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Abstract
learning method is applied to the processing of GPR data. In order to solve the problem of insufficient samples in the data

In order to improve the accuracy of GPR( ground penetrating radar) B-SCAN hyperbola detection, the deep

set,the GPR B-SCAN image data is augmented by using cycle generative adversarial networks algorithm ( CycleGAN). The
Faster R-CNN operator is used to locate the hyperbolic image area, making full use of the symmetry of the hyperbolic struc-
ture and its directional difference characteristics,designing the corresponding convolution kernel template,and realize effec-
tive segmentation of hyperbolic targets in B-SCAN images through convolution operation. The least square method is used to
perform quadratic curve fitting on the hyperbolic target to obtain an accurate hyperbolic image. Compared with B-SCAN im-
age detection algorithms such as transfer learning-based methods, HOG ( histogram of oriented gradients) algorithm and

Hough transform algorithm, the results obtained by the method in this paper are optimal on the comprehensive measurement

index F.
Key words: deep learning; ground penetrating radar;cycle generative adversarial networks; convolution operation
1 8= A-SCAN ¥ £l A-SCAN U #4741 6 T8 el 5 45
- FRIE LR B-SCAN. 0, 56T 52 450 2 0 5
UL K (GPR) S — FPOCHE 1 18 BRI E AR, 59 GPR B-SCAN EGHAT WU 2 TUAT AR AE ™| A e AT LA

TEHL T PRI A B ARG R PERE R BL, 92
THUT FARSS, P00 3t 7R 02 R K S S A T
LRGN e T I TR M A L GPR R 1 b T R S
PRIk o, 2 AT A S R A3 1 s ) 51 B

Wk H 181:2020-06-29 ; 181 H 11 :2020-08-07 5 5314 . T 22 %

F GPR o T HARAGER I 4% 4k B-SCAN &5 b 0Lh £&
ARSI K AR g ] fE.

GPR B-SCAN Wy £ A6 0 38 5 J2 56 &2 o7 WL Hh 28 78
B-SCAN &4 rf I &b DX 33 161, 0 Bk Sy J i DX 3 412 JiR

FATH . FF B RBIFEHE4 (No. 61871425) ;75 H AR BHF K4 (No. 2017GXNSFBA198032 , No. 2017 GXNSFAA198050 , No. 2018JJA170185)



954 H, T

2% it 2021 4F

(Region of Interest, ROI) , Ff M\ ROL H 43 Hi X i £&.
Chen"™" S R FAGETTH 97505 S 52 17 ROT X sk 7538 3 g ik
) Hough A8 $e 52 B GPR H ARSI, LIU 2571 FH 0 i £&
PG ELAR TT 111 1] T 8 X6 R AR 0 2P A 10 5 4 T A - Xof
XML HATIG . BT LA LGE 19 77 125, W HOG ( Histo-
gram of Oriented Gradients) =R . Haar-like (= e
HE G A T 3 o T 0L 2 R AiF e 35, (H ik 26 4% 52
TR BN A R ERS 1 BEAT AR AR i 50, 3
RGN 235 SRAE ¢ Bt K MER 3 55 U7 T JF AN BLARL 4Rk
TR BB M A6 R AL H IS T 58
PERPERESR B, Bk B 22 1 2 38 JF 4R IR B 2% 2T 1Y O
PR E] GPR s ab B E | I 7F 4255 BN LAk it
() GPR JCH G I 25 4008k P Ji8 7 1 iz i3 IR
FRCR 22 00 2465 3 3 49 3 1 B AR AR B R I 2 R0 2K SR |
FI 3l YIRS v 2% 2] B U AR 1 8 SRR AE. B X
GPR HiF B AR [A) 3, & A FHOC ISR R 5 AN T
THRFIEAH LUAS PR 22 0 28 7 42 JUY) PR R A ARG B B2 1
TR I T U 2 2 19 R ROT K 53 3
Faster R-CNN'" & 3T 45k 38 HH A e AT R S =2 —
A A A B DX S8R £ AT T RPN ( Region Proposal
Network ) W £ | AN EE PR 1 H ARG A 45 5 00 ks o
EAEEZA Az T E IR TR A S
GPR H A6 75 125 308 5 5 2 R i R AR AR Ui R 1T 45 0
ZEAERY AR SE PR GPR W FH 4511l B AR A5 K dt Ay ] it
B AR TR Y. B B e T R BRAE AR ) —
FA 30T 15, Leit™ 4545 06 24 BRUG BCHE 38 38 14 % FH Oy
2, AN AE KRN BT 1) b B RO AR iR K
JREE A5 T GPR $dii i, IR FHE R 2 7
VLA GPR B-SCAN [EI{& Hh i XUl 26, {H K GPR
55062 AR UG AL AS W] EL ph 3 b Jo3 20 58 19 52 2
AR 28 Ak S A B 1 AR 41 5 P 45 ) X Fh 7 545 3
FHESE STV N: YN F =0

