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Abstract - Fusion of MRI images enhances the level of information in a great way. The features of individual
images not only get clubbed but the diagnostic approach for diseases will also get increased. In this research a
detailed study on the image fusion strategies in medical images has been carried out. In this research paper a
novel bio inspired optimization Light stimulated rat algorithm has been employed for Multimodal MRI Images
Image Fusion. The proposed work has been compared with the state-of-the-art Fusion method and it has been
identified that the proposed work out performs with great merit over the other fusion methods and the proposed
research work can be considered novel for the transform based medical image fusion schemes. Discrete wavelet
transform based MRI decomposition and reconstruction scheme has been employed in this proposed work.
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In the direction of diagnostic analysis with different medical modalities sufficient efforts are
being done to extract meaningful features and hence information in the form of digital images
so that any decision can be established about an ailment in the body[1],[2].From many years a
lot of image processing techniques like image deblurring, image enhancement, denoising etc.
have been evolved to extract out maximum information from the source medical
images|[3],[4].Multimodal Image fusion is also an important and growing technique in this
domain. Two modality images are so fused with each other pixel wise that the third image
consists of the features of both images [5], [6], [28],[29]. The motive of this pixel level image
fusion method is to eliminate the redundancy of image feature and common information and to
reserve the complementary information from both images to the third image i.e. fused
image[7],[8]. This process of image fusion not only conserves the memory of a computer
system but also helps in reduction of decision time of a doctor or of an automatic disease
diagnosis system[9],[10],[26]. Every modality of an image technology such as MRI, generates
an image with a salient feature or information [11],[12],[27].

Some modalities provide information about the peripheral region of organs while some provide
detailed information about central features of an organ. In case of human brain MRI imaging
Flair and T2 are such two modalities for these purposes respectively. T1C and T1 are also two
important modalities which provide the fluid information and information regarding minute
discontinuities in the tissues of the brain respectively. In transform domain fusion methods such
as wavelet based, contourlet(CT) ,non-subsampled contoulet (NSCT) and curvelet transform
(CVT) etc. the signal processing like image decomposition at frequency level is performed on
image coefficients .According to information measure ,the fusion technique is broadly grouped
in three ,that is pixel, feature and decision. In the pixel class the direct operations are performed
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on pixels of images to fuse[13],[14].In the feature class the operations are performed at
frequency level to enhance the detailed prime features of images like edges, points and corners
etc. At the decision class the images are fused by applying classifier rules and fuzzy logic etc.
to the image coefficients [15],[16]. Fig.1 and Fig.2 provide a conceptual view about the medical
modalities of MRI.

(a) (b) (c) (d)

Fig.1 Dataset-1 modalities
(a)

(b)

Fig.2.Dataset-2 modalities

The fusion result for above Fig 2 is shown in the result section in fig.7.

1. METHODOLOGY
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This section discusses the methodology employed using Image Decomposition and Fusion rule

A Image Decomposition

The methodology used here is basically a signal decomposition into different coefficients of
frequency for individual images and further mix them into each other with in limits of signal
processing and its operators[17],[18]. Fig.3 presenting the Schematic diagram of the proposed
Image Fusion method.
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Fig.3 Schematic diagram of the proposed Image Fusion

B. Fusion Rule
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In the fusion rule a metaheuristic scheme for optimization is applied. The strange behaviour of
rats with exposure to light is mimicked in the fusion model [19-21]. The MI of each pixel is
calculated and the way a rat finds the maximum displacement on light stimulation is modeled
to raise the value of MI per pixel. Further the pixels are clubbed to each other and the final
image reconstructed after the process of reconstruction by some appropriate transform tool [22-
25].

RESULT AND DISCUSSION

The results for the proposed fusion scheme are illustrated in Fig. 4 to Fig. 7. The results have
been evaluated qualitative as well as quantitatively. The evaluation measures values of mutual
information and other parameters like RMSE and PSNR proves the merit of this fusion method.
Two data sets from a famous MRI data set are tested .The proposed method is compared with
three very renown techniques of fusion. These are Wavelet and Halo-whale method, SWT-
NSCT combined method and simple NSCT method. Our proposed method is outperforming
the compared one method. The effectiveness of the proposed method is deliberately explained
in this section. Table I and Table Il are providing a view of satisfactory results.
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Table 1 Comparative analysis using dataset-1

Metrics Wavelet + HW Fusion | SWT + NSCT | NSCT | Proposed
Mutual information | 1.4673 1 4669 1.4299 | 1.5765
PSNR (in ffi) 37.8289 37.8848 36.8904 | 44.0957
RMSE 6.5101 6.5281 6.5409 | 5.4940
Table 2 Comparative analysis using dataset-2

Metrics Wavelet + HW Fusion | SWT + NSCT | NSCT | Proposed
Mutual information | 1.4612 1.4550 1.4508 | 1.4960
PSNR (in dB) 32.991 33.470 32498 | 35.541
RMSE 10.0053 10.0510 9.9689 | 9.6404
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Fig.4.MlI values for each modality set fusion
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Fig.5 PSNR value for each modality set fusion
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Fig.7 MRI Fusion
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