2023 98 S=AZEOAFEIIES ==X H19# M3=

=& 2023-3-11  http:/dx.doi.org/10.29056/jsav.2023.09.11

25749 GE8 W7 1S ol
AlepufdE T2 B A3t tigh A
o] 53k Q A 3wkt

A study on the Detection and Visualization of Buried Objects
Using 25D Template Matching Techniques
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Abstract

Ground-Penetrating Radar(GPR) system can detect buried objects such as underground cavities and
mines by emitting electromagnetic waves and visualizing signals reflected from underground facilities by
emitting electromagnetic waves. But in order to distinguish buried objects, it is necessary to understand
signal patterns for each target and it is difficult to detect signal patterns for each target in real time. In
this study, adaptive signal processing technique is applied to reduce the effect of non-uniform clutter
signals on images to increase the visibility of target signals, and energy profile extraction technique is
used to simplify the identification of target signals. In addition, the 25D template matching technique is
applied to calculate matching rate of the detected object. Several objects selected in soil-filled test sites
were buried in various locations to confirm their performance through real-time detection software, and it
is expected to be applied to mine detection systems using real-time automatic exploration in the future.

PN E - A AxFH oY, MAEEA, ASF AzA, d=8 of A, A 73

keywords : multi-channel ground penetrating radar, buried object detection, adaptive signal processing,

template matching, visualizing

kk

o]Ad FAZAF GPRAMGIH/7E&d T4 Al 2023.0828. AAFEE: 2023.09.11.
}:'_1]‘%13—]"31% skl W A}y eh g Al A &A: 2023.09.20.
WA A A} @ A 2 (email: cgoh@tukorea.ac.kr)



A Gol whe} ] wald GPR
Azge AN Gu GAE ol Fol Paks)
A %E g9 thal A A% oz
W Z4ste] 339 HolHE H5aA%, i
9 GPR A29e gAEtnd e 99 %2
@ ol 248 5 Y A +8 FAs 13
ARFAA WE 24 glo] 3349 dolHg IS
@ % Stk Tl GPR AsHe 94T Ao
2 dolg 5ol sFsate] BAY GPR A2d

ny gk 3314 dlolg 9% F5o] 7hsEith
tAd GPR AlZ=HE o]&3te] AstiidE &
AHE & w2 A 2L ol ankAld &
aete] gAbeit) ©RARSE o) A EHS A A4A
e F o] FeEate] npg o7 (EHoRE
P WALE S AR WAl BapE o s W
shalo] AW Ao A o] wjAdE o] 9low A
AL RS AASE S B4 Alew FE3)
HUH34]. o]¥ut oluje} W&o
2 A 5o Eardd wid AA
= AlsE Qs A5
ol A strh wEkA ZHAE AHES
A HgoA S 2sE Hog A
ol5 d/dstete] E&ATF 4 e A7
Moot 1 98 AFet e e
o] wj§- F23tH5-9]. Ak &
HNEE e
gt A7t G o] & ARt

N o

> w T
ol

i)

2 rlooxboE b 4
iz A

> ol Mo 2
=

LN
o o X
o
rir =] T (e
w2 o fob o fBo e

fIr off e

2
ox i o

>
lo,
T

i1

o
>~

>
o

ol

©

=2

e

bl A=
07 S S A%

d 719ke] CNN % YOLO7ZF AHE-¥] a2 9l
it dlolE 25 F A oA ARSEATH10-12].
= FHARS} sAlol] AARE B BOA]A

Q.

[

Hoh7t Bas AP LRl AL 7

ko)

o] GPU A& §lo] CPU dAbehe 3 gAbA ol
AN R MRS Fal FA didel g
TH 9 dAES T F AEE T3NS
], GAL Foll AAIZE Gl Seto® fA &
AAsE T 7 J=F A ZEd 7Y
S 59l 3AY 93 2AY dHdde R nds)
Ak Aket V1M Jes 4S8l $18) FRP
Fxo| & A AES A gYES WAt
o tald GPR Alagloz ghAlate] elZelS
FEotdon Ade "E5S Alagle A&t
o] A3 el AAE v AAE SALE
T3 42 AHE S 1 anE HEEA

1= 2 H
3 oA E P ouA 9 Z} XA o]m]#|
e FAREE SAS = 7IHoelth "EE uA
7 fFAMd 9] &9l Cross CorrelationS A&
3ty 1% NCC(Normalized Cross Correlation
Coefficient) W2 o] th& §1&8 WAl A 7V =
< AARE 7 T2 AREET314].

