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ABSTRACT

The detection of kidney stones using ultrasound image processing is a complex task due to the presence of speckle
noise, low contrast, and different shapes of kidney stones. Accurate segmentation and classification of kidney stones
are crucial for effective diagnosis and treatment of kidney stone diseases. In this paper, an automated framework for
the detection of kidney stones is proposed using a modified U-Net-based deep learning technique. In this framework,
image preprocessing techniques such as median filtering, Gabor filtering, and histogram equalization are applied for
image enhancement. For segmentation, a modified U-Net technique is applied, followed by feature extraction using
wavelet transforms. For classification, a CNN technique is applied. Experimental results show improved accuracy,
precision, recall, and F1-score compared with traditional techniques.
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INTRODUCTION

Kidney stone diseases are among the most common
urologic pathologies worldwide, with millions of
cases reported annually. Kidney stones are solid
concretions formed from the concentration of salts
and minerals in the kidneys. They present a significant
problem when they are left untreated. Therefore, early
detection is critical for the
complications during treatment.

prevention of

The use of ultrasound imaging is common for the
detection of kidney stones. Ultrasound imaging is
non-invasive, cost-effective, and safe for the patient.
However, the images provided by ultrasound have
inherent limitations, which make the detection of
kidney stones difficult. The limitations include
speckle noise, contrast, and boundary definition.

Deep learning techniques have been reported to
greatly contribute to the improvement of medical
image analysis. Convolutional Neural Networks
(CNNs) and U-Net have been reported to perform
well for image segmentation and classification. A
modified U-Net-based system is presented for the
evaluation of kidney stone detection.
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PROBLEM STATEMENT

Manual analysis of ultrasound images is time-
consuming and highly dependent on the expertise of
radiologists. The presence of noise, low contrast, and
varying stone sizes makes detection difficult. Small
stones are often missed, leading to inaccurate
diagnosis.

Therefore, there is a need for an automated system
that can:

e Accurately detect kidney stones

e Reduce human error

e Improve diagnostic speed and consistency.
PROPOSED SYSTEM
The proposed system consists of the following stages:
A. Preprocessing

e Median filtering for noise removal

e Gabor filtering for smoothing
contrast

e Histogram  equalization  for

enhancement
B. Segmentation

e A modified U-Net architecture is used for

segmentation. It consists of:
e Encoder (feature extraction)
o Decoder (reconstruction)
e Skip connections

for preserving spatial

information
C. Feature Extraction

e Wavelet transforms are used to extract
meaningful features:

e Daubechies
e Symlets
e Biorthogonal wavelets

SYSTEM ARCHITECTURE
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EXPERIMENTAL RESULTS AND
DISCUSSION
. F1-
Method | Accuracy | Precision | Recall
Score
Traditional
29 .59 2.19 2.89
Methods 85.2% 83.5% | 82.1% | 82.8%
CNN Only | 91.3% 90.2% | 89.5% | 89.8%
Proposed
U-Net + 96.5% 95.2% | 94.8% | 95.0%
CNN
ADVANTAGES

The proposed system has many advantages. Some of
these advantages are related to the accuracy of the
proposed system, reduction in manual work, faster
diagnosis, and greater reliability. Moreover, the
proposed system is capable.

CONCLUSION

This paper presents an automated kidney stone
detection system using deep learning techniques. The
integration of preprocessing, segmentation, and
classification improves performance and reliability.
The system can assist healthcare professionals in
accurate diagnosis and treatment planning.

FUTURE WORK

Future work includes integration with real-time
systems, use of larger datasets, and deployment as a
web-based or mobile application. Advanced models
such as transformers can also be explored.Selection:
Highlight all author and affiliation lines.
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