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A predictive deconvolution method based on biorthogonal

wavelet of GPR signal analysis

Ling Tonghua , Liu Haoran, Gu Danping. Zhang Liang
(School of Civil Engineering, Changsha University of Science & Technology, Changsha 410114, P. R. China)

Abstract:In order to reduce the influence of some factors such as the electromagnetic wave attenuation and
noise jamming on detection effect of GPR, a predictive deconvolution method based on biorthogonal wavelet
was proposed (short for PDBW method). In the PDBW method, the biorthogonal wavelet basis with the
minimum reconstruction error for detection signal of GPR was chosen, using this wavelet to decompose the
GPR signals into different frequency band sub-signals, and then predictive deconvolution and other filter
method were used to deal with each frequency band sub-signal in time domain, at last the results of PDBW
method by reconstructing each sub-signal were get. Using the PDBW method to deal with the detection
signal of experiment, the results show that, comparing with the predictive deconvolution, the PDBW
method could restrain the multiple echo interference, identify the deep signal precisely, and enhance the
signal to noise ratio of deep signal, thus improving the detecting resolution and the accuracy of image

analysis of GPR signal.

WS B HA :2017-06-15
ESMAB :HEKARREILS (51678071,51278071) 54 0 #L T K  Mr 52 AR G0 JCHE 4 (14K C06) 5 4 70 BT K 24 7
5 AE BRI T3 H (CX2015BS02)

TEE BN B4R 1968-), 5 # P2 4 T, FEMNFREE S5 T TR 5T E-mail: lingtonghua@163. com,

Received:2017-06-15

Foundation item: National Natural Science Foundation of China (No. 51678071, 51278071); Open Fund of Bridge
Engineering of Changsha University of Science and Technology (No. 14KC06); Graduate Research and
Innovation Project of Changsha University of Science and Technology (No. CX2015BS02)

Author brief: Ling Tonghua (1968-). professor, doctoral supervisor, main research interests: tunnel and underground

engineering, E-mail:lingtonghua@163. com.



% 24

PN Y £ EEE

oM 4 R IE B ) gk TR B AR AR 27

Keywords: ground penetrating radar; biorthogonal wavelet analysis; predictive deconvolution; detecting

resolution;signal to noise ratio

o 5 IR HAT JCA L B R L R A A B A AL
RUTHLBETIZ T R GE R AT M R L T
25 R RS 46 AR 22 00 AR I S R e e
T I A SR 8L 22 UK [ 3B 1 B8 B A I b R 4
ENCESS AR N N R U EARI DA 8o SN RS IUR
KA REROR

FIAT 52 o IR PRI 23 B R 19 £ 207 1A - T
SR AR T AROR 23 B F ik b SR AL R T e R U
V5 B IR A B8 AR b 2 90 33 A2 I A 3 i T 4 7 A
R ) 22 U Tl e 45 T 5 B IR T Ok RE A O
TR IS AR T R A FRACRS Y AR R S
f14 15 1 LU 32 22 UK [l 39+ 0 T R AR I o L 77 ks AR afe
s 20 5 U5 R ) [ 382 T P8 1 [ s 488 8 TR A 1)
fEMR L . B2 2 G BUR ARG 5 2 K JF 3 A TR 19
BGfgRE . w1 T /NBII T RE A A 5 0 ik AN () 0 B
A I SR B SO AS B T 15 5 T R Y
W B M (L RE 2 REAS B A kil . G 0 % 1
T EAT U S FR Ak PR AT A B R ER S S 1 S R
B AT 7 0 1) 22 0 1] e B [ i 4R s TR AR A S fE
W

ARSCUABE A VI R 372 — FhOBUIE 58 71N I 3310
BRI, o IR0 o IR I 1R S e R A fe /N
Fa TR 22 1 RUAE 58 /N 6 » 328 132 /0N 1 56 3 3l Tt 75 3%
SN A5 5 EAT AN [R] B0 B 4 3 At R0 A4 O X 4% 00 B
8 B 358 A 5 R AT U S el B S 0 R Ak B X Ak
S 05 2EAT FOA A e . DT A M 2 3k B A B
G54 ST SR BRI LE 0k BB A RUE ] 2 K
1] 95 o A TR R TR A L AR R TR AR AR S (R
FE o DT A — 205 Fi2 o i 5 o 328 1 300 2 9 3 A ] 4%
3BT 8 U

