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Infrared and Visible Image Fusion Based on Image Enhancement and
Rolling Guidance Filtering

Liang Jiaming, Yang Shen , Tian Lifan
School of Information Science and Engineering, Wuhan University of Science and Technology,
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Abstract A multiscale fusion algorithm based on image enhancement and rolling guidance filtering is proposed to solve
the problems of thermal target brightness loss and visible image detail information loss caused by infrared and visible image
fusion. First, an adaptive image enhancement method is proposed to improve the overall brightness of the visible image
and maintain the contrast of the details. Second, according to the different features, the source image is divided into three
layers, and the luminance layer is obtained by using the significant extraction method based on guidance filtering. The
favorable scale perception and edge preservation characteristics of rolling guidance filtering are used, and the basic layer
and detail layer are obtained by combining Gaussian filtering. Finally, the fusion rule of large pixel value is used for the
luminance layer, a least-squares optimization scheme is proposed for the basic layer, and the sum of the modified Laplace
energy is used as a measure of sharpness for the detail layer. The experimental results show that, compared with other
fusion methods, the proposed method has better performances in both subjective and objective evaluations.
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Fig.1 Framework of the proposed algorithm
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Fig. 2 Enhancement results for visible images. (a) Visible images; (b) enhancement results obtained by CE algorithm; (¢) enhancement

results obtained by proposed algorithm
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Fig. 3 Brightness layer extraction results. (a) Original images; (b) results of brightness layer extracted by ME-AV-G; (c) results of

brightness layer extracted by proposed method
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Fig.4 Block diagram of multi-scale decomposition
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Fig. 5 Effectiveness analysis of image enhancement module. (a) Fusion results without image enhancement module; (b) fusion results

using image enhancement module
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Fig. 6 Fusion results under different decomposition stages. (a) 3-grade decomposition fusion result; (b) 4-grade decomposition fusion

result; (c) 5-grade decomposition fusion result; (d) 6-grade decomposition fusion result
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(k) CNN () RFN-NEST (m) proposed method

P 7 IRl G J5 % road B A G 45 5

Fig. 7 Fusion results obtained by different fusion methods for road image

() LP () NSCT_SR (h) MGFF (i) VSMWLS (j) MDLATLRR

{ - b
(k) CNN (1) REN-NEST (m) proposed method

K8 Al fl G 5 i tree PR 9 Rl & 45 2R

Fig. 8 Fusion results obtained by different fusion methods for tree image
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(a) visible image (b) infrared image (¢) HMSD (d) IFEVIP (e) LATLRR
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(k) CNN () REN-NEST (m) proposed method

9 AREfhA J5 245 school EIZ A il 45 1

Fig.9 Fusion results obtained by different fusion methods for school image

(f) LP (g) NSCT_SR (h) MGFF (i) VSMWLS (j) MDLATLRR

(k) CNN () RFN-NEST (m) proposed method

B 10 ARG 5 23X camp B8 1Y Fl& 25 5
Fig. 10 Fusion results obtained by different fusion methods for camp image
TP BRI A AL B A RO B T TR T ke BRI EUE . R 2 AT RIE X T A BRI iR
XFELAN H bR B FRIARS b it 20 i b AR M O SRR 7 BB SEUAG ET = 3008 bR #8 A B0 IR BE £ T 5 X
TG A5 A AR 5E 3T 52 B 377 55 WL R00R B9 20K school il tree Wi 41 K14 1) TE {8 55 /&5 , % camp FEHZ 1) TE
w2 TR IIE S A 10 A E 4 H ISR (EOOR TR s EIF A 2Z 800, Xt road R Y TE (AL
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F2 ARSI 0 5 N 4 bR

