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ABSTRACT

This study investigates the use of the K-Nearest Neighbors (KNN) algorithm for the computer-
aided detection of nail abnormalities towards improving diagnostic precision and effectiveness
in dermatological examinations. Utilizing a carefully compiled dataset of as sorted images of
nails labeled for numerous anomalies such as fungal infection, nail psoriasis, and melanoma,
this study applies the KNN algorithm, well known for its efficacy and ease of use in pattern
recognition tasks. The dataset is pre-processed intensively to normalize image quality and
support feature extraction, which is a vital requirement for the performance of the KNN
algorithm. This method carefully assesses the ideal number of neighbors and distance
measurements to guarantee high precision and recall in anomaly detection. The research
findings indicate that the KNN-based model exhibits encouraging results with considerable
accuracy in detecting particular nail conditions compared to conventional diagnostic
procedures. This study not only emphasizes the promise of machine learning algorithms such
as KNN in automating and improving the diagnosis of nail abnormalities but also emphasizes
the role of advanced computational methods in assisting and complementing clinical
dermatology practice. Future research directions involve improving the ability of the model
through the incorporation of more advanced feature extraction methods and increasing the
dataset to include a wider range of nail conditions in a more diverse population

nails can have all sorts of anomalies based
on a multitude of reasons ranging from
infections, systemic illnesses, to even
nutritional deficiencies, and hence the

INTRODUCTION
Introduction to Nail Health and Nail

Abnormalities Nails, made up of hard
protein keratin, are not only used to protect
the ends of our fingers and toes but also
serve as windows to our overall health.
Healthy nails are usually smooth, free from
pits or grooves, and uniformly colored. But

research on nail health being an important
branch of dermatology as well as general
medicine. Nail abnormalities are words
used to describe departures from the normal
appearance, shape, or function of
fingernails or toenails. These abnormalities
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can occur in several ways, such as color,

DETECTION AND CLASSIFIOCATION OF
NALL DISEANSES USING INAGY
PROCESSING

|
L

shape, texture, ar‘ld thickness alterations.
Some of the most frequent nail disorders
include fungal infection (onychomycosis),
psoriatic nail disease, eczema, lichen
planus, and nail trauma. More dangerous
diseases such as melanoma also may
initially present as alterations in the
appearance of the nails, emphasizing the
need for early detection and diagnosis. The
identification and interpretation  of
abnormal nails are currently carried out by
clinical examination by dermatologists. The
procedure, although effective, is highly
dependent on the skill of the clinician and,
in some instances, subjective. Furthermore,
some nail diseases are clinically closely
related, making them difficult to detect and
even leading to delay in treatment. For
example, nail psoriasis may easily be
confused with fungal infection by virtue of
sharing the same clinical appearance and
therefore emphasizing the importance of
appropriate diagnostic measures. In recent
years, technology application in medicine,
and  specifically  machine  learning
algorithms, has been promising to optimize
the diagnostic process for a variety of
conditions, such as nail abnormalities.
Machine learning algorithms, trained on
large sets of nail photographs, can be used
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to help automatically detect and grade nail
disease with high accuracy. This not only
enhances  the  decision-making  of
dermatologists but also optimizes patient
care through early and accurate diagnosis.
As we progress toward the future of
automatic systems for diagnosing nail
abnormality, one should remember the
basic significance of nail health and the
effects of nail disease on the quality of life.
Improvement in machine learning and
artificial intelligence is a future direction of
bright promise for dermatology with its
future unfolding of increased diagnostic
reliabilityand patients being blessed withthe
advantageofearlydiagnosis and therapy of
nail abnormalities.

Il . RELATEDWORKS

In recent years, image processing and
machine learning have been widely adopted
in the healthcare domain for non-invasive
diagnostics. Nail health analysis, in
particular, has gained attention due to the
visible correlation between nail
characteristics and systemic diseases such
as anemia, fungal infections, liver
conditions, and even cardiovascular
disorders. This section reviews the existing
literature related to nail image analysis and
related applications in dermatological and
medical imaging.

1. Nail Disease Detection Using Image
Processing Techniques

Several researchers have focused on
detecting nail abnormalities using image
processing methods. For instance, Sharma
et al. (2018) proposed a method for fungal
nail detection using segmentation and
texture feature extraction. Their approach
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involved preprocessing the nail region,
applying edge detection, and analyzing
color histograms to classify the infection
severity.

