5556 3 55 4 1) OB Y M ¥ R Vol. 56, No. 4
2013 4F 4 A CHINESE JOURNAL OF GEOPHYSICS Apr. 12013

BED R LR rp BT M T 08 A B2 R A BLAT 5 2 4 R B A2 4R 2013, 56 (4) ¢ 1381-1391, doi: 10. 6038/
€jg20130432.
Huang Z L., Zhang J Z. An inversion method for geometric and electric parameters of layered media using spectrum of GPR

signal. Chinese J. Geophys. (in Chinese), 2013, 56(4):1381-1391,doi:10. 6038/cjg20130432.

R E EINEREERABRILTSBEESH
# K A

L BTTRAE R AR ERE BT 361005
2 R R OR 2 T TR I ER B 222 B, T B 266100

W E Gl T R AR PR A (GPRO [l ) ORI R B A5 18 43 % - 7 T HE R GPR R R B0 51 4
5 A T ILAT S B S BN A 068 X 2 A BT S B T B TR R B 2 TR B LA R 4% T2 1 A B R AR
S, AR T — Al GPR 3R [F] B A 5 R A 2 S8 2 R IR E T . O T X 2 S8 R I E %k g
H—AE B S EE D T AR S E08 G R B0T 505 T P 00 5% me B B TR S TR 1 43 S Al
BT S H0 43 20 SO T vk L4320 RO Ty A8 BN M 45 RAE 2 2804 R 0 A6 B0 0 8, W] AR oK Ml 3% v s i
T O B 35003 R RV 445 SR 0 R S . B R A RO R GPR 2 B A DU B %o A SC O ik AT TR L 5 SR SR A
SCOTVERUR RAT B B0 10 3 38 BRI 1 44t RE B /DN R i JE2 B 1 T2 I R B LR Y P SR S AL
KEWR ZRAT AR IR S SO ) SR R AR

doi:10. 6038/ ¢jg20130432 FESES P63l s B B 2012-04-25,2013-03-13 W& E

An inversion method for geometric and electric parameters

of layered media using spectrum of GPR signal

HUANG Zhong-Lai' s, ZHANG Jian-Zhong**

1 School of Information Science and Technology, Xiamen University s Xiamen 361005, China

2 College of Marine Geosciences s Ocean University of China, Qingdao 266100, China

Abstract  The generalized reflection coefficients of underground layered media for Ground
Penetrating Radar (GPR) wave are defined and a pair of the coefficient of three-layer media is
decomposed into the even component and the odd one. A cost function is established to connect
the spectrum of reflection coefficient sequence with the layer’s parameters, which include position
of reflection interfaces, layers’ thickness, dielectric permittivity and electric conductivity. Then a
global optimal inversion method is proposed for multiple parameters of underground layered
media from GPR signal spectrum. Moreover, through the research on the effects of different
parameter on the spectrum of reflection coefficient sequence, a method for estimation of different
parameter from different spectral attributes is proposed, namely staged inversion method. The
result of the staged inversion was used as the starting value for the global inversion. the efficiency
and accuracy of which were then improved greatly. The methods in this paper were tested using

synthetic and observed data, and good results of layer thickness, interface position and electric
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properties were obtained, even when thickness of the layer is less than tuning thickness.

Keywords

reflection coefficients

1 5 &

PR T A (GPR) BAT 43 B o PRk 45
Do & PRI G R A e EE R Z —. F
GPR AT DL 21 M )2 A £ 0% 0 B, o AT D) 3k
YRCHb T S S T ) 52 S 2R K LA K i )22 ) A H BRI
SRESH NI AATTAEE Y R0 B3 5 T A
TARZ S, H T2 R BT S B 523 J5 v KAk T
43 S B S5 R 5 P T R 2 L A I R S e R
Chien %1 F| Fl Hb 52 4 45 o 19 36 oot 25 07 3%
(CMP) , SRECH T W1 )2 97 [t A9 J5 )52 0 HL o 580 K
R AR T IR A R A B SO R R R AT
S8 A5 2 J2 00 520 v i ORI R B H X W 5 %
H B R AE I SR BE % 43 B 0 AN [ B AR 2 A TR 5 oy —
SO W EE R A S 5 {5 B PE b LA, W0 Huang
SRR S BORS Jr vk  l  E A R B0 S 0
AL 2 50K 5K UK - B% 58 1) 2 T8 F0 40 H 5
ARG 2SR A LA B T A A XS5 e
B0 I8 S 9 T TR 3 ek A S AR A TR R AR, A B A A
2, AR B T B 114 11 9 30 3% 5 552 o 50 40 A0 7 —
B0, ARICH )2 0 J5 3 A0 H E S Qin AENYGE R
YR B AR J2 AR AN T e 1) % i B K, 2 8 L 22 1
JEFNT™ SCRCIE 2 B0 AH S B8 5K 15 1 2 1 v P 2 8805
Minet ) f Lambot Z&0 ' F] B Green R H
b R PO R AV S B H S Bt 2t Ry
4 BARZ 1SS 1015 BE AT RE IS B AT 1 45 R 3
S SRR 2 F i B 0 ) b R SR AR L S
10 b 2 R B JE R S A 2R B0 U k. 5 I e R
T3 R FE 3 S 8 RV 6 (il AU 2D A
0 38 RO P A SCAE B B S T M SR L S5 Al
TG W AE T2 RAY BT b A% 3 LA AN GPR 5 5 95015 45
fiE & T — B A 3R 2 AR A BT GPR [B1gAF 545
T[] A B T LAy 2 00 R, R 2 800 A0 Je P
S s o AR R S B0 GPR 3 ) 2 e ML A
$EH T o A T — A BULA S B 2 2D RO T
2 90 DL S5 SR AR Sy i — 2D [ I S i BT A 2 B )
URMH. de 5 FH B VR AR Y ) A5 400 S50 40 AR 5 ) 84 xof 7
B AT 7L

