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NSST and guided filtering for multi-focus image fusion algorithm
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Abstract; In order to further improve the contrast and sharpness of the fused image, a multi—focus image fusion
algorithm based on the non-subsampled shearlet transform (NSST) and guided filtering is proposed in this paper.
Firstly, multi-scale and multi-directional decomposition of multi-focus source images are performed by using NSST
transform. Then, the low-frequency sub-band coefficients are used to construct the initial fusion weights by
calculating the local region Sum-Modified-Laplacian energy sum. The initial fusion weights are corrected by the
guided filter. A weighted fusion rule based on local region Sum-Modified-Laplacian energy sum and guided filtering
is proposed. For the high-frequency sub-band coefficients, combined with human visual characteristics, the initial
fusion weights are constructed by the significant information, the local region average gradient, edge information,
and local region Sum-Modified-Laplacian energy sum; the initial fusion weights are modified according to guided
filtering, and a guided filtering weighted fusion rule based on human visual characteristics is proposed. Finally, the
inverse NSST is used to produce the fused image. The simulation results of the four groups of multi-focus source
images demonstrate that, not matter it is the subjective evaluation or the objective evaluation, the proposed
algorithm not only preserves the details such as edge contour, and texture of the source images, but also improves
the contrast and clarity of the fused image.
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Fig.2 Schematic diagram of the proposed algorithm
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Tab.1 Image fusion objective evaluation experiment results

IO S iRES AG STD MI Qupz VIFF Osr
PCNN Jrik 10.096 8 65.774 2 8.929 1 0.729 3 0.912 3 -0.242 7
NSP J5ik 12.374 3 65.023 3 9.258 7 0.800 7 0.939 9 -0.0519
Bl ASR Jrik 12.762 4 65.409 7 9.607 5 0.824 1 0.972 2 -0.023 2
MGF J57% 12.867 4 65.674 1 10.493 2 0.826 4 0.992 0 -0.0150
AR5k 12.916 4 65.778 5 10.813 4 0.826 6 0.997 4 -0.011 0
PCNN J7ik 7.2356 46.215 8 9.686 1 0.741 9 0.849 8 -0.259 4
NSP Jrik 9.502 2 47.771 2 10.089 9 0.801 5 0.9519 -0.025 0
| ASR Jyik 9.576 1 47.843 7 10.141 0 0.816 8 0.968 7 -0.018 8
MGF J57% 9.641 4 48.318 4 11.033 7 0.821 6 0.994 5 -0.012 3
AR5k 9.664 2 48.362 2 11.123 9 0.821 5 0.996 9 -0.009 8
PCNN Jrik 4.357 3 49.687 2 6.451 8 0.518 8 0.642 1 -0.249 4
NSP Jrik 6.174 7 52.508 1 7.686 7 0.688 1 0.840 0 -0.039 8
gt ASR Fik 5.854 0 51.227 0 6.192 5 0.676 2 0.793 3 -0.066 6
MGF J7ik 6.149 0 52.503 1 7.170 2 0.714 1 0.877 5 -0.031 2
ES @RES 6.312 7 52.866 5 8.048 7 0.724 5 0.891 3 -0.020 1
PCNN J7i% 5.9855 54.2359 7.074 5 0.624 4 0.906 4 -0.297 4
NSP Jrik 8.141 5 50.727 9 7.980 0 0.722 9 0.939 1 -0.047 4
gy I0E:) ASR Fik 8.153 9 50.604 4 7.645 1 0.747 9 0.947 4 -0.043 1
MGF 75 8.365 6 50.780 8 8.667 7 0.755 6 0.972 6 -0.025 9
E SRS 8.400 3 50.786 1 8.825 2 0.753 1 0.9727 -0.023 9
5 £ i PRER MR AR B 201 A A5 B, PR Al 1

AR SRR 22 58 PR IS AR A, o ol e 22 14
il E RS A W RSO S5 405 (5 5L R NSST
AR Y Z2 PG BRI R | B I i ) R T2 A
HAZEG B —Fh NSST 551 2RI ARLE & 1 2 R
BRGRS . D7 AR R, A SCRE AR 4

AR XF HJE 08 D S, 1 L B B0 1 5 R
B A SO R — R T 2 A R 2 SR R R A
$ik.