2. Color and Texture Analysis

Color and texture are key visual features in
nail health analysis. In the work of Kumar
and Singh (2019), the authors utilized color
space transformation (RGB to HSV) and
texture descriptors such as Local Binary
Patterns (LBP) for identifying discoloration
in nails associated with liver and lung
diseases. The study highlighted the
effectiveness of color-based segmentation
in detecting pallor, cyanosis, and yellow
nail syndrome.

3. Deep Learning-Based Approaches
With the rise of convolutional neural
networks (CNNs), several studies have
explored deep learning for nail
classification. Zhang et al. (2020)
developed a CNN model trained on a
dataset of nail images to detect signs of
anemia and clubbing. Their model achieved
high accuracy in classifying healthy and
unhealthy nails and demonstrated the
potential of Al in automated nail health
diagnostics.

4. Mobile and Real-Time Applications
Recent advancements have also explored
real-time applications. An Android-based
application developed by Reddy et al.
(2021) allowed users to capture nail images
using smartphones and receive health
feedback. The app used lightweight image
processing algorithms and decision trees to
assess  symptoms  like  brittleness,
discoloration, and shape abnormalities.

5. Challenges in Nail Image Analysis
Despite promising results, challenges
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remain in terms of lighting conditions,
image quality, and diverse skin tones.
Studies like that of Patel et al. (2022)
emphasize the need for  robust
preprocessing and normalization techniques
to ensure accurate analysis across varied
user inputs. Moreover, datasets of labeled
nail images remain limited, hindering large-
scale training and evaluation.

I11. SYSTEMANALYSIS

Existing System

The current system is based on conventional
means of the manual relies on the able to
Densifying nail abnormalities. These are
mainly visual inspection carried out by
dermatologists. Although effective to a
certain degree , the conventional method
has some drawbacks. To begin with, the
accuracy of diagnosis can be subjective and
unreliable, depending on the clinician's
experience and level of expertise. Second,
some nail conditions have subtle
presentations, especially in their initial
stages, and thus are hard to spot using
physical examination alone. Third, the
process of manual examination and
assessment is cumbersome, particularly
when one has to examine several nails or
when one has to undergo further diagnostic
procedures.  Fourth, availability  of
specialized dermatological services can be
restricted, especially in rural or
underprivileged communities, thus causing
delays in diagnosis and treatment. Given
these restrictions, the writer aims to fill the
current system with new technologies,
including machine learning, for more
precise and effective detection of nail
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anomalies.

Drawbacks:

* Subjective consistence: Diagnoses may
be subjective and unreliable depending
on the experience and qualifications of
the dermatologist.

* Difficulty in detecting subtle changes :
Nail conditions , particularly in the their
initial stages, may reveal slight changes,
which are difficult to identify through it
examination.

*TIME CONSUMING PROCESS:
Physical examination and evaluation
must be a time consuming process
particularly when dealing with more
than one nail or needing additional
diagnostic processes.

«Limited access to specialized care:
specialized dermatological care may be
limited , especially in rural or
disadvantaged communities, resulting
in delays in diagnosis and treatment.

Proposed System:

The suggested system for automatic
detection of nail anomalies uses the strength
of k- Nearest Neighbors (KNN) algorithms
to improve accuracy as well as efficiency.
The process starts with the acquisition of
high-resolution images of human nails,
which act as an input for the system.
Sophisticated image processing algorithms
are utilized to derive relevant features,
creating a strong feature vector. Following
that, KNN algorithms are utilized as
classification systems to distinguish
between normal nail patterns and
abnormalities. KNN uses proximity-based
analysis, where the data points are
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classified., according to the majority of their
closest neighbors. Through KNN, the
system provides an exhaustive and accurate
detection system for nail irregularities.
Automation of this detection procedure not
only decreases the dependency on lengthy
manual assessments but also enhances the
overall efficiency of detecting potential
health problems through early detection of
structural nail abnormalities.

Advantages:

«Improved Diagnostic Accuracy: The
system employs the KNN algorithm to
enhance the accuracy of identifying nail
abnormalities.

* Accessibility: The automated system
has the potential to enhance access to
diagnostic services, particularly in
regions with limited specialist access.

