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ABSTRACT:  Early detection of systemic and dermatological diseases performs a critical task in 

developing patient role results and decreasing longstanding healthcare problems. Human nails serve as 

important indicators of underlying health conditions, as variations in nail color, texture, and morphology 

are often associated with diseases such as anemia, jaundice, liver disorders, melanoma, and fungal 

infections. Traditional diagnostic approaches rely heavily on manual visual inspection by medical 

professionals, which may be subjective and prone to variability. This paper presents a deep learning-based 

automated framework for primary (or) early disease detection using nail image processing. The proposed 

system utilizes Convolutional Neural Networks (CNN) to classify nail images into multiple disease 

categories based primarily on color features. The system integrates image preprocessing, segmentation, 

feature extraction, and classification within a structured computational pipeline. Experimental validation 

was conducted using labelled nail image datasets, achieving satisfactory classification performance with 

an average accuracy of approximately 65% using color-based features, with improved results under 

optimized training configurations. The study demonstrates that nail color analysis combined with deep 

learning techniques can provide a non-invasive, low-cost, and scalable screening tool for early disease 

identification. The proposed framework is suitable for academic research, prototype healthcare systems, 

and future mobile-based diagnostic applications. 

Keywords:  Nail image processing, Early disease detection, Deep learning, Convolutional Neural 

Network (CNN), Medical image analysis, Non-invasive diagnosis, python. 

1. Introduction  

Early diagnosis of diseases significantly enhances 

treatment effectiveness and reduces mortality 

rates. Many systemic diseases manifest visible 

symptoms in peripheral body regions, particularly 

in human nails. Variations such as discoloration, 

pale appearance, bluish tint, yellowing, dark 

streaks, and structural deformities may indicate 

conditions including anemia, jaundice, liver 

disease, diabetes, cardiovascular disorders, 

melanoma, and fungal infections. 

Conventional diagnostic procedures depend on 

dermatologists or physicians visually inspecting 

nail characteristics. However, human perception is 
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limited by subjectivity, lighting conditions, and 

inability to detect subtle color variations at pixel-

level resolution. Minor color deviations that may 

signal early-stage disease are often undetected by 

the human eye. 

Latest developments in “Artificial Intelligence” 

and medical image processing undergo enabled 

automated disease classification using Machine 

Learning and Deep Learning methods. 

Convolutional Neural Networks (CNNs), in 

particular, have shown remarkable performance in 

image classification and segmentation tasks due to 

their ability to automatically extract hierarchical 

features from raw images. 

Despite progress in medical imaging research, 

there remains a gap in accessible, low-cost 

systems for nail-based disease detection that 

integrate preprocessing, feature extraction, and 

classification into a unified deep learning 

framework. This research addresses this challenge 

by proposing a CNN-based nail image 

classification system focused on early disease 

detection using nail color analysis. 

The primary contribution of this work includes: 

 Development of an automated nail disease 

classification system 

 Application of CNN for feature extraction 

and multi-class classification 

 Integration of preprocessing and 

segmentation techniques 

 Experimental validation using labelled 

datasets 

 Demonstration of non-invasive disease 

screening feasibility 

2. Recent Works 

Recent research in medical image processing has 

increasingly focused on non-invasive diagnostic 

methods. Several studies have explored the 

relationship between nail characteristics and 

systemic diseases. 

Sharma et al. (2022) utilized image preprocessing 

and “Machine learning techniques” performances 

as “Support Vector Machines (SVM)” and 

“Random Forest” for nail disease recognition, 

achieving moderate accuracy at early-stage 

diagnosis. 

Meenakshi and Arun (2020) analysed RGB and 

HSV color space transformations to detect anemia 

and liver disorders from nail bed images. Logistic 

regression and neural networks were used for 

classification, demonstrating the potential of 

color-based feature extraction. 

Patel and Desai (2021) introduced CNN-based 

models for detecting fungal infections, achieving 

accuracy levels above 90% using curated datasets. 

Their work emphasized deep learning’s 

superiority over handcrafted features. 

Lee et al. (2019) proposed morphological feature 

extraction techniques to detect systemic diseases 

using nail shape and ridge analysis. 

Recent works using pre-trained architectures such 

as ResNet-50 (2023) have demonstrated improved 

classification performance exceeding 93% 

accuracy when trained on large-scale datasets. 

However, many existing approaches either: 

 Focus solely on fungal infection detection 

 Require large-scale datasets 

 Depend on complex architectures 

 Lack unified system design with structured 

preprocessing pipeline 

The present work aims to bridge this gap by 

integrating preprocessing, segmentation, and 

CNN-based classification into a complete system 

suitable for early-stage disease detection. 

3. Proposed Work: 

The proposed system is designed as an end-to-end 

nail disease detection framework based on deep 

learning principles. The architecture consists of 

the following modules: 



Early Diseases Detection Using Nail Image Processing, 2026  

 

 

 

Page | 99  

3.1 System Architecture 

 

3.2 Image Preprocessing 

Preprocessing involves: 

 Image resizing (128 × 128 resolution) 

 RGB normalization 

 Noise reduction using filtering 

 Region of Interest (ROI) extraction 

This stage enhances image quality and ensures 

uniform input dimensions for CNN training. 

3.3 Feature Extraction Using CNN 

Instead of manually extracting color features, the 

CNN automatically learns discriminative features 

through convolutional layers. 

