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Abstract- Blood group detection using fingerprints is an
emerging interdisciplinary field combining biometric
technology, forensic science, and biomedical analysis. This
approach aims to determine an individual's blood group
through the analysis of fingerprint patterns and associated
physiological features. Recent research has shown a potential
correlation between ridge density, pattern types, and blood
groups, enabling non-invasive and rapid blood typing
techniques. This report presents a comprehensive review of
methodologies, system designs, algorithms, and recent
advancements in using fingerprint-based identification for
blood group detection.

I. INTRODUCTION

Blood group identification is a vital component in
medical diagnostics, forensic analysis, and transfusion
medicine. Conventional methods rely on serological testing,
which involves the use of reagents and blood samples.
However, these methods are invasive, time-consuming, and
require trained personnel. In contrast, fingerprint recognition
offers a non-invasive, rapid, and cost-effective alternative.
Studies suggest that certain fingerprint patterns, such as loops,
whorls, and arches, exhibit correlations with specific ABO and
Rh blood group systems. This correlation can be harnessed
through image processing and machine learning to predict
blood groups from fingerprint images.

Literature Review

Several researchers have explored the relationship
between fingerprint patterns and blood groups. Kanchan et al.
(2010) conducted a statistical study indicating that individuals
with blood group O tend to exhibit more loop patterns,
whereas those with blood group B show higher occurrences of
whorls. Recent works have utilized convolutional neural
networks (CNNs) and support vector machines (SVMs) to
classify blood groups based on ridge features. Additionally,
biometric pattern analysis has gained traction in forensic
applications, as it provides a dual advantage of identity
verification and physiological prediction.

Methodology
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The proposed methodology integrates biometric
fingerprint acquisition with pattern analysis and Al-based
prediction. The following steps are typically involved:

1. Fingerprint Image Acquisition using high-resolution
Sensors.

2. Image Preprocessing — noise reduction, contrast
enhancement, and ridge extraction.

3. Feature Extraction — ridge density, minutiae points,
core and delta analysis.

4. Machine Learning Model — classification using
trained models such as CNN, SVM, or KNN.

5. Blood Group Prediction — output
corresponding to ABO and Rh groups.
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System Design

The system comprises both hardware and software
modules. The hardware component includes a biometric
fingerprint scanner capable of 500 dpi or higher resolution.
The software module is implemented using Python, OpenCV
for image processing, and TensorFlow for deep learning. The
overall architecture includes modules for image capture,
feature extraction, classification, and result visualization.

Algorithm and Working Principle

Capture fingerprint image.

Convert the image to grayscale.

Apply histogram equalization and Gaussian blur.
Extract ridge features and compute Gabor filters for
texture analysis.

Feed extracted features to the CNN classifier.

The trained model outputs the predicted blood group
label.

7. Display the result with confidence score.
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Hardware and Software Requirements
Hardware Requirements:

e  Fingerprint sensor module (e.g., R305, GT-511C3)
e Laptop or microcontroller (Arduino/Raspberry Pi)
e  Power supply (5V)
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Software Requirements:
e  Python 3.x
e OpenCV
e TensorFlow /PyTorch
e NumPy, Pandas, Scikit-learn
e Django/Flask (for web-based deployment)

Results and Discussion

Experimental studies show that the accuracy of
predicting blood group from fingerprint images ranges from
75% to 92%, depending on dataset size and preprocessing
techniques. Models trained with ridge orientation and minutiae
density perform significantly better than those relying solely
on pattern type. The research demonstrates that biometric data
can reflect genetic and physiological attributes, supporting the
feasibility of fingerprint-based blood group identification.

Advantages and Limitations
Advantages:

e Non-invasive and painless method.

e  Cost-effective and easy to implement.

e Requires minimal laboratory setup.

e Suitable for forensic and emergency applications.

Limitations:

¢ Requires high-quality fingerprint images.

e Environmental conditions can affect image clarity.
o Correlation strength varies among populations.

o Not yet approved for clinical use.

Applications

Forensic identification and crime investigation.
Medical diagnostics and emergency treatment.
Military and disaster victim identification.
Integration with national biometric ID systems.
Blood donation and transfusion safety.
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Future Scope

Future advancements may focus on hybrid biometric
systems combining fingerprints with other modalities such as
iris or facial recognition to improve prediction accuracy.
Integration with Al-driven healthcare platforms could allow
real-time, on-device analysis using edge computing.
Additionally, larger datasets covering diverse ethnic groups
are essential to enhance the generalizability of models.
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Il. CONCLUSION

Blood group detection using fingerprints represents a
significant step towards non-invasive, Al-driven diagnostic
systems. Although the technology is still in the research phase,
the growing accuracy of machine learning models and
availability of affordable biometric sensors suggest strong
potential for real-world applications. Continued collaboration
between biomedical engineers, data scientists, and healthcare
professionals is necessary to make this approach clinically
viable.
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