1 ERFEE

WEZNERSBREEN

L€ LR g 53010 j EW 0 il R

BRI BUR J3 il /N U eR B XHE S f (o) 3EAT XUE 3E /N

OGS SO /NS R RO
fae =< [s$0 >
\dw =< frgu >

s ajdy G800 52 /INE G il 04 30 8L 2R BORN 2

D a0 d; B

1.1

@)

Jam_k =< ajps Pt >
1dj+1,k =< Ajk s Pj+1.k >

B B SFNR G TR I A RO B RO Y
ZINIBE BRI DU ULIE S /N 23 BT v Ay B A 20 3

ajp =< aprsrdie ST diasgra > (3)
L2 il RAER:

A TR B T (o) IS B E 3R A n, I 2
KB a M HEBESHEEEN =D, fG—
2) s f— ) JHUAEAE R £ ot + o B 2 1Y SE Bk
KERH fG+ ).

iz RS BRI ¢+ o B 220 1 3004y

(2)

Fa+a =cg) = DlcDglt—o) (4

T 2 Ay
e(t+a) = ft+a)— [+ (5)
e J /N O RIS B S v 2 1R 25 191 5 R
Sic/IMEL I TR 4 30 S92 B L D =X (5D Al e 5 g

I N0 _
af(s)[;]s (t+a)] =0 (6)

i B8 Toeplitz fH M. JE W% N+ (1) BYR R TE
Fivy Tk

7y (0) 7 (1) Ty (1)
7 (1D 7y (0 Fo(n—1)
ro () rp(m—1) e (0)
c(0) e Ca)
c(D) Yoo Ca+ 1)
.= . D)
c(n) oo Ca+ 1)
Wb c(o RAKXG) J5, I Z 2k, il {5
E(x) = F()A(») €))
Hrp
A(z) = 1—z27(2) (9

R DO, 2 E(x) F(2) () 435 H
MR E e(t+a)  f(2) Flc(2) 1) Z A5 X A=) i
W Z A, AT AT SR R 2 U

a(t) =[1,0,0,++,0, —c(1),*+, —c(m)]

(10

18 F a () X M J5ER 3K J ik K R AT RoRE AL A
FMES 0 S5 & BT A B S0 s R AR Y AR
iR,



28 T RERE HF B E %40 K
2 WEZ/NEBNEERE
B BA N FER R ST ER
*EJEXXEX/J\{BZ E‘Jﬁﬁ’iiﬁi%ﬁé%ﬂ ?ﬁ()flﬂfi?%‘? H ﬁkiﬂifﬁ”‘”ﬁ%
e B T — B A SRR BRI RIVUUIE B2 /N S5 B R N R B T A R
X f8 FH ¥ ( predictive deconvolution based W, HEIRRABNNETES
biorthogonal wavelet analysis, faj 8 PDBW ), i
WA D K@ XG5 £ BAT 5 JZ2/NESy [T ] [HaTEs ] R
fift A B /NP il BN
diy =< f ~ HRAEAF 5 b L K 3 T B A T 3 (R R 2R ik b B
1k S A H R 75 5247 00 S R AR S BB A B
dyy =< ay s P2k > + +
: (1 (st #BoFs1) | RERROF |- [ R 505
Rdw\) =< Aj—1,k9Pj .k > NER]
Ak =< A1,k 9¢],k > i
FE (10 8 S (3) MBI 44 J2 B A7/ L e s R
; ] FERMRARRE
i JAr R (12,
LSRR 3 Fig. 1 Flowchart of application of PDBW method
f(‘ljl» =<d,, k2Pl >
J b =< dys 790) k >v§01 E > 1"41»ﬁt,jﬁlTﬁ)‘%%%%ﬁﬂ‘ﬁE‘ﬁ%%ﬁ,%%ﬁ%%
: 51 /)N i A 15 2 i S e DG /N B L DT PR AIE AR 5
lf’% _<<<d//,g0/ >, 507 e > ,;DM> SRR EME . H BT, B E HE bR AT X T R 2
- 3 [16-17]
[l =<<< a},k’¢j,k >7¢, e > i > MR IG IR 220