HRiT, A2 RO T R 2% ( GAN ) 7 2 R A R 4038 1
—NBIFFE A, TE G R S B 2 R B s 38 ik 45 7
TR AR T3 Ry 202 [l Btk T ik e o it 2 1 9
2R AR E MR LA R 0 AR OB 22 R M B 0K, A DG 2
HHH T —F5EER) GAN, W DCGAN \WGAN J Cy-
cleGAN &5 53 Ry AT R Az 0t Bt 199 4% 5K 38 3% GPR
B-SCAN K& $ 45 $2 i T AR 4F 19 2 % AR SCRH Cy-
cleGAN S5 %) GPR B-SCAN PEIA5 K4 3 47 14 i b 21,
A GPR Hyperbolamﬂ B F AT T SE80. RIS R
i GPR EME M 1 2 At I, R Faster R-CNN 51 %
fii. GPR B-SCAN [EI{% i XU e i b DX, ] If 48t 7 —
T T4 B B ) XU e A DRk 73 1) 7 v 9 R Y o
AN I AT A5 B R 1 Ut 2R KR

2 GPR B-SCAN B & £ #E 1838 i W 45 42 BY
afE
2.1 GPR HirEUGHISIE &

GPR )3t 2 S FR 00 ik v 5 422 WO6T o7 [ 38 i) —
MHAEHE I T 1 (a) iR, BE%E GPR KA WI T #
1530 ) Z 3 MR 7E B-SCAN 8145 v 2 30 11 0 il 2%
SERIFFEAN T B 1(b) PR,

azimuth
" —

Emm—. ——

() SIS 3 AR A s

range

two-way travel time

(b)B-SCAN 5 UL 2R HRAE [ 7%
1 GPRE SN A= R HAR S

GPR K 5 B4y v G 2 A o P A 6 1 36 A2 Maxweell
T, e r .

VxE(r,1) = -%B(r,t)

V xH(r,t) :%D(r,t) +J(r.0) (D)

V -D(r,t) =p(r,t)
V B(r,t) =0
HrhVFCH BB E T r RN R G, FRRET
6], E s R  H FoRuE R D Fom Wi %k
i, B RGN R J 3R WL B R A p R
Tar %5 BE. (A 3k 26 L S B [ JE T N AR E R
D =¢E
B =uH (2)
J=0E
Hrb e R M U KON, o Kol &
X2 (1) Maxwell J5 A8 20 A9 55— L 37 588 2 114 e &2
TR AT — UK R s 5 R S A5 B H sl e



5 M E

LT IREF2: 3] I GPR B-SCAN &3t £ A6 I J7 v 955

2

2 9 9 I
VE(r,t) a,uale(r,L) o BtE(r’t) SVp—O

(3)
R LT B p BURZIR, AR (3) fRT i

2
V’E(r,1) —SM%E(VJ) —UM%E(r,t) =0 (4)

XFa(4) AT LI AR BT 15

;?E(r,w) + (gue’ +iou)E(r.0) =0 (5)

Hrb o TR, KX (5) i1,
E(r,w) =E,e e " (6)
Horh B, 35 758 B2 B MR AE, o FRA WK 7, B FR A
LEREZS G

a:ij( 1+ ‘122—1)
2 e (7)
B:‘”N/SM( 1+ (2722+1)

2 w'e

X (6) BT 1 L 37 B S S O, X (7)) U
P o AT I J0T A EL S5 38R X A H B RO 6 2 5
Wi P R D0 A A% i A SO P R D A S IR L 3 T
AN GPR MU B AR, % 5 K28 ) T K 5
e R B D0 SR, R D0k R A R R R A A % SR Ak
e e R, IS AR [ b T Bt A R R PR A, S B
555 B AR W7 AT AE X A A L R 25 A
XK, AT RS 2By Rt it
Jermd/e (8)
Je + e,

Hor g, , &, FR BT THARAS [R5 A4 ARG A L8 2
HEEK/NEZ W e e FEZH K. 7 WL, GPR 7
AN R EE R AR H A X I B A B-SCAN &5 4C
FREAS[E] 1, [ B 7 S 0 — a2 A DL R, $20 R R Rk 1S
W b 2 4% 8 B 1 B A5 5 B, E AR T AR A XL
MR8 B2 A LAY, B XU ZR I AR 22 GPR B bR BUAZ 10
P25 FRRAE.

2.2 GPR B-SCAN B E#E1E 38 5 W & 1R B R I8

R L 3RXT GPR H Ar A B2 14 43 A7 T 0, H b
FEIH LN £ 1) S AE S5 R RRAE T A 2% A T A B T
B-SCAN P4 I W e 8 H3 ASTa] B PN FE SCBURRAE , B — 1
GPR B-SCAN [EI4 [A] i) 228 A0 7 1 R 2k 25 44 R 1iF A
INTE B 20 BREFAE. 76 35T GPR B-SCAN &5 %5 4f 14 i
B, A T A A A RGBS S N 230 H AR TE AN [R) A I
REE T AU S5 F A i GPR B-SCAN % o by {4 B4
ST XU 28 45 4 R AE | AN [R] 1) S0 EURRAIE D) 2 42 2% A
RSB EL. Ak, Fe 1% GPR B-SCAN #5404 4
FiGUBR R A2 2% P 4y g T B0 B RN AR 2R OB W 2, O A

‘y:

B SR bR AT P 2 S B 2 TR] R B2 e DA AR N 2 R
SrRREY B-SCAN B 5.

