&t’ \zgﬁ

IJSREM
gﬁ International Journal of Scientific Research in Engineering and Management (IJSREM)
RS Volume: 09 Issue: 05 | May - 2025 SJIF Rating: 8.586 ISSN: 2582-3930

Clear Path Navigating Kidney Stone Risk with Precision Using
Machine Learning

Kanimozhi R 1, Sabarinath M S2, Sasi S3, Shalini C#, Vigneshkumar R5

1Assistant Professor, Department of Computer Science and Engineering, Muthayammal Engineering College,
Rasipuram , Namakkal, Tamil Nadu, India

2345Student, Department of Computer Science and Engineering, Muthayammal Engineering College,

Rasipuram, Namakkal, Tamil Nadu, India

ABSTRACT:

Chronic Kidney Disease (CKD) is a critical global health challenge associated with high morbidity and
mortality rates, significantly impacting the quality of life and leading to severe complications, including the
onset of other diseases. A major concern with CKD is its asymptomatic nature in the early stages, often
resulting in delayed diagnosis and treatment. Early detection is vital as it enables timely medical
intervention, which can slow disease progression and improve patient outcomes. This research explores the
potential of machine learning (ML) to revolutionize CKD diagnosis by leveraging its ability to provide fast
and accurate predictions, thus assisting healthcare professionals in making informed decisions. We utilized
a publicly available CKD dataset from Kaggle, which presented challenges due to a substantial number of
missing values. In real-world medical scenarios, incomplete data is common, often arising from patients
missing specific measurements. To address this, we implemented an effective data preprocessing strategy.
Missing values for numerical features were imputed using their mean values, while categorical (string) data
was filled with the mode. This ensured a clean, comprehensive dataset, ready for robust model training.
Four advanced machine learning algorithms Logistic Regression, Support Vector Machine (SVM), Random
Forest Classifier, and Decision Tree Classifier were utilized to construct predictive models. The comparison
of these models was made to identify the best-performing and accurate methodology for diagnosing CKD.
Of these, the Random Forest Classifier performed better with the best accuracy, which underscores its

capability to process intricate real-world medical data.

KEYWORDS: Clear Path Navigating Kidney Stone Risk With Precision, M1, Random Forest Classifier, XG
Boost.
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INTRODUCTION

The project titled "Kidney Diseases Detection
Method Using Machine Learning" focuses on
addressing the global health challenge posed by
Chronic Kidney Disease (CKD),
characterized by high morbidity and mortality rates

a condition

and the potential to trigger other serious health
complications. CKD often remains undetected in its
early stages due to the absence of noticeable
symptoms, leading to delayed diagnosis and

treatment.

The dataset used in this study was sourced from
Kaggle and presented the challenge of missing
values, a common occurrence in medical datasets
due to incomplete measurements or patient non-
compliance. To address this issue, a robust data
preprocessing strategy was employed: numerical
attributes were imputed using the mean value,
while categorical data were filled with the mode.
This preprocessing guaranteed a clean and uniform
dataset, allowing the successful training of machine

learning models.

The project utilized four popular ML algorithms Logistic
Regression, Support Vector Machine (SVM), Random
Forest Classifier, and Decision Tree Classifier to train
predictive models for CKD diagnosis.Each algorithm was
evaluated on its ability to handle complex data and
produce accurate results. Among these models, the
Random Forest Classifier emerged as the most effective,
achieving the highest accuracy and demonstrating its
robustness in handling real-world medical data with

missing and noisy attributes.

This project emphasizes the transformative potential of
ML in healthcare, particularly for chronic diseases like
CKD, where early detection is critical. By integrating
advanced data processing techniques with cutting-edge
machine learning models, this study provides a reliable
framework for CKD diagnosis. The results can aid
healthcare providers in making informed decisions,
optimizing patient care, and ultimately reducing the
burden of CKD on individuals and healthcare systems
worldwide. This project highlights the importance of
interdisciplinary approaches combining healthcare
expertise and technological innovation to address

pressing medical challenges.

INPUT PREPROCESSING

FEATURE SELECTION

DEDUCT KIDNEY STONE ===

CLASSIFICATION

FIGURE 1: WORKFLOW
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The primary objective of the project titled "Kidney
Diseases Detection Method Using Machine
Learning" is to design and implement a robust and
efficient framework for the early diagnosis of
Chronic Kidney Disease (CKD) using advanced
machine learning techniques. CKD poses a
significant threat to global health due to its
asymptomatic nature in early stages, leading to
delayed detection, progression of the disease, and an
increased risk of complications. This project aims to
bridge the gap in timely diagnosis and support
healthcare professionals in improving patient
outcomes.

