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ABSTRACT

Blood group identification plays a pivotal role in critical medical applications such as blood transfusions,
organ transplantation, and trauma care. Conventional methods for determining blood type involve invasive
procedures, specialized reagents, and trained personnel—factors that often hinder immediate response in
emergencies and limit access in remote or under-resourced environments. This_project introduces an
innovative, non-invasive method for blood group detection using fingerprint image processing. By
leveraging the uniqueness of fingerprint biometrics and the capabilities-of modern machine learning
techniques, particularly Convolutional Neural Networks (CNNs), the system aims to classify blood groups
(A+, A-, B+, B-, AB+, AB-, O+, O-) solely based on fingerprint patterns. This project aims to develop an
automated blood group detection system using image processing and fingerprint analysis to provide a non-
invasive and rapid approach. The proposed system integrates computer vision techniques using algorithms
and Al to interpret images encompassing tasks like image classification, often leveraging deep learning
models like Convolutional Neural Networks (CNNs) and biometric analysis to determine an individual's
blood group.

Key Words: Blood Group Detection, Fingerprint Biometrics, Image Processing, Convolutional Neural
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INTRODUCTION

Blood group identification is a fundamental component of medical diagnostics, vital for safe blood
transfusions, organ transplants, prenatal care, and forensic investigations. Traditionally, blood group
detection relies on agglutination-based methods involving the mixing of blood samples with specific
antibodies to observe clumping. While accurate, these methods are invasive, time-consuming, and require
specialized equipment and trained personnel—making them less suitable in emergency or resource-limited
settings. With advancements in biometrics and machine learning, there is growing interest in non-invasive
and automated alternatives. Fingerprint biometrics, recognized for their uniqueness and permanence, offer
a promising avenue. Emerging research suggests a potential correlation between fingerprint patterns and
blood group types. This project explores that intersection by proposing a novel system that leverages
fingerprint image processing and machine learning to detect an individual's blood group.
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PROBLEM STATEMENT

Traditional blood group detection methods are invasive, time-consuming, and require specialized laboratory
infrastructure and trained personnel, making them unsuitable for emergency situations or use in remote and
resource-limited areas. These conventional techniques involve collecting blood samples and performing
agglutination tests, which can delay critical medical decisions. With the rise of biometric technologies,
fingerprint analysis offers a non-invasive and widely accessible alternative. Recent studies suggest a
correlation between fingerprint ridge patterns and blood group types, yet no practical system exists to
leverage this connection. This project aims to address this gap by developing an automated, non-invasive
blood group detection system using image processing and deep learning techniques applied to fingerprint
images, providing a faster, safer, and more scalable solution for modern healthcare needs.

MOTIVATION

The motivation behind this project stems from the need for a fast, non-invasive, and accessible method of
blood group detection, especially in emergency and low-resource healthcare settings where traditional
testing methods may not be feasible. Drawing blood and waiting for lab results can delay critical medical
procedures and pose risks to patients. With the growing availability of fingerprint scanners and
advancements in image processing and deep learning, there is a promising opportunity to leverage
fingerprint biometrics as a reliable indicator for blood group prediction. This project seeks to explore that
potential, aiming to simplify and accelerate blood group identification through innovative use of technology,
ultimately improving medical response times and accessibility in underserved areas.

Key Features:

. Non-Invasive Blood Group Detection: Utilizes fingerprint biometrics, eliminating the need for
blood samples and making the process safe, painless, and user-friendly.

. Deep Learning-Based Classification: Employs advanced Convolutional Neural Networks (CNNSs),
particularly ResNet50, to accurately classify blood groups from fingerprint images.

. Real-Time and Automated System: Provides instant blood group prediction through a user-
friendly web interface, making it suitable for emergency and field applications.

. Cost-Effective and Scalable: Designed using open-source tools and standard hardware, making the
system affordable and deployable in rural, remote, and resource-limited settings.

. Robust Image Preprocessing Pipeline: Integrates techniques like grayscale conversion, noise

reduction, contrast enhancement, and minutiae extraction to ensure high-quality feature input for accurate
model predictions.