W m i GPR B-SCAN fi] F. 80 38 UG A 1l 10 4 2
FoRAX=18",8,8 - 8" JHP S (i=1,2,3, -,
m) R 1 IR A LA B4R, n I GPR B-SCAN & 4%
SUEEGH R BEER R Y= (¢, C,C - 0
Hrp ¢, (j=1,2,3,-,n) 5 j IRE ZR00 B FE.
F B 0E GPR B-SCAN B B9 FFAE 4l 5 mid i A 7E B 2
SEF AR AN PN AE SCH R A 9 35 43 28 B, W) HL AT R BA 4
PR B-SCAN EUR AT R A S, = {S1S,;S, |, HH S, %
NEUR S AU R 5 F RHAE TR 4, S, Fom S T AL
FRRRIE R 43 HAT 52 24 B0 B-SCAN EM& I ERHh C,
={CIC,;C,} o €, FmEUZR C P i385 1 ¢
TRy, C, Fom € I SCHAFIE R4 4 S, Al ¢, Y
SRR S, A1 C, BEAT AR TS LA AE ol LA S A B A
TE MG A ] R oy

S(€,>8,) =1C1C,=S,;C,—S, | (9)
J(8,—C,) = {518,=C,;8,—C, | (10)

HA 53R WU 7 ] f FoR T A RN A R 2L
F B-SCAN UG Z [H] (WL AR, €, S Je3 ok W AR 46 1=
B EUR , FF 5 ~ R8I KR, 3(9) R R B8
AR R BCENS: C IR R AT BE R B SRR A PR R MG
S HOBU IR EEFRRTE A SE A k. X Rz Y, 3K (10) R AR Ak
AT FLECHRAY B-SCAN &M% S rp i S n] REAR B3 I A B 2R 4L
FREIG C rPoSUEREE A ERIE A SERE R, E— 0 ML, A SO
HH CycleGAN P28 7E £ B3 BUIHH 2 25 F4 R i AN A8 19 B Ailh |
SR R SCHRAE 2% B PG =2 TR A AR B 4, ELUAR L, XA
[ SC B A 22 ) GPR B-SCAN EIZ 1 5 XUh £ 2 H 3= %8
SMESERPFRIEAS B NAESCRERIE AP Ae K e 5 i i
DR e e, A A EL AT ST 80 L A O T 2 Pl 15 2 ot A2 24 S
BT GPR HARBURZE R A #GE T, X W HEFF A GPR
SETRINIITAEE 75 4
3 REFIMEHEEKHE GPR B-SCAN

U ph 2% B 456 i R B9~z R

¥ CycleGAN F1 Faster R-CNN /> 14 Ji 2% ) [ 2%
N FH 3] GPR B-SCAN XU 28 G AS I v, A S 37 1)
GPR B-SCAN XUHH Ze A MBI RIZEAG 40 R & 2 fris.

3.1 ETF CycleGAN HJ GPR B-SCAN B &£ 1E1L
58 [ &

EIR A B X 0 P90 265 A 5 1 S Hh 1 A5 6 R 11
GAN 2 A — PRI R 45, JEUskAE A2 18] X i {a, 11 (i,
eX), HARFEARZSH Y iy, | " (y, € Y). CycleGAN il
IR X B Y BBGCR F LA Y B X B G
R G, RIS AR o, Iy, il JE R NG R 11 5 B &
1GIRAE A AT 55 , SL R S50 &l 3 s,



956 N S T 2021 4F
______________ Deep Learning Network — — — . _ __ _ _ _ _ ——————— ROIProcessing -0
|
: _______ CycleGAN Fasrer R-CNN ] :,_ Convolution Kernal _— | - LS Algorithm _ 'Il
I L |
I R L |
|I . I : |
| - S |
| I Y | |
| | |
|I | | || |
| : Data Set Augmented Data Set | I | | :_ :
e — ——

