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Abstract: Ground Penetrating Synthetic Aperture Radar (GPSAR), working in low frequency, has the capability of
ground penetrating to obtain the two-dimensional high-resolution image of shallow buried targets. Vehicle-borne
forward-looking GPSAR can detect landmines and minefields in front from a standoff distance quickly, which is a
trend of landmine detection. Because speckle noise will influence target detection, the multi-look processing is
studied in this paper and ground plane focusing BP algorithm and refraction and dispersion effects correction
techniques are proposed. The proposed methods can solve the problems of images registration and shallow buried
target two-layered medium imaging in multi-look processing. The proposed methods can improve the image
Equivalent Number of Looks (ENL) and Radiometric Resolution (RR) efficiently, which is proved by the practical
operating condition simulation of vehicle-borne system with the field data collected by the Rail-GPSAR system.

Vol.30No.4
Apr. 2008

Key words: Synthetic Aperture Radar (SAR); Ground penetrating; Multi-look; Refraction and dispersion

1 51§

H3 5535 2 IR FLIR 5 15 (GPSAR) TAEAEARMIX , HAT %
BRI H ARG ). 30T GPSAR figi sl kK
R st 75 (R BRI, 15 1% 45 T WL 4535 7 ik (GPR)
MLk, HAT e s U i T O s,
TR A (LT R 10 23 I 40 2, 1T L5 S e PO 0
%, SAR BMIT AR RS, FAEMT RS T AT 54
TRAEFEVE IR 7, R R S R R AR 2. T
GPSAR 75 548 Bk HE s R Bl 0 2 (0 oA 4075, Ak
FAMIE R R SAR SRAT AR, HET R R
PEREII KRR .

SAR HITBEHIHIE A LB h P2k 2 AL BRI [ 15 6
W7 ik. 2P BAG TSy LA THR, SRR Tl o)
SR EC ORAR SR T H I PG A AR T AT 0

2006-06-26 ##, 2007-01-08 &[m]

FITBE, (E 2 WA B LU J7 Br 40 72 AR A0 1 B
53— 2RI T MG UEBAN AL T BE 7V LA Lee 3839,
Kuan 3% 7 Gamma-MAP i B4, H I &5 ikt 7
VRIS AT GRR, RN INAR M T R AT S S A 0
R Z K SAR REGEUG ™ i 2R 2 WAL 2

T AT GPSAR % TAETERTAEL, 7ERTAT I
TERE PO Y 5 SR EAT RN, BRI T ) — R T A4S 3 2
IEARFERALAA K SAR EG . R4E Z AT JR B, X
IXLE RS AT Z AL FR RS I HIAH T BE . [R]IN H T IX e s (R
VIR m R, BRI B G 2 JRR AN SRR (R ZE T
M GPSAR (W2 WAL BEAS e MR LATT (0 5%, FZEA W AU
Bl R ARG A — s i B AW ARtk s
SPIHZ WA G R 2%, BOHEAERE IR RN T ERII ¥
TEH N IO E,  DAZ07% L8 r A TS R € BSOS AR () 5
EF O R T GPSAR 2 ALAL B W IX P AN Il L, A SCER Y
T RSP S AR BP S50 B AR L R4 SR €4 G i R E



926 mF5F B %R

530 %

B, NS LS S O R EAT S R B S . f
JE A Rail- GPSAR RZEA [ R 1 5 S B AR A 3 R 4t
S PRI ] — X SR 0 R A AN D2 75 T RO A
A BIAE T $E 7 A
2 Rail-GPSAR RZE N

Rail-GPSAR R 402 YLK 5 1E M SAR, (551N
B 300MHz F| 1.9GHz, FH LA AP 96717
SAR M E RN 7o RGERABCR M8, I BUR R
ANRIECE, TSl 2 Al TARRE . R IR k35 0 P 1f
TEM MIWURZE, #ARMAAN+60° o Rail-GPSAR RZn[ LA
WRSEIRL) 88m? I IR R o 3 3 A Rk v T LA
B2 3 R G0 T HE I ) AR, PR Z e B 403
29 2.9m F1 3.3m, XoF W G IX I8 O A1 350 19.9°
F22.4° , SERIEWHTAT 1m.