LITERATURE REVIEW

1. Jashwanth Sai Ganta, Dr. Mohana Roopa Y , Mary Rishitha (2024). Blood Group Detection Using Image
Processing and Deep Learning [1]

The research paper introduces a novel approach to blood group detection that eliminates the need for
invasive procedures by using spectroscopic images and deep learning models. It leverages advanced image
processing techniqgues—namely Scale-Invariant Feature Transform (SIFT), Oriented FAST, and Rotated
BRIEF (ORB)—to extract robust and distinctive features from blood sample images. These features are then
fed into a Convolutional Neural Network (CNN), which is trained to classify blood groups with high
accuracy. The entire pipeline includes image normalization, noise reduction, and histogram equalization to
enhance image quality, followed by a rigorous training and validation process using labeled datasets. The
system achieved approximately 95% accuracy in identifying blood groups, demonstrating strong reliability
and resilience to image variations. Additionally, the study highlights the system’s scalability, user-friendly
interface, and potential for real-time deployment in hospitals, labs, and remote healthcare setups. Future
extensions of the system include integration with electronic health records (EHR), broader blood component
analysis, and improvements in model interpretability to foster trust and clinical adoption.
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2. Tannmay Gupta (2023). Artificial Intelligence and Image Processing Techniques for Blood Group
Prediction [2]

This paper presents a dual-mode deep learning system for blood group detection that utilizes both blood
sample images and fingerprint biometrics to enable fast, accurate, and potentially non-invasive diagnostics.
Recognizing the limitations of traditional manual blood typing—such as time consumption, dependency on
laboratory equipment, and risk of human error—the authors introduce a solution built using Python and
Flask, with a web-based front end for ease of access. In the first mode, the system employs MobileNetV2,
a lightweight and efficient convolutional neural network, trained on 750 blood images (500 for training, 250
for testing), achieving an outstanding 100% accuracy on both training and validation sets. The second, more
innovative mode uses fingerprint images for blood group prediction, trained on a larger dataset of 10,477
samples (6,000 for training, 4,477 for testing), and achieves 94% training and 90% validation accuracy.
While the blood image method mirrors laboratory reliability, the fingerprint-based approach offers a
breakthrough in non-invasive diagnostics, with potential applications in emergency care, mobile health
units, blood donation drives, and rural healthcare. This system not only enhances accessibility and
processing speed but also opens the door to scalable, real-time, and contactless blood group identification
through smart devices.

3. Vidya Waykule, Sakshi Amrutkar, Om Jadhav, Vardhman Jain, Titiksha Jawale (2024). Blood
Group Detection Using Fingerprint Images. [3]

This research explores a new method for blood group detection that moves away from traditional invasive
procedures by using fingerprint analysis. The core idea is to apply advanced image processing techniques
to fingerprints in order to find specific patterns and features that are related to different blood types. The
process involves several steps: first, fingerprint images are enhanced to improve their quality; then, key
features are extracted from these images; and finally, machine learning algorithms are used to classify the
fingerprints and predict the corresponding blood group. The aim of this approach is to provide a faster, more
cost-effective, and non-invasive alternative to traditional blood typing, which could be particularly
beneficial in situations where quick results are needed or in areas with limited resources. The authors suggest
that with further development, this method has the potential to significantly change how blood groups are
determined in various medical settings.

4. T Niharl, K Yeswanth1* and K Prabhakarl (2023). Blood group determination using fingerprint. [4]

This paper explores the innovative concept of determining blood groups using fingerprint patterns, focusing
on the potential of this non-invasive method in various fields. The uniqueness and immutability of
fingerprints are emphasized, highlighting their significance in personal identification and the extremely low
probability of resemblance, even in identical twins.The methodology involves comparing specific feature
patterns derived from fingerprints, assessing ridge frequency, and extracting spatial features using a Gabor
filter. The paper suggests that analyzing the sweat in fingerprint ridges can reveal proteins or antigens
associated with different blood groups, offering a more convenient and less invasive alternative to traditional
blood tests. The potential applications of this technology span across healthcare, emergency medical
responses, forensic science, and disaster management, showcasing its capacity to streamline medical
procedures and improve patient care.