belongs to
' y domain Y or not

belongs to
domain X or not : Dx

3 JEER A R 28 S5 FA IR

3 it 7 B I 265 45 ) v A A s F L, S A ]
B, TS G LR AH [ . MR A A F o, R S g
D, MEZEAE U GAN 2% pREL .
Low(Fyy Dy, X,Y) = Eyﬂ,,,m(y) [logD, (y) ]
+E, ., o [log(1-D,(F, ,(x)))]
(11)
Xf BRI AE AR G R D, S LI
GAN 5155 R %L
Lo (Gyy, Dy, Y, X) =Ex~pdw(x) [logD, (x) ]
+E, _,  [log(1-D(G, (y)))]
(12)
Horh E 2m 8 e 0 7E e Bty o i 51 AR 36— 2
R PRBSOR W B S I 25 N 2 R — B Rk,
G P A A R AR, 2 SR
L, (Fyy,Gy)=E _, [ 16, (Fey(x))-wll,]
+E L ITF () (6 =y ]
(13)
Horpr || o ||, 378 1984, CycleGAN (1 545 26 R AT 3%
RA
L(Fy .y, Gy oy ,Dy,Dy) =Ly (Fyy, Dy X,Y)
+ Lo (Gy o, Dy, Y, X)
+ )‘Lcyc ( FXﬂY P GYHX) (14)
Horb d JRAETT PR 38 TR i S 0 R A ke BURH 1
2B . AR SCXT GPR B-SCAN PR s 1k 47 58k , 5
BRI ZCHE B-SCAN [R5 2 [ i KU e e, A 1) (L7
VO SCRE 1S 5 S I o0 A 3k — 2D 1 B,
XF CycleGAN [ £ A5 A1 (1) 1) 325 W IH 25 S 5K i
Al

(Fiy,6yy) =arg min max L(Fy_y, 6y, Dy, D) (15)

K (15) LAk Il 5 oK fige ok 3 85 S % I 5128 D,
D, ALK L W KAE, FEXF F Ly, Gy A0SR
L B /ME. AR SCE T Adam DEAL B 256 28 (15) #4708
b 3K fi.
3.2 ETF Faster R-CNN HJ GPR B-SCAN X g £

B 5 e 0 ) %

Faster R-CNN B ZE/ 40T F 4 Fis, B8 i ik
X sk % 4% ( RPN ) 1 Fast R-CNN K6 1l %% %5 348 43 2H .
RPN F1 Fast R-CNN i i 2252 CNN S 807ER KFE B 1
PR T AL Faste R-CNN 3l 38— 231 () 5 B 4
PRI A G ARAE , [F] B 33X B8R AiEFE RPN Hh 280 — A4~
3x3 FBAIFAT 1 x 1 BRI, — 7 il it softmax
IV E bR 21 FEE S TR SR 2T 5, 53— T N AR E
14300 A SR AT 85 1 Sk AR A5 RS B %) i 1 DX k. i — 25 %)
i 35 DX 3 A T A AR SR AL 90 1) B Ja 4 DX 3l £ A LA
P B 5 e EAE R T, P 2R 02 | [l 05 A ol 1
395 DX AF T S B A7 s A% 8 199 IR I 6 A 748 1 LA S
P AR A VT A 0L
3.2.1 ETFTHEIZER B-SCAN W& EG A2 E %

HR A G A B (1) 45 ¥4 SRR AE B2 115 2 % 1 A 4 FR
¥, 3833 4 RS SR S IO — R AE {5 B2 4 U e
TR — DA RO 3%, WilE 5 B, GPR B-SCAN &% &
JF I R AR £k, H B A SRR

&5 s (a) (b)) A IR 40 1 pth 28 ELA AH S
D7 AVRHE A RER DT FRATAR o KR BIZE2K50 03 R
F 1, ) AR ER 20 R AE [ bR 2, 6 X3 (RIS
NIRRT, 2 ) SUZHR o R Iz 1 bR il 2k, &
X I, FUT, ZE A W4 UGS R AT A3 e i an M B R €
L F1 C_R DIFEHE ] R 32 4R 5 ) R 32 i 42

C_L=K|:;)l (1)] (16)
C_R=K[(1) _01] (17)

Horb e PR R 1, 38 R S0 A6, e 5 1, s T,
F 9L BN w_half :



£ 05 M T M. RETIEES 21 GPR B-SCAN [BIAZOW 48 46 77 v 957

Faste R-CNN FC

|
|
CNN
N Bbox regression |
|
|
|
—> feature maps ——>| ROIpooling |—> FC |
|
'% Classification :
|

[£]4  Faster R-CNN W& 254 14l

Positive slope curve | Reverse slope curve HHZRARAE DX 3k, 25 SR ANIE 6 (e) BT, J5 22 7] X i IX 4
1T R B AU A LIRS 0 $2 005 2] B-SCAN XU L 4.

