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Infrared and Visible-Light Image Fusion Based on FCM and Guided Filtering
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Abstract: To solve the problems of vague targets, detail loss, and algorithm instability in traditional infrared
and visible-light image fusion algorithms, a fusion method based on fuzzy c-means (FCM) clustering and
guided filtering is proposed. The low-frequency sub-band was enhanced by guided filtering after applying a
non-subsampled shearlet transform (NSST) to the original image. The low- and high-frequency sub-bands
were then fused using FCM clustering and a dual-channel spiking cortical model. Finally, the fused image was
obtained using an inverse NSST transform. The experimental results showed that the proposed algorithm was
stable, the fusion image had clear targets and relatively complete details in the subjective evaluation, and the

algorithm had an excellent standard deviation, mutual information, average gradient, information entropy, and

edge retention factor in the objective evaluation.
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Fig.1 Dual channel spiking cortical model
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Fig.3 Image fusion results of the first group. (a) Visible image of set 1; (b) infrared image of set 1; (c) MGFF; (d) MSD; (e) MTD;

() VIP; (g) FCMA; (h) Proposed method
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Fig.4 Image fusion results of the second group. (a) Visible image of set 2; (b) infrared image of set 2; (c) MGFF; (d) MSD; (e) MTD;

() VIP; (g) FCMA; (h) Proposed method
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Fig.5 Image fusion results of the third group. (a) Visible image of set 3; (b) infrared image of set 3; (¢) MGFF; (d) MSD; (e) MTD;

() VIP; (g) FCMA; (h) Proposed method
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Table 1 Subjective evaluation scale score table

Score Quality scale Obstruction scale

5 very nice Lossless image quality

4 nice The image quality is damaged,
but it does not hinder viewing

3 normal Clearly see that the image
quality is damaged

2 poor Obstruction to viewing

1 very poor Serious impact on viewing
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Table 2 Five point evaluation results

First set of image scores

Second set of image scores

Third set of image scores

Professional person 1 4 5 4
Professional person 2 5 5 4
Professional person 3 4 4 4
Nonprofessional person 1 5 5 5
Nonprofessional person 2 5 5 4
Average score 4.6 4.8 4.2
®3HFMIHN TR
Table 3 Objective evaluation results
Image Algorithm STD MI AG EN QABF SSIM
MGFF 48.5438 2.5642 10.7398  7.3355 0.5691 0.5038
MSD 48.3475 2.5589 11.2680  7.2762 0.5925 0.4877
MTD 43.3842 3.0839 9.8755 6.9701 0.5456 0.4722
Group 1 VIP 44.8607 0.5109 10.4776  7.2307 0.5665 0.6142
FCMA 43.9961 3.1582 10.5662  7.3527 0.6230 0.4964
Proposed 45.0086 3.1720 10.7624  7.3768 0.5978 0.5090
MGFF 36.6809 1.7426 4.9351 6.8599 0.4702 0.5268
MSD 52.3717 2.5234 4.7900 7.0811 0.4706 0.4854
MTD 52.1024 3.0416 43414 6.8654 0.4563 0.4920
Group 2
VIP 52.8195 0.3818 4.3009 6.9521 0.5332 0.7334
FCMA 60.5238 3.1647 4.6397 7.3857 0.4877 0.4375
Proposed 60.1718 3.2102 4.6594 7.4388 0.4564 0.4693
MGFF 40.0211 1.5924 6.7958 7.2387 0.4799 0.5095
MSD 49.7948 2.3439 6.8837 7.2386 0.5371 0.4871
Group 3 MTD 60.7380 4.4287 6.3965 7.1101 0.5810 0.4641
VIP 56.0103 0.6042 5.6657 6.7389 0.5663 0.6618
FCMA 57.0775 2.3680 6.1483 7.2681 0.4667 0.4515
Proposed 57.4021 3.0526 6.6048 7.2777 0.5556 0.4753
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