3 HEEFHREEBP X

3.1 FEMFR ARG EEMETXRST

AN, AR R (2, v, 2) RS SAR UG P THI
e, b oo, y B 2 2P e, AR R )
SAR HBA —4ipifenie)), S2br=4tin 51 SAR BlEHI2
HAE BT B o I H A5 AL L o, BIBUG I 5h
LRG0 WIEEGAEIRIIE 7, IE[FG RALRTT Ty MBUR G
P rye BUECFTHARFR R, i 2y SR A
RRIE

ZEBGITL GPSAR AiREd BN F]— It IRk
BRI W AT E Az, AHRI 808 F 1 (Imaging plane)
W 1 s, 235K GV L RSB I 2, AT R
JRAZ XA O (depression angle) 734 0. A1 0,00 o

z Imaging plane 1
RN Imaging plane 2

1T AFEBRAA RSP R R

ARV 1 AIREALEET L o, (=4 (0,0,H ) »
SEHTH R A ABE (2,,,,0) 5 AN O,y 5 TEMRT
W1 ER AR () -« APERHINE A I, ERRDS
WA 0,y CAGTT 2 100 AR (r0,9,0) » 1R
AR LT

Yn1 = Yn2 = Un (1)
T = Ty /COS Hdel (2)
The = (xn - Al’)/COS 9«192 (3)

A (1) AT, g ST 1 R SAG ST 2 76T I LR

W% o FUARFE AR T 1 A SeAGr  2 b R AR 22 0

Ar =T — T2

_ —2z,A0,,.sinb;, Az (@)
- COS(29de(:) Cos gde(:
Aqrp
edec = (0de(:l + ede('l)/2 (5)
Aedec = 9dec2 - gdecl (6)

BT FAREAS A g1 i L R EE AR R 22 5 B Ay &
AR, BRIHAN R AR T AR ] IR AR 2 25 AR I o IR 4E T
BORZ AL BEANR], 7 R 2 WAL BEAS 21 7] — X 38047 T SAR
FUGAERIRAN T R FEARAAF AR, AT EERCHE. T4
BRGNS RN A R L T AAFAE AR, 1) HLAX Al 22
AN BT 2 AP BB R RS L, R
PR T B R EAT 2 WL AT B S 2R e v
3.2 HEEFERE BP Hik

T AT, d TR s AR, RN AR
PRV T PR AT 2 AL B 52 2% o AR R — M REE R o
S R T R REAT JUATR IEAG B [ R, AR5 X
M PTG AT 22 W0 o SIS P b 1 1T PTG A L B 7 17
SRR, TR A AR 5.

PRI A ST LR T UART RS I 45 5 38 AR S50 o ) M e 1
M BP Hik(WiFkMEE ¥l BP %, Ground-Plane
Back-Projection, GPBP):

Jappe(z,y) = ff(ff? + H}%)fl/ztzs(@“)

-6[t7%\/x2+H§+(ufy)2]dudt (7)

A e S HEEBAE A S IR S s(4,u) I SAR R T-RIN
) ¢ MG ALAUARAL B w0 B HE R,

s(tw) = fffﬁr2 + (Hp —z1)2 + (u—y) 9(@4:2)

.p[tfg\/:rz +(Hy —2) +(ufy)2]dxdydz (8)

Jorb p(t) KRR S, gla,y,2) RGO . hik
BT, K REAHERIFE] g(x,y,2) o

X HE SR I 2, 3X(8) T AN L8 M T L 1y S S 17
UL, BIEH T 2 > 0 IS TE . A 9001 SAR S T H AR,
P 0 7 AR O L SR B R B A 4, XN R
% 18 PRI T S R E RS [ 8 (R S o %A R AE T TR

zZ3

Tlo
4 EETFEESITH @R MKIE

4.1 S MBI RIE

AT GPSAR 0 T HRIMNEHhE, WmEB e <
AR BN AR I Y S i AR bR R
(T, Yy —2,) » 2, >0, HUSEREEN A, o TIE—A T HH7
FEULR, SRS 1, ~ 1, MR e, — & — je



%43 & N AR R 5% SAR 2 AL T K S BB AR 927

HEE, I H A RERAE f R ML E AR T E
s(t,u)?'ﬂ[g]

tu) = fff%g(fmy,Z)FTfl
. [P(k) exp(—j2kz (7“3 + 24/, —sin’ 6, ))}dmdydz ©)

bk BRI, 6, M ASH A, FTNC) st ¢ R
AR A, P(k) S RSHE S,
= 7 +(y— ) + H} (10)
0, = arcsin(y/r; 2 _H? /13) (11)
9(z.y.2) = A 8(x —z,)0(y — y,)0(z — 2,) (12)
L1 6() 4 Dirac A%,
FIH GPBP SiEXN R H bR UGN, BT 7% 18 i i
WA R, s MR RDE AL RIS . AR ] LLiE
%ﬁﬂfrﬁEﬁﬁﬁz/&’%‘:*”ﬁii&%'# ) A% R W ) 48 TE AR 250
s AHIEATEFR B RS R, EERK, IFARE
ﬂ% I L B AR AR AS K I T PR SR
F(2,,9,,—2,) s 2, > 0 & HFRIF, 3L GPBP Hifg

giRkN
FT;, [AnP [% [ /sin? 6, + kj]

