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Image Fusion Based on Multi-
morphological Component Analysis
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Abstract:

and sparse representation, an image fusion algorithm

By combining the multi-scale decomposition

based on multi-morphological component analysis (MCA)
is proposed in this paper. The fusion method based on
joint sparse representation (JSR) is employed to fuse the
redundant and complementary information in the cartoon
sub-images, and the fusion method based on directional
feature is used to fuse the texture sub-images with more
detailed information and noise. The results show that the
proposed algorithm is superior to the state-of-the-art
image fusion methods in subjective visual effects and
objective evaluation metrics.

Keywords: image fusion; multi-scale decomposition;
morphological component analysis (MCA); joint sparse
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Fig.1 Image fusion based on multi-morphological
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Fig.2 Image

fusion based on joint sparse

representation
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Fig.4 Multi-focus source images
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Tab.1 Index values of fused image in Lytro dataset
%:22‘ QMI Q\I(‘IE Q(; Q]’ QY Q(‘I’;
GFF 1.1407 0.8409 0.7356 0.902 3 0.9777 0.803 5
SR 1.1105 0.8387 0.7252 0.894 8 0.976 7 0.789 5
DWT 0.952 8 0.830 5 0.6887 0.8554 0.963 9 0.7542
CNN 1.1739 0.8429 0.736 0 0.901 6 0.977 1 0.8109
MWGF 1.1364 0.8408 0.7252 0.899 3 0.976 8 0.804 7
MST(NSCT )-SR 1.007 2 0.8329 0.712 6 0.8887 0.974 5 0.7770
NSST-max 0.940 1 0.8294 0.698 0 0.878 1 0.970 1 0.7627
GAN 1.0381 0.836 6 0.670 1 0.848 2 0.957 2 0.763 1
ARG 1.196 9 0.844 7 0.7395 0.903 5 0.978 3 0.8115




51 LhbedR , 45 I T Z TR W A R R 15

S

a ZLANAEIR b ARG ¢ TIHHEHLEZ d RS RE B
ESEiifaied

E6 ZRERER

Fig.6 Multi-modal source image
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Fig.8 Medical fused images and difference images
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Tab 2 Objective index value of infrared and visible fused images

%:% QMI Q.\I(‘IF Q(; QP QY QL‘I%
GFF 0.2855 0.804 8 0.419 6 0.3260 0.818 5 0.5719
SR 0.2301 0.8037 0.336 6 0.1378 0.7137 0.5117
DWT 0.206 8 0.803 0 0.374 9 0.190 3 0.7355 0.5234
CNN 0.3336 0.8051 0.4337 0.3304 0. 8656 0.586 1
MWGF 0.4316 0.809 6 0.482 2 0.4320 0.9011 0.717 6
MST(NSCT )-SR 0.2728 0.804 8 0.4234 0.2607 0.809 7 0.641 3
NSST-max 0.2128 0.803 2 0.396 2 0.2177 0.7557 0.563 4
GAN 0.424 1 0.802 3 0.3989 0.4137 0.878 2 0.6911
NGRS 0.526 5 0.813 6 0.490 9 0.4618 0.9153 0.7454
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Tab 3 Objective index value of medical fused images

%:7* QMI Q.\IL‘IF_ Q(; QI’ QY QL‘B
GFF 0.5109 0.807 3 0.474 9 0.4208 0.683 6 0.3395
SR 0.5322 0.8080 0.469 6 0.390 5 0.709 3 0.3516
DWT 0.4827 0. 806 4 0. 466 4 0.4225 0.696 8 0.354 4
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MWGF 0.456 3 0.804 5 0.3320 0.418 6 0.6458 0.489 4
MST(NSCT )-SR 0.413 2 0.8051 0.4371 0.384 4 0.6525 0.370 3
NSST-max 0.466 9 0.806 4 0.459 3 0.4177 0.6889 0.3531
GAN 0.452 4 0.802 5 0.3775 0.478 4 0.594 1 0.426 6
LN RS 0.696 6 0.8138 0.4837 0.526 2 0.859 6 0.5371

4 4EiE tE kA A

855 2 R MR 2827 o oA, B il T —Fh
PO ARSI RIR R G . 22575 I8 IR
FUG I AR TUAY TR AM S B L SANTR] T USRI
FEHAE AR T — Rl FHR S RS2 R T 1)
TERYRIE AL, X RSN Z B IR IR ) — FR SRS
EZE SRR, Fir it B0 T 2 R BRI Rl 5 =
AR, nl LIS SE R (5 B ISR S S A
FBERGRIRG IR TR T RIES2 0
IR SRR BN RS , HH HEARSE Y Pl (4
I, T R A UL AR B 5, S
PRI 2R Mg , (E—E FERE_ LR 1 SR S
TEARAHIBTTE T, 300 5 SRy AN itk
Frift—L it S5

LhHEIR AR SCHIRR RS, A S S
FIE AR, S HIR S B
A 8 S SCRBEFIRER , 2 518 SCiB e

S 3Bk -

[1]  VIVONE G. Multispectral and hyperspectral image fusion in
remote sensing: a survey [J]. Information Fusion, 2023,
89: 405.

