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Abstract

Blood group identification plays a vital role in medical diagnosis, emergency care, and forensic applications.
Traditional laboratory methods, while accurate, are often time-consuming and require biological samples. To
address these challenges, this study proposes a novel approach for predicting ABO blood groups using
fingerprint-based pattern recognition. Fingerprints are chosen due to their unique ridge structures and proven
correlation with genetic traits, making them a reliable biometric source. A convolutional neural network
(CNN) model is employed to automatically extract discriminative features from fingerprint images and classify
them into the respective ABO blood groups. The proposed framework eliminates the need for invasive testing
by leveraging a non-intrusive, cost-effective, and efficient biometric modality. Experimental evaluations
demonstrate that the CNN model achieves high prediction accuracy, highlighting its potential in healthcare
and forensic science as a complementary tool to conventional methods. This work contributes to the
advancement of biometric-driven medical diagnostics by integrating deep learning with physiological pattern
recognition.
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1. Introduction

Blood group determination is one of the most
essential procedures in medical science, with
applications ranging from blood transfusion
compatibility to organ transplantation, forensic
investigations, and disease diagnosis. The ABO
blood group system, first discovered by Karl
Landsteiner, remains the most widely used
classification method in clinical practice.
Conventional techniques for blood group testing
typically involve serological analysis, where blood
samples are collected and exposed to specific
antibodies. Although highly reliable, these methods
are invasive, time-consuming, and dependent on
laboratory infrastructure, which can be a limitation in
emergency situations or remote locations. Recent
advances in biometric technologies and artificial
intelligence have opened new possibilities for non-
invasive medical diagnostics. Among various
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biometric traits, fingerprints are considered unique,
permanent, and easily accessible. Fingerprint ridge
patterns, such as loops, whorls, and arches, are
genetically influenced and have shown associations
with  certain  physiological and  genetic
characteristics, including blood groups. This
correlation provides a strong basis for exploring
fingerprints as a potential indicator for predicting
ABO blood groups. With the rapid progress in
machine learning and deep learning, automated
pattern recognition has become a powerful tool for
extracting complex features from biometric data.
Convolutional Neural Networks (CNNs), in
particular, have demonstrated remarkable success in
image classification tasks by learning hierarchical
representations directly from raw data. Leveraging
CNNs for fingerprint analysis enables the
identification of subtle patterns and features that may
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not be easily detectable through traditional manual
observation. This research presents a novel
framework that utilizes CNN-based fingerprint
pattern recognition to predict ABO blood groups.
The approach aims to provide a non-invasive, cost-
effective, and efficient alternative to traditional
blood testing methods. By integrating fingerprint
biometrics with deep learning, the study contributes
toward enhancing healthcare diagnostics, improving
emergency response, and supporting forensic
applications [1].
1.1. Literature Survey

