 4
At
Sl A2 ol A A s o] ke o]-85te] ehgg RskE 7, ol 2Tt Sle et AT

= = =
ol g B 5] AT 4 ke AR Ak, T A7 7% T A7 55 A4 GPR Tt
o[ 12 Sh 51o] 4] GPR Hlo]HellA0] Al A 8113 W ot oIk Tk hE AFA 2] 9]

=4
90| FHo] Yojub= -7l tigh oh5HlolHE 5712 olssole] ths WO '] s B A5 2 avt 3l

0|

E A B AR AT (R21SA02)9} 715 ATFIAI(R21X001-47) 0] 2] 9-S kU o,
olef] ZAF= =Lk,

¢

A2} 7|0 =
oA Hlol BA, AL ShT, $7198 A7 N 2 AA, 93 AEES S, e vlel
S sk, Falehe dold 43S st
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