: exp(ijkzx ]k Y = I%n

Joppe(2,y) =

.\/(kj /sin® 0, + k) (e, —sin’ 0,,)] (13)

X P () Jod o fly i e AR B, &, R,
53 R O T e K SN (I3) B & Tk, Ak, 5 kAR

M,

k, = 2kcosf, sin b,

k, =2ksin0, (14)
0, & BRI A,

) /NH + 2] (15)
SR (10) AT, AL 0 R 4 F B E A 6, S
IR

6, = arctan((y, —

cosf;, = cosb;, cosb, (16)
A 0, A IEMI (broadside) I H R NS £,
0,0 = arctan(z, / Hp) (17)

FRYE RN H FR SAGAR Y, AR SO HH bR T~ 5 4 3 0
B AR 1E 7 1
fGPBP(zv Y)

jd

= FT;; lFTz,y[fGPBP(L y)]exp

Re \/[smk;eiO +k§][57,— J (18)

KA FT, () Tk o Fly 1 e IR BT, Re() o

(kf + k;) sin’ 0,
k2 + K sin® 0,

BB S8, d WIS IEIRE

M d = 2, BN, ST R 1 5 L 2 A A s 7
B LLRAF IO E » 1 T30 (18) T 1 Re() BT FUAMEE T 454 1
O AR RL IR S, B A L300 Fh s Bk, [
AT AR F R FEE S A U 2 B0 d I d ARk H
FRHE R IE o 2 (18) L1 o, 7T LUK S5 0 )
U AR TSR], A5 PR I 1

SR A A0 L R MG P T A2 20 T i
R BRE IR Toppp(2,y) » €= 1,2, L W72 0AL B,
I 40 R 1 P04 2 I 22T E R B AR, LA — IR R
S HEHE, RFEE AR L R

ml L*K A.CL’
fGPBPIy ZfG}BP[ ( L—)l :]a

0<z<R —Az (19)

X R, 0 B PR R B 56
4.2 RIESHWHE

FIH 20 (18) X A S A O AT BN, FRZEANTE M
NSH: dfle, o TSV, AT LUK T 5 R R v U
E ds T e, BB E AT LAd i Sl st 2856 2 AT Al o

T [l Sk 2 A FL e O3 T i — 1,

TR P 0% 43 BT SO e ) S S AR A 2 A L . U]
Agilent 23 1] ) 85071E #4 R &4 A ] LLSEHLHE T RVl k
R I BN, (FR AR, RIR 2
B8 2% P00 - e A H B G A S PR Y EESRk . AR
Peplinski 2513 VIR 1 iy 26836 20 ST 3 3 51,
I 55 S 25 SEREAT X LG (Al 2 BroR) . BVAR AR 1
1.3GHz I, ST S5 RIRZEAR TR, Hb Tk
HH b [Elk B Tk BARARX, I FLis A5 A 00 5 2547

EHITE— VO P, IR 256 8 BRI &, seis i L X
(18) R IEREEE K
15 8
. — T e
I D — 6 o SNy e
g 142 2
138 ¥ 4
ay | — T e,
B4 o g =, 2
13
0 05 1 15 2 25 0 05 1 15 2 25
B (x10°Hz) B (x10°Hz)
(a) 58 (b) M

P2 A S A i 2 s R T &5 SR

5 Rail-GPSAR RZELMEIELIBLE R

BRI 5 W M6ATL Mg H7E v + R4 0.15m. 24
REEFIE 3.3m B, HEATHTIHFI A EUGE IR IE /T /5 1) GPBP
PR E W 3 TR, BEIER AR H AR K i
DI



30 %

¥ i

928 By HR
' = ? = 2]
= 0 g =6 =
,E T - ‘E 7 i
( g g
9 ]
=3 =2 -1 0 1 2 3 =3 =2 -1 0 1 2 3
Ji A% ) (m) JPA ) (m)
(a) FZIET (b) KEIE G [4]

K3 TN A EOE R E R GPBP Sk iR a5 R

UK IEYT S A A B e, H bR MR iR 2
IEF] 0.4m, J7 005 HEE PRI BRIRZT 0.11me X RE R 2.9m
I3 55 R B R AT e B P TR A AR IE AR B, AR5 45 P
8 R A 20 (19) 04T 2 WAL B (L=2) . 24045 L WA T
DM AR T RS (R T R 3 3 e ek, R
A (Equivalent Number of Looks, ENL)Fl4s 4 43 #
(Radiometric Resolution, RR)E & i it £ MIEHR: BATE
SRS 1o 16

ENL = [E(I)]' / VAR(])
RR = 101g[1+ (1+SNR ") /VENL |

A TR F M (intensity ) {5, E() F1 VAR() 235 4 $4H
72507, SNR b HARMSHELL .

