H33 % e UTHESRTAN Vol.33 No.8
2018 4E 8 A Chinese Journal of Liquid Crystals and Displays Aug. 2018

XEHS:1007-2780(2018)08-0703-13

ZRTT M e/ SRR K EE
ZERFEGRMA RN

EZHEY, BSOKE B B gL 4P
(LPEMETVERANE BHELXEFEHN,TE %M 471023;
2KEBRIAF BFREEIRFR, EH K& 130022)

FEE 510k 22 ROBE 2 i 26 MG Rl A ST 09 1z I A AR SC3R T — i 22 R ] in B dee /N — 3R D gk 45 145 22 RUBE L AT 43
BT ¥ o %7 1A IR S5 /I — 3 U it 5 %o R 04T 22 b AR H 43, 15 B — AN I BLEHME R 2 A AN TR RUEE B i 41y
EE 98 5 R F /IS RUSE T 1] B9 110 10k e #4048 49 RIS R AT 77 10 4347 ZEAS i) RUBE AR R 2 A O 1) 219 IR . AR AR O R 1B 45
FT7 ) 4849 15 B A AS 5] 9 3 S 43 300 SR AN [ ) e 5 s % 43 I 1 TRLR R AT G 0T b 38 e 5 1 T 2 R T
] IR o /I SR IRk 4 1 30 8 B A5 B Rl 5 R . 2 R Rl E SO0 25 3R W] 78 IR Rl & S A SR I M B T 2 007
]I A i /IS — 3 K % 44 11 TEIAG 40 il D v A T A STk v i — s e R 22 RUBE A 7 1k

X B W ERENATISW; ALEF R ZRIBRE ;S EN

FESEKS:TP391.41 XERFRIZAD : A doi:10.3788/YJYXS20183308.0703

Multistage directional weighted least squares filter and

its application in multi-sensor image fusion
LI Ying-kui', CHEN Guang-qiu** , YANG Yang®, LIU Zhi*, Cai Hua®

(1. Luoyang Research Institute of Electro-optical Equipment ,
The Aviation Industry Corporation of China, Ltd. (AVIC), Luoyang 471023, China ;
2. School of Electronic and Information Engineering ,
Changchun University of Science and Technology, Changchun 130022, China)

Abstract; The multi-scale decomposition(MSD) method is extensively employed in image fusion do-
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tional weighted least squares filter (MDWLSF) is proposed. In the developed method, the weighted

least squares filter is utilized on image for multistage edge-preserving decomposition, and an approxi-
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mate image and some detail images at the different scales are obtained. Then small size directional

shear filters are applied to the detail images for the direction analysis, multiple directional detail ima-

ges are generated at the different scales. On the basis of the different physical meanings embodied in

the approximate image and the directional detail images, the different fusion criteria are used to merge

the decomposed coefficients respectively. Finally, the fused image can be obtained by using the inverse

MDWLSF transform. The fusion experimental results on multi-group different modality images dem-

onstrate that the proposed MDWLSF method is superior to some classical multi-scale decomposition

tools introduced in the existing literatures.
Key words: multi-scale geometrical analysis;

fusion criteria
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Fig.10 Infrared and visible image fusion results based on different MSD methods
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Fig.11 Medical image fusion results based on different MSD methods
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Fig.12 Remote sensing images fusion results based on different MSD methods
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Tab.2 Objective evaluation data on medical and remote sensing images fusion results
B K 1% T R R
£ 7 U
QAF SSIM MI QAT SSIM MI

DWT 0.642 1 0.850 8 3.045 6 0.501 1 0.643 5 2.030 2
DTCWT 0.670 9 0.867 0 3.221 6 0.499 9 0.605 5 1.894 8
Contourlet 0.626 6 0.862 7 3.069 0 0.478 4 0.678 7 2.147 1
Curvelet 0.664 1 0.853 0 3.023 3 0.528 9 0.661 2 2.132 1
MEPLO 0.587 1 0.859 9 3.324 6 0.468 1 0.673 7 2.358 7
NSST 0.679 6 0.881 3 3.302 8 0.543 3 0.698 7 2.303 3
NSCT 0.691 8 0.883 4 3.353 8 0.556 9 0.699 9 2.325 0
MDBF 0.696 9 0.885 2 3.431 8 0.565 2 0.703 6 2.414 1
MGF 0.595 1 0.787 7 2.657 4 0.425 7 0.425 0 1.457 4
MDWLSF 0.705 7 0.905 3 3.637 9 0.583 5 0.712 6 3.261 0

