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Abstract

The characteristics of dim point target and background clutter under a complex background are analyzed.

A point target detection method based on the omnidirectional multiscale morphology filtering and local characteristic

criterion is proposed. The experimental results show that, under the conditions of a complex background and a low

signal-to-noise ratio, the detection probability of the proposed method reaches 99.8% with a false alarm probability

of 0.1%. The results indicate that, when compared with the methods of Max-median filter, difference of Gaussian

scale-space, and Gaussian mixture model, the proposed method possesses a better performance to suppress the

complex background, and simultaneously a low complexity and an easy real-time implementation.
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Fig. 1 Morphologies of point targets with (a) one pixel , (b) two pixels , (¢) three pixels ,

(d) four pixels, and (e ) multiple pixels
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Fig. 2 (a)Complex cloud background ; (b) enlarged view of cloud background edge ;

(c) three-dimensional grey-scale map corresponding to Fig. 2(b)
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Fig. 3 Structural elements in eight-directions. (a)0° ; (b)45°; (¢)90°; (d) 135°;
(e)180°; (f)225°; (g) 270°; (h) 315°
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Fig. 4 Candidate point configuration detected by 0°-direction structural element
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Fig. 5 Comparison among detection results. (a ) Original infrared image ; (b ) detection result by TH transformation ;

(c ) detection result by omnidirectional morphology
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1

Table 1 Parameters of infrared focal plane detector

Field of view /[ (*) X (*)]

Parameter Content
Wavelength /pm 7.7-11.3
Resolution /(pixel X pixel) 320X 256
Pixel size /pm 30
Output digits 14
Frame frequency /Hz 100
Noise equivalent temperature difference /mK 19

14.40X11.54
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Fig. 11 Target detection results. (a)-(c ) Original infrared images ; (d)-(f) results after adaptive threshold detection ;
(g)-(i) results after removal of background edges ; (j)-(1) results after removal of noise
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Fig. 12 Signal-to-noise ratio of point targets
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Fig. 13 Processing results from different algorithms. (a ) Max-median filter algorithm ;

(b ) DoG scale-space detection algorithm ; (¢ ) BM3D algorithm ; (d ) GMM algorithm

2

Table 2 Performance comparison of target detection algorithms

Method Reog /% Rear /% Running time /s

Max-median filter algorithm 77.9 15.9 0.45

DoG scale-space detection algorithm 82.2 10.2 0.61

BM3D algorithm 95.1 6.9 3.10

GMM algorithm 94.1 7.2 2.98

Proposed method 99.8 0.1 0.47
2 ) .DoG

BM3D .GMM o s , s ,
s s °
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