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Abstract- Fingerprint-based blood group detection
represents one of the innovative approaches that may
revolutionize medical diagnostics by providing a non-
invasive approach that is efficient and accessible
compared to traditional serological methods. Some of the
biggest challenges have to be addressed to give this full
scope to this field. All these challenges overlap including
small, biased datasets, lack of real-world validation,
inconsistent methodologies, feature extraction or
generalization in diverse populations, among others.
Future research studies need to focus on building larger
and more diverse datasets; standardize methodologies;
and test the system in real-world environments in order
to ensure applicability and scalability on a much broader
scale. Advanced machine learning techniques, such as
deep learning and interdisciplinary collaboration, will
unlock innovative venues and solutions with high
accuracy and robustness through the development of
fingerprint-based blood group detection systems.
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L INTRODUCTION

Blood group determination is a fundamental process in
medical diagnostics, important for blood transfusions
and organ transplantation as well as for tailored
treatment plans. Serological-based conventional
methods for determining blood groups can be very
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accurate but are often invasive, requiring collections of
blood samples, specific laboratory equipment, and
trained professionals. Such conditions hinder their
accessibility, especially in remote or resource-
constrained regions. These methods are also vulnerable
to human errors and sample contamination, hence the
emphasis on pursuing alternative solutions that are
efficient and reliable.

Advances in biometric technologies and machine
learning have led to innovative solutions for medical
diagnostics, including the potential to identify blood
groups without invasive processes. Fingerprints are of
particular interest as they possess unique patterns and
are rich in physiological data, and their applications for
personal identification have been widely studied.
These patterns have been correlated with physiological
traits, including blood groups, and thus warrant further
research in developing systems that can identify blood
groups from fingerprints.

-

Fig 1: 2D fingerprint recognition
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This survey paper gives an overview of the current
research status on fingerprint-based blood group
detection while focusing on methodologies, results,
and limitations. Some seminal works have established
the potential of such systems by applying techniques
from statistical analyses to complex machine learning
models. For example, Gabor filters and minutiae-based
features have been dominantly used in pattern
recognition, and CNNs have also shown a promising
capability for automatic feature extraction and
classification [1], [3], [6].

Despite these developments, existing research has
several challenges. Most such works are region-
specific, which may limit the applicability of their
results. Sampling sizes are often low, and many of
them fail to show any real-world validation, which
limits the scalability of proposed models. Moreover,
the methodologies employed vary significantly,
ranging from simple statistical correlations to rich deep
architectures for learning; it is, therefore, hard to
standardize practices in this domain. This paper aims
to synthesize existing studies into their key findings,
pointing  out  important  contributions  and
methodologies and their limitations. The synthesis of
research gaps and opportunities will provide a
foundation toward future investigations in fingerprint-
based blood group detection that may advance the area
toward practical, non-invasive diagnostic tools.

IL. LITERATURE SURVEY

Linking Fingerprint Features to Blood Groups for
Forensic Applications (Yadav et al., 2021) This
research from India investigates the correlation
between fingerprint patterns and blood groups for
forensic purposes. The authors observed distinctive
variations in fingerprint features—such as ridge
configurations and loops—across different blood
groups (A, B, AB, O). They utilized a machine learning
algorithm, specifically the Support Vector Machine
(SVM), to predict blood types based on fingerprint
characteristics. Their model achieved a classification
accuracy of 85%, demonstrating the feasibility of using
fingerprint data for blood group identification in
forensic and emergency situations.

Using Convolutional Neural Networks for Blood
Group Prediction from Fingerprints (Kumar & Singh,
2022) In this study, researchers from India employed
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Convolutional Neural Networks (CNNs) to predict
blood groups by analyzing fingerprint images. After
enhancing and normalizing the fingerprint images, the
CNN model was trained to learn relevant features
autonomously, eliminating the need for manual feature
extraction. The deep learning approach achieved a
classification accuracy of 90.5%, proving that CNNs
can effectively automate blood group detection using
fingerprints.

Application of Machine Learning for Blood Group Cla
ssification Using Fingerprint Data (Patel & Verma, 20
20)

This study explores the use of traditional machine lear
ning techniques like Random Forest, K-Nearest Neigh
bors, and Decision Trees for classifying blood groups
based on fingerprint features. The researchers focused
on minutiae points, ridge counts, and fingerprint loops
. Among the models tested, Random Forest achieved t
he highest accuracy of 88.3%, underscoring the import
ance of selecting the right features and refining the dat
aset for improved classification performance.