« Efficiency: Automation minimizes the
dependency on time consuming to
manual  evaluations, making the
diagnostic process more efficient.

+Early Diagnosis and Treatment: The
system supports early diagnosis of nail
abnormalities, which can result in early
intervention and treatment.

*Decreasing Healthcare Expenses: By
enhancing efficiency and allowing early
diagnosis, the system can potentially
decrease overall health care expenses.

IV .IMPLEMENTATION

1. Image Acquisition Module

e Purpose: Capture or load high-
quality nail images.
e Sources:
o Smartphone camera
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o Preloaded dataset
o Webcam or medical scanner
o Considerations: Lighting, focus,
resolution, and background
uniformity.

2. Preprocessing Module

e Purpose: Improve image quality
and prepare it for feature extraction.
o Steps Involved:
o Image resizing
o Noise removal (e.q.,
Gaussian blur)
o Contrast enhancement
o Color space conversion
(RGB — HSV/Grayscale)
o Normalization
e Goal: Standardize the image
regardless of capture conditions.

3. Nail Region Segmentation Module

e Purpose: Isolate the nail region
from the  background and
surrounding skin.

o Techniques:

o Thresholding (Otsu’s
method)

o Edge detection (Canny,
Sobel)

o Contour detection

o Masking

o Deep learning-based
segmentation (e.g., U-Net
for semantic segmentation)
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4. Feature Extraction Module

e Purpose:  Extract  meaningful
features from the nail region for
analysis.

e Types of Features:

o Color features: for pallor,
cyanosis, yellowing, etc.

o Texture features: using
LBP (Local Binary
Patterns), GLCM

o Shape features: curvature,
thickness, clubbing signs

o Nail matrix changes: lines,
spots, ridge

5. Classification / Diagnosis Module

e Purpose: Analyze  extracted
features and classify nail health
status.

e Techniques:
o Traditional ML: SVM,
Decision  Tree, KNN,
Random Forest

o Deep Learning: CNNSs
(Convolutional Neural
Networks)

e Output: Healthy / Abnormal nail
conditions (e.g., anemia, fungal
infection, psoriasis)

METHODOLOGY
1. Image Acquisition
e Objective: Obtain clear and high-

resolution images of fingernails.
e Tools Used:
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o Smartphone cameras or
digital cameras

o Public datasets (if available)

o Considerations:

o Proper
background

o Minimum obstruction (no
nail polish, minimal
shadows)

lighting and

2. Preprocessing

e Purpose: Improve image quality
and prepare it for analysis.
e Steps Involved:
o Resizing: To a standard size
(e.g., 256x256 or 224x224
pixels)
o Noise Removal: Using
filters (e.g., Gaussian or
Median)
o Color Space Conversion:
RGB to HSV or Grayscale
o Contrast Enhancement:
Histogram equalization to
enhance visibility
o Goal: Make the image consistent for
reliable feature extraction.

3. Nail Segmentation

e Objective: Isolate the nail region
from the image.
e Techniques Used:
o Thresholding (e.g., Otsu’s
method)
o Edge detection (Canny or
Sobel)
o Morphological operations
(erosion, dilation)
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o Contour detection to find the
nail boundary
o Optionally:  Use  deep
learning models (like U-Net)
for accurate segmentation
e Output: A binary or masked image
containing only the nail region.

4. Feature Extraction

e Objective: Extract characteristics
from the nail that are useful for
diagnosis.

o Features Considered:

o Color features: To detect
yellowing, pallor, cyanosis
(via HSV or LAB color
space)

o Texture features: Using
LBP (Local Binary Pattern),
GLCM (Gray Level Co-
occurrence Matrix)

o Shape features:  Nail
curvature, length-to-width
ratio, clubbing

o Lines or marks: Horizontal
or vertical ridges, Beau's
lines, dark stripes

e Tools: OpenCV, scikit-image,

NumPy

5. Classification / Disease Detection

e Objective: Classify nail images as
healthy or showing signs of specific
health issues.