The first goal is to address the inherent challenges of
medical datasets, particularly those containing a
substantial number of missing values. Missing data
is a common issue in healthcare due to patients
failing to provide complete measurements or due to
errors in data collection. To overcome this, the

project

LITERATURE SURVEY

Chronic Kidney Disease (CKD) poses a significant
and growing global health challenge, with rising
incidence rates leading to increased morbidity,
premature mortality, and substantial economic
strain on healthcare systems. The primary problem
lies in the late diagnosis of CKD, often due to its
asymptomatic nature in the early stages. By the time
CKD is detected, significant kidney damage has
typically already occurred, leaving patients with
limited treatment options and a higher likelihood of
progressing to end-stage renal disease (ESRD).
Artificial Intelligence (AI) and Machine Learning
(ML) models have the potential to revolutionize
CKD diagnosis by enabling early detection through
the analysis of clinical data. However, the adoption
of these advanced tools faces a critical barrier:
clinicians are hesitant to trust or use Al models
when the reasoning behind predictions is not

transparent.

Additionally, most existing models require analyzing a
large number of clinical features, making the diagnostic
process costly and complex, particularly in resource-
constrained settings such as developing countries. These
challenges emphasize the need for a solution that not
only delivers high diagnostic accuracy but also ensures
explainability and minimizes resource requirements.
Addressing these issues is critical for building trust
among clinicians, reducing diagnostic costs, and
enabling the widespread adoption of Al-driven solutions
for CKD detection in both developed and developing
regions. Chronic Kidney Disease (CKD) is a critical
global health issue, characterized by its high prevalence,
significant morbidity, and potential to cause premature
mortality. A major concern is the asymptomatic
progression of CKD in its early stages, which leads to
delayed diagnosis and treatment. By the time CKD is
detected, patients often experience severe kidney
damage, significantly increasing the risk of progression
to end-stage renal disease (ESRD). This delay not only
worsens patient outcomes but also escalates healthcare
costs due to expensive treatments like dialysis or kidney
transplantation, particularly in low-resource settings.

While Artificial Intelligence (AI) and Machine Learning
(ML) hold promise for enabling early and accurate CKD
detection, their practical application in healthcare faces
notable challenges. Many ML models function as "black
boxes," offering predictions without transparency
regarding the reasoning behind their outcomes. This
lack of interpretability undermines clinicians’ trust and
willingness to adopt such tools in critical decision-
making processes. Moreover, existing diagnostic
approaches often require a large number of clinical
features, making the process resource-intensive and
cost-prohibitive, especially in developing countries with

limited access to advanced healthcare infrastructure.

© 2025, [JSREM | www.ijsrem.com

DOI: 10.55041/1JSREM47543 | Page 3


http://www.ijsrem.com/

JSRE

I
e-Journa

2s \3=
g

4 |
w Volume: 09 Issue: 05 | May - 2025

nternational Journal of Scientific Research in Engineering and Management (IJSREM)

SJIF Rating: 8.586 ISSN: 2582-3930

Such a model should not only provide accurate
predictions but also offer clinicians clear insights
into how specific clinical features influence the
diagnosis. Addressing these challenges will ensure
greater trust in Al-driven healthcare tools, reduce
diagnostic costs, and facilitate early CKD detection,
ultimately improving patient outcomes and
mitigating the global burden of CKD. Such a
solution must also ensure scalability and
adaptability across diverse healthcare settings,
making it accessible to both developed and

developing regions.
PROPOSED SYSTEM

In the proposed system, we leverage multiple
advanced machine learning algorithms to detect
Chronic Kidney Disease (CKD) with a focus on
achieving high accuracy and interpretability. The
system utilizes key clinical and laboratory features
such as age, blood sugar (su), blood pressure (BP),
hypertension (htn), pus cells (pu), RBC count, WBC
count, and coronary artery disease (CAD), among
others, to classify whether a patient has CKD or not.
Prior to applying these algorithms, data
preprocessing is thoroughly conducted to ensure
that the dataset is clean, balanced, and free of any
inconsistencies, such as missing values or outliers,

which can negatively impact model performance.

