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ORO08 : APPLICATION OF THE GUMBEL DISTRIBUTION FOR MEDICAL
ULTRASOUND IMAGE ENHANCEMENT

Saruta Chong-ngam, Eckart Schulz, and Jessada Tanthanuch”
School of Mathematical Sciences and Geoinformatics,

Suranaree University of Technology

Introduction Medical ultrasound imaging is widely used in diagnostic procedures
due to its non-invasive nature and real-time capability. However, the quality of ultrasound
images is often degraded by speckle noise, which reduces clarity and hinders accurate

interpretation.

Objective This research aims to develop a mathematical model for reducing noise
in medical ultrasound images by applying the Gumbel distribution. The goal is to enhance

image quality while preserving essential anatomical features.

Methodology It is assumed that the noise during image formation follows a
Rayleigh distribution, and that after log-compression for image display, the resulting noise
follows a Gumbel distribution. The model is first developed in discrete form and
subsequently extended to continuous form. The calculus of variations is then employed
to transform the model from its integral form into a differential equation. The Euler-
Lagrange equation is derived and solved numerically using a Python- based
implementation. Image quality is evaluated using Absolute Difference (AD), Root Mean
Square Error (RMSE), Correlation Coefficient (Corr), and Universal Quality Index (UQI).

Results Experimental results indicate that the proposed model significantly
reduces noise while maintaining image detail. The values of AD and RMSE decrease, while

Corr and UQI increase.

Discussion and Conclusions The proposed model demonstrates effectiveness in
speckle noise reduction without compromising anatomical integrity. It confirms the
suitability of using the Gumbel distribution in enhancing ultrasound images and presents

potential for integration into medical imaging systems.

Keywords medical ultrasound image, Gumbel distribution, noise reduction,

calculus of variations, image enhancement
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