T Faster R-CNN #6510 51 A9 58 356 4E X 38 5 H Fr &
S B T BE S AF A —E W25, [AlAT GPR B-SCAN X
LR GA Bt I AR A% PO KRR, 4R T AR vk I R
P FRATEREEAE A5 RS X B T, T ] 36— 5
WA th, MRS w , A SCIZ G th =0. 1w, F
7 (a) i3 o MG e A XSk i B R ZE IR, 3,
FIUT, 5350 547 3 B2 B30 Ak LIS 75 210 %6 57 /9 — A 1%
I_LAI_RATFET(b) () i, 5 HE S BUf4E
DAAS 2 2540 TN S 4 BE B EUR A B 7 (d) B,
3.2.2 EFLSHIAHBLMEEEST

B TASCAN Y GPR B-SCAN %4l EL A W i fi4 %L

(@IEFRERMERG g (QYApFEESEETElA
%5 GPR B-SCAN &40 i £k 254 7% 3 14

0.25, if w_half <50 TR AAE | AT SR 5 1 5 2 B UG 99 05/ — 38 1 0 AT XL
k=11, if w_half > 150 (18) L4 % B-SCAN EHZIX I Q JHBHUTH (,,y,)
0.5,  others k=1,2,3,- NRFR, L N 2K Q )y 5
I_L I_RHFEMRI I EBEHELER . SSEANEC T R o (1) = p, + pox + po” XoF TR 51
I L=1QCL (19) P4 ERIG, R IR 4 MBS B BUT 91 1y
I.R=IRCR (20)  FiEEAEREN
Wi 6 (a) 7R GPR B-SCAN FE4 4 2 B 4 it . ,
gf,ﬂfﬁﬂgﬁl 2k 2 M H A X, it Faster R-CNN & O'(Po Py ’Pz) = ; (Qo(xk) - yk) (21)
PRGNS B XU 2R 2 kb R X sk F 18 6 (b) T R 22 T PR BRI AEL T 85 7T A
A4 K IR T, A 1E 1) R 2l A7 I 1 A4 il : x . SR
2. —ant 1 R T AR A (16) RISt (17) #74% N 2" zx ) zy
S EAS F) L AR (9 EUGSIE 6(c) L (d) . L A
B 1 () B S T L 048 55 61 5 28 IILEDIL DY ”} 2 | (22)
R ) TR R IR TR, (@) P S Se Sl |sa,
B3] T SR I ) AF R 2R, Bl 2k 2l i Faster R- e R e B v R L= 7
CNN B 153 21 1 =2 H AR, 448 6 (c) L (d) Bk SKIEZHL Dy by 2Py BTSN I 125 W 11

75 A PR RS BEAT Rl R R A S 4 Q B X0 A ihEoy



958 H T

i 2021 4E

g3

1

(@)X AR OSBRI FUR AT/ |
A1 X3k 73 i P s

(b)Ze2F K — (iR

(C)Hﬂﬁaﬂz:ﬁ@

()53 EI i ZE RS 2R R
K7 ErERRUZR 55 B2

e(x) =p, +]31x+]32x2 (23)
6 (e)H B-SCAN [EIMG AL £ DX 386t 17 i — vk il
LR LR 8 hat (il 28 Fir.

4 KWHERSW

4.1 ET CycleGAN i) GPR B-SCAN El{&#1E1g
SR L6

GPR B-SCAN #it#s £ Hh i) €% £ 223 13 GPRMAX ™

A EAF R, N HEEUT 2400 B8 K /A 500 x 350 F)

(b)>R HIFaster R-CNN FE7-H 753 21 95525 AU 2k B4

(e)Jr EIAF Iy 8 B XU 2 (4115

K8 LAl &

UL, f#H CycleGAN #E4T B4l 3458, K5 40 R &1 9 (@) FiF
TN SRR T B G 4 — 2 (e A,1200 1), E
9(b) T /R8O E Z W BG4y 55 — 25 (i A B, 1200
MR ) . DAk TR 2K Pl 4% v 43 i) Bt ML 3k B 3000 1 P 45 1 kg
WA, HAx 900 18 ERAE A I 254, Adam fEALES B =
0. 5, ¥R 21 1L 0. 0002.

i CycleGAN 1532 )\ A B2 B A B B 5] A
LRGN 9 (c) K 9(d) IR, WA R F
SRR IS 0 R TP AR e MR B T B-SCAN XLy £k 4%
TR BT R Y 3 WAL e RCR. B 4k 1, R A Cy-
cleGAN HEA TS 1 58 J5 A4 PRI O 22 30T B0 S Ml S 3 358
) GPR H PRI 25 R,

o LRl X (14) HP R — 3 2k R
BAGAETI N A AT RUAE SR [ XURS B S USR] A A
RIFEARE A5 2R 5 55 B9 2 22 6] 004 7 AR R A 95, A df A
BUEH R IAPEIA S L S 5048 5% o K e, A Y
G RE T 4 (0 07 BR D UG rh B4R A5 B 51881 GPR
H bR A5G 5 7E TR S5 K N B 2 R BT T AT,



5 M

T M. ETIRAE 21 GPR B-SCAN B4 Wt 42 46 7 v 959

THERCE B ZREME GPR AU (14 RHZR AT LATE 24/ A 11
BUEH2S A BUE KNI 2 308 i B A R 4
TER B2 Sl 7E GPR B-SCAN $0#i4E I iyS2u & B A
HA B X ) R 5 ~ 13, 4 HLA =8 I, K1 9(a) K9

(b) BTSN [ XU PP B 2 8 O 45 SR AT 9 ()
B9 (d) Birzi. S A5 R BUE RN A =3 B2 Bl
I B 25 AL £ BB L = 2R IS 0L, 4 9
(o) FRG RIE B 9 (b) B KRS FeAI R 1 .

