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Identification of EM Property Inversion for Runway Structure
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Abstract: The electromagnetic properties of the runways structure are important and meaning-
ful for quality surveillance, timing maintenance of runways and correct location of the target
underground. The inversion method of the dielectric property and thickness of multilayer media
is studied. Based on the conventional system identification method, the construction of the
propagation model and the estimation method of time delay of echoes are modified in the pro-
posed method. The new method considers the relationship of the image part of the permittivity
and frequency, and introduces the weighted-RELAX (WRELAX) method to estimate the time
The electromagnetic properties and thickness of the runway structure contain-

delay of echoes.

ing the thin layer can be calculated and the estimation precision is improved, compared with the
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conventional system identification method.
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version; system identification

51

T

B 38 ThI A T2 VR R P R R I i 2 AR B S
VL7 3% 18 R Y PR 3R X B AL 3 1 TR
BAE J7 R T AR A L PRIE P % A s o
fE B L., B H 5 (Ground penetrating
radar, GPRO Ay 5 70 B4 L i L i 5 19 G
L7 SIE s NP P A F I el S 1 BTN 1R VNUAN 3 S 1]
ARk S AT S T T . AL TS R TR

ground penetrating radar (GPR);

permittivity ; conductivity; electromagnetic in-

PR B 2 4 M T 3K A AL 37 3 T8O TR AR — A
RN O HER TS TR A R R R g H
PRIRFE ot BETH5 A R AE T 1T B A U2 P 9 1% 7R

T B, O O SR B RORE B 3 S 3 T TR A SR Z Y
F TR M B I8 B T A 5 EE R R I T ik

A 2 R S T S S R Y S
Jr X PR T B B R 2 TR R A B2 B R
P L JLAR R 20 Bl S8 2 T 18 0 1 T R TR I
AR B2 M AR SCRR 2 13 T s -

E&WE:HEKAARZIES (60879019 B B I H 5 RALL R (MHRDO70D ¥ By i H .

Y FS HHA:2011-04-14; f&1iT HHA : 2012-06-27



548 ool X

S

5 % A 2T %

R AR A B TR A TR R RORE I AR A A
P Z AR L R T HUE A i SCHRES-6 12 T
AGHRITIESL B T R K Z 2 B R RO
JREJSE IR ST 1 R0 R e AR A B
T 245 1 )22 VL B R A B P L AT RE A T 3 2
30U e B0 fitp DR T R R LA S NS A S
P05 TR L o 32 7 3 O e ST 4 P G 5 AE 22 )2 o o
(1) 12 i 5 2R DA DA A0 U A WL B S i A Bk o
T TG AL AR 0 I X D R 1) — > £ R B
i FELH RO B — A S AR T O Y s L A
A5 G5 F T2 T A i I 1 SR AR B R Ok R W L4
TR EN A 25 58 BBl A5 5 i S Al 3, T 220Kk 4%
[ 9 BE W 5¢ 42 0 T HEA — @ H5R I .

AR SCHIT R A R S T R T R R DA
3R A R R A R B 2 8T A R A F R
HE PO L S R AR A OB AR L B A FL ORI
SR 1 oA R AT HE— 2 S B T A0 Jo 2 L R
S o R P R 0 B R I SE A WRELAX 55
VA T B ] S DT S BT 2 A 5 ]
PG BRI S HG e R PR A £ 3

1 BEREENREFREBRRE

TR M 7 R R AR RS 1Y R R I AE B 3K B3
TSN I BN Ve ey SR A TR SN L
P AR AT e TR AT A9 AR /N N A S5 O i T O R AR
T T A Y AR AR T 3 R D 1 Bl O R
JUAR A P 1 214 T ) 255 R B AR )2 28 St T
(4 S I 3 55 B FEAE A )2 o A% 4 1 RE B S0 (A
JiJZ HLS A D X T N2 A i AR T
ot i I T o O ) 1% i b 8T R

N

HW>:§Hﬁj|u—Rﬁw] (D
o R RGP AESS A5 BT L R R R
R, = ﬁ_— Ve (2)
Ve + Ve,

A T g BB AR 2R @ J2 A ot Hp A% B s i 6 7 £
ki R %L

—

T, = exp {—Ja)d,\/?,}_ exp _jlwz‘, \/Z
‘ S

(3

e G AE 2 P AL H O 5 5 L Do T
J2IREBE s,y VLR D E A I 2% v A% 6 14 OURR ) SE 5
R 2 A TR LB AR XA HL R B AT R

He=ef —jeief KL, f Maxwell J5 F ] 4

% )

