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NSCT Combined with Saliency Map and Region Energy
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Abstract: To address the problems of low clarity and contrast of indistinct targets in traditional infrared and
visible image-fusion algorithms, this study proposes a fusion method based on non-subsampled contourlet
transform (NSCT) combined with a saliency map and region energy. First, an improved frequency-tuning (FT)
method is used to obtain the infrared image saliency map, which is subsequently normalized to obtain the
saliency map weight. A single-scale retinex (SSR) algorithm is then used to enhance the visible image. Second,
NSCT is used to decompose the infrared and visible images, and a new fusion weight is designed based on the
normalized saliency map and region energy to guide low-frequency coefficient fusion. This solves the problem
of region-energy adaptive weighting being prone to introducing noise, and the improved "weighted Laplace
energy sum" is used to guide the fusion of high-frequency coefficients. Finally, the fused image is obtained by
inverse NSCT. Six groups of images were used to compare the proposed method with seven classical methods.
The proposed method outperformed others in terms of information entropy, mutual information, average
gradient, and standard deviation. Regarding spatial frequency, the first group of images was second best, and
the remaining images exhibited the best results. The fusion images displayed rich information, high resolution,
high contrast, and moderate brightness, demonstrating suitability for human observation, which verifies the
effectiveness of this method.
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Fig.10  Fusion results of Movie 18
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BK. £ Nato_camp BB ASCITEM SF EIKT
Hybrid MSD 779, {HI AL A& R AILH .

W EUMIFM AR 1~6 TIPSR, *
B 7 AT A5 B Bl A BB SC g 5 B R
FE, T EEAT LRy, i LA NSCT J7
FEVEREIAIRTY, BAIE 1A SRR TV A R A IE
f .

# 1 Nato_camp WA 4G
Table 1  Objective evaluation results of Nato_camp
Methods IE SF MI AG SD
LP 6.6022 13.9059 1.8726 5.6680 28.3882
RP 6.5073 14.7712 1.7414 5.8658 27.3435
DTCWT  6.4292 12.8851 1.8237 5.1054 25.6576
CVT 6.3256 11.8559 1.7603 4.7871 24.0154
NSCT 6.6369 13.5828 1.8622 5.6284 28.6006
DCHWT  6.3231 11.0041 1.7605 4.4255 25.8427
Hybrid MSD 6.7020 15.1560 2.0825 6.0049 29.1284
7.0235 14.8216 2.6280 6.2154 37.1931
#2 Tree tHNER
Table 2 Objective evaluation results of Tree

Methods IE SF MI AG SD

Proposed

LP 5.8484 7.7347 1.6911 3.0154 14.7225
RP 5.8788 9.0936 1.5948 3.2999 15.1486
DTCWT  5.7484 7.1703 1.6836 2.7127 13.5645

CVT 57172 6.8121 1.6988 2.5939 13.0307
NSCT 5.8498 7.4456 1.6643 2.9577 14.6721
DCHWT  6.0325 6.1470 1.5695 2.4196 16.3405

Hybrid MSD 6.2954 8.5220 1.8939 3.2627 20.2859

Proposed  6.8678 11.3701 3.1874 4.8995 31.3029
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Table 3  Objective evaluation results of Duine

Methods IE SF MI AG SD

LP 5.9780 7.4565 1.5175 3.3497 15.4549

RP 5.8923 6.9660 1.5174 3.0050 14.5825
DTCWT  5.8808 6.7566 1.5059 3.0241 14.4632
CVT 5.8322 6.5233 1.4829 2.9103 14.0198
NSCT 5.9806 7.0812 1.5181 3.2809 15.5069
DCHWT  5.8015 5.7144 1.5240 2.5810 13.6918
Hybrid MSD 5.9472 8.2933 1.5553 3.6047 15.2660
Proposed  7.1126 13.2301 3.1155 6.1093 35.0350

4 APC_4 BHMPFAN G5 R
Table 4 Objective evaluation results of APC_4

Methods 1E SF MI AG SD

LP 5.8574 12.7384 0.9065 5.5624 14.5848

RP 5.6555 12.4937 0.7502 5.0838 12.9853
DTCWT  5.6766 11.7014 0.8259 5.0618 12.8683
CVT 5.5498 11.3298 0.7902 4.8656 11.6973
NSCT 5.8743 12.1900 0.8733 5.4444 14.7461
DCHWT  5.5262 9.7761 0.8671 4.2252 11.4534
Hybrid MSD 5.9514 14.0328 1.0230 5.9508 15.5852
Proposed  6.6951 16.5562 2.8247 7.5079 25.6268

# 5 Kaptein_1654 ZM P25 R
Table 5 Objective evaluation results of Kaptein_1654

Methods IE SF MI AG SD

LP 6.6557 19.0519 2.2753 6.8009 36.8878

RP 6.7122 19.7509 2.2324 6.9286 34.3867
DTCWT  6.4858 17.9294 2.2036 6.3067 31.2040
CVT 6.3880 16.3414 22711 5.6601 28.7014
NSCT 6.6451 18.7667 2.2189 6.7824 35.7430
DCHWT  6.7437 15.4424 2.2980 5.5617 36.3196
Hybrid MSD 6.8692 20.4999 2.1659 7.1597 37.6306
Proposed  7.0479 20.6661 3.0611 7.7455 53.3902

% 6 Movie 18 ZMiTFM 45 R

Table 6 Objective evaluation results of Movie 18

Methods 1IE SF MI AG SD

LP 5.9545 83646 1.7206 3.0967 17.9892

RP 5.7520 9.0084 1.5003 3.1423 16.3032
DTCWT  5.6640 7.8037 1.6294 2.8594 14.5863
CVT 5.5991 7.6734 1.6439 2.8605 13.9172
NSCT 5.8977 8.2244 1.6706 3.0956 17.1809
DCHWT  5.5755 6.6402 1.6596 2.4455 15.0237
Hybrid MSD 6.2333 9.2791 2.3197 3.3676 21.1429
Proposed  6.8108 10.0577 3.3102 3.7343 47.7950
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