(a)fi ALY B-SCANE (%

(b) S ZRE Y B-SCANE (%

()AL B B2 R

()BT FI A 45 2R

(e)FET P BB A/ N S SRR A R I 45
59 B-SCANEUG K 5 Ay 45

4.2 ETF Faster R-CNN #J GPR B-SCAN X f £
B G4 3£ 36
KL SCH T CycleGAN ) G 38 58 5 % B 3L 4R
84T 5520 g EUG , o 5440 i BG83y 245
@J 60 WE Sl 1 Py FRRL Ry AR 2 (FESLEe o F i

2 HAR) 20 2 PRI 30 1 30 e K b 4 28 45 H AR A
SEMEC KR R U5 £ 45 TACOMA 52 I (14 31§ 117 3 %
GPR 3t4E™ , ZHOU™ J SUN') &5 sz i b 45 28 1y
GPR B-SCAN XU £& %5 ds. M BEHLLEER 520 #F EZ
TR (425 20 @ SEI B-SCAN B %0d8) | IFxf H



960 H, T

2 4 2021 4E

5000 M PG GHEA T WU £ DX Il s , o ol 7 1 5080 4 T
F Faster R-CNN P % ) i)l 2k, A< SC CNN 3% ] resnet50
PO £48 5SROI 3 R AR A 18 G T 45 R rh e BB T
& 10 s i 12 g S LA 43 A, A 1 10 (a) IR 3

() D5 L (QL7EL S MY e

MR PEI502 GPRMAX R0 BLA5 21 1 85048, 151 10 (b) B
7~ 3 R UG Yy BRI K 10 (e) (B 10(d) FIis 6
e P45 2 S T 5 .

ol

"T‘/\""' s /o N\ e
. i A ON
N\ o e Vg P /

Vo A e T AN e

110 R FFaster R-CNNF LG I A5 21 (1t X £ e 45 X 3

ME 10 Frn g ] UL 38 ik GPRMAX 5 AF 1715
L YA LA B S A 2 i s, 24 B-SCAN EE
FEI Ak B 0 XU R 25 K AR B, SR A Faster R-
CNN BF- 30 BE % 35 S e 1 3t G 00 80 e 17 8 00 i 28 X
B P20 AR A SCHR A — Fh TR BLE B B-
SCAN UG ULl £ P 80 Bk A =8 (16) (17) BT
AR C_L .C_R X LK 10 i K 2 #4543 K F
0. 8 1Y B-SCAN KU X Ik it 474 A1z 5, 43 #0145 21 X6 g
PR 2 —AE R Al 11 .

X 1T FT 7 i R 2R X 3R B /s — 3 B ik
T R ER AU A 15 2 52 24 1 B-SCAN XU an &l 12
HILR il R TR,

k1 5 00 b 47 A T T ARG T S8R 1 A R SR 45
BARRR F O R A XU 2 PR I 45 R, PR (b
PNE TN RGN &S 3 S = RN W

(@EEllEe (d) S Eedss
P )
IERRAIWT N AR R 1% NIV

AN IEAAEINE] F AR ERAUA RO SR 2] H AR R R A

ERAIRT S HFfA2 2 5 1A i

Ml | FRom IE 6 K I 21 B AR R 2 SR S50 558 B bR
G2 A L.

XA Y 520 R AR R AR Jf S0P 45 b 1 & 2%
AU R TUATT RS B K /N 6 1 B 44 k4
a4 2% HoP s 1 25 180 i 5 2 2550 MR 5 3 2% 185
W 3 575 4 2% 105 1.

BASCETE S SCHR[ 18 ) PR TR 2= T I ik |
SCHR[7 ] 2T HOG 83 LA K SCHik [ 5 ] 3£ T Hough A8 4




T oM EETIRE SS9 GPR B-SCAN [BI& X £ 46T 5 = 961

E11 RABBEE Y

) i
W i :M’J":‘d,‘,“w'

AN S A

B - -~

L

I AU 2k (415

" D —
v P~ >
S

12 WLl Eah R

HYSEEIEAT T . X R — 2R A F ¥ E ST
ZERANE 13 (a) PR, FEREAS IR AR 25 (8] B XF 520 R
FEUR G430 F (AN 13 () B

F1 HEERANS S

IS SRR B IR
XU LA RSk 1 3
UHEIIREINERN 2 4

HRYEE 12 Fron g5 Hn] WA SCH %) GPR B-SCAN
XU R AR LA 355 SR 7E BV 5 - AT 4 v B 0L 45 B [
B 13 Gedt i) & WA B 48 b FOR B A SO AR
[F) 28 ) B4 PRI L 3 BUAS T A R G T 45 SR 7 4 Fb oy
PP ARG I 25 Al R e i, F 2 F (IR 0. 931, %
(NI N N DS C A SR N R Rl € S8 S N i |
b, EEJERAE T /NS B2 H A A9 2 078 B A AR
LT RS BiR



