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7 Forward-looking infrared
8 detection and tracking

? Surveillance

10 Multi-scale transform

I Sparse representation

12 Subspace

13 Saliency
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! Pixel-based image fusion

2 Classification

3 Segmentation

4 Feature extraction

3 Object recognition

6 Land Surface Temperature
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13 Saliency analysis
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I Multiscale decomposition and reconstruction
2 Wavelet

3 Discrete wavelet transform

4 Dual-tree complex wavelet transform
3 Laplacian pyramid

¢ Ratio of low-pass pyramid

7 Curvelet transform

8 Contourlet transform
 Nonsubsampled contourlet transform
19 Fusion rules

1" Choose-max

2 Weighted average
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¢ Qver-complete dictionary
7 Sparsely

8 Learned dictionary

9 Co-registeration
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" Image analysis

2 Computer vision

3 Pattern recognition

4 Machine learning

J Prefixed basis functions
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7 Training database

8 Method of optimal directions

¢ K-means generalized SVD

10 Representation coefficients

I Sparse coding techniques

12 Orthogonal matching pursuit

13 Simultaneous orthogonal matching pursuit
14 Joint sparse representation model

I3 Approximate sparse representation with multi-
selection strategy

16 Convolutional sparse representation
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I'Sliding window strategy

2 Qverlapping patches

3 Misregistration

4 Sparse coding

3 Discrete Cosine Transform
¢ Training image patches
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% Training set
7 Sparse coefficients
8 Orthogonal matching pursuit
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! Pixel Group Based Non-Local Sparse Representation
2 Spectral sparsity

3 Spectral non-local self-similarity

4 Sparse codes

3 Jointly encoding
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J Source image patches
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' MST decomposition
2 Low-pass fusion
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Abstract

Due to the differences between the visible and thermal infrared images, the combination of these two types of
images leads to better understanding of the characteristics of targets and the environment. Thermal infrared
images are really in distinguishing targets from the background based on the radiation differences and land
surface temperature (LST) calculation. However, their spatial resolution is relatively low, making it
challenging to detect targets. Image fusion is an efficient method to be employed to enhance spatial resolution
of the thermal bands through fusing these images with high spatial resolution visible images. Multi-scale
transforms (MST) and sparse representation (SR) are widely used in image fusion. To improve the performance
of image fusion, these two types of methods can be combined. In this paper, nine image fusion methods based
on the multi-scale transform and sparse representation, namely Laplacian pyramid (LP), ratio of low-pass
pyramid (RP), wavelet transform (Wavelet), dual-tree complex wavelet transform (DTCWT), curvelet transform
(CVT), nonsubsampled contourlet transform (NSCT), sparse representation (SR), hybrid sparse representation
and Laplacian pyramid methods (LP-SR) and hybrid sparse representation and NSCT methods (NSCT-SR) are
tested on FLIR and landsat-8 thermal infrared and visible images. To evaluate the performance of different

image fusion methods we used following three the quantitative evaluation metrics: entropy (EN), mutual
information (MI), and gradient based fusion metric (Q*®F). Despite the lack of spectral coverage between the
visible and thermal infrared bands of Landsat 8, quantitative evaluation metrics showed that the hybrid LP-SR
method provides the best result (EN=7.362, M1=2.605, Q*®F =0.531) and fused images have a better visual

quality. This method improves spatial details along with preserving the thermal radiation information. This

method is followed by RP, LP, and NSCT methods. Similar results were achieved in FLIR images.

Key words: Visible image, Thermal infrared image, Image fusion, Multi-scale transform, Sparse representation.
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