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Abstract To address the difficulty in detecting a dim-small target in single frame image caused by the complex
background and polymorphism of the target, a method of rough extraction for threshold segmentation and precise
detection for multi-point signal-to-noise ratio (SNR) is proposed. In the rough extraction stage, an improved
threshold segmentation algorithm based on robust principal component analysis (RPCA) is proposed. The ratio of
the mean value of the neighborhood sparseness to the mean value of the whole sparse image is used for the threshold
segmentation, so as to further eliminate the isolated noise and the edge clutter of background cloud. In the precise
detection stage, a multi-point constant false alarm detection algorithm based on statistical characteristics is
proposed. The SNR of each pixel of candidate points in the neighborhood is obtained, and then the target point is
extracted based on the false alarm rate threshold and statistical quantity threshold. The problem of polymorphic
features caused by the dispersion of target energy will be overcome. Experimental results show that the detection
probability of this algorithm reaches 95.6% under complex background, and the false alarm rate is 56.1% and
47.1% lower than that of single pixel and neighboring pixel based SNR computing methods, respectively.
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Fig. 1 Energy diffusion of small target. (a) Transverse diffusion; (b) non-diffusion; (c) peripheral diffusion;

(d)-(f) three-dimensional distributions of Figs. 1(a)-(c), respectively
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Fig. 4 Constant false alarm detection windows of different pixels. (a) Single pixel; (b) multi-pixel
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Table 1 Related parameters of targets in Fig. 8

Parameter Fig. 8(a) Fig. 8(b) Fig. 8(c) Fig. 8(d)
R. 1.827 2.78 2.227 2.347 3.72 3.88
Location (269,143) (316.182) (242,91) (312.127) (79,93) (105,219)
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Fig. 8 Results of proposed algorithm. (a)-(d) Original images; (e)-(h) results of improved threshold segmentation

algorithm based on RPCA; (i)-(1) results of multi-point constant false alarm detection
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Fig. 9 Processing results of different algorithms. (a)(b) Original images; (c)(d) improved algorithm based on RPCA;
(e) () top hat transformation algorithm; (g)(h) BM3D algorithm
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Table 2 Related parameters of targets in Fig. 9

Parameter Fig. 9(a) Fig. 9(b)
R.. 2.23 2.35 2.57 2.23
Location  (242,91) (312,127) (239,380) (314,420)
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Table 3 Number of candidate points for segmentation

algorithms
Improved Top hat BM3D
Frame
RPCA algorithm algorithm
Fig. 9(a) 34 5001 1249
Fig. 9(b) 22 5353 1143
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Fig. 10 Results of different constant false alarm detection algorithms. (a)(b) Original images; (c¢)(d) MCFAR algorithm;
(e)(f) CFAR algorithm; (g)(h) ACFAR algorithm
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Table 4 Results of different constant false alarm

detection algorithms

Method Ror/% Rear/ %
Improved RPCA+CFAR 80.0 93.9
Improved RPCA+ ACFAR 67.6 84.9
Improved RPCA+MCFAR 95.6 37.8
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