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Abstract

Background The Fourier Transform (FT) is a mathematical technique central to modern medical imaging, enabling
frequency-based analysis of acquired signals. It is used extensively in image reconstruction, enhancement, and
diagnostic feature extraction.

Objective To analyze the central role of the Fourier Transform in clinical imaging pipelines with emphasis on
reconstruction, noise suppression, and disease detection accuracy.

Methods A literature-based analysis was conducted focusing on frequency separation, spectral filtering, artifact
suppression, and integration within deep learning architectures.

Results FT-based processing improves diagnostic clarity by separating structural information from high-frequency
noise, enhancing organ boundaries, and improving lesion visibility. Furthermore, FT integration into deep learning
improves robustness against noisy or adversarial inputs.

Conclusion The Fourier Transform remains a cornerstone for reliable medical imaging, providing essential
contributions to reconstruction quality, computer-aided diagnosis (CAD), radiomics, and advanced disease detection
workflows.

Keywords: Fourier Transform, Medical Imaging, k-Space, Denoising, Deep Learning, Radiomics, Segmentation,
Fractional Fourier Transform.
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Introduction

Medical imaging modalities produce complex signal datasets representing anatomical structures
and tissue properties [1]. These signals are frequently corrupted by acquisition noise, motion
artifacts, and sampling irregularities. The mathematical challenge lies in isolating diagnostically
relevant information while preserving fine structural detail. Conversion into the frequency
domain through the Fourier Transform (FT) facilitates targeted enhancement, allowing clinicians

and computer-aided diagnosis (CAD) systems to discriminate between noise, tissue boundaries,
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and pathological anomalies [2,3]. Consequently, the FT has become a core operation in imaging

pipelines and diagnostic algorithms.
Mathematical Background

The two-dimensional continuous Fourier Transform for an image f(x, y)is given by:

F(uv) = f f " (e y)e I dady (1)

Low-frequency regions near the origin encode bulk anatomical structure, whereas high-frequency
regions represent edges and fine textures [4—6]. The Fast Fourier Transform (FFT) algorithm
enables computational feasibility for high-resolution imaging, reducing complexity from O(N?)to

O(Nlog N)[7].
Application in MRI Reconstruction

MRI scanners acquire raw data in k-space, a frequency-domain representation of the anatomical

region of interest [8]. The final image is obtained via the inverse transform:

I(x,y) = IFFT(K (ky, ky))(2)

Sampling deficiencies introduce:
e Ghosting artifacts,
e Gibbsringing,
e Blurring effects [9].

Advanced techniques such as Partial Fourier Imaging and Compressed Sensing leverage sparsity
properties inherent in frequency representations to accelerate acquisition times while preserving

diagnostic quality [11,12].
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Frequency-Domain Processing for Disease Detection
Noise Reduction

Noise can obscure lesions and early tumor boundaries. Applying low-pass, Wiener, and wavelet-
based filters in the frequency domain minimizes high-frequency contamination while preserving

structural edges critical for segmentation [13-17].
Feature Extraction

Shape-based Fourier descriptors are invariant to geometric transformations, allowing

classification of pathological shapes such as irregular tumor margins [18,19].
Fractional Fourier Transform (FrFT)

FrFT provides tunable time-frequency resolution advantageous in ultrasound imaging,

significantly reducing speckle noise and improving visualization of vascular structures [20-22].
Integration with Modern Deep Learning Architectures
Recent deep-learning models incorporate FT layers to:

e Enhance adversarial robustness,

o Capture global frequency patterns,

¢ Improve segmentation accuracy [23-25].

Frequency-based feature fusion allows differentiation between malignant masses and benign

structural artifacts.
Clinical Significance
FT-based improvements directly correlate with:
e Enhanced early detection of malignancies,

¢ Improved organ boundary delineation,

1509



ORIGINAL ARTICLE Nov,2025, 70(11)

e Reduced diagnostic ambiguity,
e Optimized treatment planning.

In radiomics, frequency-domain texture analysis aids in predicting treatment response and tumor

aggressiveness.
Future Research Directions
Anticipated developments include:
e GPU-accelerated real-time reconstruction workflows,
e Frequency-guided transformer architectures,
e Frequency-aware domain adaptation for cross-scanner calibration,
e Hybrid FT-radiomics biomarkers for personalized medicine.
Conclusion

The Fourier Transform constitutes a mathematical and clinical cornerstone in medical imaging. By
decomposing complex anatomical information into interpretable frequency structures, the FT
enhances image clarity, improves segmentation, and supports advanced diagnostic decision-
making. Its integration with deep learning and radiomics frameworks underscores continued

relevance in next-generation imaging technologies.
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Appendix A: Common Frequency-Domain Artifacts

Artifact Source Manifestation

Gibbs Ringing Truncated sampling Oscillatory edge distortions
Motion Ghosting Patient movement Periodic streaking

Magnetic Inhomogeneity Field distortion Low-frequency warping

Appendix B: Filter Selection Guidelines
Filter Advantage Clinical Use
Low-Pass Smooth lesion contrast CT soft-tissue imaging

High-Pass Edge enhancement Bone imaging

Wiener Noise suppression with edge retention Brain MRI

Nov,2025, 70(11)
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Appendix C: Example Image

The following figure illustrates the transformation of a spatial-domain image into the frequency
domain, demonstrating concentration of low-frequency energy near the center and distribution

of noise in the high-frequency periphery.

Spatial Domain Frequency Domain
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