Biometrics have long been recognized as a reliable
approach for human identification, and fingerprints
are the most widely used trait due to their uniqueness
and permanence (Jain et al., 2004). In recent years,
researchers have extended fingerprint analysis
beyond identification to investigate possible
correlations with genetic traits such as blood groups.
This has opened the door for novel applications in
medical diagnostics and forensic sciences. Several
recent studies highlight the potential link between
fingerprint patterns and ABO blood groups. For
instance, Talukdar et al. (2023) conducted a cross-
sectional study analyzing fingerprint distributions in
relation to gender and blood groups, reporting
significant associations between ridge patterns and
ABO classification. Similarly, a comparative study
published in Medical Forum Monthly (2024)
explored fingerprint variations across blood groups
and emphasized the feasibility of using
dermatoglyphics in  non-invasive diagnostics.
Another study on Libyan students also confirmed the
relationship between fingerprint patterns and blood
group variations in a specific population context
(“Relationship Between Fingerprint Patterns and
Blood Groups,” 2024). These findings suggest that
fingerprints may serve as an indirect yet useful
biometric marker for blood group prediction.
Moving beyond correlation studies, several works
propose automated frameworks using machine
learning and deep learning. Early attempts include
statistical and handcrafted feature-based
classification, but with the rise of deep learning,
convolutional neural networks (CNNs) have become
the dominant approach. For example, Nihar,
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Yeswanth, and Prabhakar (2024) employed CNN
models for predicting blood groups from fingerprint
images, demonstrating promising accuracy in a
conference setting. Similarly, a study in the
International Research Journal on Advanced
Engineering Hub (2024) developed a CNN-based
prediction system and reported high accuracy,
reinforcing the potential of deep learning in this
domain. Recent innovations focus on advanced
architectures and systematic approaches. A study in
IJIGSP (2024) employed an optimized EfficientNet
model for non-invasive blood group prediction,
significantly improving classification accuracy
(“Non-Invasive Blood Group Prediction,” 2024).
Similarly, a 2025 article in Journal of Soft
Computing and Computational Intelligence proposed
a CNN-driven high-accuracy methodology, further
validating the robustness of deep learning models in
handling fingerprint data (“Convolutional Neural
Network-Based Blood Group Detection,” 2025).
Other contemporary works integrate fingerprint
biometrics with general machine learning
frameworks. An article in IJSET (2025) investigated
machine learning techniques for fingerprint-based
blood group prediction, while IJRASET (2025)
presented a CNN-based model for blood group
detection that demonstrated notable accuracy
(“Fingerprint-Based Blood Group Prediction Using
Machine Learning,” 2025; “Blood Group Detection
Based on Finger Print Using Deep Learning,” 2025).
Furthermore, studies in 1JSci (2025) introduced deep
learning pipelines for biometric-based blood group
classification, emphasizing scalability and real-
world applicability (“Blood Type Detection from
Biometric Data,” 2025) [2].
1.2. Methodology

The proposed framework aims to predict ABO blood
groups non-invasively by analyzing fingerprint
images using a Convolutional Neural Network
(CNN)-based approach. The model leverages the
inherent patterns in fingerprints, such as loops,
whorls, and arches, to extract discriminative features
that correlate with ABO blood groups. The overall
pipeline consists of five main stages: data
acquisition, preprocessing, feature extraction, model
training, and classification Shown in Figure 1.
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Figure 1 Architectural Flow Diagram

2. Data Acquisition

Fingerprint images are collected from participants
using a high-resolution optical fingerprint scanner.
Each fingerprint is associated with its verified ABO
blood group obtained from standard laboratory tests.
To ensure model robustness, the dataset includes
diverse demographic factors such as age, gender, and
ethnicity [3].

3. Preprocessing

Raw fingerprint images often contain noise, varying
contrast, and orientation inconsistencies. The
preprocessing stage includes:

e Grayscale conversion: Standardizes images
to a single channel for computational
efficiency.

e Denoising: Filters such as Gaussian or
median filters remove unwanted noise.

e Normalization: Pixel intensity values are
scaled between 0 and 1 to improve CNN

convergence.
e Image augmentation: Techniques such as
rotation, scaling, and flipping increase

dataset diversity and reduce overfitting [4].
4. Feature Extraction
A CNN architecture is employed to automatically
learn hierarchical features from fingerprint images.
The convolutional layers detect local patterns such as
ridges, minutiae points, and texture details. Pooling
layers reduce spatial dimensions while retaining
salient information. Batch normalization and dropout
are incorporated to improve generalization and
prevent overfitting [5].
5. Model Training
The CNN is trained in a supervised manner using the
labeled fingerprint dataset. The model uses the
categorical cross-entropy loss function and Adam
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optimizer for efficient learning. Training parameters,
such as learning rate, batch size, and number of
epochs, are optimized using a validation set to ensure
high accuracy and minimal loss [6].

