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Abstract

This paper analyzes the characteristics of the Fast Curve let Transform that is second generation Curve let Transform and put
forward an image fusion algorithm based on Fast Curve let Transform and discrete Fast curve let Transform. Proposed algorithm
in this article was applied to experiment of navigation image fusion and object detection image fusion. According to simulation
result, the proposed algorithm holds useful information from source multiple images quit well.

Introduction

Image Fusion can be defined as combination of images (input quantity) from different sources (image sensors, cameras) with the
aim to obtain new or more precise knowledge about the scene.

Single Sensor Image Fusion System[“.An illustration of a single sensor image fusion is shown in Fig.1. The sensor shown could
be a visible-band sensor such as a digital camera. This sensor captures the real world as a sequence of images. The sequence is
then fused in one single image and used either by a human operator or by a computer to do task. For example in object deOtection,
a human Operator searches the scene detect objects such intruders in a security area.
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Fig.1 Single Sensor Image Fusion System
This kind of systems has some limitations due to the capability of the imaging sensor that is being used. The conditions under
which the system can operate the dynamic range, resolution, etc. are all limited by the capability of the sensor.  For example, a
visible-band sensor such as the digital camera is appropriate for a brightly illuminated environment such as daylight scenes but is
not suitable for poor Fast Curve let Transform, illuminated situation found during night, or under adverse condition such as in fog
or rain.

Multi-Sensor Image fusion System: Multi-sensor image fusion systems overcome the limitations of a single sensor vision system
by combining the images from these sensors to form a composite image. Fig.2 shows an illustration of multi-sensor image fusion
system. In this case, an infrared camera is supplementing the digital camera and their individual images are fused to obtain a fused
image. This approach overcomes the problems referred to before, while the digital camera is appropriate for daylight scenes, the
infrared camera is suitable in poorly illuminated ones
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Fig.2 Multi Sensor Image Fusion System
In recent years, many researchers recognized that multi-scale transform are very useful for analyzing the information content of
images for the purpose of fusion. So, various alternatives based on multi-scale transform have been proposed , such as Laplacian
pyramid-based, gradient pyramid-based, ratio pyramid-based, et al. The basic idea of multi-scale transform is to perform a multi-
resolution decomposition on each source image, then integrate all these decompositions to produce a composite representation.
The fused image is finally reconstructed by performing an inverse multi-resolution transform. The pyramid-based method is
simple and good performance generally. However, in the pyramid reconstruction, it is sometimes unstable, especially when there
are multiple significant differences in the source image, the fused image will appear plaques. Wavelet transform is a multi-
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resolution analysis method, too. It can decompose an image into an approximation and the lowest level of detail in different
directions at different scales, and it is one of the most commonly used image fusion methods. Wavelets are very effective in
representing objects with isolated point singularities, while wavelet bases are not the most significant in representing objects with
singularities along lines. As a consequence, the method based on the Wavelet tranform can not excavate the edge quality and
detail information.

To above deficiencies of wavelet transform,Donoho et al. proposed the theory of Curve let transform,which takes edges as the
basic description element and is well suitable for the characteristics of image. The research result show that Curve let transform
theory can be better used in image feature extraction, image fusion, etc., and good results were obtained. But they used the first
generation of Curve let transform. In 2004, Candes, who proposed the theory of second generation of curve let transform, and in
2005 the fast implementation of second generation Curve let transform algorithm is given. Compared with first generation curve
let transform, the second generation can overcome many of the shortcoming, not only has the simple structure, but also greatly
reduce the amount of data redundancy, and its fast algorithm is easier to be understood.

Image fusion algorithm based on fast curvelet transforms

Images can be fused in three levels, namely pixel level fusion, feature level fusion and decision level fusion. Pixel level fusion is

adopted in this paper. It represents fusion of visual information of the same scene, from any number of registered image signals

obtained using different sensor.

The goal of pixel-level image fusion can broadly be defined as: to represent the visual information present in any number of input

images, in a single fused image without the introduction of distortion or loss of information 1 .One of the most important

characteristic of curve let transform is anisotropy, which can represent the contour of image more sparsely and provide more

information for image processing. The steps of using Curve let Transform to fuse two images are as follows:

1. Resample and registration of original image we can correct original images and distortion so that both of them have similar
probability distribution.

2. Perform Curve let transform on two original images respectively, and obtain the low- frequency approximate component and
high- frequency detail component from both of images.

3. According to definite standard to fuse images, variance is chose to measure definition for low-frequency component. First,
divide low-frequency CjO(k1,k2) into individual foursquare sub-blocks which are N1XM1 (3X3, 5X5), then calculate area
variance of the current sub-block:

Here, CjO(k1,k2) stands for low- frequency coefficient mean of original images. If variance is bigger, it shows that the local
contrast of original image is bigger, means clearer definition. It is expressed as follows:
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Regional activity Ej,I(k1,k2) is defined as a fusion standard of high-frequency components. First, divide high-frequency sub-band
into sub-blocks, then calculate regional activity of sub-blocks.
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In which,N1 X M1 means 3X3,5X5 and so on.

4. Inverse transformation of coefficients after fusion, the reconstructed image will be fusion images.
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Experimental results and analysis

Navigation image fusion

We use navigation application images such as one is visible image and second is infrared image. Two fusion algorithms are
adopted in this paper to contrast fusion effect. We separately use the second generation curve let transform that is Fast Curve let
Transform(FCT), Discrete Fast Curve let Transform(DFCT) which is proposed in this paper. According to FCT, We use different
fusion standard in different sections. Average operator is used as a fusion standard for low- frequency sub-band. Choosing the
fusion operator based the biggest absolute value is used as a fusion standard for three high-frequency sub-band from the highest
scale. Choosing the fusion operator based the biggest local area variance is used as a fusion standard for high-frequency sub-bands
from other scales. Fig.3 separately expresses corresponding fusion results. Fig.3 shows that two algorithm all acquire good fusion
results. False contour of edges appear in the FCT. We acquire the best subjective effect in DFCT. The fused image is the clearest,
and detail information are kept as more.

We adopt Entropy of fused image, Correlation coefficient Ccc and rms Erms to evaluate the fused quality. If entropy of fused
image is bigger, or correlation coefficient approach one more closer, or Erms is smaller. It shows that the fusion methods adopted
is better.

(c) (d)
Fig.3 Navigation images and their image fusion.
(a):visible image;(b):infrared image; (c):fused image of FCT; (d): fused image of DFCT

(b) (d)
Fig.4 Object Detection images and their image fusion.
(a):visible image; (b)millimeter-wave; (c) fused image of FCT; (d) fused image of DFCT
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Conclusion

This paper presented a Curve let based approaches for the image fusion. An experimental study was conducted by applying the
proposed method, as well as other image fusion methods. The experimental study shows that the application of the curve let
transform in the fusion of navigation is superior to the application of the traditional methods, both visually and quantitatively.
Based on the experimental results, it can be seen that it is well suited for extracting detailed information from an image. It has
many applications such as Multi-focus image, complementary image, Defense system remote sensing and surveillance. The
number of decomposition levels in the multi-resolution approaches, was found to influence image fusion performance. However,
using more decomposition level do not necessarily implies better results. Methods to choose the appropriate number of levels
should be studied.
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