Dataset: Collection

|

Check Missing Values

L

Train Data and Test
Data

Performance Metrix

DATASET COLLECTION:

The dataset used for this project focuses on identifying
Chronic Kidney Disease (CKD) and includes a variety of
clinical and laboratory features crucial for effective
diagnosis. It is sourced from a reliable repository, such as
Kaggle, and contains 400 instances with 25 attributes that
represent patient medical records. specific gravity,
albumin, sugar (su), red blood cell count (RBC), white
blood cell count (WBC), pus cell (pu), hypertension (htn),
and coronary artery disease (CAD), among others.
Additionally, the dataset contains a target attribute
indicating the CKD diagnosis (CKD or not CKD).

PRE-PROCESSING:

Preprocessing is a critical step in preparing the dataset for
machine learning models to ensure optimal performance
and reliability. The preprocessing phase involves several
steps to clean, transform, and structure the data,
addressing issues like missing values, inconsistent data
formats, and imbalanced classes. Below is an overview of

the preprocessing steps applied in this project:

J Handling Missing Values

. Data Cleaning

. Feature Selection

J Encoding Categorical Data

o Data Normalization/Scaling

J Handling Imbalanced Data

] Dataset Splitting

) Noise Removal

. Validation and Transformation Checks

Preprocessing transforms raw, incomplete, and noisy
medical data into a structured, clean, and informative
format, paving the way for the machine learning
algorithms to perform accurately and effectively in
predicting CKD.

l FIGURE 2: METHODOLOGY FLOW
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EXPLORATORY DATAANALYSIS (EDA):

Exploratory Data Analysis (EDA) is a crucial step in

understanding the structure, patterns, and
relationships within the dataset used for predicting
Chronic Kidney Disease (CKD). It involves
visualizing and summarizing the data to uncover
insights, detect anomalies, and identify trends that

can influence the model-building process.

Initially, the distribution of key attributes, such as
age, blood pressure (BP), and hemoglobin levels, is
analyzed to assess the central tendency and spread
of the data. Histograms and box plots are used to
visualize these distributions, revealing any
skewness or outliers. For example, hemoglobin
levels often display a clear separation between CKD
and non-CKD patients, providing an early
indication of its importance as a predictive feature.
It is essential for understanding patterns,
relationships, and anomalies in Chronic Kidney
Disease (CKD) data. It begins with data collection
and cleaning, ensuring accuracy by handling

missing values and outliers.

Visualization techniques like histograms and box
plots help identify trends in key attributes such as
age, blood pressure, and hemoglobin levels.
Statistical analysis, including mean and standard
deviation, provides insights into data distribution.
Finally, feature importance analysis highlights
predictive factors, aiding in model development for

accurate CKD diagnosis.

The relationships between features are explored using
correlation matrices and scatter plots. Highly correlated
attributes, such as specific gravity and albumin levels,
show strong associations with CKD diagnosis, highlighting
their predictive value. Meanwhile, features with low or no
correlation to the target variable, such as residence
location, may be considered for exclusion to reduce noise.

EDA also involves handling missing values by examining
the percentage of missing data across attributes. Features
like RBC count and WBC count often have missing
entries, prompting strategies like imputation with mean
or mode. Pie charts and bar plots are utilized to analyze
the distribution of categorical features such as pus cells

and hypertension, providing insights into class

imbalances.

MODEL IMPLEMENTATION:

The implementation phase focuses on developing
machine learning models to predict Chronic Kidney
Disease (CKD) based on the processed dataset. Various
algorithms were employed, including Logistic
Regression, Support Vector Machine (SVM), Random
Forest Classifier, and Decision Tree Classifier, each
selected for its unique strengths in classification tasks.
These models were implemented using Python and
libraries like scikit-learn, ensuring robust and efficient
development.

The initial step was to divide the dataset into training and
test sets in order to assess model performance. A 70-30%
split was usually applied, with sufficient data available for
training and testing. The training set was utilized to train
the models, and the test set assessed how well they could
generalize to new data. Data preprocessing operations
like feature scaling and encoding made them compatible

with the algorithms.
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RANDOM FOREST

A Random Forest is a robust and versatile machine
learning algorithm used in this project to predict
Chronic Kidney Disease (CKD) with high accuracy
and reliability. It is an ensemble learning method
that builds multiple decision trees during training
and combines their outputs to improve predictive
performance and reduce the risk of overfitting.