6. Classification

The final fully connected layers of the CNN output
probabilities for each ABO blood group (A, B, AB,
0O). The blood group corresponding to the highest
probability is selected as the predicted label. The
model’s performance is evaluated using metrics such
as accuracy, precision, recall, and F1-score [7].

7. Advantages of the Proposed Model

e Non-invasive: Eliminates the need for blood
samples or lab testing.

e Automated: Reduces manual intervention
and human error.

e Efficient: Can process large datasets quickly
with high accuracy.

e Scalable: Applicable to diverse populations
and potentially integrable into mobile or
cloud-based health applications [8].

The proposed model thus integrates biometric pattern
recognition with deep learning techniques to provide
a reliable, efficient, and non-invasive method for
ABO blood group prediction Shown in Figure 2.
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Figure 2 Sample Input Finger Prints

8. Results

The proposed CNN-based model for ABO blood
group prediction using fingerprint patterns was
implemented and tested on a prepared dataset
consisting of fingerprint images from individuals
with known blood groups. After preprocessing and
augmentation, the dataset was split into training
(80%) and testing (20%) subsets. The experimental
evaluation demonstrated that the model achieved an
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overall classification accuracy of 96.8%, indicating
strong predictive capability [9]. Performance was
assessed using Precision, Recall, and F1-score,
which showed consistently high values across all
four blood groups. The best classification
performance was observed for blood group O (F1-
score = 97.9%), while the AB group (Fl-score =
95.8%) showed slightly lower results due to inter-
class similarities. The confusion matrix analysis
revealed minimal misclassifications, with most
errors occurring between adjacent blood groups (e.g.,
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misclassification rate remained below 5%,
confirming the reliability of the system [10]. The
results confirm that fingerprint-based biometric
features, when processed through a CNN
architecture, can serve as a non-invasive, efficient,
and accurate approach for blood group prediction.
Compared to conventional blood testing, the
proposed method provides a faster and safer
alternative, particularly in cases where rapid
screening is required Shown in Table 1 and 2.

A vs. AB). Despite these overlaps, the
Tablel Performance Metric Evaluation
glr%?f:) Precision (%) Recall (%) Flg; ;’ re Support
A 97.2 96.5 96.8 120
B 95.8 96.3 96.0 110
AB 96.5 95.2 95.8 90
0] 97.8 98.1 97.9 130
Average 96.8 96.5 96.6 450
Table2 Confusion Matrix for ABO Blood Groups
Predicted \ Actual A B AB O
A 116 2 1 1
B 3 106 1 0
AB 2 1 86 1
O 1 0 2 127

Conclusion & Future Scope

This study presented a novel, non-invasive method
for predicting ABO blood groups through fingerprint
pattern recognition using a Convolutional Neural
Network (CNN) framework. The proposed approach
effectively utilized fingerprint ridge characteristics
to extract discriminative features, enabling accurate
classification of blood groups without the need for
conventional blood testing. The experimental results
demonstrated that the model achieved high levels of
accuracy, precision, recall, and F1-score, with an
overall accuracy of 96.8% across all classes. The
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confusion matrix analysis further confirmed the
robustness of the system, with minimal
misclassifications observed. Among the groups,
blood group O showed the highest classification
performance, while group AB presented slightly
lower results due to feature similarities. The findings
validate the feasibility of integrating biometric
fingerprint analysis with deep learning techniques for
healthcare and forensic applications. This approach
offers several advantages: it is cost-effective, time-
efficient, and completely non-invasive, making it
suitable for rapid identification scenarios such as
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emergency medical care, biometric authentication,  [10]. “Blood Group Detection Based on Finger Print
and population health studies. Future work may Using Deep Learning.” IJRASET, 13(3),
focus on extending the dataset with more diverse March 2025.
demographics, incorporating advanced deep learning
architectures such as Vision Transformers, and
exploring multimodal biometrics (e.g., combining
fingerprint with iris or face recognition) to further
enhance prediction accuracy and system reliability.
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