(12)

KA fla Sl SRR j 2 R B R T 5
ﬂﬁit<4>~it<1o>,Xa‘%ﬁq“irﬁ%ﬁ%ﬁﬁ%mu
SRR 15 338 (13) B s A R BT
g =<al,flt—1 >

Jgg<n =<ai(h),fit—k >

: (13)
ls;‘(t) =<al R, fIt—Fk) >
() =< a*(B) s f1(t— k) >
X (13) H iy & S Ut & RO A kAT B A R
Bt A
’ZS@S?@"'S’@S{ (14)

K. &y PDBW B4 B1L5 1 3t BT 77 A (5 5
2.2 WEZ/NMNEMNREREZHOEZARRE

12 I PDBW ik b Bl 5 75 36 J5UAR 5 5 16 . o T
3 BN 4F 1Y fb BZE 2R, B 4% B8 PDBW ¥k 1 B4 i F %)
{55 AT AL P L B R IR AR DL 1

tesh, fE PDBW 3% (9 57 o 72 o ab i 38 A LA
ES 22 &
DI o/ R I ASR] /N I 3 2 A [ — {5

SRFAEARMER . £ PDBW 3k, /NI BT 1Y
EEEH I A5 T AT AN TR B 9 /0 B S figk A R

2) W FGORE OR R K b P 1 R B
AR NS A EREPUDNAINE N R A S RN SRS DUNER i
55 e A 22 Uk [l 0 i B 6 B K TR RE R 1 R/ AT
T 5 A ] 1) 3t T 7 3K - R AT AN ] 1 R Bk o I
g Rk e 19 H AT 2 A A T PE 5
(1 B s A0

3) B AR AR IR BT IE SRR s
J3T R K i I TR L W A5 B 5 5 45 o ) MR 40
ARSI R o B 45 B S84 5 38 RO 3 1 35000
FORERRAEUR T 0%+ IF 20 39 X 2% i 8 7 3k P I 24
PEAT B

3 RIREHI

T % 3 J5T 55 JC 45K I A g P A R L
A 2 7 T S V) Ao D JE R R W RN T S B S A T Y 1T
il s BRI BETEHLA 60 IR AR S 1 b -2 s
5255, iz ) PDBW 32 5% 1% 55 35 4 W 5 5 #F 17 4b
PN B8 UE 9% 2 A b R A MR S AL B Y T
itk
3.1 HiR-ZREANXR

R 25 s S 0 2 36 g LR 8 T B S R o A
LR 1.8 2,



520 AREF RGN

2 B IR B ok TR BAE AR 29

R1 BWM-ZRRUXBHSH

Table 1 The parameters of iron and void detection experiment
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Fig.3 The original signal and it’s No. 30 trace

2) W S R R AL BLS 5 S A i 45 2R &l 4
Ca) 2 T i 8 FRR AL PR S (945 %5, W LA s X3
1 i 22k 18] 3 45 308 R0 L I FE IXH 2 A )
W0 B R S A 5. & 4 (b) S AL HE A9 45 30 B {5
T KRG WY 3 M BN AR R 38 A 1.2 F#oR T
TR 9 THT S SR R S S 1B 1) AR s IF [ FH A 3 R
S 3 04 A e B IR RS A B R] 43 51 Ry 1. 4685,
488.8.834 ns, W 2., 7E3 2 v, W F 48 FH ik &b
PG5 5 4 S5 0 kS G 1) 18] 45 D4 A 5 Hh 4
S IR ) B e N R AR AR S5 L B LA ST 3 R 2k TR
W o X FBL WO A BUE R R R ST £
UL AT ) AN RE R L AR A B E 1 2 iR
UG THT S SPT%

10 20 30 40 50 60
5
. (a) Ab3H 5155 43 i 1
o 2
E,
'
%_

0 6 Hﬂ‘l‘%/ns 10
TE:1(1 468,0.960);2(5.488,-3.759);3(8.834,0.739 2)
(b)) AL 3 35 303 1 5 1 o o] - i 4%
4 INERBRELEEESRAEEIVERES

Fig. 4 The processed signal by predictive deconvolution
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Table 2 The start time of reflection waves in processed signals
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