Layered media, Ground Penetrating Radar (GPR), Spectral inversion, Generalized

2 B ST ik R

GPR W & H b5 75 75 40 F K 4k 0 X097, |
GPR 2 % 5T &5 450 v, g ik b 1) R L 72 4 ol
Jik b T LA i A — 2R B AR [R5 R A 3 D T 3% 2 38
W A% 7 &8 AT DL 3 AR ok S T A% R O =X AT I
GPR iy B & 3 il 2 F T % 16 A R i 5 4%
AP R, AR SOKE IR AR R O T AL B X
GPR % S5 1 v 15 0 5 98 3 R A o S B bl 3 A
ARG ST FEL 0 00 1 A2 6 P 2 28 7 5 B 5% T £ 4%
9 B2 B TR ST R R OB T R RN A R R 2
AT AR AR A FTE , B 5 R 040, SE AU HLH R
&:rﬁfﬁEﬁJMﬂW&h:wWZL%%ﬁ
B 5E R

y=jk. = a+jp (D

st 5[ i () ] i

ARy Np/m, Z7n M G AE L 4% 1 m 5 B0 07 4R W&
HIEE e ' 8= w#ﬂ 1+ (i)z +1} PRI RA
WAL rad/m, ROR AL 1 m 5 e
N EE o T w0 AP X T B A
Fio=0,0 a=0, 8=k = w Vue.

1 Fs i) 2t & 4 AR R E) 5 R B
AU, M 4 B R ML = Bl AR AR E N 0 RS L AR
SEWTRIE A d s N B3N 2 )2 894 i i £y

w(t) Wo(?) w, () wy(1) wy(0) w,(0)
LA
&1, 01
z=-d,
ST
A,

(=}

z=

€3, 03

z=-ds

\/ &4, 04
z=-d,

BT SR IR P TE 3 T A2 4R B AR s A
Fig. 1 Propagation path of GPR wave in layered media
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Fig. 2 Reflection coefficients of a three-layer model
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S8 B (A o SE (A B A A
T/ns 0.8 0. 824 0.82
to/ns 7.67 7.69 7.68
o1 0.02 0. 0289 0.019
o2 0.01 0. 002 0.018
e 9 7.8482 7.3725
e 16 28. 1246 18. 6992
e 9 14. 3942 11.1375

SRR R R AR L5 T A 0 1) BT 45 R 0 L 4
HER . A v RO 52 R AR 023+ SR R IR BE B
BESC A W R R RO 2 I S 2 R 5
A SRR fe Al - 3K R A WU R RO S A R B T A
to HERMERR R FEIEAL AL Z T 5 R R4S
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AN MRS+ D O R T IR DA R L A
TETBE SR IR E 2 b HEEA S i S R
KI5 RAFTE B R A RO 2 R A SRR A