NCCx= &3] dxetd 1, dd o -1, <



20234 98 st=R4ZE

d1ets] ==X H19# M3=

ANRE A& 5 Atk gAE AlxFl A NCC

A2 A (1) 2
E(T'(.ﬂy') I'(z+a',y+y))

\/ Z[ z+a, y-l-y) (1)

g= ol T Aol A HEE olv|A] [& xZ7}

vaE W wg ol A7 Axks Felth

(z,y)E 99 ouAY #HFolH, (', )E O=

gl ojn|x]e 5»%0] T4 (DY EA= "gEE

>~
o,

2 olu| x| Z}zte] FIEFHS H
gl Normalized Cross Correlatlonol Ak A ﬂhg}%
A G o] W7} =8 Ao elZg o
1A 2} AAGe] AHA o R =& ANy o)
web g2 o9} §EY oA Zzte mE
e hrol A
Ak Aake de 4 14l

= - =2

o

HA}E Cross Correlationt
0w A%

2.1. GPR 4152| 22l O|n|x]
GPR A25) & ASAA 5% WJ A

qvgmommrzgrg
v T ool E R oot Y
g T i
i o g j% )
< %
o, > o
S .
S o d
{8 b ﬁ
n& e ;.L
o
- 24
= rL
= >
[ rz
‘m‘? o
il
ot >
2 "
H, A
o g

91417} om Y wiow o
glolEol A 54 Zo]o]
golHE mAsH: XYHAGIE-A) dolgt

)
e

v %

2 1, ckEAlE GPR AlAE 2| B-Scan B A 9|
Fig 1. Definion of B-Scan plane for multi-channel GPR

B-Scan XY, YZ, XZ B9 A=
9E w7 282 o) el o) 483 5
e,

ojn| x| &=

2.2. 2.5D HES Wi
B = ARgshs 25D 91 WA XY
B YZ B Z7Zbe] tid NCC AdEe
otk XY, YZ B o

hyE

o

%
o
=2
k=)
AC)
-I {
Mo =2 i to
> r_?Ll

o
ﬁ‘

o

Atk mebA, XY, Y.

N
do rffLoox
Ho o 2 o =

X
>
ol

rlr
po}

[isd
-,
rO

r)t
ot o
tlo
N
ne
4
%0,

|o
B
nj

3ttt GUIE= NET Framework 7]¥ke] WPF
(Windows Presentation Foundation)E ©]&3}¢]
Tastgon, 2AL CHoR FEs HEY
ojujA] FEE £ SWellA] GPR B4} HolHE
Eejol xR gEY ovAE HEY g

rulo



2.5xH HIES iE 78S o|8¢t XStEE BX I AlZsof ohgt A
2 e AR FAEE o §ahe] 25D WE
9 olge A
Time-Zero = Band Pass
Correction B BeiWow Filter
Energy Profile | Energy Profile | :
Visualization | Extraction Kalman Filter

2l 2. GPR AlaxX2| ™A}

Fig 2. GPR signal processing flow

% 3. GPR AEXe2| AZEQ o 73 Znt
Fig 3. GPR signal processing S/IW GUI

A =5 28 48 d B =5 24 HE

o

a8 4 %5 29 88 Zo}

Fig 4. Time-Zero correction result

3.2. §F0t M5 HH(De—Wow)

GPR A& wj¢ e F3k4 423 DC 4
B2 72 9de™ GPR 4139 base-line®] 3
43 Slolelz EEU @ AFE GPR 2
ofoll A Wow= E#W olE A= A

De-Wowetal A&t o5 23 50l Hehfsith

| ‘

3.1. 2= 2X(Time—Zero Correction) 1 \ 1

FA7NA FA72 A SasE 4Y A i |
s $a719 £a0710 ARt wEeA el W S SN .
Bl EEAZRe WalEA gkolol BT L% N
it AAT £E el AE0 A AT wm mm m e  w s w e ww
el wse el wsh ARSI WDowon 88 E O peviow a8 &
EEAE e SR g LA 28 5. De-Wow Hef 58 2t
A= GPR AlEoA A HA o] 93 2 & Fig 5. De-Wow filter applying result
o 9z AL Ed) Y AHL NFoR BY
g AIZE A oR AIZE S sk R FE 3.3. 9 =1} ZE{(Band—Pass Filter)
AHEETHI6,18]. thAld GPR Al=9le] 49 7 GPR AN T = WALsE Azbalz} dhaje] o]
A SR AR AR Aoz ERARI] AR B a8 2% ol #& AErt EAET A
=20, B A A4 et 2% HAS T gggul(SNRIE ®017] 918 GPR 40 229
3 A&t o2 21" 4o HHERRRit eI Z ojgle] NaE AAGHEL. o5} D