Data Augmentation to Enhance Fingerprint-Based Blo
od Group Prediction (Gupta & Sharma, 2024) This Ind
ian study investigates the effectiveness of data augmen
tation in improving machine learning models for predi
cting blood groups from fingerprint images. Techniqu
es such as rotation, scaling, and flipping were applied t
o expand the fingerprint dataset, thus preventing overf
itting and boosting the model’s generalization ability.
A Convolutional Neural Network (CNN) was trained u
sing this augmented data, leading to an impressive 93.
2% accuracy, illustrating the role of data augmentation
in enhancing the performance of biometric- based clas
sification systems.

Deep Learning Approaches for Blood Group Predictio
n from Fingerprints (Zhang et al., 2023) A study from
China explores the use of hybrid deep learning models
, combining Convolutional Neural Networks (CNNs)
with Long Short-Term Memory (LSTM) networks to p
redict blood groups from fingerprint data. The hybrid
model captures both the spatial and temporal features o
f fingerprint patterns, achieving a 92% accuracy. This
approach demonstrates that combining different deep |
earning architectures can improve the accuracy of bloo
d group classification from biometric data.
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Combining Feature Extraction and Machine Learning f
or Blood Group Classification (Mohamed & Ahmad,2
019) Researchers from the UAE developed a hybrid m
ethodology that integrates Local Binary Patterns (LBP
) for feature extraction with machine learning algorith
ms like Gradient Boosting Machines (GBM) to classif
y blood groups from fingerprints. The combination of
handcrafted feature extraction and machine learning re
sulted in an accuracy of 87%, suggesting that integrati
ng these approaches can yield better performance in b
iometric-based identification systems.

Multi-Biometric Systems for Blood Group Detection (
Patel et al.,2022) This study from the United Kingdo
m investigates the potential of multi-biometric system
s to improve blood group detection. By combining fin
gerprint data with other biometric traits, such as iris sc
ans, researchers developed a multi-stream deep learnin
g model that processes various biometric features simu
Itaneously. This approach yielded a 95% accuracy, sug
gesting that multi-modal systems could offer more reli
able results in real-world applications like forensic ana
lysis or medical diagnostics.

Developing a Global Fingerprint Database for Blood G
roup Classification (Lee et al., 2022) This internationa
1 collaboration, involving researchers from the United
States, South Korea, and Germany, created a compreh
ensive global fingerprint database linked to blood type
s. With over 10,000 fingerprint samples, the team used
CNN-based models to predict blood groups. The resul
ting model achieved a high accuracy of 97%, emphasi
zing the significance of large, diverse datasets for crea
ting robust and scalable blood group prediction system
s based on fingerprint data.

Optimizing Blood Group Prediction from Fingerprints
Using Genetic Algorithms (Gomez et al., 2023) In this
study, researchers from Spain combined genetic algori
thms with traditional machine learning techniques suc
h as Random Forest and SVM for blood group classifi
cation from fingerprint data. The optimization of featu
re selection using genetic algorithms improved the cla
ssification accuracy to 91%, highlighting the potential
of hybrid approaches for boosting the effectiveness of
biometric-based prediction systems.

A Review of Biometric Approaches for Blood Group I
dentification (Wang et al., 2021) This review paper, p
ublished in Japan, provides an overview of various bio
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metric methods used for blood group classification, in
cluding fingerprints, palm prints, and iris scans. It asse
sses the effectiveness of different machine learning m
odels, including deep learning techniques like CNNs, a
s well as Support Vector Machines (SVM) and K-Nea
rest Neighbors (KNN). The review also highlights cha
llenges such as dataset limitations, class imbalance, an
d the standardization of data collection methods. It con
cludes with suggestions for future research that could i
nvolve integrating multiple biometric features to enha
nce the accuracy and reliability of blood group classifi
cation systems.

III. METHODS

Probably the biggest issue with fingerprint-based blood
group detection research is the reliance on extremely
small and often unrepresentative datasets. It would
seem that many of these studies are based on samples
so small that they are sometimes less than a few
hundred individuals. For instance, KC et al. (2018) and
Kukadiya et al. (2020) carried out populationbased data
that were based on very specific, geographically
confined populations: for example, a single country or
city. This restricts the extrapolation to populations
around the globe. Consequently, fingerprint patterns
and blood group associations may be subject to
different factors, including genetic, environmental, and
social problems unique to those populations.

It follows that the results from such research are not
necessarily generalizable to larger or more culturally
heterogeneous populations. Moreover, when datasets
are simply too small, models trained on them will also
likely suffer from overfitting, which tends to result in
poor generalization at time of test on data that has not
yet been seen. Future works should focus on a wider
and diverse dataset including persons from different
geographic regions and ethnic backgrounds with
changing demographic characteristics, so the
credibility and validity of these systems might be more
enhanced. Larger sample sizes would statistically
validate the results to make sure they more or less truly
reflect correlations between fingerprint patterns and
blood groups instead of simple coincidences created by
incomplete data.
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Fig 2: Fingerprint Data

Dataset bias is another major problem that affects the
reliability of fingerprint-based blood group detection
methods. The biometric features for classification,
which include ridge patterns, minutiae points, and
loops, show considerable variation among different
populations, genders, and age groups. Many of the
existing studies have therefore been conducted on
specific populations or regions and, therefore, their
respective findings might not apply to individuals from
other regions or ethnicities.

