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Infrared Polarization Image Fusion Method Based on

Composite Domain Multi-scale Decomposition

CHEN Guangqgiu, WEI Zhou, DUAN Jin, HUANG Dandan

(College of Electronic Information Engineering , Changchun University of Science and Technology s Changchun 130022, China)

Abstract: Aiming at the problems of poor image quality, lack of polarization information, and
inadequate target texture details in current infrared polarization image fusion, we proposed an infrared
polarization image fusion method based on composite domain multi-scale decomposition. Firstly, in
the spatial domain, a two-scale decomposition of the source image was performed by using a bootstrap
filter to obtain the detail and base layers, in the frequency domain, a multi-scale multi-directional
decomposition of the base layer image was performed by using a non-subsampled shear-wave
transform to obtain the low-frequency sub-band image and high-frequency sub-band image. Secondly,
the principal component analysis-adaptive pulse coupled neural network fusion rule was used for high-
frequency sub-band, an improved convolutional sparse representation was used for coefficient merging
for the low-frequency sub-bands, and local energy weighting and selective fusion rules based on pixel
similarity were used for detail layed fusion. Finally, the fused image was reconstructed by using an
inverse transformation in the composite domain. Experimental results show that the proposed method

outperforms other comparative fusion methods in subjective visual performance and eight objective
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evaluation metrics, indicating that the method has many advantages in infrared polarization image
fusion and can effectively enhance the quality of fused images.
Keywords: infrared polarization image fusion; non-subsampled shear-wave transform; adaptive pulse

coupled neural network; convolutional sparse representation
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Fig. 3 Block diagram of image fusion method
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Fig. 4 Block diagram of HF sub-band coefficient fusion
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Fig.5 Fusion results of the first group of infrared polarization images
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Table 1 Objective evaluation results of the first group of experiments

ik EN MI Qabf FMI_pixel FMI dct FMI_w Nabf SSIM
WLS 7.265 2 14,530 3 0.498 8 0. 865 6 0.316 2 0.368 4 0.1450 0.676 4
CSR 7.478 3 14.956 7 0.641 3 0.876 5 0.276 3 0.375 5 0.090 3 0.677 4
NSST-SPCNN 7.155 6 14.311 3 0.453 2 0. 864 0 0.421 2 0.403 2 0.137 4 0.659 8
CBF 7.420 2 14. 840 5 0.452 5 0.862 6 0.319 8 0.3031 0.318 1 0.611 5
PFNet 6.808 7 13.617 5 0.275 2 0.872 6 0.2197 0.259 6 0.049 5 0.700 6
AL 7.512 4 14.965 8 0.649 4 0.908 2 0.455 2 0.467 4 0.041 2 0.706 3
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Fig. 6 Fusion results of the second group of infrared polarization images
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Table 2 Objective evaluation results of the second group of experiments

7 ¥ EN MI Qabf  FMI_pixel FMI det  FMLw Nabf SSIM
WLS 6.5324  13.0648  0.4873  0.8634  0.3297  0.3681  0.1844  0.693 1
CSR 7.1593  14.3187  0.5473  0.9017  0.2946  0.3500  0.0937  0.706 2
NSST-SPCNN  6.8234  13.6467  0.4464  0.8667  0.3745  0.3464  0.1505  0.678 0
CBF 6.8522  13.7045  0.4141  0.8342  0.2800  0.2586  0.4376  0.549 2
PFNet 6.099 2  12.1983  0.2847  0.8771  0.2314  0.2637  0.0477  0.7150
A3 7.2094  14.3943  0.5509  0.9134  0.4353  0.4297  0.0386  0.724 0
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Fig.7 Six pairs of infrared intensity and polarization images
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Fig. 8 Fusion results of 6 pairs of infrared intensity and polarization images of different fusion methods
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