20234 98 sh=RAZEQ Y

Ko

S ox cz)}{ﬂ N

)

By
o©
o
-
—
©
S

3.4. HEE d= F0IY
%% B4, DC-Bias A7, %53 HEE E5
A=

U8 FAL ALY sz Ay
&

ato] &

asolgf

o 5 10 15 20 5 10 15 20 0 5 10 15 20

Position(m) Position(m) Position(m)
Hals FYMS BHNE

I 6. 889
Fig 6. Adaptive filter applying result

Zg M A}

3.5. O|HXA 2Ol F&
AA t5eld GPR Al 2€l
o]

,E
>
N
o

o)
o M
o

oft 1
ol

ol

2

X

=

©

HE 56 324 dielHE A Hv, o
Azeted W F2 B-Scan FFoE FHITH

.
w
L
o2
ox
H rlo
o o
2l
o o
o o2
o

o o |o

o
g
o
ox
N e

A,
F Qo] 37

A9 golahe

_,d
e Am
ot
=
B LA oA
Q2
o
o

]
RL
N
jQ,HU

v
D)
&
frt
H
e,
o
i
N
T
to —

He A 8ekaltt 33k v
olHlE 224 dugdos ey 93 Huw
HolE g BE AR cUAE FHste o5 9
skt o, FA Aol mAAE ofeje] 4l
TE HAxstaly] gle) Fi A 2 489 BHES
Agstlnt Ao 794 g #g3

i& o
(o
o oo
o

&
of olm x| &g AAs = GUI &
Edolz Tdse] AsAY A% A9 29 7
of UERRh 27 79 BAE Azt
A BAZ, WA Polt EQ -

Z1o] 10cm #]5o]H.

rﬂ_o
=
lot

) 47 z2nd

a8 7. 2Y ¢t FE 23

Fig 7. Target signal detection result

a9 79 (A) YAz elAM 74

AEE A4

@uisl AEAIAel A AR, A5A
5 A8% 2 29 79 (B9 2ol AYAL
9 AT} ARE AARL AZA

(Parabolic) gHl2] ¥4215 2dHo] 7}58S



go
oM
=y
i

o|
a
m
—_
Ny
N
oo
o}
i
~
=
;O.ﬁ

att. 29 79 (O) olyA =

2=
T

lek

o

_r
=5

offy

2 oy Zza

tu 29 79 B)Y 22 B-Scan 94S F

9|

4. A& 2 EIt

Fig 8. Detection result of automatic detection

<
o~
[alh
&

A

A3 v

Fig 9. Exploration screen of detection S/W

Table 1. target object characteristics

ﬂmcﬂm%%
o)
H@V%ﬂdr
5 o - oE‘_f
K " W ook XX
F R E T
%ﬂ%] [
ﬂESD%gﬂx
N " x w E
EELﬁ._XHAr_nr%
D7d|®auu_
= K
%%Wﬂﬂ?
—~ LMO
ﬁuEU,ﬁmo]ﬂouT
TR T E W
JNﬂL.nﬂno AE
2w EE R
Eiﬂﬁwuur
o) = op Hu A ol
wﬂ_]ﬂﬂn_b.mﬂ
auzn__o m271br
Moo ' =
iy
I
= e e | T
2l
X | R
% m M|
— h2
Bl 5| F
— X
= | o 8 | o o
Nl ¥ s
N T I
SERSEE=S k=,
Bl B
Plalmlo|la
=

bl 19 83 2

o] 83

=
=

5l oA

2.5D Template
3D Template

S
g 8 & 23 2
{3alansay Bungew

T oop E M R E
z59gz7
B o @ o K
= ook o X ~
il S _,oT :i D
=) © = S
B - o] @ N
N80 9 Mo gm
=~ <0 B H N
‘M| M mmO E >
Ja D o W
NS Ho 9| S
s R ek
o oy
W % 3 (&) i:._ X2
5K m T

oF — X
T N B
n B ol
(RO —

%) it o 82 E
i ﬂw o = _aL a
< A O B T9)
1 ~ T 2
~ OﬁE N @._! Jl 2
o) ® T B W W

20 25 an
Depthicm)

