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Abstract .

Strong rebar echo and its multiples will affect the performance of GPR ( Ground penetrating radar) in disease target

detection and discrimination badly, so they must be eliminated as much as possible. A method for rebar echo detection and suppression

is proposed in this paper. First of all, GPR observed data are projected into Hyp-curvelet space by the Hyp-curvelet transform, and ech-

oes from different targets are concentrated but separated with each other. Target can be detected by searching the peak values in Hyp-

curvelet space. Rebar can be discriminated from disease target with initial phase of echo and features distribution in time-frequency do-

main, and then its echo can be eliminated in Hyp-curvelet space. In the end, data are reconstructed back into time-space domain with-

out containing rebar echo. Simulation results show that the proposed method has good performance in rebar echo detection and suppres-

sion under the condition of low SNR, and diseases echoes are preserved well and rebar echo is rarely left over in the reconstructed data.
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Fig.1 The procedure of rebar echo elimination
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Fig.2 2D model of target echo obtained by GPR
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Fig.3 B-scan data that only contains noise (left)

and its detection result (right)
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Fig.4 B-scan data that contains a target (left)

and its detection result (right)
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Fig.5 Transmitted wave (left), Echoes reflected from optically thinner

medium target (middle) and from optically denser medium target ( right)
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Fig.6  Wigner distribution of water-filled void echo
(left) and rebar echo (right)

3 SRR B P ) B REATLIR 7S 5 BR

3.1 §WARH B &

AN = 7y 1L B3 e = i oA N 2 7 1 7 s == M
T TR R A7 [ 3 b, AR R A I 2, A Il S H
BRI A ¢ — o S A BIR S, 1 F 30 H FRAS BE B IE
BATEOMN o B A3 %) AR S S T R H: 22 v e o) HL T [l E s
PRSI 5 TR 31 28 A ™ R ) R ), R AT A b A o
B TSR] B A 1013 A RO 25 [B) rf o2 43 25 10, R I AE
FRUBE 7 ) m 4 A9 A 10 08 0 0 T B s P R A8 e 1] ¢ —

B, A5 A 0 D R
{55 R ARSI 50 R BE< f(1,0), y, > 20
T FLI A M A 250 h T4 e B
St =3 < [0, v v (5)

Horb, (9 N Cy )y BIXHEAEZR o ply T 52 PR 0
HHEZL Cyry )y oo — BB A RN S HE LR, AT o7, AT e 2o a5 A
(77 SR A, B

V};:AiiB l//y+R1/~/;\Ll (6)
Sof, AR B SDTHESR (yr)r 10 1 FRESR IS R 5K
BHT N WU, T Rn
F=hves +ﬁz (<ﬁ\“"//7> - <fv—1’W7>) Wy (7)

A S AT SR . R AT
FHLEAE A R H A fE Rl sid R

A0 B 75 1o P [ B I T 3 e b 2 0 O — A
FAAE B Rk B — S0 3 ] 38 4 o R 75 o i, SFSE b
MEZETC R Z [AEZRPEA SC Y, B G Hyp-curvelet 722 62 2
WK B ICRNE B G5 EM IR B RS, T
AR RE R A , -t A A TR T R4S 19 70 il 2R KK
HV AT LA = R N A S S . RS R b i A O
R AT ERH RS, PRI R 0 B R L RE AT R i K
HAR 198, DTS 3 140 il 509 A [ gl %) H 19
3.2 BEMRREHERR

Hyp-curvelet 254506 H A [l i F1 Bl AL M 75 [6] ] 4%
B REEAS [A] rp MRS AT) 55 H AR ] B e — ke, B
<f(t,x),p,>=<s(t,x), y, >+ <N(1,%), w,> (8)
Hordrs(e,0)  BARELE, N (e, o) R FEHLME R . (H 2
T Hyp-curvelet /NIy, 7853 7% 18 T ¥R 30 75 1515 9 B4
J5, R H AR LR RS < s (2, 00), wy > S [ 3552
<N(t,x), w, > KA RIS 2 . RHATRE BI(E MR 0 07 4,
BN i RAECE 70 B AL Y 2 78 o e Hs ] I 7S
SrReE, MALAR 8 43 H b [l i vl el 22 RO R 19 90
R REAME,

