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Infrared and visible image fusion of convolutional

neural network and NSST

Huan Kewei, Li Xiangyang, Cao Yutong, Chen Xiao
(College of Physics, Changchun University of Science and Technology, Changchun 130022, China)

Abstract: Traditional multi-scale infrared and visible image fusion methods couldnot be well applied to all kinds
of complex image environments, because the extracted image features were fixed. However, deep learning could
independently select appropriate image features to solve the unicity in feature extraction of multi-scale methods.
Therefore, an infrared and visible image fusion method based on the combination of convolutional neural network
and non-subsampled shear wave transform (NSST) was proposed. Firstly, the binary classification map of the
infrared target and background was extracted by convolutional neural network, and the classification map was
accurately segmented by frequency-tuned (FT) saliency detection algorithm. At the same time, the NSST was
used to decompose the source image in multiple scales and directions; Secondly, the target saliency combined
with adaptive fuzzy logic algorithm was used for the fusion of low frequency sub-bands, and the high frequency
coefficient local variance contrast method was used for the fusion of high frequency sub-bands; Finally, the fused
image was obtained through the inverse transformation of NSST. The experiment results show that compared with
the traditional image fusion algorithm, this method improves objective evaluation indicators such as information

entropy, average gradient, spatial frequency, mutual information and cross entropy at least increased by 0.01%,
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0.30%, 1.43%, 2.32%, 1.14%, respectively. The contrast of fusion image is greatly improved, and the background

details are enriched, which is more conducive to human eye recognition. It can be widely used in electro-optical

reconnaissance, electro-optical warning, multi-sensor information fusion and other electro-optical information

fields.

Key words: image fusion;
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Fig.1 Convolutional neural network structure
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Fig.3 Infrared image "UN Camp"and images after saliency extraction by
various methods. (a) Infrared image "UN Camp"; (b) Standard
segmentation of image "UN Camp"; (c) AC method; (d) SR
method; (e¢) LC method; (f) FT method; (g) CNN method;
(h) CNN+FT method
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Fig.4 Infrared image "dune" and images after saliency extraction by
various methods. (a) Infrared image "dune; (b) Standard
segmentation of image "dune”; () AC method; (d) SR method; (¢)
LC method; (f) FT method; (g) CNN method; (h) CNN+FT
method
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Fig.5 Image fusion model based on convolutional neural network and NSST
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Fig.6 "UN Camp" infrared and visible images and fusion results.

(a) Infrared image;(b)Visible image;(c) DWT method;(d) CS method;

(e) BEMD method; (f) NSCT+FL method; (g) NSST+FL method;

(h) Proposed method; (i) Significant area fusion image
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Fig.7 "dune" infrared and visible images and fusion results. (a) Infrared
image; (b) Visible image; (c) DWT method; (d) CS method; (e)
BEMD method; (f) NSCT+FL method; (g) NSST+FL method; (h)

Proposed method; (i) Significant area fusion image
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Fig.8 "iron" infrared and visible images and fusion results. (a) Infrared
image; (b)Visible image; (c) DWT method; (d) CS method;
(e) BEMD method; (f) NSCT+FL method; (g) NSST+FL method;

(h) Proposed method; (i) Significant area fusion image
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Tab.2 Infrared and visible image fusion effect evaluation

Image Method E AG SF MI CE
UN DWT 6.934 2 7.049 2 13.9217 2.668 3 03563
Camp CS 6.252 7 4.9659 10.300 5 1.5933 0.599 9
BEMD 6.603 8 6.146 2 12.007 7 1.573 8 0.5759
NSCT+FL 6.8105 7.1109 14.126 5 24328 0.326 4
NSST+FL 6.8555 7.0516 14.475 8 23550 0.279 8
Proposed method 7.116 3 8.008 2 16.106 9 29919 0.264 8
Dune DWT 6.657 4 6.507 5 12.371 8 2.5943 0.307 2
CS 5.903 8 4.694 8 9.790 9 1.188 4 0.654 5
BEMD 6.156 6 5.426 7 10.391 4 1.196 5 0.576 0
NSCT+FL 6.675 8 6.578 3 15.540 9 22220 02925
NSST+FL 6.666 7 7.3653 13.954 2 2.6370 0.301 4
Proposed method 6.701 1 7.386 8 14.153 9 2.8157 0.289 2
Iron DWT 6.677 8 12.647 6 33.730 4 3.6173 0.5503
CS 6.5372 7.647 5 20.025 4 3.1773 0.498 7
BEMD 6.6777 9.090 6 23.349 1 33925 0.5397
NSCT+FL 6.767 7 14.998 1 38.969 7 3.3975 0.474 5
NSST+FL 6.751 1 15.645 4 40.410 4 3.1774 0.4279
Proposed method 6.768 7 16.282 2 41.718 8 3.7013 0.409 3
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