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[Abstract]

In this paper, we propose Automatic detection system of underground pipe which automatically
detects underground pipe to help experts. Actual location of underground pipe does not match with
blueprint due to various factors such as ground changes over time, construction discrepancies, etc. So,
various accidents occur during excavation or just by ageing. Locating underground utilities is done
through GPR exploration to prevent these accidents but there are shortage of experts, because GPR data
is enormous and takes long time to analyze. In this paper, To analyze 3D GPR data automatically, we
use 3D image segmentation, one of deep learning technique, and propose proper data generation
algorithm. We also propose data augmentation technique and pre-processing module that are adequate to
GPR data. In experiment results, we found the possibility for pipe analysis using image segmentation
through our system recorded the performance of F1 score 40.4%.
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I. Introduction

ARtol e A|8E Hatet Ao e QIgh K|} Al

20] Bxte 271 2 A2 2UX] S o8] 7}K] Q010
2 7o) AAst xJot W THal AA| Bao] 9] A
7} AR|6IA] 9F=rh 9J9F 72 B2 HARIIK| = |5}
o Qx| I BAssI Y AY AEPE g A9t
throlny, o] 2 QIS FAFSAL B2 kostof ot
o opd, A gkE 5] Akt gA¥ska QIcH1]. ol2igt
AlLE 9] Y8l GPR(A|® &2t Fold, Ground
Penetrating Radar) ©AIZ A|SAAZ9] &St A
ojol-g AJ3Yakal QITh2l. sHA|PF GPR EiA} Hojg] &
RjollAl % o2l ZHAIL QU Al WAl Yohst
GPR Co|EE Alo] o2 Wi 7RIS mis|ols}y]
2o Autxiol Mekido] WolAlc} & WA= GPR EA}
tlol8] S/ ARl S4o] HeIsHA] ¢lot gt 2
Ae el W2 AN AE7EY =53o] B asitt of
oS A YA K}E_i GPR ®AL EﬂOIE1

= U= Ats A AJAH H Ol ‘”Ro}q 44—3 E 31”
A7t 3| AP TA shs2 B2t TRt 2ok 7l
=59l ATH3.4]. GPR EﬂolE1 A= ORI7HA|

et AbESt 71eS AstaL AR GPR
glofEjof tieh ez A Ahset 71%0 o} wo] TRE
Al Gottt 1Y B 2de et HE 242 olulA]

B=(Classification), 78x] ZA&(Object Detection) 52

ggsto] w29 RIS Fstke A7 b6l A=
B0 ojujx] BF Lu2l5S ARSI BASH Hlo|

Bol #2 §7= ¥ & Qoj= H=E9 YRl= Y ¢l
+ Aol At} A A& E8%t dr g2 U
o] 9ARE ARt R mRste] oJulx] 272 AIES
HASIIA|TE GPR HlojE«= THgt B 1 542 FHop]
7] @571 Wl 2D oJu|x|= FAst7of A7 Qlot.

ol2{gt ZAIE siAsl7] ¢lsll 2 ==ollA+= 3D ©JulX]
—‘ée*(Segmentatlon)" AR50} GPR Hlo|E{of|A] z0]
I o2 BAMsHe TR AHE ERE X AELS okt
. or5ol ARESE A HolE = Aw7hso] Aohd H=
FEE AR H2 A 152 Sl olulX] 22 Al
of AR & QA 7hssto] ARESIT) 2 =FollA ARS
gt gojef= &5 Hloly A E 607, HIAE HolE AE
67§o]t o]ulx] 2] FFAR Hr= AL, AL,
F1 Scorez H7}3it

2 =72 GPR Ho|E & o] &3t A5

Attt e slofe st

v

o 71 WAlat o] 3D oujx] BEL AR
GPR Hlolele] Ai4de H8sto] s 7

_l:n‘ []Ol‘
m

18] ARl 4AUS HAT 4
HEE B2 24 AP U

¥ =20 e chgat 2ok 280 GPR 24 3
velsl 978 1a8Ick SO AR GPR @ o
o1 AIE A4 heiEal GPR BAF Holetel 5
A AR Sl A 2%, dol 5
511 aFo] AMR S} 8k mdlal &
Aol 4 2 g Aug
=53

