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ABSTRACT: Blood group detection is a crucial aspect of medical diagnostics, ensuring compatibility in transfusions,
organ transplants, and prenatal care. Traditional methods of blood group determination involve serological techniques,
which, while accurate, require invasive procedures and laboratory infrastructure. This paper explores an innovative
approach to blood group detection through fingerprint image processing. Leveraging the unique ridge patterns and
minutiae points in fingerprints, this non-invasive method aims to provide a rapid, reliable, and accessible means of
determining blood groups.

Our proposed system employs advanced image processing algorithms and machine learning techniques to analyse
fingerprint images, correlating specific patterns with blood group phenotypes. The integration of this method into
portable and cost-effective devices can revolutionise point-of-care diagnostics, particularly in resource-limited settings.
Preliminary results demonstrate promising accuracy levels, highlighting the potential for further development and
implementation in clinical practice. This research opens new avenues in biometric applications and contributes
significantly to enhancing healthcare delivery through innovative technological solutions. In recent years, blood group
detection has become vital in various medical and forensic applications. Traditional blood typing methods are often
time-consuming and require skilled personnel, limiting their accessibility and efficiency. This study explores an
innovative approach utilising fingerprint image processing and Convolutional Neural Network (CNNs) for accurate and
rapid blood group detection. The proposed method leverages the unique ridge patterns in fingerprints, which have been
found to correlate with specific blood group types.

By employing a CNN architecture, the system is trained on a substantial dataset of fingerprint images labelled with
corresponding blood groups. The model demonstrates high accuracy in identifying blood groups, showcasing the
potential of CNNs in biometrics-based blood typing. This approach promises a non-invasive, quick, and reliable
alternative to conventional blood group detection methods, enhancing the efficacy of medical diagnostics and
transfusion services. The results indicate a significant step forward in integrating biometric data with medical
diagnostics, paving the way for further advancements in the field.
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1. Introduction

Blood group detection is essential for ensuring compatibility in transfusions, organ transplants, and prenatal care.
Traditional methodologies involve serological techniques that are accurate but invasive and require laboratory resources.
This project explores an innovative approach to blood group detection using fingerprint image processing, leveraging
unique ridge patterns and minutiae points found in fingerprints.

2. Project Objectives
The main objectives of this project are:
- To develop a non-invasive method for blood group detection using fingerprint analysis.

- To employ advanced image processing algorithms and deep learning techniques for accurate classification of blood
groups.

- To create a portable and cost-effective system for point-of-care diagnostics, particularly in resource-limited settings.
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3. Background

3.1. Traditional Blood Group Detection Methods

(AJ(B) (-0

Traditional blood typing methods are labour-intensive and require skilled personnel, which can limit accessibility and
efficiency in emergency situations and resource-constrained environments.

Traditional blood group detection methods identify blood type using antigen-antibody reactions. The main methods

include:
1. Slide Method — Mix a drop of blood with anti-A, anti-B, and anti-D sera on a slide and check for
clumping.
2. Tube Method — Mix blood with antisera in test tubes, centrifuge, and observe for clumping under
controlled conditions.
3. Micro plate Method — Similar to the tube method but done in microplates for testing multiple samples
at once.
4. Gel Card Method — Uses a gel matrix to trap clumped RBCs, making results more accurate.

3.2. Biometrics in Medical Diagnostics

Biometrics is increasingly being used in medical diagnostics to improve patient identification, disease detection, and
healthcare security. Fingerprint scanning, in particular, is a promising non-invasive method due to its uniqueness and
reliability. It helps in accurate patient identification, reducing medical errors and ensuring proper treatment.
Additionally, biometrics enhances security by restricting access to medical records and hospital facilities. In some cases,
changes in fingerprint patterns can indicate certain health conditions, aiding in early diagnosis. Biometrics also plays a
crucial role in telemedicine by verifying patient identity remotely. Overall, integrating biometrics in healthcare improves
efficiency, accuracy, and patient safety.

4. Methodology

4.1. Data Collection

High-quality fingerprint images were acquired using a fingerprint scanner. The images underwent pre-processing to
reduce noise and normalize contrast for improved clarity and uniformity.
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4.2. Image Pre-processing

Advanced image processing techniques were applied to enhance the fingerprint images, including:
- Histogram Equalization

- Gaussian Smoothing

- Gabor Filtering

- Adaptive Thresholding

- Morphological Operations

- Fourier Transform

4.3. Feature Extraction

Several key features were identified and extracted:

Ridge Count: The number of ridges in specified regions of interest (ROI).
Minutiae Points: Points where ridges end or bifurcate.

Gray-Level Co-occurrence Matrix (GLCM): Statistical features characterizing texture patterns in fingerprint images.

