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Research progress of infrared and visible image fusion technology
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Abstract: Infrared and visible image fusion combines the infrared thermal radiation information and visible
detail information. The image fusion technique has facilitated development in numerous fields, including
production, life sciences, military surveillance and others, and has become a key research direction in the field of
image technology. According to the core idea, fusion framework and research progress of image fusion methods,
the fusion methods based on multi-scale transformation, sparse representation, neural network, etc. are elaborated
and compared, and the application status of infrared and visible light image fusion in various fields and the
commonly used the evaluation index. The most representative methods and evaluation indicators are selected and
applied to six different scenes in order to verify the advantages and disadvantages of each one. Finally, the
existing problems of infrared and visible image fusion methods are experimentally analyzed and summarized , the
development prospects of infrared and visible image fusion technology are presented.
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Fig.1 Multi-scale transform-based infrared and visible image fusion frame
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Fig.2 Sparse representation-based infrared and visible image fusion frame
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Tab.1 Comparison of infrared and visible image fusion methods

Fusion methods

Specific methods

Fusion strategies

Advantages

Limitations

Applicable scenes

Pyramid
transforms

Wavelet
transform

Nonsubsampled
multi-scale and
multi-direction
geometrical
transform

Sparse
representation

Laplacian pyramid Fuzzy logic”

Contrast pyramid

Steerable pyramid

Discrete wavelet
transform

Dual tree discrete
wavelet transform

Lifting wavelet
transform

NSCT

NSST

Clonal selection algorithm!'";
Teaching learning based
optimization!;
Multi-objective evolutionary
algorithm™”

The absolute value maximum
selection(AVMS)P");

The expectation
maximization(EM)
algorithm®®";

PCNN and weighting"”

Regional energy”;

Target region segmentation'*'!

Particle swarm
optimization'™;

Fuzzy logic and population-
based optimization'*"

Local regional energy™;
PCNN[®I

Fuzzy logic™;

Region of interest™

Region average energy and
local directional contrast®®”;

FNMFF4

Saliency detection!***7);

PCNNP® %]

Smoothing image edge;
Less time consumption;
Less artifacts

High image contrast;
Abundant characteristic
information

Abundant edge detail;
Inhibiting the Gibbs effect
effectively;

Fusing the geometrical and
thematic feature availably

Significant texture information;

Highly independent scale
information;

Less blocking artifacts;
Higher signal-to-noise ratios

Less redundant information;
Less time consumption

High computing speed;
Low space complexity;

Distinct edge features;
Eliminating the Gibbs effect;
Better visual perception

Superior sparse ability;
High real-time
performance

Better robustness;
Less artifacts;
Reducing misregistration;

Abundant brightness information

Losing image details;
Block phenomenon;
Redundancy of data

Low computing efficiency;
Losing image details

Increasing the complexity of

algorithm;
Losing the image details

Image aliasing;
Ringing artifacts;

Strict registration requirements

Limited directional information

Losing image details;
Distorting image

Losing image details;

Low computing efficiency;
Poor real-time

Short-distance scenes
with sufficient light,
such as equipment
detection

Short-distance scenes,
such as face
recognition

Scenes with a complex
background, such as
rescue scenes

Losing luminance information; Cases need real-time
Strict registration requirement; treatment, such as

Losing image details of high
frequency

Smoothing edge texture
information;

Complex calculation;
Losing edge features of high
frequency images

intelligent traffic
monitoring

Scenes with little
feature points, such as
the surface of the sea

202004676



GROEY S 1
%94 www.irla.cn % 50 %

sE1
Tab.1 Continued

Multi-scale transform and
PCNN sparse representation;
Multi-scale transform

VGG-19 and multi-layer
fusion®”);
Neural network VGG-19 and saliency

. detection!™
Deep learning

GANI

Multi-scale transformand ~ Weight calculation™*";

saliency Salient object extraction!®"*”

Hybrid methods

The absolute values of
coefficient and SRPY;

The fourth-order correlation
coefficients match and SR

Multi-scale transform and SR

Model parameters are not

Superior adaptability; to set
Higher signal-to-noise ratios; Zasy (1) set; dt
High fault tolerance omplex and time-

consuming algorithms

Less artificial noise; .
Automatic target

Abundant characteristic Requiring the ground truth .
information in advance detec.tlon. and
Less artifacts localization
Avoiding manually designing The visual information
complicated activity level fidelity and correlation
measurements and fusion Lo .
U coefficient is not optimal
rules
Maintaining the integrity of Highlighting saliency arca
the salient object region; inconsistently:
Improving the visual qualit ’
of fhe \;usid 1m: ;1 Rgzllucn}l] Losing the background The surveillance
the noise 8 € information application, such as
. . object detection
Retaining luminance d tracki
information; Poor real-time Losing the and tracking
Excellent stability and image details
robustness
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Fig.3 Difference between visible light, infrared and polarization for face recognition”!
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Fig.4 Image fusion processing framework for fruit detection”!
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Fig.5 Application of natural color mapping in image fusion"'"!
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Tab.2 Evaluation index without reference image

