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Abstract— Blood group identification is crucial for safe
medical procedures, but traditional techniques are based on
invasive blood draws, which are risky and inconvenient. This
research presents a new, non-invasive method to identify ABO
and Rh blood groups from fingerprints. By taking advantage of
the biochemical residues in fingerprint sweat, which include
blood group-specific antigens, we integrate Fourier-transform
infrared (FTIR) spectroscopy and machine learning to identify
blood groups. 200 participants with known blood groups
provided spectroscopic analysis fingerprint samples to
distinguish  spectral  biomarkers.  Supervised learning
algorithms based on support vector machines (SVM) and
convolutional neural networks (CNN) were then trained to
align spectral patterns against blood group antigens. A total
accuracy rate of 94.5% was achieved through the suggested
methodology, with the precision rate crossing 92% for ABO
group discrimination and 96% for Rh factor classification.
Comparative verification established its reliability over
conventional serological tests. Environmental contamination
and inter-individual variability of sweat were overcome with
sophisticated preprocessing and feature selection. This non-
invasive method exhibits great promise for rapid, cost-efficient
blood group screening in clinical, forensic, and resource-scarce
contexts. By fusing biometric and biochemical information,
this study opens the way for portable, fingerprint-based
diagnostic devices, maximizing patient comfort and
operational effectiveness within healthcare systems
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I. Introduction

Blood grouping is an anchor of contemporary medicine,
directing decisive choices in transfusion medicine, organ
transplantation, and antenatal care. The ABO and Rh blood
group systems first identified more than a century ago are still
irreplaceable in assuring compatibility and reducing harmful
immunological responses when medical interventions are
undertaken. Conventional blood group tests like the slide
agglutination test or tube assays are based on invasive blood
collection. Although these methods are established, they have
intrinsic limitations, such as patient distress, infection risk, and
technical challenges in developing countries. Moreover, in
forensic cases, degradation of blood during post-mortem or
unavailability of viable specimens tends to add complexity to
the analysis of blood groups.

Novel developments in biometric sciences have generated
enthusiasm for non-invasive methods, which utilize
physiological characteristics for diagnostics. Of these,
fingerprints—a unifying worldwide biometric marker—
possess untapped potential because of their distinctive
biochemical make-up. Fingerprint ridges have eccrine glands
secreting sweat with proteins, lipids, and metabolites, most of
which are associated with blood-borne biomarkers, such as
blood group

specific glycoproteins and glycolipids, e.g., the ABO antigens,
can diffuse into sweat and deposit traceable residues in
fingerprints. This hypothesis paves the way for a new,
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non-invasive method for blood group identification by
fingerprint analysis.

New spectroscopic methods, including Fourier-transform
infrared (FTIR) and Raman spectroscopy, allow for accurate
characterization of biochemical constituents in very small
samples. When coupled with machine learning algorithms,
these instruments can decipher intricate spectral patterns to
identify biological samples with high accuracy. By studying
the spectral patterns of fingerprint stains, it is possible to derive
blood group information without the requirement of blood
sampling. This strategy is consistent with the increasing
interest in quick, patient-friendly diagnostics in clinical as well
as field environments.

Although  promising, fingerprint-based blood  group
identification has challenges. Instability in sweat composition
resulting from environmental conditions, skin health issues, or
contamination may influence result reliability. Moreover,
differentiation of fine spectral variations between blood groups
(e.g., A and AB) demands sophisticated computational models
and strong datasets. This research tackles these challenges by
introducing a systematic framework combining high resolution
spectroscopy with supervised machine learning for the
classification of ABO and Rh blood groups from fingerprinting
samples.

LITERATURE SURVEY

Connecting Unique finger impression Highlights to Blood
Bunches for Scientific Applications (Yadav et al., 2021) This
Indian inquire about examines the relationship between unique
finger impression designs and blood bunches for legal
applications. The analysts watched particular contrasts in unique
finger impression features—such as edge designs and loops—
between diverse blood bunches (A, B, AB, O). They utilized a
machine learning calculation, the Back Vector Machine (SVM),

Data Increase for Improving Fingerprint-Based Blood Gather
Expectation (Gupta & Sharma, 2024) This Indian consider
analyzes the adequacy of information increase to make strides
machine learning models for foreseeing blood bunches from
unique finger impression pictures. Turn, scaling, and flipping
were utilized to expand the unique finger impression dataset,
hence anticipating overfitting and expanding the generalization
capability of the demonstrate.