4 ZLRERSHH

NHE Hyp-curvelet 2846 (138 I , A% SCRE M =4
SR REITUEI], R S8 1 H YA T 3 UE Hyp-cur-
velet AL MR BE , M5 P52 50 45 4 Bl Hyp-cur-
velet ZZ AR 419 A3 111 95 14 [ P E R 45 ¢ T H A [ 98¢
MEHENE . SERR e ST AL BB A A TR N AT,
LT B e PRI F GPRmax2.0 7242

HESIE TR MRS 5 /N R PR A 5%, T HL
5 RIES PN SRR A S ILTE Hyp-



1512 &

5527 %

curvelet 24t 2 A B H 2 X5 o HESR S 5
A BEHELE , DT 52 W 04 25 R ) RS B8 DA B2 & AR i 8
P, ZRA 7% 18 GPR {5 5 Re mURIL R AL I B, 7ELLF
SR PEHELR Y = L a, ,a,,b,,b, | BEEAL R

vyel={2',a,,m,n} ,J=0,1,....5,m=1,2,...,N,,

n=1,2,...,N, (9)
Hr, a —A5 L REPEAEA 5T A% B 3R A G
BN, FIN, 53510 GPR s i 8] 2 8] SR AF 508K, 5256
FREUE 30 S 2036 Fi 250,
4.1 £I§;1

SIS T B-scan Bl & A 4 AN AL A
it 2 9 EARRY IR, W& Ta) fis o AT —E Y
BEALIEFS , {50 Ll 0dB, & 7h) Frs o ¥4 B-scan £
P2 6 A RS A i A8 9 B o 5/ 28 4
ARRL PR R 223 [R] v e 75 B0 B 1t 43 A AR 14150 T
FI bR ] 30 Bl B B AR R P v B RUBE AR 39 R, TR 7 4%
S RE S AL REAIG 1T H AR TR 55 14 g et AR X 45

100
A 88 1800
2 7 B 2 3%

2

§4 A A A A £4 %02 A A A A 20
S of Mk 24 20 3 6 %0
E i 40 E 40
& 8 = 8 g(o) = 8 = gg
10 Pl 100 1 100
1 120 19 120

50 100 130 200 250
Distance x/cm
¢) Z:MEJ5 ffIB-scan

¢) B-scan after denoising

50 100 150 200 250 12 50 100 150 200 250
Distance x/cm Distance x/cm

a) Jo /(¥ B-scan ¥4 b) {7 LLOdBI#) B-scanX#i

) B-scan data with no noise  b) B-scan data with SNR=0dB

K7 bR

Fig.7  Denoising results

40 J<3
30 J=3
PO 250 T MRS B A AE IR R BE =S 0], Mg s
J7 ZEAGTHE R RBE O Hp A 73 i R BT 2 BR 1210.6745
X% RUBE 2 18] 1) 450 52 2 A7 A B {0 B0 381 s 24 15 3
Te) FrRGR  ERAR 2 T A ROt o TR 2
M i P SR A 5 M P S =2 ) A A O R B p AT R
T LS p=0.9874 FULBLI T T7 ik KA
REF,
4.2 152

ASSZI0 1) AR AR A 1 B 0T s ] 4 A1 [ 90
IR A [l . S T A R R S S e 1 )
225 [ RE R IS /IS T 409 37 [0 90 B, {FLHC [0 39 PRI 2K 3L
Qa8 o, AR 4 145 858 18 H AR, 49 A5 A
i 2 11 [ 3 ¥ e BRBURE A o FE XA DL T, 49 [
B AN A5 2 ARG, (EL 2 52 i J5E 2 131

AR 1 1A T 0 23 SR A %A FRUE 225 T 08 ok 94 54 [l
Py, W 10 R o BB P AR U AT A (3R 73 1
P TE A R R R B3 [0l S i B B 1, Bt s

LR BERBE N T= e o g

K8 Hbrkaiig R
Fig.8 Target detection result
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Fig. 9  Decomposing results in Hyp-curvelet space
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Fig. 10  Filtering results in Hyp-curvelet space
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