The Random Forest model works by creating a
collection of decision trees, each trained on a
random subset of the data and features. During the
prediction phase, the model aggregates the outputs
of all individual trees through a majority voting
mechanism for classification tasks, such as
determining whether a patient has CKD. This
ensemble approach ensures that the model captures
a wide range of patterns and relationships within
the data.

One of the key advantages of Random Forest in this
project was its ability to handle missing data and
irrelevant features. Even if certain features were
noisy or partially missing, the algorithm could still
produce accurate predictions by relying on other
available and relevant features. This robustness is
crucial in medical datasets, where missing entries

and inconsistencies are common.

Additionally, Random Forest provided insights into the
importance of different clinical features, such as
hemoglobin levels, specific gravity, and hypertension, in

predicting CKD.

XGBOOST

XGBoost (Extreme Gradient Boosting) is a powerful
machine learning algorithm employed in this project to
enhance the prediction of Chronic Kidney Disease
(CKD). Known for its scalability, efficiency, and
performance, XGBoost builds upon the principles of
gradient boosting and is designed to handle large
datasets, making it an excellent choice for medical data
with complex patterns and relationships.

XGBoost operates by constructing decision trees
sequentially, where each new tree corrects the errors of
the previous ones. Unlike traditional boosting methods,
XGBoost optimizes both the speed and accuracy of the
learning process through advanced techniques such as
tree pruning, regularization, and parallelization. This
ensures the model is not only precise but also resistant to
overfitting, which is a critical concern when working
with real-world medical data.

Feature selection

4" Train data 80%a If

Data pre-processing
Input dataset Checkm.tssu].g
L VANIES
"""" Categorical '}
Eidney Stone L. encodng.
Prediction based
on Urine
Amnalysis
Performance
Metrics

Improved
MBPSO
........ Mleorithm | Testdata20% |-
Classification
ER Tloditied ™
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FIGURE 3: SYSTEM ARCHITECTURE
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WEB API

An API (Application Programming Interface)
model serves as a bridge to integrate machine
learning algorithms for Chronic Kidney Disease
(CKD) detection into real-world applications. The
API provides a structured interface through which
developers can send patient data and receive
predictions about CKD in real-time. By
encapsulating the complex logic of machine
learning models, the API ensures ease of use,
scalability, and interoperability across different
platforms and systems

OUTCOMES OF THE EXPERIMENT

The outcome of the experiment is that all machine
learning models—Logistic Regression, SVM,
Random Forest Classifier, and Decision Tree
Classifier—achieved a remarkable accuracy of
95.10% in predicting Chronic Kidney Disease
(CKD). The models effectively utilized key clinical
and laboratory features, ensuring accurate
classification. =~ A comparative analysis  of
computational efficiency was conducted, focusing
on time complexity. The system successfully
balances high predictive accuracy with minimal
resource consumption, making it a reliable and

practical solution for CKD diagnosis.

DISCUSSION:

The decision is that while all models achieved
95.10% accuracy, the Decision Tree Classifier is
selected as the best model for Chronic Kidney
Disease (CKD) diagnosis due to its simplicity,

interpretability, and lower computational cost.

This makes it more practical for healthcare
applications where explainability is crucial. The
Random Forest Classifier, despite its efficiency, is
more complex, whereas the Decision Tree provides
an easy-to-understand structure, making it suitable

for clinical decision-making in CKDprediction.

RANDOM FOREST (LEARNING CURVES)

RANDOM FOREST CURVERS

10 o
5
e 39
5 26 37
\
0

Category 1 Category2 Category3 Category4

=== Training Score === cross-validation

Tested Sample

CONCLUSION AND FUTURE ENHANCEMENT

In this project, we conducted a comprehensive survey of
various algorithms and classification methods used in the
detection of kidney stones, aiming to assess their
effectiveness and limitations. Through this exploration,
we identified key challenges in existing systems,
particularly with methods like level set techniques,
which require intricate calculations and substantial data
to generate precise velocity fields for accurate results.
These methods, while promising, often face difficulties in
achieving optimal performance due to the need for large
datasets and complex computations, which may not

always be available or feasible in real-world scenarios.

In conclusion, while existing systems for kidney stone
detection have shown promise, they are often hindered
by the need for large datasets and complex calculations.
The proposed system offers a more practical and scalable
solution by 32 optimizing machine learning techniques
and improving system explainability, providing a robust
and efficient framework for early kidney disease

detection
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