4.4. Blood Group Classification

Deep learning has transformed blood group classification by enabling automated and highly accurate detection methods.
Instead of relying on traditional antigen-antibody reactions, deep learning models analyse microscopic blood images or
spectral data to classify blood types. The process begins with image acquisition, followed by pre-processing techniques
such as noise reduction and contrast enhancement to improve image quality. Convolutional Neural Networks (CNNs)
then extract key features from the images, allowing the model to classify blood types accurately. This approach offers
several advantages, including high accuracy, faster processing, and reduced reliance on chemical reagents. By
integrating deep learning into blood group classification, healthcare systems can achieve more efficient, scalable, and
accessible diagnostic solutions.

4.5. Model Evaluation

Model evaluation is crucial in deep learning to ensure accuracy and reliability in blood group classification. Various
metrics are used to assess performance, including accuracy, precision, recall, and F1-score, which help determine how
well the model classifies blood groups. A confusion matrix provides deeper insights by showing true and false
predictions, while the ROC curve and AUC score evaluate classification performance at different thresholds. To prevent
over fitting, the model is tested on a validation dataset during training and later evaluated on a separate test dataset to
measure real-world accuracy. This thorough evaluation process ensures the model is robust and effective before
deployment in medical diagnostics.

© 2025, IJSREM | https://ijsrem.com DOI: 10.55041/IJSREM54579 | Page 3



https://ijsrem.com/

L Sl 7.}

g b
e @3 International Journal of Scientific Research in Engineering and Management (IJSREM)

w Volume: 09 Issue: 11 | Nov - 2025 SJIF Rating: 8.586 ISSN: 2582-3930

5. Techniques and Algorithms

5.1. Image Enhancement Techniques

1. Histogram Equalization: Improves the overall contrast of the image.

2. Gaussian Smoothing: Reduces noise in the image.

3. Gabor Filtering: Enhances fingerprint ridges by focusing on specific frequencies.
4. Adaptive Thresholding: Generates a binary image for feature extraction.

5. Morphological Operations: Further refines ridge patterns.

6. Fourier Transform: Enhances periodic patterns in the fingerprint images.

5.2. Feature Extraction Techniques

One effective approach for feature selection in blood group classification is Correlation-Based Feature Selection
(CFS) combined with Genetic Algorithm (GA). CFS identifies relevant features by measuring their correlation with
the target blood group while minimizing redundancy among selected features. It ensures that only the most informative
attributes are used, improving model efficiency and accuracy.

The Genetic Algorithm (GA) further enhances feature selection by simulating the process of natural selection. GA
iterates through potential feature subsets, evaluating their performance using a fitness function. It applies operations like
selection, crossover, and mutation to refine feature selection, ultimately identifying the optimal subset. By combining
CFS with GA, the model achieves better generalization, reduces computational complexity, and enhances classification
accuracy in deep learning-based blood group detection systems.

6. Results and Discussion

The initial results indicate high accuracy in predicting blood groups using fingerprint analysis. The integration of
Convolutional Neural Networks (CNNs) with advanced feature extraction techniques, such as Correlation-Based
Feature Selection (CFS) and Genetic Algorithm (GA), has significantly improved classification performance. The
model effectively learns and identifies patterns, leading to precise blood group detection.

Comparative analysis with traditional methods shows that this deep learning-based approach enhances speed, accuracy,
and reliability, making it a promising solution for non-invasive blood group classification. The findings highlight the
potential of Al-driven diagnostics in reducing human errors, increasing accessibility, and streamlining medical
testing processes. Further research can optimize the model for real-world applications, ensuring robustness across
diverse populations.
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7. Project Qutcome

The project provides a promising framework for blood group prediction using fingerprints. The fusion of biometric data
with advanced classifiers offers a quick, non-invasive solution beneficial in forensics, emergency medicine, and medical
record management.

8. Challenges and Future Work

Challenges include variability in fingerprint quality, the necessity for large-scale datasets, and potential limitations in
feature extraction accuracy. Future work will focus on addressing these challenges, improving the model's robustness,
and exploring broader applications in different populations.

9. Conclusion

This project demonstrates a significant step forward in integrating biometric technology with medical diagnostics for
blood group detection. By leveraging deep learning models, feature extraction techniques, and fingerprint analysis,
the proposed approach offers a non-invasive, accurate, and efficient alternative to traditional blood typing methods.
The results highlight the potential of Al-driven solutions in improving speed, reliability, and accessibility in
healthcare.

The methodology and findings serve as a strong foundation for future research, with possibilities for further
optimization and real-world implementation. Continued advancements in this field can lead to more scalable, cost-
effective, and automated diagnostic solutions, ultimately enhancing the quality of healthcare delivery worldwide.
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