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{5 I B 5 UG R SR B AT BT, AR
FE 953 145 98 76 TSR B2 P A — A BB S B A
PEAE e o 8 4 i e i — 25 458 75 4 MR
IR AR Se R 1T 5 2, TR T 4 ST 1
S STRBRIR, LT SSBL R B2 H A7 5.

P24 (U et PR 2 M BB . 7
AR AR, BB R [
R SIS A . BRI N SR TR
A IRGEALR, ELHE IE [ O BORUR 8 B B
TEIE Y BB, RSO B T P, SlI3E B
DB HLRE T 46 H0 48 PR e 8 e 17 11 168 75
g ~ N(0,1). MIXBIHL, 7EREYHEEL
S ARG, WAL E D KRS, R
b, ELEUA RN B R MOIRA . EIBRIR T
BRI 45 S S A PR R«

SR AR A R A o () B B A
po(xo) o VIURIRES 2 R HIE E py () =N (21;0,1) -
Il 5 28 10 4% S T 755 307 43 A 149 5 58 o (oo, 1)
> e t) o fER IR, B 3 R 3R
BT A BIGE R Ry BOL R T #0R Jy

po(@i—1lze) = N(we—ys po(e, 1), Y (e,8)) (1)
[

TR XS B 7 FIARREBEAT I 2 IBARENII )
T A BEALIERE, TR P A A e M e A b
3 K

3.1 IBrRBREAIRE ST

AT GEO SARILE KIS Hxtizsh HArK
TURMNORZEIAT T BT, RUE/R TGEO SAR
BEIESH., FIFASTKHEHTIHE, H4
BT MM PEE . 1230 H AR B KIIAMEG I,
BLRHL AT B AR £0122.2°, J62E28°, 4 Hixt H AR
FEEE 15 km/h, 30 km/h, 45 km/hEL&60 km/h
TEUL R AL B Am RS AR Z 74T T Ve o, B
PREHE RN 73 it 45 SR v LR 2R 3.

Tt IR, MEREEE IR, HAE W
bl 2 St m. BAcRE, B3 R E
A LR E Tk, B AR BSH T
R TT R 2R, Wik, FGEO SARKE
Heist, e CLAIKTE B H bR ) E LA B

R3VEY #7175 & AL AR I (8] R 104 %
20 8P B0 8P 25T, ANFLESEIZ 3 B AR AEAL
WEREM . SR EY, GEO SAREE Tz B
FRB) R AR A 7E6.8°~8256.8°, 4377 Wi
PECEI G . BARRI N, iz B br DU ik
Feshit, BEUR I MR B, SECE
FEE IR . BhAh, B3h B RREEOR, BUERRRE
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%1 GEO SARFESH

po(wor) = ple) [, polwe|z) (12) s i
S B R 2 M OB Rt ) P e
TP, FLAKk B8 T LA A R PR ’
HUEMUA () 16
L = Eayes [l = 20 (@0, 1,2)] (13) s SRR CE) 120
AERRUCAR D, LR — % AL 5 £ B 12 - AIAECN) 250
%= 2 MEFLERBHELER
P (k) A &Efﬁ%ﬁ(km) _
1E#R 1EJE 1E7E 1EH Rk [l VN ]
ro1 ~168.6 ~118.8 168.6 118.8 -203.2 35.1 -35.1 203.2
1 rQ2 113.2 79.6 ~111.4 8.7 136.7 233 23.4 ~134.2
ro1 -337.2 -237.7 337.2 237.7 ~406.5 70.3 -70.3 406.5
% rQ2 228.18 160.1 —221.2 ~156.7 276.0 ~46.6 47.0 ~265.9
ro1 -505.7 -356.6 505.7 356.6 ~609.8 105.4 ~105.4 609.8
® rQ2 344.9 241.5 -329.3 -233.8 417.8 ~69.9 70.6 ~395.1
60 ro1 -674.3 4755 674.3 475.5 -813.1 140.6 ~140.6 813.1
rQ2 463.5 328.8 —435.7 -310.0 562.4 -93.0 94.3 —522.0
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W AT B R T . NP e B HT R A
X B ARG 52m, 43 Ak E T 183 H AR 4 X
WAL X 3, TR S AL (SCR), 45 Ran#k4
Fime THRGRFY, FEREEERILHERERS,
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B, HFHEENTHRIKRNERFEE256 <2568 %K,
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Abstract:

Objective Geosynchronous Synthetic Aperture Radar (GEO SAR) provides wide-area coverage and rapid
revisit, supporting near real-time observation of large maritime regions. However, detecting moving targets in
GEO SAR images remains challenging due to severe geometric shifts and defocusing effects induced by target
motion. These issues are further compounded when deep learning-based detection algorithms are applied.
Specifically, the extended synthetic aperture time of GEO SAR leads to significant motion-induced defocusing,
degrading the structural clarity of moving targets. Moreover, the wide swath of GEO SAR results in sparsely
distributed moving targets, substantially increasing computational demands. The long integration time also
renders GEO SAR imagery more sensitive to sea clutter, which elevates false alarm rates and obscures target
backscattering signatures, thereby compromising target contour visibility. To address these challenges, this
study analyzes the displacement and phase errors introduced by moving targets under the non-linear squint-
angle imaging geometry of GEO SAR. Based on this analysis, a diffusion model-based method is proposed to
detect maritime moving targets in GEO SAR imagery.

Methods To address the aforementioned challenges, this study analyzes azimuth displacement and phase
errors induced by target motion under the non-planar squint-angle imaging geometry of GEO SAR. Based on
this analysis, a diffusion-based approach is proposed for detecting maritime moving targets in GEO SAR
imagery. The method comprises two primary components: a preprocessing stage and a conditional diffusion
detection network. In the preprocessing stage, the full-scene image is divided into smaller sub-scenes to mitigate
the difficulty of directly processing ultra-wide-swath GEO SAR data. These sub-scenes are subsequently
downsampled to dimensions compatible with network input, which enhances the signal-to-noise ratio and
strengthens the representation of motion-related features. In the detection stage, a conditional diffusion
detection network tailored for GEO SAR is developed. This network accepts the preprocessed image as
conditional input to guide the generation of detection results, thereby improving accuracy. To further refine
performance, a dense interaction module is introduced to facilitate multi-scale feature fusion between the
segmentation mask and original data in the latent space, enabling precise segmentation of moving targets.
Results and Discussions To evaluate the effectiveness of the proposed detection method, the imaging
characteristics of sea clutter and moving targets under long synthetic aperture time are simulated. The sea
surface is modeled using the Jonswap spectrum, and clutter is generated via a backscattering coefficient model,
resulting in simulated imagery of sea clutter and moving targets under extended integration time (Fig. 5). A
quantitative analysis is performed to examine the effect of downsampling on detection performance by
calculating the Signal-to-Clutter Ratio (SCR), as summarized in Table 4. The results show that 8x
downsampling improves the SCR by 11.3 dB. After preprocessing, the downsampled sub-scenes are fed into the
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detection network to produce moving target detection results (Fig. 6). Compared to other methods, the
proposed approach yields improvements of 1.1%, 2.2%, and 0.9% in Intersection over Union (IoU), Accuracy,
and F1l-score, respectively.

Conclusions  To address the challenges of detecting moving maritime targets in GEO SAR images—such as
ultra-long synthetic aperture duration, extremely wide swath, and interference from sea clutter—this study first
analyzes azimuth displacement and phase errors introduced by target motion under the non-linear squint-angle
imaging geometry of GEO SAR. A detection method is then proposed, comprising two key components:
preprocessing and a conditional diffusion detection network. During preprocessing, the full-scene image is
divided into multiple sub-scenes to facilitate processing of ultra-wide-swath GEO SAR data. These sub-scenes
are downsampled to dimensions compatible with the detection network, improving the SCR, enhancing motion
features, and suppressing clutter. In the detection stage, a conditional diffusion detection network customized
for GEO SAR imagery is employed. This network uses the preprocessed sub-scenes as conditional input to guide
the generation of detection results, enhancing accuracy. A dense interaction module is further incorporated to
enable multi-scale feature coupling between the segmentation mask and the original data in the latent space,
achieving pixel-level segmentation of moving targets. Simulation experiments confirm the method’s effectiveness
in detecting moving maritime targets under complex oceanic conditions. Although initial progress has been
achieved, further work is required to improve parameter extraction and optimize network performance. Future
efforts will focus on refining detection models for more comprehensive analysis of moving targets in GEO SAR
imagery.

Key words: Geosynchronous Synthetic Aperture Radar (GEO SAR); Moving Target Detection (MTD); Deep

learning; Diffusion model
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