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Abstract: To address the challenge of detecting dim and small targets in space-based short-wave infrared
(SWIR) imagery-where targets are readily obscured by cloud cover and ground clutter under low signal-to-
clutter ratio (SCR) conditions-an enhanced detection algorithm is proposed that integrates Anderson-accel-
erated Self-Regularized Weighted Sparse (SRWS) modeling with the Relative Local Contrast Measure
(RLCM). Computational complexity in background estimation is substantially reduced through the incor-

poration of Anderson acceleration, while multi-scale target detection is achieved via background residual
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maps combined with RLCM. Experiments conducted on 289 SWIR images spanning seven representative
scenarios demonstrate consistently strong performance in complex backgrounds, with the AUC reaching
0.950 and remaining no lower than 0. 842 under the most challenging conditions. The signal-to-clutter ratio
gain (SCRG) is significantly improved relative to conventional methods, including IPT and LCM. Overall, de-

tection accuracy and robustness for dim and small targets in space-based SWIR remote sensing are effectively

enhanced, providing a reliable solution for target detection in complex background environments.
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Tab.1 Algorithm pseudocode of fixed-point iteration

Algorithm 1:Fix-point iteration

Input: Image X, parameterw,S,y,A,u
which used in Eq. (6)
1. Update Z: Eq. (7)
2. Update E: Eq. (8)
3. UpdateTi;': Eq. (12)
4. Update Y,u: Eq. (16)

5. Updatee; ' ': Eq. (17)
6. Output:T_f,\ !

R2 ETRERMELNSRWSERE ZHRD
Tab.2 Algorithm pseudocode of SRWS based on Ander-

son accelerates

Algorithm 2:SRWS based on anderson acceleration

Input: Image X, parameterw,f,y,A,u

which used in Eq. (6)
1. Update Z: Eq. (7)
2. Update E: Eq. (8)
3. Update T: Eq. (9)

4. Update Y,u: Eq. (16)

5. Updatee, ': Eq. (17)
6. While not converged

Algorithm 1
End

7. Output: E,T,Z
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Tab.3 Description of each image sequence
Sequence  Image size ~ Number Description of target Description of background Platform Wavelength
Dim sea with barely any waves and
Seq. 1 512X512 57
clouds
Dim sea with highlighted small struc-
Seq.2 1024X1024 39
tural clouds
Seq.3 1024X1024 79 Dim land with no clouds
Dim target varying ) o
Dim land with highlighted small struc- .
Seq.4  2048X2048 16 from 1X1to 5X5 Satellite SWIR
) tural clouds
pixels o )
Highlighted coast with no clouds and
Seq.5 1024X1024 24
waves
Highlighted coast with highlighted
Seq.6 1024X1024 22
small structural clouds
Unstructured massive highlighted
Seq.7 2048X2048 52

cloud

BN 2R 4E , i Wide-IRSTD % di 4 it i 19 55 4b
8 732 MR LL A AR A
4.2 MR
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Fig.4 Comparison result of baselines in Seq. 1-7
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Tab.4 AUC of different methods in Seq. 1-7
Method Seq. 1 Seq. 2 Seq. 3 Seq. 4 Seq. 5 Seq. 6 Seq. 7
SRWS 0.922 0.763 0.655 0.596 0.779 0.725 0.603
RLCM 0.953 0.797 0.794 0.853 0. 883 0. 826 0. 686
IPI 0.949 0.937 0.821 0.773 0.754 0.792 0.781
LCM 0.983 0.861 0.817 0.708 0.730 0.653 0. 587
New tophat 0.962 0. 838 0. 810 0.657 0.767 0.775 0.732
ACM 0.922 0.770 0.719 0. 608 0.841 0.769 0.655
ALCNet 0.848 0.694 0.584 0.543 0. 840 0.792 0.627
This work 0.950 0. 867 0. 858 0. 890 0.934 0. 869 0.842
~ 1 = 1
72 a. i =%
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Fig.5 ROC of different methods in Seq. 1-7
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BRI AE 7D 50 AR SCHRIRAE S
ADF G L AUC 278 T A X s 8 fE R 2
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Tab.5 Ablation experiment

DA SBCAS: 72 A6 G B2 55 1 53 205 2 ) 1) - % 5

+

o3 ) HE B

AN T b B3 4 23 R ] A2 AUC

SR L RS AR T

H B SC IR

of Anderson accelerate

AR R, P T A AR T SR I

RLCM-+SRWS  Anderson Running  Average
(5= 2 B o B0 v b 32 545 ) T 4 RE 4k 5 background estimate accelerate time/(sfr'') AUC
R B R DU P R L B UE T O RAF B BRI IS N J 199.696  0.883
fe J v 94.782  0.885
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SRR AR TS TR T 2 B T T A Y0 RS JE 4TS AR
TREF A B 1K F-
4.4.4 SCRG#Rib#

6 SRR T ARSI ik 5 2 R X 45 Y B

FEIE 1 -2 SCRG . Horp 21 8 il ke At % 02
J¥ 51 H SCRG f 4F 1Y 516 5 & 60 kL b o 1) 2
HF 5] SCRG IR G ) 5 1 CF I 0L 399 1) H
T o

&6 F31-7FHSCRG LLE
Tab.6 Comparison of average SCRG for Seq. 1-7

Method Seq. 1 Seq. 2 Seq. 3 Seq. 4 Seq. 5 Seq. 6 Seq. 7
SRWS 3.904 12.416 10. 182 18. 577 74.884 51. 604 234.740
RLCM 2.891 6.289 16. 043 7.766 25.148 38. 966 77.644
IPI 3.673 6. 704 13.13 19.19 6.292 10. 648 30. 492
LCM 3.922 0.791 5.584 1.362 2.020 0.650 4.324
New tophat 5.613 8.328 8. 645 18. 643 44.330 26.166 75.072
ACM 5.575 5.017 21. 166 14.083 25.782 30. 050 178.039
ALCNet 4.806 7.147 11.759 18.451 44.396 24.688 182. 323
This work 3.281 11.537 13.882 26.212 55. 756 62. 197 157.409

Xt 2 6 T AS R /Y 7 81 54T R T b T A 5
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Tab.7 Anti-noise experiment

SNR 20 dB 15dB 10dB

Decline in AUC —10.18% —16.98% —23.32%
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Tab.8 Running time and peak storage for each algorithms

Method Running time/sec-fr ' Training time/hr Peak storage/MB

SRWS 97.308 — 200

RLCM 9.451 — 16

IPI 135. 847 — 200
LCM 213.913 — 8
New tophat 0.012 — 2

ACM 12(Params 0. 398 M) 390

ALCNet — 12. 5(Params 0. 427 M) 436

This work 94.782 — 513
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