For instance, Shaban and Elsheweikh (2022) found that
their results are confounded by the demographic
characteristics of Egypt's population, which may not be
generalizable to others outside their geographic
location. Similarly, Gupta (2024) argued that models
trained on homogeneous data may not have much
generalizability to more heterogeneous populations.
There is a necessity for future studies to include diverse
populations in the datasets to avoid risks of dataset
bias. The inclusion of diverse ethnic groups and age
groups in the inclusion of participants or subjects along
with their geographical areas will improve the
robustness of the model and will make the model fair
and inclusive enough for use. Besides, researchers
should consider demographic effects on fingerprint-
based blood group prediction accuracy and adjust for
those variables in models.

There are differences in the algorithms and techniques
that are proposed for fingerprint-based blood group
predictions; hence, it is not straightforward to pinpoint
what would be best or most effective. Advanced
machine learning and deep learning techniques may
yield better accuracy but will have a cost in complexity
and computation that will not be acceptable in settings
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that lack resources. Simpler algorithms might not
achieve equal accuracy or robustness under noisy or
low-quality images of fingerprints. Future work should
perhaps  strive  towards  standardization  of
methodologies regarding feature extraction as well as
classification in order to be able to compare across
studies and evaluate fairly the approaches that are
adopted. Also, openaccess, annotated datasets created
for public use will help in presenting fair comparisons
between models and methodologies, which will
accelerate the research in the field.

Iv. RESULT ANALYSIS

Accurate blood group identification is fundamental in
healthcare, serving a vital role in transfusion medicine
, organ transplantation, and trauma care. Conventional
blood typing methods rely on laboratory-based testing,
requiring blood samples and specific reagents, which
may not be readily available in low-resource settings o
r emergency situations. Consequently, there is a growi
ng interest in developing non-invasive, rapid blood gro
up detection techniques that are accessible and do not r
ely on laboratory infrastructure.
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Fig 3: Fingerprints & Blood Group Distribution In Ide
ntification Process

Fingerprint-based blood group detection is a novel app
roach that builds on the well-established field of biom
etrics. Fingerprints unique patterns and their stability o
ver a person’s lifetime, making them an ideal candidat
e for personal identification. Fascinatingly, new studie
s propose that certain fingerprint features may correlat
e with genetic and physiological characteristics, includ
ing blood group. This potential link provides the basis
for using fingerprint patterns as an indirect biomarker f
or blood type classification, offering a path toward no
n-invasive diagnostic tools. The primary challenge in t
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his approach lies in accurately extracting and analyzin
g fingerprint features that are potentially indicative of
blood groups. Feature extraction, therefore, is fundam
ental to transforming raw fingerprint images into mean
ingful data. Established image processing approaches 1
ike Scale-Invariant Feature Transform (SIFT), Histogr
am of Oriented Gradients (HOG), and Local Binary Pa
tterns (LBP), have shown promise in capturing key tex
tural and edge-based characteristics within fingerprint
patterns. SIFT, for instance, is robust to scale and rotat
ion, enabling it to identify consistent features across di
fferent images. focuses on edge directions and gradien
ts, making it effective in capturing the ridge and valley
patterns in fingerprints, while LBP is advantageous for
texture classification, which is capable of being useful
for differentiating the subtle variations linked to blood
types. In addition to these classical techniques, recent
advancements in deep learning have advanced (CNN)-
based methods that can automatically learn high-level
features from fingerprint images without manual engin
eering. These deep learning techniques, through layer-
wise feature extraction, can capture intricate details an
d complex relationships that may be challenging to dis
cern with traditional methods.

V. CONCLUSION

The project focused on blood group prediction using
fingerprint analysis through advanced machine
learning techniques offers a promising step forward in
biometric- based medical diagnostics. By integrating
fingerprint data with powerful classification
algorithms, this system aims to provide quick, non-
invasive, and accurate identification of blood groups,
offering a practical solution for various applications in
forensics, emergency medicine, and medical record
management. This approach holds significant
potential, providing advantages such as high accuracy,
efficiency, and ease of use. However, challenges
remain, particularly regarding dataset variability, the
need for large-scale data, and potential technical
limitations in feature extraction from fingerprint
images. Addressing these challenges will be crucial for
maximizing the system\'s capabilities and ensuring its
broader applicability across diverse populations.
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