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Wavefront Curvature Correction for Missile Borne Spotlight SAR Polar Format Image
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Abstract: The polar format algorithm (PFA) for spotlight synthetic aperture radar (SAR) is influenced
by wavefront curvature error. The error introduced will cause the missile borne SAR image edge blur and
geometric distortion seriously. The previous wavefront curvature compensation methods are all assumed
that the height of the radar is constant. These compensation methods cannot be directly applied to the
case of missile borne SAR where the platform always has large dive angle. The application range of wave-
front curvature error compensation method is restricted greatly. In this paper, the precise expression of
wavefront curvature phase error in the frequency domain of missile borne SAR is derived. After image
domain post-processing steps, the problems of distortion and defocus of PFA image in the missile borne
SAR are solved effectively. This method further improves the precision of wavefront curvature compen-
sation. At last, the correctness of formula and method is verified by simulation.
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Fig. 2 Flowchart of image domain post-processing steps
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(a) PFA imaging result (b) Filtered image by the method (c) Filtered image by the proposed method
proposed in Ref.[5]
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PFA A #x (0.0,0.0) (—781.1,1 355.5) (—980.4,—1 183.5) (1905.8,—1 183.8)

FEAHARX  (0.0,0.00  (—1183.0,1290.0) (—1201.0,—1270.0) (1 330.0,—1290.0)

RN (0.0,0.0) (—1 280.0,1 280.0) (—1280.0,—1 280.9) (1280.6,—1 280.0)

MF 2 PAER X TR PO AR TAR SR, HAE PFA BB b g6 8 A b L
JEA K TROIRZS TR B LA 2% A I 5 i Ak B B 07 i A b LA R AR B LA 2R R G T i A B Y
{37 A b A R L LS4 B A AR — B, W T B.C.D = A IE S0 A 5 . EAT7E PFA B% o fir
AR AR By 9 B A AR AT P BB 1A A AR A LA R B R R OF B R L
AT 2R LA IE 77 3% b FHLJS 9 A b A B L 30 S 07 5 A B AT 15 L BSOS O B B AR IF R B . R i AR S
R IE 7 R AL RS AR R 22 SR VRO VE L N L R H AR C 7R LS AR R Ak R AR B . A5 R UEH
ARSI AMEE T T B TR eh AL 8l A% P8 T S R 2 — R @y s o BT R B R A L 2T 1 TR O TR O
- 15 RN i L 3 4% 18 T A A b s 35 1 TR A L AT 2% 10 T3 T A R AT L O HLASOR S i i 1 A
Jiik .

42 WEHBRMHE

HHBRGENEESHWE 3 IR 5 RmE %3 AENFEIETESH
V4 B . Sl T 500 70 8 6 T A S ik % 3 T ol i Tab.3 Radar parameters
2 (ML AR L FE T BT R 0 0 R4 A R B4y 2 ¥ Bl
BB T 9 A E R A 3 HE 3 L RS WK /GHz 35
U B TE 5 T 3R 2 PR R 4 P 15 B % L T L 5 i 54 5/ GHz 1
XL P61 19 P04 A FR 3 8 0 9 5 2 A S U R A% S 5 i B RS/ km 12.5
FHILF R/ (O 72

AR P ROCR AN LA 2 A IERACR o O T4l A L fE i H
PRIEER AT 4 A A AR G g3 500 B T B X SR 1L X 2, X 38K
3K 4 A 5. [ 16~18 2p 5l g it 1T PFA T H AR B8 L 23 248 gl (9 1 H A B 1R LR LA 2k HAR
IEJG W HARE B A X 1~5 8RR A .

A e 7 5/ ) 41
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(a) PFAEIE (b) ZEAEUEHL 5 HIPFA B4 (0 JUTREARIESG HIPFA R4
(a) PFA image (b) PFA image after space variant filtering (c) PFA image after geometric distortion correction

K14 AR H E A

Fig. 14  Area target simulation images

15 s HinE R B
Fig. 15 Point targets

.

(a) XKIBIIARE (b) XB2HIHCKE (© DE% E‘JJ&JU(@ (d) XFarECRE (e) KIFSHIAE
(a) Enlarged area 1 (b) Enlarged area 2 (c) Enlarged area 3 (d) Enlarged arca 4 (e) Enlarged area 5

B 16 1 HAr PFA EHE 89 =550k E
Fig. 16 Enlarged area of PFA image

(a) IR HE (b) X2 E (c) DXIR3IITBRE (d) XIRamBoRE (e) XIS ARE
(a) Enlarged area 1 (b) Enlarged area 2 (c) Enlarged area 3 (d) Enlarged arca 4 (e) Enlarged area 5

B17 28 AR B T H AR AR Ja) R 1

Fig. 17 Enlarged area of target images after space variant filtering
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(a) RILIITBRH (b) XI2RITBOK (c) XI3HITHRE (d) XIFARIHORE (e) RISHIAH
(a) Enlarged area 1 (b) Enlarged area 2 (c) Enlarged area 3 (d) Enlarged area 4 (e) Enlarged area 5

P18 JLAT Sk EBEIE I T H A P 14 Ja v e ok 1

Fig. 18 Enlarged area of target images after geometric distortion correction

MIEL 16 T H AR PFA EGE Ja 0O 1E o aT RUA S il T 98 A2 il iR 22 19 82 R A8 2 1R O
DX IR 11 58 A, H AR AR 4 A Ay DX B0 L 1 58 e b O A LT 2k LRI RUER 0 P B 2 e 2 A A
H O R 2 B AR s R IR 17 BT 09 2 AR S T A T R Jd A R R v AT LR B e i D
A PEA 8 25 A DR -+ 70 7 F A 3 F AR & 28 SR A R (FUR A B AR R R 0 1 it AR 7 B
TEE 18 w2t i LA 2k EOAE IE LS 25 A8 B D T H AR R A5 A DX b 40 48 411 il 728 T8 A A 7™ 3 4 2R
FLA 58 m1 F RS S JLAT 2R A B T AR BF i AL GE - K B 1 24 0 B I B AR SR R R A B LN Y IE T
JE o i T H b R A DX R R 8 8 H AR 9 20 B il LU AR SCO7 36 X T AR R IR O 5 I b AL
AR AT M A B 3T A RIS A R 2R A R ORI S X T AR A R A U B S A
— E B HIE R LR S BN

5 4ZRiE

TR PEA Sk 0EAT 8 20 B A B I C A A 6 T 3 16 TRBRBE A 5 R 25 i R 22 A B O 125 L B
TR IR P AR I 9B S R 2 A 0 3 AN BE T R AR IR ORI R e L BIOIR 2SR i R B
SR AR SRR S 3307 A S ROREBL R f B WL Bl R e S S AT 4R 7 e TR L RS 4 RS B TR I
AF i BIL 20 2% 15T i 257 s TR) AT 7 5% 22 FRORS A 22k 2. [l I AR STt 1 3 7 JRART o L R P i
B SAR - 5 18 A U I A 8 o P 150 Ak B A R S 45 VRS A e A A A A A% SR Al A R 22
X FAE SR E SAR FORHIL R o (9 WL Bl 4% 0 T Al A0 A s R0 T B 1] AR A T A5 A L A 2K 3G i) e )
R W S R 1 R A s BRI DA S R 22 AN T I A IR P L e X AR A A g X
HiT 25 p A R B — 28 58 35 0 TORE TR S A RN B2 A A B B R A R 25 A D7 A AR N TR
IR B I o SRSl A% PR B — R Y B A TR S BR A 1
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