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Fig. 4 Part of the test data in our experiment
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Tab.1 Description of five evaluation indicators
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Tab. 2 The average objective assessment of Lytro images

o7k Qi Qr. Quice Qy Qcn
CNN 1. 151 894 0.400 014 0. 842 942 0. 987 562 0. 808 448
GFF 1. 142 157 0. 400 660 0.842 711 0.982 598 0. 801 953
NSCT 0.952 551 0. 385 656 0.830 751 0.961 644 0. 747 797
IFCNN 0. 937 691 0.384 978 0. 829 759 0.952 212 0.729 189
AR SCTT Ik 1. 184 761 0. 412 261 0. 865 199 0.998 258 0. 808 060

T R R OHL G 207 R AR AR R 09 e [
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Tab. 3 The average objective assessment of other commonly used 20 pairs of multi-focus gray-scale images

J5 ik Qumi Qr. Quice Qy Qe
CNN 1.000 561 0.411 889 0. 833 830 0. 886 982 0. 744 002
GFF 0.999 213 0. 409 359 0.833 875 0.877 142 0.730 946
NSCT 0. 926 431 0. 395 060 0.829 587 0. 863 441 0.722 552
IFCNN 0. 945 648 0.397 140 0. 829 750 0.885 724 0.703 829
AR5 1. 033 504 0. 443 796 0.839 719 0. 922 495 0. 742 092

a JREGR A b WEEIG B ¢ NSCT d GFF e CNN { IFCNN
g the proposed h NSCT i GFF j CNN k IFCNN 1 the proposed

{Ea-b W IRER . c~g MR FE I AR B B S EER . h~1 RIS B A B RS IR IE R 2 9250 E B
BS5 ARFEN desk’BEEKURNEHESE

Fig. 5 The “desk” fusion images of different methods and the corresponding difference images

6 4 Lytro E{R &+ lytro-20 A SEEa 455 . HP [ 6a.b N IRENMR . B 6c~g A AR J7 ik 1Bl & R, &
6h~1 73531 AN [ J5 3 ) il PEUIGRIIR IR 45 A 1922 23 B8 . i 18] 60w LU Hh 22 70 [R5 b W 1 B i 1 VIR G %
T XA B X UL AL T NSCT g5 345 2 i Rl & USSR AN EF . h 18] 6k /T LA Rl 18144
iR A R AR [ B Z 0T LA R T IFCNIN (1 R il G 50 1 85CR A SR AR A (H 2 3 T NSCT
AhA AR ELF . B 6L, 1 T LA T GFF, 3T CNN DL Y A58 i il A A RO AR AR A (02 i 41 (40
IR LA AR A5 M B T2 T CNN FI2E T GFF (955 e 10 5 . 78 0 4 b 401 50 45 55 20 L 3 45 3
HAR.

b HEIL B ¢ NSCT d GFF e CNN f TFCNN
g the proposed h NSCT i GFF j CNN k IFCNN 1 the proposed

{Ea-b RIER, c~g HEMAF T BRI RS EBA . h~1RARFE I ERB R BG5S RER a 22 E G
B 6 REFEK Lytro-20 M & BB RB M E 5 E

Fig. 6 The lytro-20 fusion image and the corresponding difference image obtained by different methods
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Tab.4 20 pairs of Lytro images Tab.5 Other commonly used 20 pairs of
segmentation threshold results multi-focus image segmentation threshold results
P 5 AR 0.4 0. 45 0.5 P AR 0.4 0.45 0.5
Qi 1. 180 574 1. 182 978 1.184 761 Qum 1.041 178 1. 020 705 1. 033 504
Q. 0.401 533 0.402 048 0.412 261 Qr. 0.411 836 0.411 687 0.443 796
Quice 0. 844 745 0. 844 989 0. 865 199 Qnice 0. 834 576 0. 834 650 0.839 719
Qy 0. 986 768 0. 987 859 0.998 258 Qy 0. 779 520 0. 883 776 0.922 495
Qs 0. 801 660 0. 806 731 0. 808 060 Qcp 0.737 282 0.738 502 0.742 092
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Tab. 6 20 pairs of Lytro images with Tab. 7 Other commonly used 20 pairs of
different degrees of Gaussian blur results multi-focus image with different degrees of Gaussian blur results
BRNEERAN 1 2 3 AN TR AR 1 2 3
Qi 1. 179 596 1.184 761 1. 181 459 Quwn 1. 055 839 1. 033 504 1.014 968
Q. 0.409 274 0.412 261 0.416 958 Qr. 0.439 843 0.443 796 0.441 016
Qxice 0. 862 596 0.865 199  0.864 395 Qxice 0. 835 196 0.839 719 0. 837 356
Qy 0.994 495 0.998 258 0.986 473 Qy 0. 864 907 0.922 495 0. 895 825
Qs 0. 803 597 0.808 060  0.805 537 Qe 0.729 501 0.742 092 0.739 848
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Tab. 8 Multi-scale comparison results of Tab. 9 Other commonly used 20 pairs of

20 pairs of Lytro images multi-focus image with multi-scale comparison results
WP 88 16316 32X32  HRINAGS I MR 8X8 16X16 3232 FEHi A9k
Qi 1.128 585 1.154 648 1.133 784 1.184 761 Quwr 0.968 596 0.982 385 0.979 586 1.033 504
Qr. 0.384 752 0.403 364 0.401 135 0.412 261 Qr. 0.404 869 0.424 697 0.413 396 0.443 796
Quice 0.842 973 0.847 297 0.850 061  0.865 199 Quice 0.801 945 0.815 963 0.795993 0.839 719
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Qcs 0.738 364 0.791 735 0.748 573  0.808 060 Qe 0.719 586 0.759 413 0.706 011  0.742 092
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Multi-scale Feature Based on Deep Learning and Its Application in Multi-focus Image Fusion

GAO Wenchang, YU Lei
(College of Computer and Information Science. Chongging Normal University, Chongqing 401331, China)

Abstract: [ Purposes ] Multi-focus image fusion is to extract the respective focus areas from different images in the same scene to
obtain an all-in-focus image, and is a popular research direction in the field of image processing in recent years. Traditional image
fusion technology has some defects, such as unclear areas, distortions and artifacts. To overcome these disadvantages, an image
fusion method based on deep learning is proposed. [ Methods|The proposed network uses the siamese network as a whole to classify
the focus area in the image, at the same time, the Inception module in Googl.eNet is also introduced to improve the feature
extraction ability of the network and the proposed network has achieved good performance. To make the best of the feature
information in the source images, the proposed network uses patches of different sizes to extract feature information of different
scales in the source images, and obtain multiple scale features of the source image. In addition, the binary image obtained by the
proposed method can accurately reflect the focus area and defocus area of the source images. so there is no need for post-processing
steps to optimize the binary image, which reduces the complexity of the network. [Findings]According to the experimental results
on the “Lytro” multi-focus image set and other commonly used multi-focus gray-scale image set, the fusion result of the proposed
algorithm has distinct advantage in both subjective and objective dimensions, compared with other classic algorithms. [ Conclusions ]
The proposed algorithm integrates the detailed features in the source image well, the fusion edge is naturally smooth, and no
artifacts are generated. and it achieves a better fusion effect than the traditional algorithm.

Keywords: siamese network; inception module; multi-scale features; multi-focus image fusion
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