1 1A% 45 30 1 HL S 3 PR b 5 1030647 Hilbert A8 it
ARG UL gk v LA B SV PR30 P P o AN ] ORA Ff E VE F ]
%1 R 2 LLEAZ ST ENL FI RR W3 1 s, £
MAL )G B8 ) ENL il RR #B15 30 T 420

(20)
(21)

Fz1 ZMAIEHIF ENL 1 RR HRE

% 1 % 2 LGk
ENL 0.85 0.97 1.84
RR(dB) 3.35 3.18 2.45
6 LERIB

ASCEF XS BT GPSAR RGEERII I H AR 1 TAERS
o WIESE T AR AT R R ARO[ — 37 A AR A e 15k
AT ZAAL PP SEBOAR, SR T ELH AR T SR AR 1
GPBP  BAGR SVE AR A dth 1~ i P45 4 5 A0 € B i
RIETr %, GPBP Skl T 2 AR P K BCHESRAE, $20
TREBRIR SN PR RE o S T P (B AT T S A RO AL
TE, AT DU NI S I 4 g A B oA, e
fi 3y A PR AR 3 5] L A B b S bR (0 25K o Rail-
GPSAR ZZ0 S H A B G RAT RO IR UE T A SCH 7 ik
A 2k -

2 & x #

[1]  Andrieu J, Gallais F, and Mallepeyre V, et al. Land mine
detection with an ultra-wideband SAR system. Proceedings of

SPIE, 2002, 4742: 237-247.

[5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

[14]

(15]

(16]

&

JE R

Carin L, Geng N, and McClure M, et al.. Wide-area
detection of land mines and unexploded ordnance. Inverse
Problems, 2002, 18(3): 575-609.

Jin T, Zhou Z, and Chang W. Ultra-wideband SAR time-
frequency representation image formation. IEE Proceedings:
Radar, Sonar and Navigation, 2006, 153(5): 389-395.
Kositsky J, Cosgrove R, and Amazeen C, et al.. Results from
a forward-looking GPR mine detection system. Proceedings of
SPIE, 2002, 4742: 206-217.

TR, M, B, FRsgER. dbat:
2005: 117-118.

Brown L G. A survey of image registration techniques. ACM
Computing Surveys, 1992, 24(4): 325-376.

A Tl R AL

Zitova B and Flusser J. Image registration methods: A survey.
Image and Vision Computing, 2003, 21(11): 977-1000.

Oliver C and Quegan S. Understanding Synthetic Aperture
Radar Images. Boston, MA: Artech House, 1998: 166-167.
Jin T, Zhou Z, and Song Q, et al.. Ultra-wide band SAR
landmine images: simulation and

subsurface metallic

measurement. CIE International Conference on Radar,
Shanghai, China, 2006: 1667-1670.

B, TR, WOCE. BTSN GPEN SAR
N H bR G TR R R . 55 A B, 2006, 22(2):
238-243.

Jin T, Zhou Z, and Chang W. UWBWA SAR imaging
modeling and its time-frequency processing. The T7th
international Conference on Signal Processing, Beijing, China,
2004: 1930-1933.

Blackham D V and Pollard R D. An improved technique for
permittivity measurements using a coaxial probe. IEEE
Trans. on Instr. Meas., 1997, 46(50): 1093-1099.

Peplinski N R, Ulaby F T, and Dobson M C. Dielectric
properties of soils in the 0.3-1.3-GHz range. IEEE Trans. on
Geoscience and Remote Sensing, 1995, 33(3): 803-807.
Peplinski N R, Ulaby F T, and Dobson M C. Corrections to
“Dielectric properties of soils in the 0.3-1.3-GHz range”.
IEEE Trans. on Geoscience and Remote Sensing, 1995, 33(6):
1340.

Moreira A. An improved multi-look technique to produce

SAR imagery. IEEE International Radar
Arlington, VA, USA, 1990: 57-63.

Conference,

Moreira A. Improved multi-look techniques applied to SAR
and SCANSAR imagery. IEEE Trans. on Geoscience and
Remote Sensing, 1991, 29(4): 529-534.

W B, 1980 4R, [, WERT OB A SAR RS
H bt

%, 1957 4E, %, WA S, KB SAR
RGEAR NG 5 A B i TAE.