[2] LIJW, LIUJY, ZHOU S H, e al. Infrared and visible
image fusion based on residual dense network and gradient loss
[J]. Infrared Physics &. Technology, 2023, 128: 104486.

[3] ZHANG H, XU H, TIAN X, ez al. Image fusion meets deep
learning: a survey and perspective [J]. Information Fusion,
2021, 76 323.

[4] PAJARES G, DE LA CRUZ J M. A wavelet-based image



o511

LRI, 4 JET 2L BT i R RL 17

[10]

[14]

[15]

fusion tutorial[J ]. Pattern Recognition, 2004, 37(9): 1855.
YANG B, LI S T. Pixel-level image fusion with simultaneous
orthogonal matching pursuit [J]. Information Fusion, 2012,
13: 10.

GUO C X, FAND D, JIANG Z X, ez al. MDFN: mask deep
fusion network for visible and infrared image fusion without
reference ground-truth[J]. Expert Systems with Applications,
2023, 211: 118631.

LI W S, ZHANG Y, WANG G F, e al. DFENet: a dual-
branch feature enhanced network integrating transformers and
convolutional feature learning for multimodal medical image
fusion [J]. Biomedical Signal Processing and Control, 2023,
80: 104402.

WANG Y C, XU S, LIU J M, et al. MFIF-GAN: a new
generative adversarial network for multi-focus image fusion[J].
Signal Processing: Image Communication, 2021, 96: 116295.
LIU Y, CHEN X, PENG H, ez al. Multi-focus image fusion
with a deep convolutional neural network [J]. Information
Fusion, 2017, 36: 191.

MA J Y, YU W, LIANG P W, et al. FusionGAN: a
generative adversarial network for infrared and visible image
fusion[ J]. Information Fusion, 2019, 48: 11.

DONOHO D L. Compressed sensing [J]. IEEE Transactions
on Information Theory, 2006, 52(4): 1289.

YAN H B, L1 Z M. Infrared and visual image fusion based on
multi-scale feature decomposition [J]. Optik, 2019, 203:
163900.

KONG W W, MIAO Q G, LEI'Y. Multimodal sensor medical
image fusion based on local difference in non-subsampled
domain [J]. IEEE Transactions on Instrumentation and
Measurement, 2019, 68(4): 938.

ARIF M, WANG G J. Fast curvelet transform through genetic
algorithm for multimodal medical image fusion [J]. Soft
Computing, 2020, 24(2): 1815.

WEI Q, BIOUCAS D J, DOBIGEON N, ez al. Hyperspectral
and multispectral image fusion based on a sparse representation

[J]. IEEE Transactions on Geoscience &. Remote Sensing,

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

2015, 53(7): 3658.

TANJ, ZHANG T P, ZHAO L C, et al. Multi-focus image
fusion with geometrical sparse representation [J]. Signal
Processing: Image Communication, 2021, 92: 116130.
JIANG Y, WANG M H. Image fusion with morphological
component analysis[J . Information Fusion, 2014, 18: 107.
LIU Y, CHEN X, WARD R K, ¢ al. Medical image fusion
via convolutional sparsity based morphological component
analysis [J]. TEEE Signal Processing Letters, 2019, 26
(3): 485.

LIU Z D, CHAIL' Y, YIN H P, ez al. A novel multi-focus
image fusion approach based on image decomposition [J].
Information Fusion, 2017, 35: 102.

ZHANG Q H, FU Y L, LI HF, e al. Dictionary learning
method for joint sparse representation-based image fusion [J].
Optical Engineering, 2013, 52(5): 7006.

LI ST, KANG X D, HU J W. Image fusion with guided
filtering [J]. IEEE Transactions on Image Processing, 2013,
22: 2864.

ZHU Z Q, YINH P, CHALY, ez al. A novel multi-modality
image fusion method based on image decomposition and sparse
representation[ J]. Information Sciences, 2018, 432: 516.
ZHOU Z Q, LI S, WANG B. Multi-scale weighted gradient-
based fusion for multi-focus images [J]. Information Fusion,
2014, 20: 60.

LIUY, LIUS P, WANG Z F. A general framework for image
fusion based on multi-scale transform and sparse representation
[J]. Information Fusion, 2015, 24: 147.

YIN M, LIU W, ZHAO X, er al. A novel image fusion
algorithm based on nonsubsampled shearlet transform [J].
Optik, 2014, 125: 2274.

LIUZ, BLASCHE, XUEZ Y, et al. Objective assessment of
multiresolution  image  fusion  algorithms  for  context
enhancement in night vision: a comparative study [J]. IEEE
Transactions on Pattern Analysis and Machine Intelligence,
2011, 34: 94.