15

10

25 NCC

3

of o

Fig. 10. Comparison of matching results by depth

b,

— 100 —



2023 9F ft=AZE

zalﬁlnﬂmwAécmﬂ%ﬂﬂﬁl&m
Aol jaste] A 3 A5 2
@}mq:zﬁ47w+gea133@%aw%
ut} 25D 9= ol o e AvE worh

6‘]— /\1 754

Matching Result{%)
- ~
o v’\ g 3

@

— 2.5D Template
3D Template

30 40 50 60 70 80 90 w0 110
Distanceicm)

a7 11, oM Azl
Fig. 11. Comparison of matching results by distance

X2 Hl

5. 4 E

B =Fo e tAld GPR Al ~Ee o]8359
AN R %]'X]?S‘]-_TY_X]- = gAare 25D W=
2 <Idete] el i@ GPR
& w4 Ashie] YeRhl

Ny o (o ¢
« 2 wd H o fol
;1? oMy, I
ok
tio
g
uis)
[40
ofr
ol
SIS
o
.
feici)
o
i)
2,
>~
N,
|
o 4

£ o

2

o oo
o

o,

i 2

R

=5

4

=

=

_&’;_I,

3

=

o

>

fols

_>Il_l‘

G

Ko

offft (L ox ol
i 2

JEERDE
o @idste Famdlg”
(IITP-2023-2018-0-01426)

[1] Saarenketo, Timo, and Tom Scullion. "Road
evaluation with ground penetrating radar.”
Journal of applied geophysics, pp.119-138,
June. 10, 1999. DOL https://doi.org/
10.1016/S0926-9851(99)00052-X

[2] Adrian Neal, Ground-penetrating radar and
its use in sedimentology: principles,
problems and progress, Earth-Science
Reviews, pp261-330, Jan. 19, 2004. DOIL
https://doi.org/10.1016/j.earscirev.2004.01.004

[3] D. Campo, "Multiple reflection signal
polarity in GPR surveys,” 2021 1lth
International  Workshop on  Advanced
Ground Penetrating Radar (IWAGPR),
Valletta, Malta, 2021, pp. 1-5 DOL
10.1109/TWAGPR50767.2021.9843141.

(4] M. Solla, X. Nifez-Nieto, M.
Varela-Gonzalez, ]. Martinez-Sanchez and
P. Anas, "GPR for road inspection:
Georeferencing and efficient approach to
data processing and visualization,”
Proceedings of the 15th International
Conference on Ground Penetrating Radar,
Brussels, Belgium, 2014, pp. 913-918, DOI:
10.1109/ICGPR.2014.6970559.

[6] Ji-Hoon Kwon, No-Jun Kwak, Seoung-Jae
Ha, Seung-Hoon Han, Yeo-Sun Yoon, &



6]

[7]

(8]

DongWon Yang (2016). Ground Penetrating
Radar System for Landmine Detection
Using 48 Channel UWB Impulse Radar.
Journal of the Institute of Electronics and
Information Engineers, 53(12), 3-12.

W. Sun, Q. Xu, H Zhang and Z. Yao,
"Research on Detection and Visualization of
Underground Pipelines,” 2012 2nd
International ~ Conference  on  Remote
Sensing, Environment and Transportation
Engineering, Nanjing, China, 2012, pp. 1-4,
DOI 10.1109/RSETE.2012.6260692.

R. Roberts, R., D. Cist, D. and A. Kathage,
“Full-resolution GPR imaging applied to
utility surveying: Insights from
multi—polarization data obtained over a test
pit”, Proceedings of the IWAGPR 2009,
Granada, Spain, pp. 126 - 131, 2009

M. Grasmueck and A. Novo, "3D GPR
imaging of shallow plastic pipes, tree roots,
and small objects,” 2016 16th International
Conference on Ground Penetrating Radar
(GPR), Hong Kong, China, 2016, pp. 1-6,
DOI: 10.1109/ICGPR.2016.7572671.
Seung—-Yeup Hyun, & Se-Yun Kim (2012).
Eigenimage-Based Signal Processing for
Subsurface Inhomogeneous Clutter
Reduction in Ground-Penetrating Radar
Images. The Journal of Korean Institute of
Electromagnetic Engineering and Science,
23(11), 1307-1314.