M 2 Hhal & A SCHE i MDWLSF il
BEERM 3 A KWLM A8 AR R T I Eml A 4
J T bR AL A S5 2 B, AR SR
MDWLSF #3& & W H T 2 REGE A A, B
B EAHNERE .

4%

Y F 22 ROBE O3 i B AR A G Rl & S Y T2
o7 FH o A SO 22 900 B SR 71 — 3 3 Uik 2 A0 7 [h)
BT8P AR 1 T 2 05 AU/ Z TR DE
o BP0k I 45 RE 8% 76 7 18 B
Ivi) BN B 301 2%, D 1) B9 Y1) 08 U 45 R 6% 4 2K AR o
(7 A5 B . X R Jr i MDWLSF BA5 %

& % X #:

BAZ ZREMZIT AL, S8 2 MHY
155 22 RUPBE 4y ff 7 15 M L8, MDWLSEF 2 R
A5 P EL A i A M L BE S A Ak b IR BE ER
M1 15 B

T 83 MDWLSF i34 8tk ff MDWLSF
7 T UG il G 52 36 s 5250 R R R 4041 5
AL R 2N IE K 3 S EMR LR 3 Rl
L VEAN VT Gl A 1 BB AT % W PF A L S 50 4
R, 5O A SCHR T — 2 2 ROEE S 7 Al L, 78
NGARFE X LB S B AR 3 5 T, AR SCE
MDWLSF 2 R 5 1 8 96 4K 45 58 48 11 il & 45
B RlA ER R EWVEAN 5 2 WPE i — 2, [ i A
SCHR A T v A AT R R T TR AR A B 6 Al 45T
WRFAE $2 BUR H A5 8251 46

[1] LIST, KANG XD, FANG LY, et al. Pixel-level image fusion: a survey of the state of the art [J1. Information

Fusion, 2017, 33: 100-112.

(2] HEL.HW. T H, 5 50 T8RN A8 e i 7K B 88 1k 38 R 5 e () . B R %2 .2016,9(3) : 301-311.

XU TF, SUC, LUO X, et al. Underwater range-gated image denoising based on gradient and wavelet transform

[J]. Chinese Optics, 2016, 9(3): 301-311. (in Chinese)

[3] TIAN Y Z, LUO J, ZHANG W J, et al. Multifocus image fusion in Q-Shift DTCWT domain using various fusion
rules [J]. Mathematical Problems in Engineering » 2016, 2016 5637306.

[4] INDIRA K P, HEMAMALINI R R, NANDHITHA N M. Performance evaluation of DWT, SWT and NSCT for
fusion of PET and CT Images using different fusion rules [J]. Biomedical Research , 2016, 27(1): 123-131.

(5] EZA .5k KRTAE . F T /NI Curvelet 284 (4 Ji i B R E Sk ]k b 5 2 7 .2017.32(11) :905-913.



5 8 W ZEFEE 5 2 I A R/ > e IR i M LA 2 A% i B R A v i 1 715
WANG J N, QIU H, ZHANG L J, et al. Atmospheric turbulence image denoising algorithm based on wavelet-do-
main curvelet transform [J]. Chinese Journal of Liquid Crystals and Displays, 2017, 32(11): 905-913. (in Chi-
nese)

[6] WUY Q, WANG Z L. SAR and infrared image fusion in complex Contourlet domain based on joint sparse repre-

[7]

[8]

[9]

[10]

[11]