Cuéo
o0 NER 2 TR R LR e, S R)2
A E o FAIE, X Q~OFH, |l T % &
T AT A HL R RO X HL SR AR A G
F o BT A L O R I ST T AR AR L SR
B HL bR RO 3RS A% 7R O O R Y R
B0 T H A S D A 3 R H R D A 22 2 B A
I ST X6 0 119 £ i bR 50 PT A5 BB R A5 5 5 B
F, (@) = F,(0)H (w) (5)

K Fi() i AT 5 F, o (o) B 1
T

FHET T T 45 R AR R P DB A R A TR O A
LD =SV I F RN Y Ve € TN S
T AT B AL P A U6 A T TR 245 ) AR R PP AL A A
PR IHE T o A FE Y I AR S RGP R
AT I )2 R 1

2 ZENRBEHMBEREEERE
B R G PHRE

FGEHR RIS R G A G0y AR R R
BER ARG RS R 1 o — A B IE A
UEP S Ve S IE S RPN ER BB AU R Y U g RIS
B 5 52 B AR G 22 8] Y R 25 AR A R TR s F
/N

2.1 ZEENRB#EERE

TE AR AT 52 B 12 OB b G P T 5 5 R ) Ak
fifh b o R G E SO A R R R PR B R BEAE T2
OB R AR SCHE T R o B S22 RO
G S o o i R R S B R SR 18 S 8
) ) 3

WA — Wl Y T E A A RZJZ O N
(N BT AR B8 428 30 7 35 B W5 5 B9 [l e 5 H f 5
X AL 008 8 S A O R, — el )= | B
FRR VTR BRSO L 5 HO R Y 5 Ge A AT
LR

E=E(p,x.0) (6)
AP E O IR SO B L O TE T A BUZR A LR
B L L 3 LA SR ] L5 6 £ oK B p=[el v
& vy seN ooy ] S TE A ZE LB S BUR B e
Hlo 43 51 550 J2 A JoT Jie Xof g F) A1 Fi, o 50 S5 S rl
TR e 43 A ST R A3 ) A ]S A X
PRECE (poapst) BEAT RGBT, H R R —



%5

T 455 388+ 45 - B 37 5 3 3 TR 45 D v P S T ) R v 549

W 0 5, WA
E(p+Ap) =E(p) + VE,-Ap (D
K E (p+Ap) J& I A28 5 e, 25 6] 748 5 Ry o I
JIT X L ) S B 7R IR HUAE T 5 Bl (p) S I 8] 22 B Dy
trs 25 (B AR BN 2o s FLIB T 4544 |2 S 50K &0 p WHR)
B G AES ;s VE, 2EIUA RE SN S8R Ep
(58 s Ap R BERLG BLAE 5 T XoF IO 1) 38 18D 45 44 )23
SRR G PR IE T A R SRR B A R 2% .
P L AT A5 B[] A8 55 ¢, 25 (8] AR 5O o B, SEPR
WG-S5 SEEIE MG T Z E R iR 2E e N
e, =E.(p+ Ap) —E.(p) = VE,+-Ap (8

IE, IE, wk%q
dek  doy ek doy

VEQ - |:
Ap =[Aef Ao, Ael A, -

N
AT

SRR s S AL A B R A o
S B s A TR B4 13 57 0 05 ¢ J22 A
e A1 L2 S 5 5 B T 5 ¢ R A TR A
RRCSHRAG 25 + A, I 13 5T R 7 055
2 A1 e M B TGS A o
By L A7

Aef Aoy ]t

R AR 5 0 5 7 2 A B R R

JE, - JE,
e, :ka-A/):ag$ A€§{+EAUI+.-.+
E, . O
Jek Aey+ (,)O_NAU;\? 9

LS N R B B L E, o A H TG 4 Ak, B
e. IE; el Aeh JE, o, Ao

E. o:f E <f o E o 7T
B ek Aed | B oy Doy g,
deR E, e doy E, oy

AT IB R W H M AR S AL, HA
r=loe QﬂT
E, E, 7 Ey
AE,  p)

F = [F/e.l]aF/e,z =

ap(l) E,
k= 1929""M;Z - 1929"'92N
a = [AEF Aoy .. AEI§ AO'N:|T

elf (o5} ers ON

W LoD AT E Sy an T 46 B 5 R B X

Fa=r an
RAF R B QD BRI A5 B S50 M fie L 98
14 B F I AR AR AR w BRAR A SCHE T 45 S8 53 il 7
AR A R 5 5 AR AR S ) RO 3R AT S B R
aff o B0 T I A5 48 2 R S R o p i E U
i BB G A 5 Ex(p) s (LRI A5 5 5 S B

