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ABSTRACT: Image fusion process is to combine information from two or more images of a scene into a single
composite image that is more revealing and is more suitable for visual perception or computer processing. Image fusion
main purpose is to improve the readability features of the image by processing the redundant data in multiple images.
In present work, steerable pyramid transform has been adopted for fusion process. SPT (Steerable Pyramid Transform)
is a powerful multi-scale, multi-orientation image decomposition tool. Due to its shift and rotation invariant property
proposed method used steerable pyramid transform for image fusion. Compared to the source images, the fused image
contains fine details and more features. DWT,BWT has been implemented widely for image fusion. But SPT allows for
multiple arbitrary directions at each scale. Proposed method have employed three different fusion rules for calculating
values of Information entropy, Standard deviation, Fusion Factor and compared the results for all pair of images using
these rules. It has been found that steerable wavelet transform retain individual image information like edges, curves,
boundaries of the fused image.
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I. INTRODUCTION

The term fusion means to combine the information contained in several domains. Image fusion is the process of
integrating information from two or more images into a single image. Pixel-based fusion is performed on a pixel-by-
pixel basis.[7] It generates a fused image in which information associated with each pixel is determined from a set of
pixels in source images to improve the enactment of image processing tasks. Fusion can be performed in three levels:
(1) pixel level, (2) region level, (3) decision level. Image fusion mainly consist of two steps: decomposition of source
image and selection of coefficients from the decomposed image.[7] Image fusion technology have been widely used in
digital imaging, remote sensing, bio-medical images ,computer vision and so-on.[8].

Il. STEERABLE PYRAMID TRANSFORMATION (SPT)

A steerable pyramid transform is useful to ensure robust sub-band fusion. Due to directional selective nature of
steerable pyramid filters, it efficiently deals with the images containing contours and textures and performs fusion
effectively.[6] It is known that the edge and line information can be obtained by derivative-based operations. The
research can be divided into two groups: one is the multi-resolution pyramid itself ; the other is the fusion rule, which is
defined as the the way to combine the coefficients in the transform domain. SPT divide the whole image into two sub
bands that is high pass and low pass band. Further the low pass is sub divided into four orientations to get better result
for each pixel, this process continue upto 3 scale 4-orrientation sub-bands[9]. The pyramid extracts features of the
image in the transform domain and the fusion rule fuses these coefficients effectively and accurately.
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Fig 1: Sub-band decomposition in SPT[13]
111. PROPOSED WORK

Collect number of database images which have same scene view but different focus location. Apply multi-level
steerable pyramid wavelets on each image and extract their low and high frequency coefficients at each level and at
each orientation. Apply different fusion rules i.e. simple average of coefficients, maximum of coefficients and
minimum of coefficients for low and high frequency coefficients and apply inverse of steerable pyramid wavelets to get
the fused image. Compare the results of different combinations of fusion techniques with database images using some
similarity measurement.

I Multi-scale Pvramid Transform I

I Fusion Rule I

N

I New Coefficient Set

v

I Inverse transformation I

i

i

I Fused Image I

Fig 2: Flowchart chart of the proposed algorithm[7]
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4. Quantitative evaluations: Evaluation of fusion is done on the basis of statistical measure of
different parameters:
1. Standard deviation: It is usually used to represent the deviation degree of the estimation and the average of

the random variable. The standard deviation mainly replicates the discrete degree between the pixel gray and
the mean value. [13]

o= \/Z:(i—i_)hF (i), i= fth (i)

2. Entropy: Every pixel is defined by its position and also by its grey scale levels. For an image which is having

L-1
Q= _Z P log, P
i=0

L grey levels, the entropy is defined as. It is calculated as follows:

3. Fusion Factor: A higher value of FF indicates that fused image contains moderately good expanse of
information present in both the images. However, a high value of FF does not suggest that the information
from both images is symmetrically fused.

FF = MAF + MBF, where MAF and MBF are mutual information among source images and fused image

V. EXPERIMENTAL RESULTS

Different blurred input images are taken and then fusion process is done using steerable pyramid transformations.
Different parameters are calculated like entropy, standard deviation, fusion factor. Input images are:

i [

11Tt
- |

Input pair of image one[13]

Input pair of image two[13]
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Experimental results show that this method combine focus region from both images effectively which results in better
content of fused image than individual images. Entropy defines as information contained in the image, gives better
results. For Standard Deviation different results were found for all different images. Fusion faction is the sum of mutual
information m1 and m2. It is found that Fusion Factor increases when average rule was used. Resultant Image clearly
demonstrates that information from the two different image combine into a single fused image which contains complete
information of both input images. In this paper, we have presented two set of input images and their corresponding
fused images with three different rules. SPT (Steerable Pyramid Transform) is a powerful linear multi-scale, multi-
orientation image decomposition technique.

Fig 1: SPT on original image upto four levels.

Fused Image using average rule
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Fused Image using min rule
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Fused Image using max rule

Results with steerable pyramid transform for pair one

Fusion Entropy Standard Fusion factor | Mutual Mutual information
method used deviation information M1 M2
Average Rule | 7.6560 59.7069 14.7426 7.3730 7.3696
Min Rule 7.6556 59.5444 14.2750 7.1373 7.1377
Max Rule 7.6918 60.1453 14.0879 7.0446 7.0434
Table 1: Results for image first using different rule
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Results with steerable pyramid transform for pair two

Fusion Entropy Standard Fusion factor | Mutual Mutual information
method used deviation information M1 M2

Average Rule | 7.5390 60.7167 14.6470 7.3269 7.3200

Min Rule 7.5417 60.5552 13.8363 6.9269 6.9094

Max Rule 7.5488 61.4859 13.6571 6.8351 6.8219

Table 2: Results for image second with different rules

Entropy results using different fusion rules for Images
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GRAPH 1: Showing results for Information Entropy
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GRAPH 2: Showing results for Standard Deviation
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Fusion-Factor results using different fusion rules for images
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GRAPH 3: Showing results for Fusion Factor
VI. CONCLUSION

In the present work, steerable pyramid transformation are used for image fusion process because steerable pyramid
transformation can work on four orientations which is beneficial for extracting the features of image. The proposed
method performs better in all the cases. Out of Three rules average rule is found to be better than other two. The better
results are because steerable pyramid transformation focus on image information like line, edges, curves, boundaries
etc. This technique of steerable pyramid got improved results in image fusion than DWT. In future scope the research
can extended to another properties of image like colour / intensity etc. The fusion technique can aslo be changed from
pixel level to region level or decision level fusion.
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