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Abstract: In view of the problem about the loss of detail and color distortion in multi-exposure image fusion, this
paper proposed a multi-exposure image fusion method based on tensor decomposition and convolution sparse re-
presentation. Tensor decomposition, as an approach of low-rank approximation for high-dimensional data, has great
potential in feature extraction of multi-exposure images. Convolution sparse representation is a sparse optimization
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method for the whole image, which can preserve the detail information of the image to the greatest extent. At the
same time, in order to avoid color distortion in the fused image, this paper adopted the method of separately fusing
luminance and chrominance. Firstly, the core tensor of the source image was obtained by tensor decomposition.
Besides, edge features were extracted on the first sub-band which contains the most information. Then the edge
feature map was sparsely decomposed to obtain the activity level of each pixel by using L1 norm of the decomposi-
tion coefficient. Finally, take "winner-take-all" strategy to generate weight map so as to obtain the fused luminance
components. Unlike the process of luminance fusion, chrominance components were fused by simple Gaussian
weighting method, which solves the color distortion problem for the fused image to a certain extent. The experi-
mental results show that the proposed method has great detail preservation ability.

Keywords: tensor decomposition; convolution sparse representation; dictionary learning; multi-exposure fusion
Citation: Qi Y B, Yu M, Jiang H, et al. Multi-exposure image fusion based on tensor decomposition and convolution
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Fig. 1 Flowchart of tensor decomposition and convolution sparse representation for multi-exposure image fusion
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Fig. 2 Multi-exposure image stack of House sequence
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Fig. 3 The core tensor of House sequence. (a) The first sub-band; (b) The second sub-band; (c) The third sub-band
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Fig. 7 (a) The enlarged low exposure image of House sequence; (b) The initial weight map of Fig. 7(a)
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Fig. 8 Refined weight map. (a) The weight map of basic layer; (b) The weight map of detailed layer
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Fig. 11 Multi-exposure image group of the Lamp sequence
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Fig. 12 Contrast maps of Lamp sequence. (a) Mertens, etc.””; (b) Kang, etc.!'%: (c) Liu, etc.'"; (d) Ma, etc.'?; (e) Ma, etc.'¥; (f) The pro-
posed algorithm
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posed algorithm
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Fig. 14 Multi-exposure image group of the Studio sequence
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Fig. 15 Contrast maps of Studio sequence. (a) Mertens, etc.”!; (b) Kang, etc.l'”; (c) Liu, etc.!""); (d) Ma, etc.l'?: (e) Ma, etc."¥; (f) The pro-

posed algorithm
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proposed algorithm
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Fig. 17 Enlarged maps of Studio sequence. (a) Mertens, etc.!”; (b) Kang, etc."”; (c) Liu, etc.'; (d) Ma, etc.'?; (e) Ma, etc.I"™; (f) The
proposed algorithm
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Table 1 Comparison of @"®F in different algorithms

Sequences Mertens™® Kang!" Liut"™ Mal'? Mal"™ The proposed
Room 0.6629 0.6653 0.6573 0.6263 0.6598 0.6721
House 0.6878 0.6962 0.6910 0.5894 0.6780 0.6997
Forth4 0.6462 0.6477 0.6418 0.6258 0.6331 0.6539

Garage 0.6860 0.6864 0.6837 0.6686 0.6785 0.6956
Cafe 0.6755 0.6842 0.6865 0.6721 0.6665 0.6866
Tower 0.7598 0.7699 0.7793 0.7707 0.7689 0.7695
SwissSunset 0.6331 0.6132 0.6028 0.5971 0.6077 0.6279
Average 0.6788 0.6804 0.6775 0.6500 0.6704 0.6865
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Experiment results of house sequences

Overview: The real scene usually has a luminance range from 10 cd/m?to 10 cd/m?, but the existing image video de-
vices can capture a limited luminance dynamic range. Thus, it cannot retain all the details of the real scene. In recent
years, multi-exposure fusion (MEF), as an effective quality enhancement technology, has gradually become a hot re-
search topic in digital media field. This technique combines multiple low dynamic range (LDR) images with different
exposures taken by ordinary cameras to generate an image with rich details and saturated color. At present, many MEF
algorithms have been proposed by relevant researchers and they can achieve great results when processing image se-
quences with simple background. However, when multi-exposure image sequences contain many objects with complex
textures, the performance of these algorithms is not satisfactory and the terrible phenomena such as detail loss and color
distortion often appear in the fused images. To solve the above problem, this paper proposesd a multi-exposure image
fusion method based on tensor decomposition (TD) and convolution sparse representation (CSR). Among them, TD, as
a method of low rank approximation for high-dimensional data, has great potential in multi-exposure image feature ex-
traction, while CSR performs sparse optimization on the whole image, which can retain the detail information to the
greatest extent. At the same time, in order to avoid color distortion in the fused image, luminance and chrominance were
fused separately. Firstly, the core tensor of the source image was obtained through tensor decomposition and the edge
feature extraction was carried out on the first sub-band which contains the most information. Secondly, the edge feature
map was sparsely decomposed to obtain the activity level of each pixel by using L1 norm of the decomposition coeffi-
cient. Finally, take the “winner-take-all” strategy to generate the weight map so as to obtain the fused luminance compo-
nent. Different from the luminance fusion process, chrominance components were fused by Gaussian weighting method
simply according to the color space characteristics. The experiment used two sets of image sequences with complex
background. Compared with other five advanced MEF algorithms, the fusion image by the proposed algorithm not only
had rich details, but also did not appear the large-scale color distortion. In addition, in order to evaluate the detail pre-
serving ability of the proposed algorithm more comprehensively, seven groups of multi-exposure image sequences were
selected for objective measurement. Experimental results show that the proposed method has strong edge information
preserving ability.

Citation: Qi Y B, Yu M, Jiang H, et al. Multi-exposure image fusion based on tensor decomposition and convolution
sparse representation[J]. Opto-Electronic Engineering, 2019, 46(1): 180084
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