Eva} uation Definition Explanation
indicators
IE!? IE = —Z pilog, pi Amount of information contained in an image increases as IE improves
SES Deviation between pixels and pixel mean is evaluated by SD, which i
SpLs! sp= |-L F.j)—u)? eviation between pixels and pixel mean is evaluated by SD, which improves
MN ; j:zl( @)=m with the increase of SD, resulting in improvement in contrast of images
2 2
AGU2 Mo A Zi+ A7 ) A wealth of detailed information is exhibited by a high value of AG which is
= 0-D-D 1)“\’ D J used to reflect the gray variation of the image
i=1 j=
M-1N-1
Z (O Wi p + Oy wee ) , . - B
QAT QABIF = i=0 j=0 Fusion effect of image exhibits better as the value of Q™*" which is used to
M-1N- ' evaluate the transfer of edge information, approaches 1
Wep )
i=0 ]=0
M-1N-1 PraGiij) . . . .
o IpaGinj) = Z Pra (i, log, 'Amoupt of information preser.ved. in an image increases
MI p e Pr () Pp()) with the improvement of MI which is utilized to characterize
MIE, = Ipa+Irp inheritance of image information
M N
DU E G =) XS G, p=ps))]
ccl CC= i=1 j=1 Similarity between images improves as CC increases,
M N M N 5 thereby preserving more image information
> FGH =) ]ZZ[(S @ p)=ps)’]
i=1 j=1 i=1 j=
&3 ETSEZEGITNIER
Tab.3 Evaluation index based on reference image
Eva}uatlon Definition Explanation
indicators
3
[129] _ 2uRpF +ci Similarity between source image and fusion image enhances with the increase of SSIM
SSIM SSIMRF—H 2,2 e - . . .
] Mgt HE G which is used to measure image luminance, contrast and structural distortion level
1 M N
RMSE®!  RMSE = Z [RG.))—F . I Performance indicators of images promote with the reduction of RMSE
i=1 j=1
(255 x M xN)
PSNRY PSNR=10-1g M N The distortion of images decreases as the improvement of PSNR using to
[RG,j)-F(, J)] evaluate whether the image noise is suppressed
i=1 j=1
AG %3 [E] A B e P8 ) R 728 A SR M 2 PRS2 AR 6] I (L M P S ) 22 S DLV HL A

TR EG BT 48 bral i K25 [E MG E’J%Jﬁﬁr% fit, FEALIFELEH AL (Structural Similarity, SSIM).,
1k, 5 FUIEH 45 1A A %%%@f?ﬁ@l?fﬁ*ﬁ I f iR % (Root-Mean-Square Error, RMSE). IE{E {5
PR — 2R T IR R T Al i, 25 B I [, (Peak Signal-to-Noise Ratio, PSNR) %%, SSIM &
AR K, B ﬁﬁA@@U\{ﬁ@%i@?hEﬂﬂ’ﬂnuo T ) LA R IR] R 5 B2 L XF LG BE | 2548 2% K- 119 22

W M BYA B A5 B (Mutual Information, MI), #H 5 5 %¢ SRS PR R4S B P B s RMSE. 1 22 458 BOR 3 il 72
(Correlation Coefficient, CC) LA M i1 2 {5 B 1% % & 1Y JE R R b L VR T AR R 9 K B (B AT DA
QM. AL, A AT AR 51 HH R R Y 28 SO L RS PSNR 2 i if B 2t il -G PRI 1) W 75 2 7545 20400 1 ke 3
fi5, IE S W AU il G EHR A 15 B i, ok Bt B & WG . 7ESE PR G R G  f rp, AR
1R AAR AR, T8 S AR A R TR AMZAS 2 o S BGNE R — PR, BT OZ T 7 ik HaTid R K

BT 2% KU RN Fe br 2 il AR R S FRAR N H
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Fig.6 Effect of nine representative methods on the fusion of infrared and visible images
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Fig.7 Objective evaluation metrics with different methods
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