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Abstract

Multi-focus image fusion is the process of combining information of two or more images to fuse together to form a single fused
image and to enhance the robustness of image processing system. Image fusion techniques are mainly used to improve the
quality of data in images. The image that has been fused results in providing accuracy and large information than any other input
images. To overcome the problem of limited depth of image focusing and to acquire an image with all objects in focus the image
fusion is a good technique. Image fusion is been widely used in many application of image processing technologies such as
biomedical imaging, digital imaging, robotics applications etc. Different image fusion techniques have been studied and the
performance of these techniques depends on various methods to get a fused image of the focused region. Thus using image
fusion techniques an image with better focus area can be generated.
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I. INTRODUCTION

The improved technology and variety of image acquisition techniques has increased the importance of image fusion in image
processing systems. To merge multi focus information into a single high quality image, many image fusion algorithms have
been developed. The main aim of image fusion is to combine information of two or more images of a same scene and to generate
a new image with more accuracy and making the information more useful for image processing tasks [1]. The main applications
of image fusion technologies are mainly used in biomedical imaging, computer vision, robotics etc.

Since it is not possible to obtain an image that contains all the information of the focused objects because of the limited depth
of focus of optical lens in digital cameras, image fusion technique has become an improved technology to acquire an image with
greater accuracy [2]. Image fusion undergoes mainly three levels of processes which are pixel, decision and feature level. This
process improves the visual enhancement and provides information with more details. The advantages of these process includes
detection of unwanted noises, less complexity, improves robustness, easy to implement.

A. Need for Image Fusion

For a number of image processing application cases more general formal solutions are provided by the multi-sensor data fusion.
To obtain a single image which has high spatial and high spectral information in image processing it has been found that fusion
of several images related to a certain area has contributed a vital role in digital image processing areas. By the use of certain
designs or observational constraints the instruments are not skilled to provide information about particular areas. Thus it was
found that image fusion was the best method to obtain images with high information. It is widely used in remote sensing and
biomedical imaging etc.

H. Methods in Image Fusion

Image fusion methods are generally divided into spatial domain fusion techniques and transform domain fusion techniques [3].
In spatial domain technique, the fusion methods are directly done on pixel gray levels or colour space from the input images for
fusion method and is also known as single scale fusion method. In transform domain methods, the input images are initially
decomposed to a particular sequence of images through some mathematical transformations. Corresponding fusion rules have
been generated to fuse the coefficients of the source images and thus the image is obtained by mathematical inverse transforms.
Hence, the transform domain method [11] is also known as multi scale fusion methods.

C. Frequencies in an Image

In the processing of multi-focus image fusions an image can be separated as low frequency components and high frequency
components. The high frequency coefficients provides the brief data of the source images and the low frequency coefficients
provides the correct data of the source images and contains the maximum energy of the source images. If the data is changing
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quickly on a short distance scale then the image has large values at high frequency. And if the large scale features are important
then the image has low frequency component.

In case of a colour images, the frequency content is measured with frequency with respect to colour or chrominance. These
frequency components decide whether the values are changing rapidly or not. If the frequency matrix value is low the colour is
changing rapidly. But the human eye is insensitive to these rapid changes in colour and sensitive to intensity. So these gradual
changes in colour can be ignored and the data can be ignored without noticing of the human eye.

The brightness level is represented as coefficients in a two dimensional array. Differentiation of the coefficients as more
important ones and less important ones is not possible in a normal manner. But when representing it as sharp edges with fine
details in smooth variations most natural images have smooth colour variations. The smooth variation in colour is known as low
frequency and sharp variation is known as high frequency. The low frequency components have the base of an image and the
high frequency components constitute all the details of an image. Therefore, smooth variations have more importance than the
details of an image.

Fusion methods are generally problem dependent. Different focus measures such as variance, energy of gradient[13], energy
of laplacian of image[12], sum modified laplacian are used for the analysis of performance for fusion of multi-focus images.
Different multi-focus image fusion techniques are described in this paper.

Various multi-focus image fusion techniques surveyed in this paper are:
—  Non-subsampled Contourlet Transform

— Discrete Cosine Transform

—  Principal Component Analysis

— Discrete Wavelet Transform

— Gradient based decision map

— Laplacian Pyramid

Il. IMAGE FUSION TECHNIQUES

Yong Yang and Song Tong proposed multi-focus image fusion method based on NSCT and focused area detection [4].In this
technique the fusion process is divided into initial fusion and final fusion. For initial fusion, the low frequency coefficient images
are fused with SML based visual contrast rule and the high frequency coefficient images are fused with local Log-Gabor
energy[14] rule. After the fusion rule is applied the low frequency coefficients are fused and the high frequency coefficients are
fused to combine and form to a single image. Thus the initial fused image is obtained. Then this initial fused image undergoes
morphological opening and closing and is employed for post-processing to create a fusion decision diagram. From this fusion
decision diagram the pixels of the source image and initial image are chosen to acquire the final fusion image. The main
advantages of this proposed method is that it is more suitable for image fusion since it has multi resolution, shift invariance and
multi direction. It also reduces the complexity and increases the reliability and robustness of the fusion results. This fusion
technique can also prevent errorneous result of the focused area at the boundaries that can be introduced during the fusion
process.
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Fig. 1: The schematic diagram of image fusion using NSCT
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Liu Cao and Longxu Jin proposed a multi-focus image fusion based on spatial frequency in discrete cosine transform domain
[5]. This method proposes an efficient algorithm that is used to fuse the images using a multi scale transform that is the discrete
cosine transform. Here, the fused images are captivated with the image blocks having high spatial frequencies. The DCT
management of the output image is composed with larger spatial frequencies and the contrast criterion is calculated by the spatial
frequencies of the subsequent blocks from the input image. To increase the quality of the final image it follows a reliability
authentication procedure. The performance evaluation of the proposed method is done with a range of assessment matrices and it
was found that with respect to conventional methods the proposed method gives an increased quality images.
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Fig. 2: The schematic diagram of image fusion using DCT