CNN Architecture includes: 

 Image Input Layer 

 Convolutional Layers 

 ReLU Activation 

 Max Pooling Layers 

 Fully Connected Layers 

 Softmax Classification Layer 

ReLU function: 

f(x) = max(0, x) 

Dropout regularization is applied to reduce 

overfitting. 

3.4 Theoretical Model 

Let : 

N = number of pixels 

C=RGB color components 

Average RGB value is computed as  

R_avg = ΣR / N 

G_avg = ΣG / N 

B_avg = ΣB / N 

These features are implicitly learned within 

convolution layers 

 Disease based on nail color and shape  

 

Table 1: Functional Modules 

MODEL FUNCTION 

Preprocessing Image resizing & filtering 

Segmentation Nail region extraction 

Feature Extraction 
CNN-based automatic feature 

learning 

Classification Multi-Class disease detection 

Output Module Display predicted disease 

Table 2: Image Processing and CNN 

Configuration Parameters 

Parameter Value / Description 

Input Image Size 128*128 pixels 

Color Font RGB 
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Parameter Value / Description 

Preprocessing Resizing, Normalization 

Segmentation 

Method 
ROI extraction 

CNN Architecture Custom CNN 

Activation Function ReLU 

Pooling Type Max Pooling 

Dropout Rate 0.5 

Output Layer SoftMax 

Learning Rate 0.001 

Training Epochs 100 

  The configuration parameters summarized in 

Table II define the preprocessing pipeline and 

CNN architecture used in the proposed nail 

disease classification framework. Standardizing 

the input image size to 128 × 128 pixels ensures 

uniformity across the dataset and reduces 

computational complexity during training. RGB 

color representation is retained to preserve critical 

chromatic information, as nail discoloration serves 

as the primary diagnostic feature in this study. 

The use of ReLU activation functions enhances 

non-linearity while mitigating the vanishing 

gradient problem, and max pooling layers 

decrease spatial components while retaining 

dominant features. Dropout regularization is 

applied to prevent overfitting and improve 

generalization capability. The SoftMax output 

layer enables multi-class classification by 

assigning probability scores to each disease 

category. These parameters collectively ensure 

stable model convergence and reliable 

classification performance. 

4. Results and Discussion 

The system was trained and tested using labeled 

nail image datasets. Performance evaluation 

included: 

 Accuracy 

 Classification consistency 

 Multi-class differentiation capability 

The experimental evaluation revealed: 

 Average accuracy ≈ 65% using color 

features alone 

 Improved classification when deeper CNN 

layers are applied 

 Stable performance across repeated testing 

Observations: 

Table 3: Observed System Behavior Summary 

Observation Interpretation 

Consistent classification Reliable CNN training 

Stable color extraction Effective preprocessing 

Reduced misclassification Proper segmentation 

Faster prediction time Efficient model design 

The results confirm that deep learning improves 

detection reliability compared to manual 

inspection. 

Although the achieved accuracy indicates scope 

for improvement, the study successfully 

demonstrates feasibility of nail-based early 

disease detection using CNN models. 

Table 4: Comparison with Existing Prototype-

Level Nail Disease Detection Approaches 

Aspect Existing Works Proposed System 

Diagnostic 

Method 

Manual feature 

extraction / basic ML 

Deep Learning 

(CNN-based) 

Feature Type 
Handcrafted 

color/texture features 

Automatic feature 

learning 

Processing 

Level 
Mostly centralized 

Integrated end-to-

end pipeline 

Disease 

Coverage 
Limited (1–2 diseases 

Multi-class disease 

classification 

Automation 

Level 
Semi-automated Fully automated 

Scalability Limited 
Expandable to larger 

datasets 

Human 

Dependency 

High (manual ROI 

selection 

Reduced 

subjectivity 

Application 

Scope 
Research-specific 

Extendable to 

healthcare screening 

The comparative analysis presented in Table IV 

highlights the architectural and methodological 

advancements of the proposed system over 
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existing prototype-level implementations. Many 

earlier works rely on handcrafted feature 

extraction techniques and traditional machine 

learning classifiers, which limit adaptability and 

scalability. In differ, the proposed CNN-based 

framework repeatedly learns hierarchical features 

from raw nail images, improving generalization 

capability. 

Furthermore, the proposed system integrates 

preprocessing, segmentation, and classification 

into a unified pipeline, reducing human 

intervention and improving automation. This 

structured design enhances reproducibility and 

provides a stronger foundation for future real-

world deployment in smart healthcare systems. 

5. Conclusion 

This research presented a Deep Learning-based 

structure for early disease recognition using nail 

image processing. The system integrates 

preprocessing, segmentation, feature extraction, 

and CNN-based classification into a structured 

architecture. 

The results validate that nail color analysis 

combined with CNN can serve as an effective non-

invasive screening mechanism. The proposed 

system reduces subjectivity, enhances pixel-level 

detection capability, and provides scalable 

medical screening potential. 

Limitations include moderate dataset size and 

reliance on color features. Future work may 

involve: 

 Larger medical datasets 

 Integration of texture and shape features 

 Transfer learning using pre-trained models 

 Deployment as mobile application 

 Integration with telemedicine systems 

This work establishes a foundation for AI-driven 

nail-based disease detection systems suitable for 

healthcare research and smart diagnostic 

applications. 
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