WS 5 Z 18] B9 DR 25 e 38 B /)N » AR A G I A P
SRR p WIS B 1R #4540 BUZ A A R
105 L R A 1L
2.2 ZENREENRE

IS DO IE R R A i A S B A T IR AT
LR R B RO ST R R R T
A4 2 A V2 V5L 2 R A VL R RO S 2 TR A A R 6
E

T (12)
Ver

F ORI 2T, B A5 5 R 2 A R R B SR
Mo v, 1 e A HE v A A% 5 I () B AT A5 2% 52 Y
JEEE S SCHRLA T, 2% 258 J2 X8 107 18 B 3K [ 9 Fof S
AR TSl A R AT 2 A B ZOR & [T fE &
2ot HEA —Emhts . Lhmilisiia
BT S5 A8 HR, O R P R TR SR R IR T JZ Y J5E R Y
A, — AR TR BE LR 5 )R Z A — A4
JZ S M Z A {5 5 5 222 A BB 5E 42 0
TFo R SEBLHE M P55 i I IE AL T AR ST A
GrBER SR T WRELAX BE 52 3L ] i 5 5
FIRY R SEE A 3 A T 59 0 % 25 40 2 ) 52 B I

25 EPR BT RGN 2 20 BT R
P B FOREFE B R i ik AR QN B 1 P o Bl T IR T A A
hEIE T A BEN R S SR WG Y
PR Z A ) AR RO R (). B E T 5

A BRI

i
— | R TWRELAXE T
o5 J2 R R I IE

! ]
A RN S E T
HEIR I

!
Tk R 5

_ 1
d; =+

AR A KR E )

T SVDIERAIEHITTE,
BB Z A BB B &
B3R R

Rk =Pl
HLHHOR L S R

N

R I

PT H S B R S U A A



550 B xR O£ 5 & #H 827 %
B 5 4 TR B B B0 DT A o 300
I I B Al v R . SR A e R 200}
S 4L B M 3 S 2 S I O B ) 45 3 I I _ oo
O HE S I — i A A R T % S 0k A o G BTy
o _
J52 360 B 78 T SR A D 0 1 52 S0 E I :z;gg
PR B K [
-300
-400 . . . ,
— 0 5 10 15 20
3 173—E§<3ﬁ frJ 8] / ns

N UEAR ST IR A R 2547 T L i E
T 4597 T2 R AR S LTS BE Y S i WL
A TA L 7R 235 A £ A TR B TR R B R R U ER
TR LJZ 4 S 5O RN R S5 AN 2
JI7R o 5 FLSE B T L R K 45 5 Ricker kbt
L R (4 L AR Sy 900 MHz, B[] % 4 20 ns o fF
WL 20 dB. AR SCHR I 8 3 75 3k 2 B0 MR A o
J2 AL I Tl A GprMax B4R 753 21 i1 B
Wefis = an &l 3 fir s .

8 £°=9, 0=0.02
<
on
§ gt=12, 6 =0.025
iy g =12, 0 =0.
N
g —x
3 g*=15, 0=0.025
(=3
N

g°=22, 6=0.06

P2 fi EUSEH 1N A T8 T 45

B3 i HS 1 Bels s

I WRELAX #4781 5 5 9 I 2 £ 31, 4%
Jei I FH SCHR C4 ] 7 5 10 22 B8 B 0 v BT T A
J A L BRSIER L HE R LR B L AR B 25 R n 5k 1
JIE R s HoHr IR 22 S 38 MR 22 L X T AL I 1f 45
P ST I 22 2 3L )2 b DL 8 T L1
JE (s M) 2 &b FRZMIELZ, B A
SCHIHT T RZRIEZ RN R . A A R
I L H B0 ST H S 3 R A AR 56 R L T AL
P 0 5 R ZE A J2 AT T A R B B
RIS SRR PR &1 B . H
T 08T R IHE 5l T8 A AR A 1 1 R [
A SR A H R S ORGSR Bk
F4) S K L ] 1A et Bt =22 ok

T % B R SRl T WRELAX 532
T HL R R BT TP ) SE PR R X AR SCAR B T A
OV 2 WML 3 18 8w A5 AL B 4 BTR 5 3x
07 19 2 08 1T 98 £ 5 an 181 5 BT

F1 XWIMNEHREEEERLER

A X A H H SRR 22 R 22 JELJE iR 22
T5 ik #F2 ®)Z 2 Rz 2 R
=9 R=12 6=0.02s/m o0=0.025s/m d=34 cm d=20 cm
SCHRL4 5 0. 69 1. 61 0.32 0. 80
A SO 0. 31 1.47 5. 68 6.78 0.15 0.73
3007
g 200}
S g*=7, 6=0.01
A 100}
g - % 0 [\_N_J\/\__/V‘—_
“ £°=12, =0.02 AN
= I -100
g B
= z*=15, 0=0.025 -200}
-300}
£%=22, 0=0.06 —400 L . \ )
0 5 10 15 20
i8] / ns

