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ABSTRACT

This study presents a two-stage medical image fusion
framework that integrates the Shearlet Transform and
Singular Value Decomposition (SVD) to enhance
multimodal medical image analysis. The Shearlet
Transform is employed to decompose input images
MRI into multi-scale and multi-directional subbands,
effectively capturing structural and textural features.
Corresponding subbands are fused using SVD by
combining their singular values through a rule-based
strategy. The fused subbands are reconstructed using
the inverse Shearlet Transform to generate a high-
quality image that preserves complementary
anatomical and functional information, supporting
improved tumor visualization and clinical decision-
making.
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1. INTRODUCTION

Multimodal medical imaging plays a vital role in
accurate diagnosis by integrating complementary
information from MRI, CT, and PET images. Since
each modality provides unique anatomical and
functional insights, analyzing them separately may

limit clinical interpretation, especially in tumor
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assessment. Therefore, effective medical image fusion
is essential to enhance diagnostic performance. This
paper proposes a two-stage multimodal image fusion
framework using the Shearlet Transform and Singular
Value Decomposition (SVD). The Shearlet Transform
decomposes input images into multi-scale and multi-
directional subbands, while SVD-based fusion
combines significant features from each modality. The
fused image preserves both structural and functional
information, leading to improved tumor visualization

and better clinical decision support.
2. METHODOLOGY

The proposed multimodal medical image fusion
framework follows a two-stage approach that
integrates the Shearlet Transform and Singular Value
Decomposition (SVD) to effectively combine
complementary information from medical imaging
modalities such as MRI, CT, and PET. In the first
stage, the registered multimodal input images are
decomposed using the Shearlet Transform, which
provides a multi-scale and multi-directional
representation for efficient extraction of structural,
textural, and edge features, resulting in corresponding
low- and high-frequency subbands that capture both
coarse and fine image details. In the second stage,
fusion is performed on the corresponding Shearlet
subbands using Singular VValue Decomposition, where
each subband is decomposed into singular components

and a rule-based strategy is applied to
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combine dominant singular values from different
modalities, ensuring preservation of significant
anatomical and functional features while minimizing
redundancy. Finally, the fused subbands are
reconstructed using the inverse Shearlet Transform to
obtain the final fused image, which retains enhanced
structural clarity and functional information, thereby
improving tumor visualization and supporting

accurate clinical decision-making.
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Fig. 1 Block Diagram
The proposed fusion framework begins with two
registered medical images obtained from different
modalities, which are first subjected to Shearlet
Transform—based decomposition. This transform
decomposes each input image into multi-scale
andmulti-directional subbands, enabling effective
representation of edge, texture, and structural
information. Corresponding subbands from each
modality are then processed using Singular Value
Decomposition (SVD), where significant singular

values are extracted and fused using rule-based
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strategies such as maximum or average selection to
retain dominant features. The fused singular
components are used to reconstruct the corresponding
subbands, ensuring preservation of complementary
anatomical and functional information. Finally, the
inverse Shearlet Transform is applied to the fused
subbands to generate the final fused image, which
exhibits enhanced structural clarity and improved
visualization, supporting accurate tumor analysis and

clinical interpretation.
4. PROPOSED SYSTEM

The proposed system employs a multimodal medical
image fusion framework using the Shearlet Transform
and Singular Value Decomposition (SVD). Input
medical images are decomposed into multi- scale and
multi-directional subbands using the Shearlet
Transform. Corresponding subbands are fused through
an SVD-based rule to preserve dominant anatomical
and functional features. The fused subbands are
reconstructed using the inverse Shearlet Transform to
obtain a high-quality fused image that enhances tumor

visualization and supports accurate clinical analysis.

5. OUTPUT

Image A Fused image

Fig. 2 resulting Fused Image
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The fusion results obtained from the proposed Shearlet
Transform and SVD-based framework, showing the
input medical images (Image A and Image B) along
with the resulting fused image. The fused image
effectively preserves complementary anatomical
details and enhances tumor visibility, demonstrating

the effectiveness of the proposed fusion approach.
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Fig.3 Fusion performance metrices

6. CONCLUSION

This work presented an effective multimodal medical
image fusion framework that combines the Shearlet
Transform with Singular Value Decomposition to
integrate complementary information from medical
imaging modalities. The multi-scale and multi-
directional properties of the Shearlet Transform enable
accurate extraction of structural features, while the
SVD-based fusion strategy preserves dominant
anatomical and functional information. Experimental
results demonstrate that the proposed approach
produces high-quality fused images with enhanced
clarity and improved tumor visualization. The
quantitative evaluation further confirms the robustness
and effectiveness of the method. Overall, the proposed
framework shows strong potential for supporting
reliable clinical analysis and advancing multimodal

medical image interpretation.
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