[10] Zong, Z., Chen, C., Mi, X., Sun, W., Song,

Y., Li, ], Dong, Z., Huang, R., & Yang, B.
(2019). A DEEP LEARNING APPROACH
FOR URBAN UNDERGROUND OBJECTS
DETECTION FROM VEHICLE-BORNE
GROUND PENETRATING RADAR DATA
IN REAL-TIME. The  International
Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences,
XLII-2/W16, 293-299. https://doi.org/10.
5194/isprs—archives-XLII-2-W16-293-2019

[11] Kim, N, Kim, S., An, Y.-K, & Lee, J.-].

(2019). Triplanar Imaging of 3-D GPR

- 102 -

[13]M. V. Thomas,

[16] Bianchini Ciampoli, Luca, et al

Data for Deep-Learning-Based
Underground  Object  Detection. IEEE
Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, 12(11),
4446 - 4456, https://doi.org/10.1109/
JSTARS.2019.2953505

[12] Liy, Z., Gu, X,, Wu, W., Zou, X,, Dong, Q.

& Wang, L. (2022). GPR-based detection of
internal cracks in asphalt pavement: A
combination method of DeepAugment data
and object detection. Measurement, 197,
111281. DOL https://doi.org/10.1016/
JMEASUREMENT .2022.111281

C. Kanagasabapthi, S.
S. Yellampalli “VHDL implementation
of pattern based template matching in
satellite  images”, 2017  International
Conference on Smart Technologies for
Smart Nation (SmartTechCon), IEEE,
Bangalore, India, pp. 820-824, August
2017. DOL https://doi.org/10.1109/
SmartTechCon.2017.8358487

[14] Hisham, M. B., Yaakob, S. N, Raof, R. A.

A, Nazren, A. A, & Wafi, N. M. (2015,
December). Template matching using sum
of squared difference and normalized cross
correlation. In 2015 IEEE  student
conference on research and development

(SCOReD), pp. 100-104. December  2015.

DOL  https://doi.org/10.1109/SCORED.2015.
7449303
[15] Sun, Meng, et al. "Advanced signal

processing methods for ground-penetrating
radar: Applications to civil engineering.”

IEEE Signal Processing Magazine,
pp.74-84. Jun. 26, 2019. DOI:
10.1109/MSP.2019.2900454

"Signal
processing of GPR data for road surveys.”
Geosciences, pp.96, Feb. 19, 2019. DOL
https://doi.org/10.3390/geosciences9020096

[17] Olhoeft, G.R. Maximizing the information

return from ground penetrating radar. J.
Appl. Geophys, pp.175-187, Feb. 28, 2000.



2023 9f SEAZEQZATEY

H19¢ HM3=

DOL  https://doi.org/10.1016/S0926-9851(99)
00057-9

[18] Yelf, Richard. "Where is true time zero?.”
Proceedings of the Tenth International
Conference on Grounds Penetrating Radar,
pp.21-24, May, 2004. ISBN:90-9017959-3

[19] Bano, M., Pivot, F., Methelot, JM.
Modelling and Filtering of Surface
Scattering in  Ground-penetrating Radar
Waves. pp.215-222, Jun. 6, 1999. DOL
https://doi.org/10.1046/5.1365-2397.1999.00703.
X

[20] Nuzzo, L. “Coherent noise attenuation in

GPR data linear and parabolic radon
transform techniques.” Annals of
Geophysics, ppb33-547, 2003. DOL

http://hdl.handle.net/2122/967

[211 A. M. Zoubir, I J. Chant, C. L. Brown, B.
Barkat and C. Abeynayake, "Signal
processing techniques for  landmine
detection using impulse ground penetrating

radar,” in IEEE Sensors Journal, vol. 2, no.
1, pp. 41-51, Feb. 2002, DOL
10.1109/7361.987060.

S PN

& 2HSeung Hwan Lee)

N

2018.2
2020.2
2021.3-d A -

‘Jg_/(’

k7] skl Ak AL
T E e P E TR
o] 4 F 4 8] A} GPRAFSI ¥/
NeEdte 79 a7
<FEAROE> AstRabe et #lelth Al
oA

HOH

A 2(Chae-Gon Oh)

19892 LF
1995.2 ﬁ4ﬂ1 1V
1999.8 7 &l gjgul X
1989.12-1997.9 44

4383 8}

M
)
H of (2

0_1.4
)
59
~ O
N
o
o
>~
el
e
X

Y AT
1997.10-€ A : k=g etu H=}pF sk
L
FHA o> A etE A olth, ASIC &
SoC Design

- 103 —