P4 i FLSE G 2 XoF B Y T8 T 45 H

K5 i ESEg 2 s 5



%5

T 455 388+ 45 - B 37 5 3 3 TR 45 D v P S T ) R v 551

HI 5 AT UE s B T2 i B AR A 487
JZ L ATER 2,3 A S S5 A RE S8 A I IR R
FASCik 4] b A% S8 i 22 58 B 7 5, IAS BE 1 2
Mo A5 3 [ I AE L JE T WRELAX 0] LUt i )2

BT TS L A [T 9 B L AR I S £ S [
AR AR ST R GERERIE K b [l 5 5 i i 28 45
SR A BZ A v RIS HR v S R R R B A
AIEE RN 2 Frs .

®2 XW2MEHARLEEEEEN T

ARG A B, B S AR iR 22 SRR JEL R R 2
Ik xZ  RVE OEE FZ T2 32 #x2 HTVZ 2
=7 &R=12 &=15 ¢=0.01s/m 6=0.0s/m 6=0.025s/m d=34cm d=1.5cm d=20cm
ARICHEP0.64 1.58 2.18 4.61 8. 94 9.13 0.31 0. 66 1.2

4 Z5EFRIF

A SCHT AR 7 RSB T 2 2 A R B
i S HL R BE ) S8 %07 0 LR GBI A
LW RO o 23 BRI 715k WRELAX 2
ZA G UM 1 b 58 FUH WRELAX Afi 3 ] 3 15 5
Y A () B 25 18T S B A A RO R
ROEAE TR R, LB T RA MRS
a1 22 2 AT AR A TR P S PR S R LR T (1 [
I B8 HLHORS i AS 3 7 — & 19 i - (HOL T3
SLIRIER R AN IE G LS S AL B
SE 3k

[1] Umberto S. Permittivity measurements of multilay-
ered media with monostatic pulse radar[J]. IEEE
Transactions on Geoscience and Remote Sensing,
1997, 35(2): 454-463.

[2] Amara L. Development of ground penetrating radar
signal modeling and implementation for transporta-
tion infrastructure assessment[D]. Virginia, USA:
the Virginia Polytechnic Institute and State Universi-
ty, 2001:60-88.

[3] Wand F, Lytton R L. System identification method
for backcalculating pavement layer properties [] .
TRB, 1993, 1384:1-7.

(41 FRAE. B THNE5 44 2 APRE A B 45 E B HGJRE 2 I 38 7 A HY
FRGRB LD P H R K, 2003.

Zhang Bei. System identification method for backcal-
culating the dielectric property and thickness of

pavement structures—study on applied technology of

ground penetrating radar [ D J]. Chongging, China:
Chongqing University, 2003.

[5] Zhong Yanhui, Wang Fuming, Zhang B,et al. Sys-
tem identification method for evaluating the effect of
thickness error on backcalculated pavement layer
moduli[J]. Journal of Shanghai Jiaotong University ,
2004, 38(Z):182-187.

(60 haemg. 2R M R A o e S B K TR AL LD

K3 K3 TR, 2006.
Zhong Yanhui. Inverse analysis of dielectric proper-
ties of layered structures and the applications in engi-
neering [ D ]. Dalian, China: Dalian University of
Technology, 2006.

[7] LiJ, Wu R B. An efficient algorithm for time delay
estimation [ J]. IEEE Transactions on Signal Pro-
cessing, 1998, 46:2231-2235.

(8] RIS, RME K. BB T04H FFh SAR g h i 242 T4
L) ). B R S 5 A B, 2011, 26(3):300-307.
Tan Qinyan, Song Yaoliang. Multipath interference
suppression for through-the-wall SAR imaging[] ].
Journal of Data Acquisition and Processing,2011, 26
(3):300-307.

[9] Antonis G. Modeling ground penetrating radar using
GprMax [ J]. Construction and Building Material,
2005,19(10) :755-762.

YEBE I AT (1977, Lo AL ORI A WE9E O 1] 4R
THik{E 54 ,E-mail ; hwkcauc@yahoo. com. cn; {7 %
(1966-) 3 - B8 WFFE T5 1) - B4 75 R A5 5 A0 B L B 38 o M
IG5 AL 25 i [ 3 AR B4 5 X R 2% (1971-), 3 8%
W57 1« R IA MR S AL .