N

r
u°l‘
450

it °
g
2L
iu)

II. Preliminaries

1. Related works
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1.1 Ground Penetrating Radar
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GPR data - (a) Raw data,

Fig. 1. (b) Filtering data
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Fig. 2. Longitudinal section analysis — (a) Underground pipe,

(b) Gravel layer, (c) Underground cavity, (d) Sand layer,

(e) PE corrugated pipe

Fig. 3. Flat section analysis — (a) Underground pipe,

(b) Gravel layer,

(c) Underground cavity, (d) Sand layer,

(e) PE corrugated pipe

Fig. 4. Cross section analysis — (a) Underground pipe,
(e) PE corrugated pipe
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(b) Gravel layer,
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1.3 GPR Pipe Data Analysis Using Deep Learning
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Fig. 5. Automatic detection system of underground pipe

1.4 3D Segmentation III. The Proposed Scheme
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Fig. 6. Example of segmentation network structure
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Fig. 7. GPR dataset construction process — (a) Total

GPR data, (b) Cut non-using data (c) Data d|V|ded Fig. 9. GPR longitudinal section
by constant width (a) GPR data, (b) Ground Truth
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Fig. 8. Top coordinate of pipe in GPR data
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Plane, Za(z—zl)-i-b(y—y,l)-i-c(z—zl)
Plane, = a(z—z2)+b(y—y’2)+c(z—z2)
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o] gsto] A 78] Hl& ¥y

| PAX P,P,]|

Distance =
| PP, |

5 w2 A daelE
for z=1 to ¢ do
for y=1 to h do
for x=1 to w do
if (Plane, > 0 and Plane, < 0)
if (Distance < g ) GT,,, = 255
else GT,,=0

zyx

Fig. 10. Example of pipe generation

2. Data Preprocessing Module
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. Example of original GPR data by channel

Fig. 12. Example of GPR data by channel after preprocessing
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Fig. 13. 3D RU-Net

3. Data Augmentation
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Fig. 14. Example of GPR data contrast adjustment
(a) aw = -0.8, (b) Original, (c) a = 0.8

4. Deep Learning Model
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IV. Experiment

1. Dataset

tlol8 ME+= 60789] &= HlolE] AlE, 67]9] HIAE
Hlolg] A E=Z /d&]o] 9o, GPR HlojE{et FE Ha
Hlol&= 30 x 300 x 400(A'2, =ol, ysl)2] mx] &
2 ZPilo} ARgRIt). o] o FRof AREShE HlojEl=
IR] T2 Aehd golEjof] H2rt 2R o] Qle o]

EOh ARSI HAE Hlojeje Bavt maelA oo o
OBl 37 ALR%ITY. Fig 155 29 Hlo|Ejet HAE o
olejo] A ojajolct.

Train Data(30x300x400)

Train Data(30x300x400)

Test Data(30x300x400) Test Data(30x300x400) Test Data(30x300x400) Test Data(30x300x400)
X Iy

Fig. 15. Train, Test data selection

w=7F ZdE folEgt 1o AREShE o] f= HlolH
A 2+ oA dieolth. ol ZE HolHE AR
S "o wErF 29l o] Q= HloEl7t =53] 4%0]
7] Tizol] &<5o] Y&EshA o] ROo|X|A] =t} HIAEO|
AHESE go]E] M|EX Table 13} 22t} Number of data
divided= AT 2 A2l of &% dlol&f 7
o[},

Table 1. Test Dataset

GPR Data Size(Channel x Width Number of
Data x Height) data divided
Test 1 30 x 8870 x 512 23
Test 2 30 x 1961 x 512 5
Test 3 30 x 3232 x 512 9
Test 4 30 x 4501 x 512 12
Test 5 30 x 5047 x 512 13
Test 6 30 x 5056 x 512 13

2. Experiment
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W FRolE = 4467301 BIAE HojE = 754,
& =wollA Aokt BlolY 54 71 AR REa S A
galo] a0l At HlojEl2 718al% T 3D RU-Net}
Clol2 241 842 olgsto] sl Megelgict. Ad &

