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Fusion of NSCT infrared and visible images based on
multi-judgment and WLS optimization
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Abstract: In order to overcome some defects of traditional methods and the insufficiency of single feature
extraction information, while further improving the fusion of infrared and visible images, a method with strong
adaptability to different types of features is sought. A non-subsampled contourlet transform (NSCT)
infrared-visible image fusion method based on multi-judgment and weighted least squares optimization (WLS)

is proposed. Firstly, NSCT is used to decompose the image at multiple scales to obtain the low-frequency
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and high-frequency subbands of the image. Secondly, the low-[requency sub-band selects local squared
entropy and sum-modified laplacian (SML) to complement each other, which extracts a small amount of
detailed information under guaranteed good contrast. The high-frequency subbands fully considers the
importance of the underlying features, and selects phase consistency (PC), the local weighted sum-modified
Laplacian (WSML) and the local weighted energy (WLE) to complement each other to fuse the detail
layer. They are optimized by WLS, and the fused image details are more natural and more suitable for
human visual perception. Finally, the inverse transform is performed on the fused low-frequency and high-
frequency subbands to obtain a fused image. Through the experimental verification of images with different
types of characteristics, experimental results show that the proposed method has subjectively significant
targets, clear backgrounds and better visual effects in comparison with other fusion methods. Under the
average gradient (AG), information entropy (IE), spatial frequency (SF), and mutual information (MI)
of the four objective evaluation indicators, on the premise that M1 is relatively good, the other three indicators
are in the best position, especially for uniformly illuminated camp images, AG and SF are improved by
6.9% and 4. 8% in comparison with the best values, thus validating the proposed method effectiveness.

Key words: image fusion; multi-judgment; non-subsampled contourlet transform; weighted least squares

optimization; human visual perception
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Tab. 3 Objective evaluation results of “Camp” and “House” by different algorithms

E1%  iFMrfEkEs DWT_avg  DWT_WSML  NSCT_avg NSCT_WSML NSCT_PC VN QR

AG 2.5656 2.713 2 2.8788 2.836 1 2.7335 3.076 4
i IE 6.2733 6. 5960 6.423 2 6.752 1 6.746 7 6.809 9
Camp SF 5.9434 6. 3843 6.336 3 6.287 9 6.0918 6.6413
MI 0.4819 0.7724 0.460 3 0.7330 0.716 9 0.718 1
AG 3.4794 3.547 2 3.686 8 3.6913 3.4159 3.7623
Honse IE 6.336 9 6.728 6 6. 466 8 6.769 7 6.742 3 6.7758
SF 12.3312 12.516 8 12.887 9 12.910 9 12. 6857 12.953 2
MI 1.034 9 1.2018 1.0237 1.1713 1.178 1 1.153 8

T R BT A e (45

x4 AREEZEIShip”fn“Jeep” 1 W I M 45 R
Tab.4 Objective evaluation results of “Ship” and “Jeep” by different algorithms

Kz iEhdEdr DWT . avg  DWT WSML  NSCT . avg  NSCT WSML  NSCT PC  ACHEE

AG 1.799 3 1.8596 1.902 7 1.906 9 1.893 2 2.009 3
Ship IE 4.9890 5.874 4 5.1312 5.908 4 5.914 5 5.937 3
SF 5.6358 5.7748 5.780 8 5.8228 5.796 4 5.960 3
MI 0.5319 0.917 5 0.536 2 1.0126 1.040 3 1.006 6
AG 2.7259 3.1652 3.026 6 3.0718 2.9872 3.2224
IE 6.4690 7.2256 6.6130 7.178 8 7.1909 7.236 8
feep SF 7.5303 8.540 6 8.163 3 8.5058 8.3520 8.6924
MI 0.580 9 1.551 8 0.528 0 1.4258 1.667 8 1.374 6
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Fig. 9 Objective quality evaluation results of different algorithms for “Camp”, “House”, “Ship” and “Jeep”.
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