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A PFA based imaging method for multiple receiver
spotlight synthetic aperture sonar
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Abstract: In this paper, an improved imaging method for multiple receiver spotlight synthetic aperture sonar (SAS)
based on the polar format algorithm (PFA) is proposed, a squint imaging model under the condition of non-stop-start-
stop is established, the analytical expression of the signal converted from the time domain to the wavenumber domain
is derived, and the flow chart of signal processing is given. Firstly, the accurate round-trip range history of the scene
center is used to compensate the platform motion error, and the coarse-focused image is obtained by PFA processing.
Secondly, in order to compensate the residual phase error, the block-wise autofocus is performed in the image domain,
which improves the imaging accuracy of edge points. Finally, a full fine focusing image can be obtained after sub-
image mosaic and geometric correction. The simulation results show that the proposed method can improve the
azimuth imaging performance effectively and compensate platform motion error accurately. The proposed method can
work well for multiple receiver SAS data, even though the data has large motion error and big squint angle.
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JifLE PSLR/  JiALIEISLR/  JiALa 4y g/

WAREA

dB dB cm

2 W ET: -11.13 -8.52 3.65

GG AT -13.32 -11.55 3.32
ik FEES R PSLR/  BEESHISLR/  BEE RS HER/

dB dB cm

2 MU -13.13 -11.09 3.80

B RGS -13.13 -11.11 3.80

Rif. XK 8(a). 8(b)rf LLAHL, &itiashihs
Ja, UGS R EENEE, U T AT A
BEfE A B RO T S8 shiR TR ME .

0.2 N
— ikizghirz

0.1 L~ —— FHVliBshiRZE
E x
w0 \
I %

-0.1 S~

0.2 .

0 2 6 8

4
ES
7 FPEEZINEEL

Fig.7 Platform motion error curves

3
-'-E'l".:‘;' ]
(a) K& iszltME (b) BRicH)ph

K8 T B3R ZEFMEAT To i H b AR 25 T b
Fig.8 Comparison of point target imaging results with and
without platform motion error compensation

ASCR RAVRE Tl By TG R T M A
JALAE B TS AR ¥ PFA 51 5] N B 5K SAS Hif&
o, A5 O RO T R SR S BRI P Y
BRI R, B X M RS ALRE
fE BT T R B R BB, P A AR Rot b
2§ DA RO BB R I R GEIRZE - (7 L4
REW], ARSIk o B H R EEAL B REIR 4T
HoAMEEAR RO KPR AR IR ZE D8 H AR N o
WA S SIEaMEMEE &, REARCAME T R1E
EirZE, T REIRE FRBIRAL . A5
PRTTIER RS AR RA BB &, A2 KRR
THUL T AL RAF I REBRCR .

ARSCHTHR TS T PFASIAIN 2 T FE SAS 3L
PEAC RS, H % 5iashiMeisic, REvIRs i
T2 THERHRSAS, MR EHALAE A
ARETELF A —E RS HNE.

s % X M

[1] CARRARA W, GOODMAN R, MAJEWSKI R. Spotlight
synthetic aperture radar: signal processing algorithms[M]. Bos-
ton: Artech House, 1995.

[2] FRmels, Ja R AR SN H AR AR BOR BT[], 7 E R,
2012, 31(1): 30-35.

CHEN Xiaopeng, ZHOU Lisheng. Review of current status
of buried-object detection techniques[J]. Technical Acoustics,
2012, 31(1): 30-35.

[3] RIS, x4k, MLTC . G AR UG TS H bR (R B R 22 43
Mr[J]. 23R, 2015, 34(3): 214-218.

LIU Hao, LIU Wei, LIU Jiyuan. The depth error analysis in
synthetic aperture sonar imaging of buried target[J]. Technical
Acoustics, 2015, 34(3): 214-218.

[4] IRIL, FEEhFR, 5kFH, 6. L7 MG AR B 9NIZ R Sk
[J]. 155 4b2E, 2003, 19(2): 157-160.

XU Jiang, TANG Jinsong, ZHANG Chunhua, et al. Multi-ap-
erture synthetic aperture sonar imaging algorithm[J]. Signal
Processing, 2003, 19(2): 157-160.

[5] ZHANG X B, DAI X T, YANG B. Fast imaging algorithm for
the multiple receiver synthetic aperture sonars[J]. IET Radar,
Sonar & Navigation, 2018, 12(11): 1276-1284.

[6] FIZLTC. & MALAR 75 WA H AR B 788 e [J]. B R B e 7,
2019, 34(3): 283-288.

LIU Jiyuan. Advancement of synthetic aperture sonar tech-
nique[J]. Bulletin of Chinese Academy of Sciences, 2019, 34
(3): 283-288.

(71 Bsete, RS, Rk —Fh3E T MSR I A5 RALZ 71 &
FLARFE R B 22 5 ) R[] 7R A HOR, 2020, 39(3): 354-359.
LYU Jinhua, TANG Jinsong, WU Haoran. A MSR based range
Doppler algorithm for the moderate squint multi-aperture syn-
thetic aperture sonar[J]. Technical Acoustics, 2020, 39(3): 354-359.

[8] kAT, VK%, HIH . 3 F Chirp Scaling B A% 595 11 5 43 #
AR A A AR W] 75 EH0R, 2006, 25(4): 271-275.
ZHANG Youwen, SUN Dajun, TIAN Tan. A chirp scaling al-
gorithm for high-resolution spotlight synthetic aperture sonar
imaging[J]. Technical Acoustics, 2006, 25(4): 271-275.

[91 B, RIS, DB 85— PTG G A B AR AL RS
PRI R D7 R[], H TR, 2010, 38(1): 244-250.
MAO Xinhua, ZHU Daiyin, YE Shaohua, et al. Image do-
main space-variant post-processing for wavefront curvature
correction in polar format spotlight SAR image[J]. Acta Elec-
tronica Sinica, 2010, 38(1): 244-250.

[10] T, BHTHE, A5 . HeT Wi 4l 2 AL B I K PEA W T 25 i

FEAME[T]. 75 54, 2015, 36(2): 605-613.
DING Lan, MAO Xinhua, ZHU Daiyin. Polar format algo-
rithm wavefront curvature error compensation using 2Dspace-
variant post-filtering[J]. Acta Aeronautica et Astronautica Sini-
ca, 2015, 36(2): 605-613.

[11] DOERRY A. Wavefront curvature limitations and compensation

to polar format processing for synthetic aperture radar images.[R].

Office of Scientific and Technical Information (OSTI), 2006.

DOERRY A W. Wavefront curvature limitations and compen-

sation to polar format processing for synthetic aperture radar

images[R]. New Mexico:Sandia National Laboratories, 2007.

[12

—