53 Xk

[1] LIU Yu, WANG Zengfu. Simultaneous image fusion and denoising



. 152 - MoK O T

5 50 %

with adaptive sparse representation [ J]. Institution of Engineering
and Technology, 2015, 9(5) . 347.DOI; 10. 1049/iet - ipr. 2014.
0311.
[2] FEPRR, XMk, JKIKSR, 45 S5 4 F N IS S e a0 A R
SR ) IR MR BR DT ik [ T]. MR UE Tl K 242442, 2016, 48
(11): 35.DOI:10.11918/j.issn.0367-6234.2016.11.006
CHENG Dansong, LIU Huan, ZHANG Yonggiang, et al. Single im-
age haze removal using adaptive dark channel prior and image fusion
strategy[ J ]. Journal of Harbin Institute of Technology, 2016, 48
(11): 35.DOI; 10.11918/].issn.03 67-6234.2016.11.006
DO M N, VETTERLI M. The contourlet transform: an efficient di-
rectional multiresolution image representation [ J ]. IEEE Transac-
tions on Image Processing, 2005, 14 (12). 2091.DOI. 10.1109/
TIP.2005.859376
DA C A, ZHOU Jianping, DO M N. The nonsubsampled contourlet
transform; theory, design, and applications[ J]. IEEE Transactions
on Image Processing, 2006, 15(10): 3089.DOI. 10. 1109/TIP.
2006.877507
QU Xiaobo, YAN Jingwen, XIAO Hongzhi, et al. Image fusion al-
gorithm based on spatial frequency —motivated pulse coupled neural
networks in nonsubsampled contourlet transform domain[]J]. Acta
Automatica Sinica, 2008, 34 (12). 1508. DOI; 10.3724/SP.].
1004.2008.01508
WIEKEE, B A, FOREAR, 4% JET SML Al PCNN [ NSCT 32
RARGEVG (1], THRPLRA, 2017, 44(6) : 266. DOI: 10.
11896/j.issn.1002-137X.2017.06.046
XIE Qiuying, YI Benshun, KE Zufu, et al. Multi—focus image fu-
sion based on SML and PCNN in NSCT domain[ J]. Computer Sci-
ence, 2017, 44(6) : 266.DOI;:10.11896/].issn.1002-137X.2017.
06.046
[7] EASLEY G, LABATE D, LIM W Q. Sparse directional image repre-

(6]

sentations using the discrete shearlet transform [ J]. Applied and
Computational Harmonic Analysis, 2008, 25 (1) 25.DOI; 10.
1016/j.acha.2007.09.003
(8] MHMEBK, EWeSt, W77, 55 2T NSST BRI KM HT Y 2 2R
BEGEG Ik (1], RE T REIE 55, 2015, 35(9):
2380.DOI: 1000-6788(2015)09-2380-07
XING Yagiong, WANG Xiaodan, LEI Lei, et al. Fusion technique
for multi—focus image based on analysis of grey relation in NSST do-
main[ J]. Systems Engineering—Theory & Practice, 2015, 35(9):
2380.DOI; 1000-6788(2015)09-2380-07
(9] B3, Jif6IE, BORSE, 55 Wb /R 59 T RAE shearlet 224t
S G R Z RERGRA ], DRIMEHANLRSE, 2017, 38

(2): 386.DOI; 1000-1220(2017)02-0386-06
YANG Yong, WAN Weiguo, HUANG Shuying, et al. Sparse repre-
sentation and non—subsampled shearlet transform for multi—focus im-
age fusion [ J ]. Journal of Chinese Computer Systems, 2017, 38
(2): 386.DOI. 1000-1220(2017)02-0386-06

[10]GAO Guorong, XU Luping, FENG Dongzhu. Multi-focus image fu-
sion based on non—subsampled shearlet transform[ J]. IET Image
Processing, 2013, 7(6) : 633.DOI; 10.1049/iet—ipr.2012.0558

[11]JHUANG Yan, BI Duyuan, WU Dongpeng. Infrared and visible im-
age fusion based on different constraints in the non —subsampled
shearlet transform domain|[ J]. Sensors, 2018, 18(4) . 1169.DOI.;
10.3390/518041169

[ 12]HE Kaiming, SUN Jian, TANG Xiaoou. Guided image filtering[ J].
IEEE Transaction on Pattern Analysis and Machine Intelligence,
2013, 35(6) :1397.DOI:10.1109/TPAMI.2012.213

[13IHJAT, EEM. —Fh [ IR PCNN 2 R £ KR RS 87 ik
[J]. #7515 B2 3z, 2006, 28(3): 466.DOI: 1009 - 5896
(2006)03-0466-05
MIAO Qiguang, WANG Baoshu. A novel algorithm of multi—focus
image fusion using adaptive PCNN[ J]. Journal of Electronics & In-
formation Technology, 2006, 28 (3): 466. DOI. 1009 - 5896
(2006)03-0466-05

[ 1410, RER, BHUR, 5. T2 RES TR NGRS
TPk, JeH T - 06, 2015, 26(1) :170.DOI: 1005-0086
(2015)01-0170-07
YANG Hang, WU Xiaotian, HE Baigen, et al. Image fusion based
on multiscale guided filters[ J]. Journal of Optoelectronics *
2015, 26(1): 170.DOI; 1005-0086(2015)01-0170-07

[15]QU Guihong, ZHANG Dali, YAN Pingfan. Information measure for
performance of image fusion [ J ]. Electronics Letters, 2002, 38
(7): 313.DOI: 10.1049/¢€l:20020212

[16]XYDEAS C S, PETROVIC V. Objective image fusion performance-
measure| J |. Electronics Letters, 2000, 36 (4) . 308.DOI. 10.
1049/l ;20000267

[17]HAN Yu, CAI Yunze, CAO Yin, et al. A new image fusion per-
formance metric based on visual information fidelity[ J]. Information
Fusion, 2013, 14(2) :127.DOI; 10.1016/].inffus.2011.08.002

[ 18 ]ZHENG Yufeng, ESSOCK E A, HANSEN B C, et al. A new metric
based on extended spatial frequency and its application to DWT
based fusion algorithms[ J ]. Information Fusion, 2007, 8(2) . 177.
DOI; 10.1016/j.infuss.2005.04.003

Laser,

EEES

(45