Table2 Objective evaluation indicators of different fusion methods

Sourse imgae Method SF AG EI Qu IE
HMSD 17.5674 6.0079 63. 1150 0.5515 6. 7081
LATLRR 12.1848 4.0811 43.2928 0. 5429 6.3014
LP 16. 3290 5.4941 58. 0796 0. 5080 6.6372
IFEVIP 14. 1162 5.4106 57.8583 0. 5474 6.7129
NSCT SR 16. 7009 5.8570 62.4193 0. 6040 6.8281
Road VSMWLS 16. 0335 5.1831 53.8014 0. 5557 6.2132
MGFF 14.8678 5.4644 57. 8654 0. 5061 6. 6685
MDLATLRR 16.6794 5.6289 59. 8057 0.4975 6.5621
CNN 16. 2121 5.5013 58.1258 0.5972 6. 7048
RFN-NEST 6.4614 2.2904 25.0055 0.5126 5.8536
Proposed method 23.9637 8.1639 82.5267 0.5734 6.6276
HMSD 23.8510 9.2298 94.8332 0. 6569 6. 7835
LATLRR 22.3650 8.8570 91. 7881 0.6832 6.8747
LP 21.7602 8.3035 85.2999 0.6227 6.5519
IFEVIP 24.6768 9.8544 101. 8078 0. 6949 7.0194
NSCT _SR 21.2417 8.1751 83.9755 0.6928 6. 7355
Tree VSMWLS 21.7911 8.3110 84.5247 0.6793 6. 6296
MGFF 26.9349 10. 1338 104. 9981 0. 5587 6. 1870
MDLATLRR 23.9089 9.1837 95.2020 0.6181 6.4839
CNN 21. 3890 8.1813 83.9645 0.643 6. 8264
RFN-NEST 10. 8456 4. 6900 50. 7199 0.6134 6.4651
Proposed method 41.1557 18. 2584 183.0180 0.6303 7.5858
HMSD 10. 6450 4.3282 42.1393 0.4672 7.1635
LATLRR 6.3393 2.5151 25.0382 0.4929 6.7015
LP 9.2327 3.8211 37.6272 0. 4887 6.7776
IFEVIP 9.0931 3.7102 36.7382 0.4721 6. 9825
NSCT _SR 9.7135 4.1046 41.3897 0. 4988 7.0301
School VSMWLS 10. 3717 4.2445 40. 9354 0.4657 6.9551
MGFF 10. 0096 4.2202 41.7272 0. 5001 6. 8664
MDLATLRR 9. 0027 3. 6402 36. 2517 0.4670 6.7518
CNN 9.2641 3.8181 37.6419 0. 4996 7.1048
REN-NEST 4.6368 1. 8381 19. 8348 0.4944 7.0005
Proposed method 13.5766 5.5592 54.1671 0.4952 7.2032
HMSD 12.9588 5.3733 54.9035 0.5736 6. 9385
LATLRR 8.4160 3.6494 38.1772 0.5290 6. 5826
LP 10. 9681 4.6338 47.9002 0.5730 6.6718
IFEVIP 10. 4097 4. 5280 46. 5933 0. 4837 6. 7702
NSCT SR 10.7614 4.6437 48. 8054 0. 5587 6.8129
Camp VSMWLS 11.7773 4.9211 49. 7469 0. 5946 6.6122
MGFF 11. 8534 5.1788 53. 6499 0. 5640 6.8117
MDLATLRR 10. 1595 4.3148 45.0209 0. 5694 6.5432
CNN 10. 9595 4. 6559 48.1431 0.5777 7.0665
RFN-NEST 7.3192 3.4695 37.7255 0.5775 6.8510
Proposed method 16. 5619 7.3575 75.4030 0.5461 7.0468

T 45K H 2 WK 7 & B, NSCT _SR., e 0 SRR TR TR Qo B TE 4 4 RHME AL T A
MGFF . IFEVIP .HMSD .CNN Jif 15 3| f¢) filt & 45 5 7 K, EBEIREAE TR Q. i i B 225 I EE i it
AT R X T e S ECE AT TE (5 F TR T P27 vk ] W AR BEAT T AR bk IRR G s R S
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