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Extraction of blurred infrared targets based on a manifold regularized multiple-kernel
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ABSTRACT  Specific to the problem of infrared target extraction with blurred edges this article introduces an extraction method
based on a manifold regularized multiple kernel semi-supervised classification model. Firstly the maximum variance of inter-elass
( OTSU) method is used to compute the initial segmentation threshold and the certain target and background areas and the uncertain
blurred edge area are determined. Then local space sets of pixels are constructed in each area the multiplekernel functions are used
to map the grayscale mean and variance in local space and the location information feature in local space is obtained by manifold regu—
larization ( MR) . On the basis of features a semi-supervised classification model is established to classify the local space sets of pixels
in the blurred edge area. Finally the optimal segmentation threshold is computed. Experiments with comparisons show that this meth—
od is efficient and less in time-consuming.
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1 . (a) 1s;(b) 60s; (c) 120 s
Fig.1 Infrared hand images with blurred edges. (a) 1s after hand leaving; (b) 60s after hand leaving; ( ¢) 120s after hand leaving
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Fig.2 Difference of multiple classifiers with and without manifold regularization: ( a) original image; ( b) truncated image; ( ¢) with manifold regu—

larization; ( d) without manifold regularization
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Fig.3 Illustration of elements in local space
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Fig.6 Acquisition of features
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Fig.7 Flow chart of extracting the infrared target with blurred edge
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Fig.8 Image of 1s after hand leaving ( a) and ground truth image ( b)
9 60s - (a) ; (b) prewitt i(c) ;(d) Otsu ;(e) Snake ()
(g i (h) ()

Fig.9 Extraction results of the mages of 60 s after hand leaving: ( a) original infrared image; ( b) prewitt operator; ( ¢) watershed method; (d) Ot-

su method; (€) Snake model; (f) immune template clustering method; ( g) immune network template method; ( h) superstring galaxy template algo—

rithm; (i) the proposed method
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10 120s . (a) ;(b) prewitt i (c) ;(d) Otsu ;(e) Snake ()

(9 (h) ()
Fig.10 Extraction results of the images of 120 s after hand leaving: ( a) original infrared image; ( b) prewitt operator; ( c¢) watershed method; ( d)
Otsu method; () Snake model; (f) immune template clustering method; ( g) immune network template method; ( h) superstring galaxy template

algorithm; (1) the proposed method

1 2 FPR
1 (605s)
Table 1 Quantitative results of infrared target extraction methods ( 60 s) 2 (1205)
FPR/% J D R, /% Table 2 Quantitative results of infrared target extraction methods
Prewitt (1205s)
6.7 0. 81 0. 89 6.1 FPR/% J D R, /%
Otsu 8.0 0.89 0.94 3.4 Prewitt
Snake 67.2 0.16 0.27 55.5 5.6 0.69 0.82 9.7
7.5 0.84 0.91 5.1 Otsu 7.4 0.78 0.87 6.9
8.2 0. 89 0.94 3.3 Snake 67.6 0.16 0.27 55.8
9.2 0.87 0.93 4.0 5.6 0.82 0. 89 5.6
6.3 0. 90 0.95 3.1 10.8 0.82 0. 89 5.9
7.6 0.82 0.89 5.8
9 10 1 2 9.0 0. 84 0.91 5.3
1
2 \Otsu .
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Table 3 Comparisons of time efficiency
Otsu

60 s 1 0.8 361.3 334.3 276.2
120s 0.6 0.8 51.2 32.1 3L.5

3 ;

;o 120s Ot-
su . 120 s
(3)
120 s
60 s
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