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ABSTRACT

This work proposes a new method of fusion image using Dempster-Shafer theory and local variability
(DST-LV). This method takes into account the behaviour of each pixel with its neighbours. It consists in
calculating the quadratic distance between the value of the pixel I (x, y) of each point and the value of all
the neighbouring pixels. Local variability is used to determine the mass function defined in Dempster-
Shafer theory. The two classes of Dempster-Shafer theory studied are : the fuzzy part and the focused part.
The results of the proposed method are significantly better when comparing them to results of other
methods.
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1. INTRODUCTION

The role of image merging is to use images of the same scene with different focus to produce a
single image containing the details found on at least one of the input images.Thus, image
merging can reduce uncertainty and minimize redundancy on the output imageas well as
maximize particular relevant information. This work mainly concerns the fusion of multifocal
images caused by the limited depth of field of the optical lenses of cameras. Thus, with a
different focus, we can obtain several images where each contains a bright object and the others
blurry. In this case, the method of fusion image is used to bring all the objects into focus on a
single image.

Multifocal image fusion methods found in the literature are divided into two types, spatial
methods and multiscale methods. The spatial methods use directly the pixels of the source images
and the neighbouring pixels. Some fusion methods like: the mean, the principal component
analysis (PCA) [1], the maximum selection rule, the two-sided gradient-based methods [2] and
the filter-based method and guided images (GIF ) [3] and the maximum selection rule are
considered as spatial approaches. Among the disadvantages of spatial domain approaches is that
they create spatial distortion in the fused image. On the other hand, the fusion using the methods
at several scales is carried out on the source images after having decomposed them into several
scales. We cite some examples of these methods: the discrete wavelet transform (DWT) [4] - [7],
the fusion of Laplacian pyramidal images [8] - [14], the discrete cosinetransform with variance
calculation (DCT + var) [15], the method based on the detection of salience (SD) [16].

The article [17] shows that the fusion decreases the imprecision and the uncertainty by the
redundancy as well as the complementary information of the source image. Shafer was the first to
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Figure 3. in focus on the right Figure 4. in focus on the left

Figure 5. Fused image by proposed method
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Figure 6. in focus on the left Figure 7. in focus on the right

Figure 8. Fused image by proposed method

Figure 9. in focus on the left Figure 10. in focus on the right



Signal & Image Processing: An International Journal (SIPIJ) Vol.13, No.1, February 2022

37

Figure 11. Fused image by proposed method

Now we compare the proposed method to other methods. For that, we apply the fusion methods:
PCA method [1], discrete wavelet transform (DWT) method [6], Laplacian pyramid LP_PCA
[13], LP_DWT [14] and gradient bilateral (BG) [2].

To evaluate the quality of these fusion methods, we will use metric toolssuch as the RMSE
evaluation measure which has given satisfaction for this kind of comparison. The following table
calculates the means and the standard deviations of the RMSEs between the reference images and
the fused images by the methods studied.

Table 1. Statistic parameters of the sample (150 images)

Method LP_AV PCA BG LP.PCA DWT LP.DWT Proposed_method
Mean 6.351 6.245 7.7375 1.7456 3.0738 1.7841 0.44059
Standard
deviation

2.81099 2.76977 3.77837 0.62897 1.06387 0.638727 0.223299

From the table1., the proposed method gives a smaller mean and smaller standard deviation of
RMSE. We produce the histogram graphs of RMSE for 150 images by different methods (Figure
14, 15, 16, 17, 18 and 19). They are for almost method symmetric and centred around the mean
value.
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Figure 12. The histogram of LP. PCA method

Figure 13. The histogram of PCA method

Figure 14. The histogram of DWT method
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Figure 15. The histogram of LP.DWT method

Figure 16. The histogram of BG method

Figure 17. The histogram of proposed method
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Figure 18. The histogram of LP.Average method

To complete our study and make homogeneous groups of methods, we perform an analysis of
variance (ANOVA) with dependent samples (dependence by image). The software R gives the
following Anova table:

Since the probability Pr(>F) is smaller than 1% the methods are significantly different. To
compare the methods two-by-two and determine the groups having significantly the same mean,
We perform the Newman Keuls test. The software R gives the results below of the test.

We distinguish the different groups: First only method BG that have the
bigger mean of RMSE (7.737). ing two methods LP_AV and PCA that
have significantly the only the method DWT which better
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ontaining two methods LP_DWT and LP_PCA which better
have the

smallest mean. Thus, consider the proposed method ca as the best methodcomparing to other
methods.

6. CONCLUSION

The new method presented in this paper serves to merge two multifocal images using local
variability and Dempster-Shafer theory. The originality of this work is to combine the theory of
Dempster Shapher and the local variability based on the quadratic distance of each pixel and its
neighbours. Thus, the merger decision is taken pixel by pixel, it is the one that is at least
plausible. An experimental study is carried out in this work and highlights the fact that the
proposed method presents a significant improvement in the result both visually and analytically.
This work will be used to fuse more than two blurry images. This method can be used in many
applications, such as

1. Using the images taken by drones that are essential tools in digital imaging, it offers
interesting possibilities to improve photography. The drone can capture images on the same
scene, which zooms in on different objects and at different altitudes. Thus, it gives several images
on the same scene but with different objects in focus. We will apply the proposed method to
obtain one image with all the objects in focus very similar to the real image.

2. The proposed method will also be used in medical imaging. Indeed, to detect an object or
cell anomaly due to the local variability indicating the behaviour of each pixel with its
neighbourhood.

3. The method can be used in the food industry which uses cameras to controlthe quality of the
produced product. Each camera targets one of several objects to detectan anomaly. The proposed
method will give a photo with all the objects in focus and with more detailed information.
In terms of research, this work has several perspectives:

1. We plan to extend this work to color images that convey important information.
2. We intend to adapt the method to more than two images by taking into account the local

variability in each image (intra-variability) and the variability between the images (inter-
variability). This inter-variability can identify "abnormal pixels" among the images.

3. We will adapt the proposed method to fuse images containing different objects taken by
different equipment: ultrasound, IREM, scanner ... (multimodal).
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