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Radar Polarization Modulation for Forward-Looking Imaging

LIU Yibin', WANG Luoshengbin'?, WU Guogqing', SONG Zhiyong', WANG Ping"", LI Yongzhen'
(1. College of Electronic Science, National University of Defense Technology, Changsha 410073, China;
2. National Key Laboratory of Advanced Guidance and Control Technology, Changsha 410073, China)

Abstract: The missile-borne terminal guidance radar employs monopulse angle measurement to achieve precise an-
gle tracking of a ship target during the tracking phase. Centroid corner reflector jamming exploits the inherent limitation of
monopulse angle measurement — that it points to the energy centroid of the echo rather than the geometric center of the tar-
get — by deploying corner reflectors with high radar cross section (RCS) in the same range resolution cell as the ship, there-
by decoying the tracking point and causing the missile to miss. In the range-Doppler image, the ship and the centroid corner
reflector occupy the same range-Doppler cell, making identification and suppression of the corner reflector extremely diffi-
cult. The fundamental reason is that the two are closely spaced and aliased in the range-azimuth parameter domain, while
polarization, spatial, and other multi-dimensional radar features have long been processed in isolation, leading to insuffi-
cient joint identification capability. Forward-looking imaging can integrate range-azimuth-polarization information and of-
fers the potential to identify and localize the target and the jammer in the image domain. However, under forward-looking
conditions, the platform motion direction is nearly aligned with the beam pointing direction, so the target Doppler frequency
variation is minimal, rendering high-resolution methods that rely on the Doppler effect, such as synthetic aperture and Dop-
pler beam sharpening, ineffective. Methods such as monopulse imaging, scanned beam deconvolution imaging, and array
spectral estimation imaging face performance bottlenecks in close-range terminal centroid jamming scenarios, including
pointing errors, scan dependence, and low signal-to-clutter ratio, respectively. Polarization, as a vector property of electro-

magnetic waves, contains rich information about the target’s geometric structure and scattering mechanisms. The polariza-
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tion scattering characteristics of a ship and a corner reflector are inherently different. However, classical polarization pro-
cessing methods such as polarization matching and polarization filtering are designed based on the enhancement or suppres-
sion of echo energy and fail to fully exploit the separability differences of signal components between targets in the polariza-
tion domain. This paper, grounded in the polarization modulation super-resolution theory, derives a polarization array echo
model, establishes an adaptive modulation criterion, and proposes a parallel iterative optimization method based on polariza-
tion state screening. On this basis, by exploiting the differences in polarization scattering characteristics between the ship
and the corner reflector, a corner reflector suppression method based on polarization principal components is proposed, thus
forming a forward-looking imaging method against centroid corner reflector jamming. Simulation results show that at a sig-
nal-to-clutter ratio of 10 dB, for a combined target consisting of a trihedral and a dihedral corner reflector separated by 0.2
times the beamwidth, the proposed method achieves an angle measurement accuracy of 0.05 times the beamwidth. Under
conditions of an 8 km missile-to-target range and a 20 dB signal-to-clutter ratio, the proposed forward-looking imaging
method improves the ship-to-corner-reflector signal-to-interference ratio by 23.3 dB and 11.4 dB compared with the single-

polarization method and the polarization-spatial joint method, respectively, before ship maneuvering, and by 14 dB and 2.4 dB,

respectively, after ship maneuvering.
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Figure 1  Polarization modulation and optical zoom

I, AR SR HE — ol B T i A A £ SRR Y i K
B ALSORT T7 3% B e R H AR -5 T IUAE Bl Bl e
P E A 25 5 38 B A TR I 4 i £ 5 A P A R
AR B AR AR RE , AR IBUTCC 2 BT LA BE
JIt B 5 1 K A DA A% 8 £ Bl By 24 501 4 4 T O = 3
A B 245 SR, 243 1 B T vk 0 L oy B
fE, 8 TR T IM B AR @A

ASCHE Se sl ar 1R AR IS B Ik [l PR, SRS
B 7 B A5 0 A - 23 SRR 5 BB T ik AT AE 1Y R
T T 0 A S e A B 0 SEAEL 4R T AR AR A A
AR A U 5 A A A T 8 B DR AT AR R A A T 1 B
Ja BESIE BT B O A S A BE D 4 B A 3
R TT k. U5 ESEIR R W, AN SRR T A A T3
AR AR T 1A RO 3 BRI TR, REAE 4 o 570 2 AR
THLRE R, AR T A ROTL T B ER AL T 4
2%

1 RACFES ER R

HIE— WAL E B R G, M 2 fros, R —4E
PSR AT AR S WOR , & BE T H/V IEZS KR4
1%, T N BT d R BE 5 A A s AR,
AR T W SE L) 7 606 93 50 6,,0,, -+, 0o 2 n
NEETER BRI KRR s, (1) A5 5 A AR
FIAZ BAALZE 0 T 0,97 1 B9 H s, 28 n A~ FE oA
X T ESH BT RN 2E N

0..(0,) =2—“(n—1)dsin9 (1)

Hirk A5 5 g ik B e Hbs

B AL, S R B D S, 565 /B T8 % S0 5 9 A AR

254 Iy, DR EL 9 B 13- 2 9 W T4 K H
i 0 I 5 10135 R

S0 = YT s s () @)

n=1

K2 BRI

Figure 2 Forward-looking detection schematic diagram
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Figure 3 The effect of the phase relationship of the target on the resolution
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Figure 4 Adaptive modulation schematic
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Figure 5 Algorithm flow of polarization modulation forward-looking imaging
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