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Abstract Infrared small target detection is widely used in fields such as dark and weak object detec-
tion, which is an important means of early warning for space environment safety. Drawing on entropy
theory and incorporating the directionality of target diffusion, this study introduces a method for In-
frared Small Target Detection Enhancement named Weighted Divergence of Directionally Salient Fea-

tures (DSWD). Initially, this method assesses the local saliency of an image using a multi-layer nested
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window approach, and applies multidirectional spatial filtering to highlight point targets that radiate

outward from the center to eight directions within the infrared spectrum, thereby enhancing the target

against a complex backdrop. To address the disparity between the anisotropic distribution of saliency

features and the homogeneous background distribution, this study employs a scatter measure to quanti-

fy the probabilistic distribution between the target area and the background, thus identifying regions of

interest. Nevertheless, the efficacy of target extraction can be compromised by obfuscating elements,

such as prominently illuminated backgrounds. To mitigate this, the study leverages an enhanced abso-

lute mean square deviation technique for further target refinement, ensuring precise separation and ex-

traction from the intricate background. The process culminates with the application of an adaptive

threshold segmentation method for final target extraction. The experimental results show that for the

variable space environment, the method proposed in this paper can accurately detect the weak targets in

the space environment and reduce the false alarm rate, which is expected to be applied in the future

space environment safety warning system or for reference.
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Sequence 1 under different algorithms (a)
MPCM LGDC ADMD

Sequence 2 under different algorithms (b)
MPCM LGDC ADMD

Sequence 3 under different algorithms (c)
MPCM LGDC ADMD

Sequence 4 under different algorithms (d)
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MPCM LGDC ADMD
Fig. 6 Infrared small target image detection results under different sequences
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Table 2  Fscrg values calculated by different algorithms under four sets of sequences

75 DSWD WSLCM TLLCM PSTNN MPCM LGDC ADMD

P11 26.95886 3.389853 2.41065 7.060763 2.132392 5.077733 0.289776
J7312 29.08403 3.114348 4.14042 7.535866 0.89089 1.659468 0.087604
Jr53 4.342124 1.845483 3.6071 3.443729 0.549783 0.374816 0.038264
¥4 86.61648 1.818613 0.970138 22.27447 1.676713 4.845257 0.288661

*3 FAREAEZEENARFIITITERN Fpsr B

Table 3  Fggp values calculated by different algorithms under four sets of sequences

izl DSWD WSLCM TLLCM PSTNN MPCM LCGDC ADMD
P31 14.25265 8.344599 6.071986 3.597427 3.578278 5.140639 3.99592
P52 11.28658 5.699201 3.898466 2.658014 2.113583 3.541101 3.420808
7513 14.26926 9.906523 7.195343 3.441276 4.485798 10.69522 7.449242
P54 41.467 21.04057 13.6944 10.56703 7.350093 12.689 8.624328

b2 WA R ROC Mk i ZE 107, RUIASCEEK  IRTHARTIE. (BLEF5 3 AR, ROC HIZH Y
MAYERE E AR E, LT AL . PSTNN J7 ik 9 WA (AUC) B, WIRWZm ik (U ER e T 5T Y
ROC MR MASCOINELIE, e NS ERY IPERE AR E . 7275 4 B ROC I T, ADMD,
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Fig. 7 ROC curves of different algorithms under four sets of sequences
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Table 4 Average operational efficiency of single-frame algorithms
Bk DSWD WSLCM TLLCM PSTNN MPCM LGDC ADMD
BATRUR 0.075509 2.243401 0.555400 0.468005 0.112141 1.187946 0.066555
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