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ABSTRACT

This paper proposes a novel multi-focus image fision algorithm.
Different from {traditional decision map based methods, our
algorithm is based on salience preserving gradient, which can
better emphasize the structure details of sources while preserving
the color consistency. We firstly measure the salience map of the
gradient from each source, and then use their saliency to modulate
their comtributions in computing the global statistics. Gradients
with high saliency are properly highlighted in the target gradient,
and thereby salient features in the sources are well preserved.
Furthermore we extend it to color domain by proposing an
importance-weight based trigonometric average method to merge
the color components. Extensive experiments on several duatasels
have demonstrated the effectiveness of our approach.

1. INTRODUCTION

Recently image fusion has become an important research topic in
image analysis and computer vision. It is well known that multi-
focus image fusion is an effective way to deal with the sensor’s
limitation of commercial cameras and extend the depth of defocus
images. Thus it has drawn the attention of many researchers in the
computer vision community. Currently most state-of-the-art multi-
focus image fusion algorithms merge sources by combining the
regions that are decided to be in better focus than their respective
counterparts in the associated frames. But it is difficult to exactly
judge whether the portion ig in better focus. Furthermore multi-
focus image fusion ig expected to enhance the image quality. Thus
algorithm that can extend the depth field of sources while
emphasizing the structure details is highly desired to handle multi-
focus image fugion.

In thig paper, we propose salience preserving based algorithm
which ig different from the aforementioned algorithmg. The
algorithm i capable of emphagizing structure details, which is
crucial in image enhancement. Moreover we have shown that the
algorithm can be easily extended to color domain. The
organization of the paper 1s as follows: In section 3, we discuss the
construction of importance-weight based target gradient and
briefly introduce the dynamic range compression. Section 4
presents a multi-focus color image fusion model, in which
importance-weight based f{rigonometric average method is
described in detail. Section 5 describes the experiments on a
variety of multi-focus images we have performed and provides the
results. And finally, we conclude in section 6, together with a
digcussion of future work.

2. RELATED WORK

the problem. Aizawa et @/. [1] studied this problem and presented
an algorithm based on camera point spread function (PSF). But it
requires prior knowledge of the system, e.g. camera PSF. More
algorithms are based on fugion decision map, i.e. merge sources by
selecting portions which are in better focus, such as mosaic baged
[2][3] and multi-resolution based methods. The mosaic based
methods select the portion in better focus in spatial domain directly.
But it is sensitive to outliers. In multi-resolution, we usually have
to apply wavelet [4][3] and discrete cosine transform, or pyramid
based representation [6] to decompose the sources. Then from
which select the sub-bands that satisfy the ruleg such ag maximum
energy and so on. But nonlinear operation on wavelet coefficients
may induce the side effect of “ringing”. Details can be seen around
the edge of the book on the left in Fig. 1f.

3. SALIENCE PRESERVING FUSION
3.1. Gradient Fusion with Salience Map

We first adjust registered source images {f, £=1,2,....N} to have
the sgame mean gradients ag the maximum mean gradient source for
comparigon and computation at the same level. For source f;, we
measure the salience of pixel g in f; as follows [7]:

8, (p) = mean, g {d(f(P). [ (@)} - (1)

8, (p) = rescale{l - S;c () /ma}(qren(S}'c (N}, (2)
where Qp is the neighborhood of pixel p and €2 is the region of the

whole image; rescale is an operation to ensure the dynamic range
of S, within [0,1]:
rescale(X)=(X - X /X, .
and dya,b) is defined as
diab)=e @97
In this paper, we set 6, to be a 5 X5 neighborhood of p,
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and o* =100 . Such Sy/p) represents the contrast around p and thus
measures the local salience. We compare all the salience maps
Si(p), and assign a normalized weight to each pixel in each source:

Sk (p)n (3)

w(p)= Y
s

Here, w; ig defined to be the importance weight of the source £.
The positive parameter » reflects that on what degree the fused
gradient rtesonates with the source of high salience. Then the
importance-weighted contrast form is constructed as:
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Prior work of multi-focus image fusion mainly focused on gray Z w;(p)%.a_j;c z (wk(p)%)z
scale images. A number of fusion strategies are proposed to solve k éx ay g ay
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