732 Table 29} #tt.
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Fig. 16. Experiment result — (a) GPR data,

Table 2. Experiment environment

0S Window 10 pro
CPU Ryzen 7 1700

GPU GTX 1080Ti 11GB
RAM 32GB

3. Performance Metrics

olol] $2o| FHQ WIS sk s Bt AlE
Precision, Recall, F1 ScoreE o|2s519ct HIHS X188
& GPR tlojElel Y Tlojeizle] e mWAlo] chal
TP(True Positive), FP(False Positive, FN(False
Negatlve) —_rLO}_TL /\-l_u—47}é Kloﬁo}oﬂq

3.1 Precision
HYUEL o Bilo] A U2 5 AN Bt 1Y

Eo} Qe vlEolt. FUEo At gt Z.

TP

TP+ FP )

Precision =

(b) Ground Truth images,

(d) Overlap between Ground

(c) Prediction images,
Truth and Prediction. Blue — Ground Truth, Red — Prediction, Green — Overlap of Ground Truth and Prediction.

3.2 Recall
g A B2 FA o Bdlo] Aot o5
g ulgolct. AjAEo] AL cheat 2t
TP
TP+ FN

o] Ea
=]

Recall = (4)

3.3 F1 Score
F1 Scorezt uwo} Ajgge] x5} Folch. Fl
Score®] AL Theat it

preision X recall

F1 =2X
Score preiston + recall

(5)

4. Experiment Result and Analysis

Table 37} Fig 162 AIRFeE g Hlo[E& o]-&<t o]o]
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Table 3. Experiment Result

Dataset Precision Recall F1 Score
Test 1 0.3277 0.4357 0.3741
Test 2 0.6781 0.5816 0.6262
Test 3 0.3849 0.5604 0.4563
Test 4 0.3378 0.2542 0.2901
Test 5 0.2932 0.3886 0.3342
Test 6 0.5729 0.2449 0.3432
Avg. 0.4324 0.4109 0.4040
4 It} Fig 162] 49 & £9] (d)E ¥ G dlol&et
A& HlolE7F AXUX] AR v 2 ol 55te] A

T ARt Bokg o A9 dx[Ri. GPR HolEH&
S/M=e] Qe ©HE HiolE NEQF FE] HlolE] Ao gt
A7t 71 dilzoll X} GPR Hlol8 A Fw7Hso] dst
A AIARZ HEYt Qe RE i=iRleR Alohl
20 2750 ARESh= A|ARoL) Tt oju]A] &
o] AZAY B7he F SRS ARl 1 $jR]of ti=A
o7 H2rt QEAE a7t a4o|ch Fig 169] 49 A
29| At o|ulR] 229 FHA B7tol= 450l Alst
EJX9 A2 QR HHHor Aol A = 4 9
tt. Table 4= HAE CoJEollA =] T=FAIQl $A]|
£ zropdl 2 9] 4(Number of Correct), AAZ =
7} QX|9F AMR] 2st 2Ol 4(Number of Missing

2 rr

e}

Pipe), @ ©#|gt #29] 4(Number of Error)g Azlgt
Fo|ch Alotst A =2 Hlo]ElS o] &sl0] sk5Et o]n]
Al & Aas Soll AAl TR AE9] fojust Auaks
=Est3ich

Table 4. Pipe detect analysis

Dataset Number of I\furpber pf Number of
Correct Missing Pipe Error
Test 1 6 0 6
Test 2 1 0 1
Test 3 3 0 6
Test 4 1 0 3
Test 5 2 0 0
Test 6 2 1 0

V. Conclusions

2 =204 GPR YA} tlolE] B4l Al 582 57}
A717) Qe | 2de olgdt A1 ﬁ g

Aottt ho] EXJo] WEkslA] 9k G
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2 A daelEe E5 U AT dolHz dEo 9
th. Z12]a GPR A} glofE] /o] SH= dlolg HAf2]et
dole 54 71Mg AUsich 2G2S B3 AUt
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