(12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

sentation [J]. Journal of Radars, 2017, 6(4): 349-358.
ALY, TAY SIS R AR IR A N L)) P B S5 ,2015,8(3) :386-393.
L1J, GUO P, WANG C Z. Application of shearlet transform in the star extraction [ J]. Chinese Optics, 2015, 8
(3): 386-393. (in Chinese)
ZHANG Q, MALDAGUE X. An adaptive fusion approach for infrared and visible images based on NSCT and com-
pressed sensing [J]. Infrared Physics & Technology, 2016, 74 11-20.
CAlJ J, CHENG Q M, PENG M ], et al. Fusion of infrared and visible images based on nonsubsampled contourlet
transform and sparse K-SVD dictionary learning [J]. Infrared Physics & Technology . 2017, 82: 85-95.
KUTYNIOK G, LIM W Q. REISENHOFER R. ShearlLab 3D: faithful digital shearlet transforms based on com-
pactly supported shearlets [J]. ACM Transactions on Mathematical Software, 2016, 42(1); 5.
EASLEY G, LABATE D, LIM WQ. Sparse directional image representations using the discrete shearlet transform
[J]. Applied and Com putational Harmonic Analysis, 2008, 25(1): 25-46.
ZHAO J F, FENG H J, XU Z H. et al. Detail enhanced multi-source fusion using visual weight map extraction
based on multi scale edge preserving decomposition [J]. Optics Communications, 2013, 287 45-52,
HU J W, LIS T. The multiscale directional bilateral filter and its application to multisensor image fusion [J]. In-
formation Fusion, 2012, 13(3): 196-206.
AR R F N S A AL 4 T U0 SCRH D ) VAR AR 1 3 8 7 vk [T ] b B R 5, 2016,9(4) :423-431.
HAO Z C, WU C, YANG H. et al. Image detail enhancement method based on multi-scale bilateral texture filter
[J]. Chinese Optics, 2016, 9(4): 423-431. (in Chinese)
TOET A, HOGERVORST M A. Multiscale image fusion through guided filtering [J]. SPIE, 2016,
9997 99970].
FARBMAN Z, FATTAL R, LISCHINSKI D, et al. Edge-preserving decompositions for multi-scale tone and de-
tail manipulation [ J]. ACM Transactions on Graphics, 2008, 27(3): 67.
B i aRoBU, 8 e, F R T R BRI 5 atrous /NI R 0B EIE GG LT L e K F F R (A KA F
J&)52016,46(2) :202-206.
CHEN X P, ZHANG K, ZANG W Q, et al. Remote sensing image fusion based on high-boost filtering and
atrous wavelet transform [J]. Jowrnal of Henan University (Natural Science), 2016, 46(2): 202-206. (in Chi-
nese)
DA CUNHA A L, ZHOU J, DO M N. The nonsubsampled contourlet transform: theory, design, and applica-
tions [J]. IEEE Transactions on Image Processing , 2006, 15(10): 3089-3101.
STARCK J L, CANDES E J, DONOHO D L. The curvelet transform for image denoising [J]. IEEE Transac-
tions on Image Processing , 2002, 11(6): 670-684.
YOU CY, LIUY, ZHAO B, et al. An objective quality metric for image fusion based on mutual information and
muti-scale structural similarity [J]. Jowrnal of Software, 2014, 9(4); 1050-1054.
WANGS Q. Rehman A, Zeng K, et al. SSIM-motivated two-pass VBR coding for HEVC [J]. IEEE
Transactions on Circuits and Systems for Video Technology, 2017, 27(10): 2189-2203.
o AL BB R A B R B PEAN A T IRE 5 (D] A 5 MR % ,2016:93-94,
ZHANG X L. Study on some issues of image fusion and performance evaluation[ D]. Changchun: Jilin University,
2016: 93-94. (in Chinese)

EEEN - FH A9, B WA E AT A KREH LR LI E, MR LRI, 2017 £ T REM L R¥

BRAFAT A= 220 BUAE o B 2S Tlk &R 120 )3 PH B O i A& R 92 o T4, E2 N F6 RS TR 5, E-mail
13838454132@163.com,

BRI B (1979—) , B MR B A BIEEZ . 2006 4F T 38 AR OK 2 4R A5 001 2 0, 2015 4F T3 bk 24 3R 45 18 1 4
A7 B K B TR B0, 2 F MG AL 5 HL4 M358 . E-mail: guangqiu_chen@126.com.,