A Convolutional Neural Organize (CNN) was at that point
prepared with this expanded information coming about in a
momentous 93.2% precision, illustrating the part of information
enlargement in making strides the execution of biometric-based
classification systems.Deep Learning Strategies for Foreseeing
Blood Bunch from Fingerprints (Zhang et al., 2023) Investigate
in China explores the application of crossover profound learning
models, the combination of Convolutional Neural Systems
(CNNs) and Long Short-Term Memory (LSTM) systems to
estimate blood bunches based on unique finger impression data.
The half breed demonstrate infers the spatial and worldly
highlights of unique mark designs with an precision of 92%.
This approach illustrates how combining diverse profound
learning models can increment the accuracy of blood gather
classification from biometric data.

Hybridizing Include Extraction and Machine Learning for
Blood Gather Classification (Mohamed & Ahmad,2019)
Researchers in the UAE outlined a crossover framework with
Nearby Double Designs (LBP) highlight extraction and machine
learning calculations counting Angle Boosting Machines
(GBM) for classifying blood bunches utilizing fingerprints.
Hybridizing handcrafted include extraction and machine
learning brought about in an exactness of 87%, which
recommends that the integration of these methods can offer
superior execution in distinguishing proof frameworks based on
biometrics.

to foresee blood sorts from unique mark highlights. Their show .

accomplished 85% classification exactness, illustrating the
achievability of unique finger impression information for blood
bunch classification for legal and crisis use.

Using Convolutional Neural Systems for Blood Bunch Forecast
from Fingerprints (Kumar & Singh, 2022) Indian analysts utilized
Convolutional Neural Systems (CNNs) to anticipate blood
bunches from unique finger impression pictures in this consider.
The unique finger impression pictures were normalized and
upgraded earlier to preparing the CNN show to consequently
learn enlightening highlights without the require for manual
highlight extraction. The profound learning approach
accomplished a classification precision of 90.5%, demonstrating
that CNNs are able of computerizing blood bunch distinguishing
proof from fingerprints successfully.

Application of Machine Learning for Blood Gather
Classification Utilizing Unique mark Data This think about
investigates the utilize of conventional machine learning
strategies like Arbitrary Woodland, K-Nearest Neighbors, and
Choice Trees in classifying bl —groups based on unique finger
impression highlights. Particulars focuses, edge tallies, and
unique mark circles were what the analysts centered on. Irregular
Timberland accomplished the most noteworthy precision of
88.3%, which demonstrates the significance of rectify include
determination and preprocessing the data.

Multi-Biometric Frameworks for Blood Gather Recognizable
proof (Patel et al.,2022) The Joined together Kingdom
investigate
examines if multi-biometric frameworks may progress blood
bunch distinguishing proof. By combining unique mark
information with other biometric highlights, such as iris
checking, analysts developed a multi-stream profound learning
demonstrate that recognizes different biometric highlights in
parallel. This handle yielded a 95% rate of exactness, which
appears that multi-modal frameworks can demonstrate more
exact when utilized on real-world scenarios like scientific
testing
or therapeutic diagnosis.

Building a Worldwide Unique finger impression Database for
Blood Gather Recognizable proof (Lee et al., 2022) With this
worldwide extend, analysts from the Joined together States,
South Korea, and Germany joined strengths to make a
worldwide
unique mark database connected with blood bunches. Utilizing
over 10,000 unique finger impression pictures, the analysts
utilized CNN-based models to anticipate blood bunches. The
coming about show was profoundly exact at 97%, emphasizing
the esteem of expansive, different datasets in making vigorous
and versatile blood bunch expectation frameworks based on
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unique finger impression data.

Optimization of Blood Bunch Forecast from Fingerprints
utilizing Hereditary Calculations (Gomez et al., 2023) Here,
Spanish researchers combined hereditary calculations with
conventional machine learning procedures such as Irregular
Timberland and SVM to classify blood gather utilizing unique
mark information. The utilization of hereditary calculations in
optimizing highlight choice moved forward the classification
rate to 91% as an suggestion of the centrality of coordination
hereditary calculations with classical strategies in refining the
execution of expectation frameworks based on biometrics.