5. G. Mounikal, M. Anusha2, D. Gopika3, B. Siva kumari4 (2024). Blood group detection through
finger print images using image processing (KNN) [5]

The research paper “Blood Group Detection through Fingerprint Images using Image Processing (KNN)”
explores a novel biometric technique that uses fingerprint patterns to predict human blood groups through
image processing and classification via the K-Nearest Neighbors (KNN) algorithm. Since fingerprint
patterns—such as loops, whorls, and arches are unique to each individual and remain constant throughout
life, the study investigates their potential correlation with genetic traits like blood group. The system
captures high-resolution fingerprint images and processes them to extract distinctive features such as ridge
endings, bifurcations, and overall ridge frequency. These features are used to train a KNN model on a labeled
dataset, allowing it to classify new samples based on proximity in the feature space. This method provides
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a promising, non-invasive alternative to conventional blood typing, which typically relies on serological
tests involving blood samples and lab-based reagents. By reducing reliance on invasive procedures,
specialized equipment, and human error, the system has practical applications in rapid medical diagnostics,
biometric security, and emergency healthcare settings. The paper also outlines basic computing architectures
(Von Neumann and Harvard) related to hardware implementation, reinforcing the feasibility of deploying
this model in real-time systems using embedded or portable devices.

6. Sasidhar B, Ashok K, Kishorbabu M, Sameer Sk, Dhavez Parveen Sk, Sai P and Sai Chandu R
(2025). An Innovative Non-Invasive Blood Group Detection Using Fingerprint Images. [6]

This research introduces a fully automated, non-invasive method for blood group detection using fingerprint
images, integrating advanced image processing techniques with deep learning algorithms. Unlike traditional
blood typing methods that require physical samples and reagents, this system utilizes features extracted from
fingerprint images—such as ridge frequency, minutiae points, and texture patterns—enhanced through
techniques like Gabor filtering, SIFT, ORB, and Directional BRIEF. The processed data is then classified
using Convolutional Neural Networks (CNNs), and further refined using transfer learning with models like
VGG, ResNet, and DenseNet for increased accuracy and generalizability. The methodology includes
preprocessing steps like histogram equalization and noise reduction, followed by spatial feature analysis,
enabling the prediction of ABO and Rh blood types directly from fingerprints. Real-time implementation is
supported through Raspberry Pi-based hardware and Python or MATLAB environments. The results
demonstrate high accuracy and reliability, with potential applications in emergency medicine, remote
healthcare, and forensic science. The study underscores the potential of combining Al with biometric data
for revolutionizing diagnostic systems, offering a faster, safer, and cost-effective alternative to conventional
blood group testing.

EXISTING SYSTEM:

Traditional blood grouping methods rely on agglutination tests that use specific antibodies. The fundamental
principle involves mixing blood samples with known antibodies and observing if agglutination (clumping)
occurs. These tests require trained personnel and specialized laboratory equipment to ensure
accuracy. Several variations of the agglutination method exist, including the tube method, slide method,
microplate method, and gel card technology. Automated blood typing systems have also been developed to
increase efficiency and accuracy. Despite their widespread use, traditional methods have limitations. They
can be time-consuming, require specialized equipment and trained personnel, and are susceptible to human
error. These methods also require blood samples, which can be painful and carry a risk of infection.

PROPOSED SYSTEM:

The proposed system is an innovative, non-invasive solution for blood group detection that leverages
fingerprint biometrics combined with advanced image processing and machine learning techniques. It
addresses the limitations of traditional blood typing methods—such as the need for blood samples,
laboratory infrastructure, and trained personnel—Dby using high-resolution fingerprint images as the primary
input. These images undergo preprocessing steps including grayscale conversion, noise reduction, contrast
enhancement, binarization, and ridge thinning to enhance their quality. Key fingerprint features such as
ridge endings, bifurcations, and ridge density are extracted using algorithms like minutiae detection and
crossing number analysis. The extracted features are then fed into a classification model—either a rule-
based system or a machine learning framework like a Convolutional Neural Network (CNN)—to predict
the individual's ABO and Rh blood group with high accuracy. This system is designed to be fast, cost-
effective, and deployable in emergency scenarios and remote or resource-limited environments, with
potential for integration into biometric ID systems or mobile healthcare units. It not only enhances diagnostic
efficiency but also reduces the risks associated with invasive procedures and human error, paving the way
for novel biomedical applications that link physical traits to physiological information.
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METHODOLOGY:

The methodology of this project is designed to develop an accurate and efficient system for blood group
detection using fingerprint images. It involves several key stages: data acquisition, image preprocessing,
feature extraction, model training and classification, and system evaluation.