962 e ¥ L= R 2021 4
1 RIS 55 4 VR A% ) [0 39 B-SCAN 641
b KU 12 2 TS 0
T8
[ e
09t . 7 52 3Tk
- 4
Eoosst s . .
3z e [1] Ebrahim S M, Medhat N I, Mansour K K, et al. Examina-
@ 0.8 / \\\ tion of soil effect upon GPR detectability of landmine with
i 075_7 “\ different orientations [ J ]. NRIAG Journal of Astronomy
% and Geophysics,2018,7(1) :90 -98.
%{ S N 2k [2] Pablo B, Bonomo N, Patricia M. Automatic detection of
® 0651 o proposed aigoritim \ e pipe-flange reflections in GPR data sections using super-
il & ngﬁ;ﬁg?ﬂg algorithm N vised learning [ J ]. Journal of Applied Geophysics, 2019,
—&— Hough transform algorithm = 170 . 103856.
0.55 : : . . \ S
1 2 — 3 4 (3] M, RS, T ) X 6T 285 4 48 b 75 8 R R T B R
NEESS S "
(@RI AR | PR3 25 ZRALT]. HF5441,2019,47(6) 11366 — 1372.
. . : T Hao T, Zhao J. A brief review of the hyperbola signature
1+ g = .'::::;’fﬁ;ﬁgg‘ggomhm 1 recognition techniques for ground penetrating radar[ J]. Ac-
: [ HOG algorithm ta Electronica Sinica,2019,47 (6) : 1366 — 1372. (in Chi-
I : Hough transform algorithm
0.776 nese)
i P (4] AL Gifioede | B 3CK, 5%, T 7 #R 403 35 B-scan K14
ﬁ F BRI BYE LR R [ T]. T 515 B4Rk, 2020, 42
j‘ﬂ (1) 191 -200.
& Hou F F,Shi R H,Lei W T,et al. A review of target detec-
4 g
§ tion algorithm for GPR B-scan processing [ J]. Journal of
Electronics and Information Technology,2020,42(1) . 191
—200. (in Chinese)
(5] BREERT, B0k, 2. FSeiT 7 % Hough 78 #6 #E 47
1 B : ; GPR FI R 152 ([ 1] 1124, 2004,32.(9) : 1468
EERERIES - 1471.
(O FISE AL B I UFEASE LRSI P S AR Chen D L,Huang C L,Su Y. An integrated method of sta-
13 2R A BERRPR PS4 A tistical method and Hough transform for GPR targets detec-
. tion and location [ J ]. Acta Electronica Sinica, 2004, 32
5 #Hit

ARICAESHT GPR B bR BURFRAE B L mly b 40 T
K CycleGAN 455K S P B-SCAN MG BUE 38 5 (1) 7
W, AT I8 B Y GPR B-SCAN EIL. [RImF, 4t &
ZRHB A B T M 4K, GPR B-SCAN B X L
11, SR AL Gl 2 AR Ak B 7 3 s LA XU £ B A ik
TP R HI [ B, $2 T — Fh 35 46 B0 5 0 XLl
LR B . A R i UG AR B Y U 2k
WA SE ROty S HE 3 P TIRE %) T4
BLES2: 33 1L %35 T Hough 7S B0 B 41 L L A S0 07 e g
B B AR AR e E LAY Xt S Z2 R A i B bR
JIT Ak (47 T 57 R HL U AT 285 # R 2 B LA LR
ST WO B X SR M A 3T GPR SE N B-
SCAN PG H WU £ 235 #6) 4 F AN B 8 £ 28 58 il e 1
Mg e AR OO, L 6 R AR ST v M A 3 T A
RG2S Sk A b Ak P 5 g s B ) AR 3 e X
S BCHE R AT UE D AL B JFE GPR H bR 5 ) BEAL

(9) :1468 - 1471. (in Chinese)

[6] Liu Y Y,Wang M Q, Cai Q R. The target detection for
GPR images based on curve fitting[ A ]. International Con-
gress on Image and Signal Processing[ C]. Yantai, China;
IEEE,2010. 2876 —2879.

[7] Torrione P A,Morton K D, Sakaguchi R, et al. Histograms
of oriented gradients for landmine detection in ground-pen-
etrating radar data[ J]. IEEE Transactions on Geoence and
Remote Sensing,2014,52(3) :1539 - 1550.

[8] Maas C,Schmalzl J. Using pattern recognition to automati-
cally localize reflection hyperbolas in data from ground
penetrating radar [ J ]. Computers & Geosciences, 2013, 58
(8).116 —125.

[9] Kang M S,Kim N,Im S B, et al. 3D GPR image-based Uc-
Net for enhancing underground cavity detectability[ J]. Re-
mote Sensing,2019,11(21) ;2545.

