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Infrared small target detection method based on nonlinear local filter
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ABSTRACT In order to improve the efficiency of infrared small target detection against complex background the image was decom—
posed into three regions: flat region edge region and small target region. A method of nonlinear local filter detection using the Lapla—
cian pyramid was presented based on each character of the three components. Firstly Gaussian pyramids were built for the image
each level was subtracted from the original image with matching size and the flat region was restrained by simple threshold operation.
Secondly the minimum difference between the marked pixel gray value and the mean value of the hollow annular region was used as
quota to filter out the edge region. At last each layer coefficient of the Laplacian pyramid was generated from the results of nonlinear
local filtering and then a high-contrast detection image was reconstructed. The isolated noise points were removed based on the charac—
ter of the neighborhood and the infrared small target was marked by simple threshold operation. Compared with other existing methods
the experimental results show that this method can effectively restrain complex background and the detection speed is fast.

KEY WORDS infrared image processing; target detection; Laplacian pyramid; nonlinear filtering; local filter

( Tophat) * . ( Max—
Mean) ( MaxMedian) °

© 2015-09-16
(61203189 61374054)



* 1653 -

. 6 ( robust dictionary
learning RDL) 1 {6} =01 - NN
G, =1
° (n
; G, = downsample( G, |) =12 -+ N.

7 ( sparse low-rank matrix de— downsample( *)

composition SLMD) 172 G, G
{c}
' N+1 G,

{L} 1=01 - N

[Ll=Gl—upsample( G,) l=01 - N-1

(2)
L, =G,
upsample( )
2 (2)
1
1
9
(b)
1 (a) (b)
Fig.1 Sketch maps of the Gaussian pyramid ( a) and the Laplacian pyramid ( b)
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Fig.2 Diagram of signal decomposition
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Table 1  Procedure of nonlinear local filter detection
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Table 2 Experiment of nonlinear local filter detection
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Table 3 LSNR and LSNRG values of several small target detection algorithms for Table 2

LSNR LSNRG
Tophat MaxMean ILCM RDL NLF Tophat MaxMean ILCM RDL NLF
1 2.87 2.14 3.47 4.15 14.28 2.31 2.64 3.48 4.58 9.25
2 2.96 2.01 2.97 4.89 12.58 2.01 2.97 3.48 4.21 10. 87
3 1.97 1.01 2.84 5.92 13.45 1.03 3.14 4.87 5.98 9.18
4 3.05 2.70 4.58 6. 87 5.98 3.15 4.98 5.12 5.41 5.10
5 3.01 3.49 5.79 9.15 13.89 4.58 5.98 5.79 9.12 13.45
6 1.02 1.02 2.36 3.01 17.15 2.01 3.15 6.15 7.19 19.15
7 1.83 1.85 2.94 3.19 15.26 2.82 3.14 5.01 6.19 18.01
8 2.04 3.01 4.54 6.07 11. 05 3.01 4.59 6. 15 7.06 10.59
9 3.15 4.58 1.05 6.25 9.87 2.93 5.92 6.01 8.06 9.81
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Table 4 Comparison of FAR and runtime for different algorithms

Tophat MaxMean ILCM RDL NLF

0.92 0.93 0.95 0.93 0. 95
0.13 0.19 0.08 0.07 0. 03

/ms 11.214  24.259 104.368 348.153 8.016
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