1. Data Acquisition

Fingerprint images were collected from volunteers with known blood group information. The images were
captured using a high-resolution optical fingerprint scanner under controlled conditions to ensure uniformity
in image quality. Blood group labels were obtained from certified medical reports or verified laboratory
results. The dataset included a balanced representation of all eight major blood types (A+, A-, B+, B-, AB+,
AB-, O+, O-).

2. Image Preprocessing

To improve the quality of the fingerprint images for feature extraction, the following preprocessing steps
were applied:

. Grayscale Conversion: Converts RGB images to grayscale to reduce complexity.

. Noise Reduction: Median filtering was used to eliminate salt-and-pepper noise while preserving
edges.

. Contrast Enhancement: Contrast Limited Adaptive Histogram Equalization (CLAHE) was applied
to improve ridge visibility.

. Binarization: Otsu’s thresholding method was used to convert grayscale images into binary format.
. Ridge Thinning: The Zhang-Suen thinning algorithm was employed to reduce ridges to single-pixel

width, enhancing the accuracy of feature detection.

3. Feature Extraction

From the preprocessed fingerprint images, key features were extracted to serve as inputs for classification:
. Minutiae Points: Detected using the crossing number method to identify ridge endings and
bifurcations.

. Ridge Orientation and Density: Additional features such as ridge flow patterns and local ridge
density were analyzed to find possible correlations with blood groups.

. Pattern Classification: Fingerprint patterns (loops, whorls, arches) were also identified, as they may
contribute to classification performance.

4. Classification Model

Two approaches were explored for classification:

. Rule-Based System: Based on statistical analysis from prior research correlating fingerprint patterns
with blood groups. Predefined rules were created to map specific fingerprint traits to blood group classes.
. Machine Learning Model: A Convolutional Neural Network (CNN) was developed and trained on

the preprocessed fingerprint images. The architecture included convolutional, pooling, fully connected
layers, and a softmax output layer. The model was trained using categorical cross-entropy loss and the Adam
optimizer.

5. Model Training and Evaluation

The dataset was split into training (70%), validation (15%), and testing (15%) sets. Data augmentation
(rotation, zoom) was used to prevent overfitting. The model was evaluated using standard performance
metrics: accuracy, precision, recall, F1-score, and specificity. A confusion matrix was used to visualize
misclassifications and analyze per-class performance.
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6. Deployment and Interface (Optional)

A simple web interface was developed using Flask where users can upload fingerprint images and receive
instant blood group predictions. The model was integrated into the backend and hosted locally for testing.

RESULTS & ANALYSIS
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CONCLUSION:

The goal of this project was to develop a novel, non-invasive system for accurately determining a person’s
blood group using fingerprint images and advanced image processing techniques. Traditional blood group
detection methods, although reliable, often require invasive procedures, trained personnel, and sophisticated
lab equipment. These limitations can be critical in emergency situations or in remote and under-resourced
areas where immediate access to such facilities is not feasible. By combining fingerprint biometrics with
image preprocessing (such as grayscale conversion, noise reduction, and contrast enhancement), and feature
extraction techniques (like minutiae analysis), the project introduced a new way to correlate unique
fingerprint patterns with blood group classifications. The integration of machine learning models,
particularly convolutional neural networks (CNNSs), allowed the system to automatically learn and identify
patterns within fingerprint features that are statistically associated with specific blood groups.The
experimental results demonstrated high levels of accuracy, precision, and recall, validating the reliability of
this approach. For example, the system achieved an overall accuracy of 95%, with slightly lower performance
in certain groups such as AB-, indicating potential areas for further data balancing and optimization.
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