T ik — UL A SOy 8 O 5 ik PR TR S
AT 5225 SCHRL T o A AU 38 0 A8 T L
B SCHRL I TP B 07 o 1 X 3R =R B T
B R BRI A AL E RO SR E RO
J A )2 V5B A A RS S T ) SO R R
P st 1A — iR A =2 5 — R R
940 e, H A2 REE Oy 3 cm, 2 0 LG TR )2
P ACH 1/7. N B3R =2 B9 AN A A K i) 2
9,25,9, FL SR H 0.02,0.01,0. 02. KH K&+
A 300 MHz. 53 B i§ DL 3 W9 R 7 35 #EAT L
B 7 R — AR SR [ 11 07 3k M50 — 2 (9 52
FIRLPE SR BEHL SR E AR 2 B W (L AT S 3 5 7
HTIRBEHLE E RLAREE — 2 BB R A SR
PIEHEAT ST P 5 3k B s e 9 XM ok KRt ik
AUE At 2 11 iz o i H 0 o ) )2
MIE RIS 2. vl LA L S5 — R R E MRS
BCE S P AR R 5 i AR REAR PR B HL R A
S IR Z BN YT S 800 iR (E P O
P 5 3% 38 S SSIT  E 04 3% AR R B in AR 37
TERAAEIEAC 1200 YIS X I S 188 114 3 2 )5 1
HERMEM R 2EH 0. 26 cm, SCHRL1T ] J5 6 0 K 24
TEIEAN 2300 YOI A W 8. BACHY o8 BUTSAR HE AT K
RZ  FE B2 R 5 FE (L p R 220 0. 35 em.
AL TR B SRR R B AR AR B MR A DL R L AR S
4 93 25 8 D 15 AT AR g TR JEE AR,

x2 RAAMAEREEEEE(BM:cm)
Table 2 Thin-layer thickness inverted

using the two algorithms

WIGESH MM ARG R [k wE
T %E— 3.0 2. 87 0.13 2. 84 0.16

T 3.0 2.74 0. 26 3.35 0.35

4.2 XEREBNA

S —AN S GPR BUHE R BT AL 4N I ) TR 5t
- 5 TR T R S B R K R R R WE A SR 2
K U8 TR BE - BT L R T C30 IR 8 1+ . K I8 2 &% iR
FER 26 em, L2 ITRE N 22 cm. 3l H KR ZE A
HLH BN 5.5, L SR 0. 01~0. 05; A A HLH
KLy 5~15, B3 3h 3~20. PR AL E 7E Ko+
000—KI1-+000 &b , B35 7R 7K I8 1 7 1R 423 em.

4.5

35H,
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Iteration times

PELT AR S O R AR R RO 2 AR R B 2 A
F2 L RN WG S B S (E A AR SCT7 B 45 2R R R R BEAL
WO 1 A SO R 45 5 5 sk D 0 IR S B0 i B L /Y STk
L1175 45 0 5 s 6 S BE AL IBCR) {E A 9 SCHRC 117 i 25 3R A I
75 HE e il 2R 4 A0 A 2R TR
Fig. 11 Cost functions versus iteration number
for the two algorithms
Tteration result of the inversion algorithm introduced in this
paper is drawn with solid line and parameters are initialized with
values close to true ones; result of algorithm of this paper with
randomly initialized parameters is drawn with dot-dashed line;
result of algorithm of [11] with initial parameters close to true
ones is drawn in dot line; result of algorithm of [11] with

randomly initialized parameters is drawn in dash line.

GPR K& &SI A K 900 MHz, 4 18 R A I [A] K
15 ns, RAE 512 DU, 18 12 52 GPR SE I £k 4
FTET R S v 6 s e rp A W R i Dy 4.6, 5 AN
15, 8L 52850 5] & 0. 01 A1 0. 025, % s fia] B 37 46 5
B FE B KPR Z R B 24 em, KR 2P
JERER 21 em, USSR G B IR S R A — B H K
e )25 V5 B 1V /N T I i T IR BE L 4 U it L K e
J2 J5 R W A 1

T IR AR S i B R R T 2 B OR L AT
WeBE T R A B GPR B, B IR KR Kk SR
900 MHz, £ R FE A B R 15 ns, K 4E 512 4>
Bl AR AETE PR R 0. 167 m. i
2 EHZMIEE S 0,04 m, BE/NT 1/4 K, I
CIRPR: & WS RE Y= i e i N S o ip = S s = (U
UG T 190 38 5 1 5 (] 38 B 0 AE — S AR X X 7 2 Al S
DX 43 o 101 AR SC A A3 B T SR VL B 45 1 U T L )2 T Y
JEREE. K 13 255 600 JE £l 1Y 11 )2 8] i 5T £ AR
WEBETE » R T I%2 JREBE /IN o X A 7 0 5 3 1101 o 1 30
EURT AR IO B2 1% (4 55— DM (E R £, i 940 MHz,
WA CQDER T WwIE N 0.53 ns, 25 0. 041 m.
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Fig. 12 GPR profile from a highway detection and corresponding inversion result
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Fig. 13 GPR amplitude spectra obtained from measured data
and calculated using inversion model, respectively
Solid line is amplitude spectrum measured and

dot-dashed line is that calculated.
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