T. Wan and C. Zhu proposed a multi-focus image fusion based on robust principal component analysis [6]. The main aim of
this method was to explore its possible relevance in the multi-focus image. The sparse matrixes that are computed from the
discriminative sparse features are used to create a multi-focus image fusion framework. A principal matrix of low rank and a
sparse matrix are achieved by splitting up of the input matrix of data. In sparse matrix the principal component represents
contradictory information. Thus to distinguish the focused and defocused areas the principal component analysis is a forceful
technique. The prominent information from the source image is represented by the features that are extracted from the sparse
matrix. Then the resultant image is formed by the combination of these local sparse features [15].
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Fig. 3: The schematic diagram of image fusion using PCA.

For the working out of frequency matrix the sliding window technique is used and is done by searching the whole image and
the pixels are selected with respect to the sharper regions to reduce the blocking effects. In this method the evaluation criteria is
mainly done using three matrices. They are (i) mutual information which is used to decide the similarities of the given images,
(i1) petrovic’s metric which is used to measure the edges of the source images and (iii) Structural Similarity Index Metric (SSIM)
quantifies relevant Informations.

Yong Yang and Shuying Huang proposed a multi-focus image fusion using an effective discrete wavelet transform based
algorithm [7]. The main objective of this technique was to find the method to evaluate the haze of the image and then to select
the data from the accurate image by taking into account of the right meaning of discrete wavelet coefficients. When several
methods were estimated it was found that discrete wavelet transform can decompose the image by separating the smooth
variations and can obtain the details of the images. Firstly, the input images are decomposed by the discrete wavelet transform,
then the low coefficient frequencies and high coefficient frequencies which is completed after undergoing the fusion rule is
combined together. In low frequency coefficient the fusion method is depended on a maximum sharpness based algorithm and
the high frequency coefficient method is depended on maximum energy based selection algorithm. In consistency verification
procedure the low frequency coefficients and high frequency coefficients are fused and are obtained by a binary decision map.
The analysis based on the performances was done and the results show that this method can achieve more accuracy in visual
quality and object estimation schemes.
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Fig. 4: The schematic diagram shows the image fusion diagram using DWT

Peng Wang and Yu Zhang proposed technique on multi-focus image fusion through gradient-based decision map construction
and mathematical morphology [8]. The main involvement of this method is to measure the focus region using the image gradient
and using assured mathematical morphological adjusting the regions of focused and defocused boundaries. Initially to generate
the final focused map, the original focused map and coarse focused map is filtered using a weighted kernel. Then the exact
boundary is to be obtained by using certain morphological operations and free boundary conditions. The morphological process
involves (i) small patch removing operation (ii) morphological opening operation and small patch removing operation (iii)
morphological closing operation and small patch removing operation. Using the fusion rule and final decision map the fused
image is obtained. Certain experiments were conducted in qualitative and quantitative basis. Thus it is observed that when
comparing with the convention algorithms the gradient based method gives a better fusion results.
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Fig. 5: The schematic diagram of the proposed work.
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I11. COMPARATIVE ANALYSIS

No. Techniques Advantages Disadvantages
1 Non-subsampled Contourlet Edge detection is possible, increases Time consumption is high, computational complexity is
Transform reliability and robustness. high.
. . Simple to implement, computationally Boundary cannot be detected, discontinuities occurs,
2 Discrete Cosine Transform . . -
efficient. low peak to signal ratio.
3 Principal Component Robust to noise interference, good visual Computational cost is high, complexity occurs in
Analysis perception. algorithms.

Superior to all other fusion process, better

. - Edges and boundaries cannot be detected accurately.
visual perception

4 Discrete Wavelet Transform

5 Gradient Bﬁzzd Decision Reduces complexity, takes less running time. Complexity is high, less sharpness.

1V. PERFORMANCE MEASURES

For the performance measure of image fusion process many quantitative and qualitative analysis are required. Sum-modified-
laplacian used in NSCT, spatial frequency used in cosine transforms, the principal component analysis, energy of the images, the
mathematical morphological operations used in extraction of boundaries and so on. When compared to other methods it was
found that sum-modified-laplacian[9] gives the best performance. In qualitative analysis reference and non-reference metrices
are used. Peak signal to noise ratio, root mean square [10] are the reference based matrices and non-reference metrices includes
spatial frequency, mutual informations and structural similarity index.

V. CONCLUSION

The use of image fusion is a widespread emerging process in image processing and is used in a large number of applications such
as remote sensing, biomedical imaging, computer vision etc. Different techniques are used in the processing of image fusion. A
few methods are surveyed and their performance analysis was referred. A large number of issues were detected when the various
papers were compared. Blurring, noise, mis-registration are the limitations found in spatial domain fusion methods. Frequency
domain methods can overcome these limitations but those are of high complexity. The further improvement can be achieved
using both spatial and transform based techniques.
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