e Techniques Used:

o Machine Learning
Models: SVM, Random
Forest, KNN



1642

o Deep Learning Models:
CNN (e.g., VGG, ResNet,
MobileNet)

e Input: Feature vectors or raw
images (for CNN)

e Output: Health status — e.g.,
Healthy, Anemia, Fungal Infection,
Cyanosis

V. RESULTS AND DISCUSSION

Fig 1: Upload Image

The image represents a magnified view of a
human fingernail, which is being processed
and analysed using MATLAB. This kind of
image is typically used in medical
diagnostics for identifying nail-related
disorders such as Beau’s lines, leukonychia,
or fungal infections. The presence of visible
horizontal ridges and discoloration suggests
potential nail abnormalities, which can be
symptomatic  of  systemic  diseases,
nutritional deficiencies, or trauma. By
utilizing image processing tools in
MATLAB, researchers and clinicians can
enhance, segment, and extract important
features from such images to aid in
automated diagnosis. This technique is
especially valuable in developing Al-based
health monitoring systems that can offer
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early warnings and non-invasive diagnostic
support.

—

Fig 2: Median Filter

The figure shows the application of a
median filter on a fingernail image,
commonly used in image processing to
reduce noise while preserving edges. In
biomedical imaging, especially for
dermatological or nail disease detection,
noise such as skin texture irregularities or
lighting variations can interfere with
accurate analysis. The median filter works
by replacing each pixel's value with the
median value of the neighboring pixels,
effectively smoothing the image without
blurring important structural details. This
filtering technique enhances the clarity of
features like nail ridges or discolorations,
which are crucial for further segmentation
and classification processes in automated
diagnostic systems.
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Fig3 Segmented Image

The figure illustrates the segmented image
obtained after preprocessing, where the
region of interest specifically the nail area
has been isolated from the surrounding skin.
Image segmentation is a crucial step in
medical image analysis, as it enables
focused examination of affected areas while
eliminating irrelevant background
information. In this case, segmentation
helps highlight abnormalities in nail texture,
color, or structure that may indicate
pathological conditions such as fungal
infections,  psoriasis, or  nutritional
deficiencies.  Accurate  segmentation
improves the efficiency of feature
extraction and classification algorithms in
automated systems, paving the way for
precise diagnosis and monitoring in nail
disease detection frameworks.

Fig 4: Mixed Image
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The figure shows the mixed image, which
typically represents the combination of the
original and processed (segmented or
filtered) images. This visualization
technique is often used to compare and
validate the effectiveness of image
processing steps such as filtering and
segmentation. By overlaying or blending
the original and processed outputs, it
becomes easier to assess how well the noise
has been reduced or how accurately the
region of interest—such as the nail
surface—has been identified. In the context
of medical image analysis, particularly for
nail disease detection, mixed images help in
cross-verifying critical features like ridges,
discolorations, or deformities that might
indicate underlying conditions. This step
supports enhanced visualization and
interpretation before final classification.

Fig 5: Displaying Health Condition of
NailThe figure illustrates the final stage of
the nail analysis process displaying the
health condition of the nail. After
undergoing steps such as filtering,
segmentation, and feature extraction, the
system classifies the nail image to
determine whether it is healthy or affected
by a condition such as fungal infection,
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nutritional deficiency, or trauma. This
diagnostic result is typically generated
using machine learning or deep learning
algorithms trained on labeled datasets. The
classification output provides a user-
friendly result indicating the nail's
condition,  assisting  both  medical
professionals and users in early detection
and preventive healthcare. This stage
demonstrates the practical application of
image processing and Al techniques in
developing intelligent, non-invasive
diagnostic tools.

VI. CONCLUSION

It shows clearly how digital image
processing methods may be used to
detect and assess several nail
abnormalities. This method can
correctly identify health-related
problems mirrored in nail conditions
by using a systematic approach
including  picture  acquisition,
preprocessing, segmentation,

feature extraction, and
classification.
Employing  technologies  such

MATLAB and methods like K
Nearest Neighbors (KNN), the
system can find anomalies including
fungal infections, psoriasis, Beau's
lines, and discoloration. This project
not only increases diagnostic
efficiency but also reduces the
subjectivity found in conventional
visual inspections conducted by
dermatologists.

Through nail analysis, the system
offers an easy, affordable,
noninvasive solution that helps
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patients as well as medical
professionals in early detection of
possible health problems. The
system’s accuracy and applicability
for actual clinical application can be
greatly improved with further
growth that is, a bigger, more varied
image dataset and more
sophisticated machine learning
methods.
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