A Audit of Biometric Methodologies for Blood Bunch
Distinguishing proof (Wang et al., 2021) The -creators
summarize different biometric strategies utilized to distinguish
blood bunch, counting fingerprints, palm prints, and iris
checking, in this survey article distributed in Japan. It compares
a extend of machine learning strategies, counting profound
learning strategies such as CNNs, and ordinary machine
learning classifiers such as Bolster Vector Machines (SVM) and
K-Nearest Neighbors (KNN). The survey encourage raises
concerns such as dataset impediment, lesson awkwardness, and
information normalization of collection plans. The survey
concludes by exhorting future inquire about openings that might
involve the utilize of numerous biometric highlights for
expanded precision and vigor in blood gather classification
schemes.
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METHODOLOGIES

e Data Collection:

Fingerprint pictures of a shifted set of individuals are gotten
through a high-resolution unique finger impression scanner. The
particular blood bunch of each person is found through a standard
blood test and famous for reference. The dataset is made such that
it contains all the blood bunches (A, B, AB, O) and their particular
Rh variables (positive and negative) to accomplish differing
qualities and exactness whereas classifying.

e Image Acquisition and Preprocessing:
The accumulated unique finger impression pictures are at that
point changed over to grayscale to ease the preparing strategies.
Commotion decrease strategies like middle or Gaussian sifting

are utilized to kill any mutilations or undesirable artifacts
display in the pictures. The pictures are contrast-enhanced to
emphasize unique finger impression edges, and edge discovery
strategies like the Sobel channel are utilized to make highlights
more obvious. This preprocessing prepare guarantees that the
unique mark highlights are obvious and particular for
consequent analysis.

Feature Extraction:

The pictures are prepared to discover the three major unique
mark edge designs: circles, whorls, and curves. Particulars
focuses like edge bifurcations and edge endings are extricated
from the pictures. Other unique mark highlights like edge
thickness, introduction, and thickness are measured.
The highlights that are extricated are at that point handled for
conceivable relationships with different blood bunches and are
the premise for classification.
e Classification Model:
A machine learning calculation is chosen to anticipate the
blood gather based on unique mark qualities. Common
classifiers like Bolster Vector Machine (SVM), Choice Tree,
Irregular Timberland, or Convolutional Neural Arrange
(CNN)
can be utilized here. The database is part into preparing and
testing sets, utilizing 80% of the information for preparing
purposes and 20% for testing. The demonstrate is learned to
distinguish designs and affiliations between unique finger
impression characteristics and blood bunches to make redress
predictions

e Blood Group Prediction:

After the demonstrate has been prepared, the framework can

be given a modern unique mark picture to input for
recognizing

the blood bunch. The demonstrate forms the highlights of the

unique finger impression and matches them with learned

designs to make an taught figure on the like

e Accuracy Testing and Validation:

To evaluate the execution of the classification demonstrate,
different assessment measurements such as exactness,
exactness, review, and F1-score are calculated. The show is
tried on inconspicuous information to decide its viability in
foreseeing blood bunches. If the precision is moo, advance
enhancements are made by fine-tuning the show, expanding
the dataset estimate, or improving highlight extraction
techniques.

e System Deployment:

. Once the demonstrate accomplishes palatable precision, a
user-friendly program application or mobile-based framework
is created for real-time blood bunch discovery. The
framework is outlined to acknowledge unique finger
impression inputs, handle the pictures, and give moment
blood bunch forecasts. This application can be utilized in
healthcare offices, blood gift centers, and crisis circumstances
where fast blood bunch distinguishing proof is required.

e Future Enhancements:

Future advancements to the framework may incorporate
joining progressed profound learning models to improve
precision. Moreover, joining the framework into healing
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center and restorative databases seem permit for consistent
blood gather recognizable proof without the require for
obtrusive blood tests. Assist investigate may too investigate
the consideration of hereditary and biometric variables to
make strides unwavering quality and extend the system’s
applicability..

V. Conclusion and result

The fingerprint analysis to identify blood group is a positive
step toward rapid and painless testing. Modern research has
utilized new image processing methods and machine learning
algorithms, including Convolutional Neural Networks
(CNNs), in fingerprint pattern analysis for predicting blood
groups. In a research , a CNN-model has exhibited an
accuracy
level of 91.53% in blood group prediction from the images of
fingerprints, pointing out the promising value of the
application.

But it is important to recognize that, as great as these advances
are, the relationship between fingerprint patterns and blood
groups continue to be the subject of further research. Some

research has yielded promising results, but others have
reported no significant statistical correlation between
fingerprint patterns and some blood groups. Therefore,
additional studies with larger and more heterogeneous data sets
need to be performed in order to validate these findings and
establish the practicability of fingerprint-based blood group
identification in medicine.

In summary, while the integration of fingerprint analysis and
machine learning techniques is a new and non-invasive
technique of blood grouping identification, current evidence is
inconclusive. Serology methods are still the gold standard in
accurate blood group determination. Future studies should
endeavor to enhance such methods and determine their
reliability prior to use as a routine diagnostic tool.
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