[10] Zhou X, Chen H,Li J. An automatic GPR B-Scan image

interpreting model [ J]. IEEE Transactions on Geoscience



o

#*

5 M

T oM EETIRE SS9 GPR B-SCAN [BI& X £ 46T 5 =

963

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

& Remote Sensing,2018,56(99) :3398 —3412.

Alvarez J K, Kodagoda S. Application of deep learning
image-to-image transformation networks to GPR radar-
grams for sub-surface imaging in infrastructure monito-
ring[ A]. The 13th IEEE Conference on Industrial Elec-
tronics and Applications[ C]. Wuhan, China; IEEE,2018.
611 —-616.

Zhang J, Yang X,Li W G,et al. Automatic detection of
moisture damages in asphalt pavements from GPR data
with deep CNN and IRS method[ J]. Automation in Con-
struction,2020,113.103119.

Besaw L E, Stimac P J. Deep convolutional neural net-
works for classifying GPR B-Scans [ J]. Proceedings of
SPIE the International Society for Optical Engineering,
2015,9454 .945413.

Ren S Q,He K M, Girshick R, et al. Faster R-CNN:. To-
wards real-time object detection with region proposal net-
works[ J ]. IEEE Transactions on Pattern Analysis and
Machine Intelligence,2015,39(6) . 1137 - 1149.

LiJ Y,Zhang J,Chang D D,et al. Computer-assisted de-
tection of colonic polyps using improved Faster R-CNN
[J]. Chinese Journal of Electronics, 2019, 28 (4):718
-724.

Zhao Z B, Zhen Z,Zhang L, et al. Insulator detection
method in inspection image based on improved Faster R-
CNN[ J]. Energies,2019,12(7) : 1204 —1213.

Pham M T, Lefevre S. Buried object detection from B-
scan ground penetrating radar data using Faster-RCNN
[ A].IEEE International Geoscience and Remote Sensing
Symposium [ C ]. Valencia, Spain; IEEE, 2018. 6804
—-6807.

Lei W T,Hou F F,Xi J C,et al. Automatic hyperbola de-
tection and fitting in GPR B-scan image[ J |. Automation
in Construction,2019,106:102839.

Goodfellow I J, Pouget-Abadie J,Mirza M, et al. Genera-
tive adversarial networks [ J]. Advances in Neural Infor-
mation Processing Systems,2014,3.:2672 —2680.

EE '

OB 55,1982 4 10 A4 WAL,
B 25 e B 08, B0 AR M TR K 2
(R e S A2 A R CIPE 7 5: TR R D UL NN

E-mail ; syswangxueleng@ 163. com

[20]

[21]

[22]

[23]

[24]

[25]

[26

[

[27]

[28]

Huang S W, Lin C T, Chen S P,et al. AugGAN; Cross
domain adaptation with gan-based data augmentation
[A]. ECCV 2018 European Conference on Computer
Vision[ C]. Munich Germany ; Springer,2018. 718 —731.
Wu Y, Yang F,Huang J, et al. Super-resolution construc-
tion of intravascular ultrasound images using generative
adversarial networks[ J]. Journal of Southern Medical U-
niversity ,2019,39(1) .82 - 87.

Micha P,Isabel F,Maria R,et al. Generating large labeled
data sets for laparoscopic image processing tasks using un-
paired image-to-image translation [ A ]. Medical Image
Computing and Computer Assisted Intervention [ C ].
Shenzhen, China: Springer,2019. 119 - 127.

Zhu J Y ,Park T,Isola P,et al. Unpaired image-to-image
translation using cycle-consistent adversarial networks
[A]. The IEEE International Conference on Computer
Vision[ C]. Venice, Italy . IEEE,2017. 2223 -2232.

Chen X Y. Proof of concept project for detecting and clas-
sifying hyperbolas in ground penetrating radar( GPR) data
[ DB/OL ]. https://github. com/irenexy-chen/gpr-data-
classifier,2018-08-24.

Warren C, Giannopoulos A, Giannakis I. gprMax: Open
source software to simulate electromagnetic wave propa-
gation for ground penetrating radar[ J ]. Computer Physics
Communications ,2016,209 ;163 - 170.

Tacoma, Everett. Ground penetrating radar detection in se-
attle [ DB/OL ]. https://www. cnilocates. com/ground-
penetrating-radar-gpr-detection ,2020-04-22.

Zhou X R,Chen H H,Hao T. Efficient detection of buried
plastic pipes by combining gpr and electric field methods
[ J].IEEE Transactions on Geoscience and Remote Sens-
ing.2019,57(6) :3967 —3979.

Sun W, Xu Q,Zhang H,et al. Research on detection and
visualization of underground pipelines [ A ]. International
Conference on Remote Sensing [ C ]. Nanjing, China;
IEEE,2012.1 - 4.

BRPAZE (BIE1EE) 55,1960 4F 9 H 4 1T
POZRN, B TR B R H, i A
Ui, SEBERFTY TS 18] BRI A S A B Re A
HAb B
E-mail ; hmoysh@ guet. edu. cn



