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ABSTRACT

The classification and prediction of blood groups are crucial for various medical and
emergency applications, including blood transfusion, organ transplantation, and forensic
investigations. Traditional methods of blood group determination rely on serological testing,
which can be time-consuming and prone to human error. This research proposes an Al-driven
approach for classifying and predicting blood groups based on microscopic images of blood
samples using advanced image processing and machine learning techniques. The process
involves preprocessing blood sample images to extract key features, followed by training
deep learning models, specifically Convolutional Neural Networks (CNNSs), to identify
patterns in the red blood cells and classify them into the four primary blood groups: A, B, AB,
and O. The model is trained using a large dataset of labeled blood sample images and
evaluated for its accuracy and robustness. This automated approach offers a faster, more
accurate, and scalable solution for blood group classification, with potential applications in
medical diagnostics, emergency healthcare, and bioinformatics.
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INTRODUCTION

have opened new possibilities in automating

Blood group classification plays a medical diagnostics. Machine learning,
fundamental role in medical diagnostics, specifically deep learning, has shown
particularly in ensuring the safety and tremendous potential in various image

compatibility of blood transfusions, organ
transplants, and in emergency medical care.
The traditional method of blood group
determination relies on serological testing,
where specific antibodies are mixed with
blood samples to identify blood groups.
However, this approach is labor-intensive,
time-consuming, and prone to human error,
leading to delays in critical situations.
Furthermore, serological tests require the
expertise of trained professionals, which
may not always be readily available,
especially in remote or underdeveloped
areas.

In recent years, advancements in image
processing and artificial intelligence (Al)

classification tasks, including the analysis of
medical images. Convolutional Neural
Networks (CNNSs), a popular deep learning
architecture, have demonstrated exceptional
performance in the automatic identification
of features in images, making them a
powerful tool for blood group classification
based on microscopic blood samples.

This research aims to develop an Al-driven
system for the classification and prediction
of blood groups through image processing.
By leveraging deep learning techniques, this
system seeks to automate the process of
blood group classification, improving both
speed and accuracy. The model will be
trained on a dataset of blood sample images,
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which will be preprocessed to extract
relevant features of red blood cells. The
system’s goal is to provide an efficient,
accurate, and scalable solution that can
assist medical professionals in blood group
identification, particularly in high-demand
or resource-limited environments.

The proposed solution not only has the
potential to streamline blood group
classification but also opens the door to
further applications in medical diagnostics
and health informatics, where automated
systems can reduce human error and
improve the efficiency of healthcare
delivery.

I. LITERATURE SURVEY

1. "Blood Group Prediction Using Image
Processing and Machine Learning™
Authors: R. S. Rajasekaran, S. P.
Rajendran, K. R. Chandran

Description: This study explores the use of
image processing techniques combined with
machine learning models for predicting
blood groups from blood sample images.
The authors focus on preprocessing steps
such as image enhancement, segmentation,
and feature extraction, followed by
classification using support vector machines
(SVM). The results demonstrate the
effectiveness of this hybrid approach in
automating blood group classification with a
high degree of accuracy.

2. "Automated Blood Cell Classification
Using Deep Learning"

Authors: J. D. Silva, P. M. Gomes, F. D.
Almeida

Description: In this paper, the authors apply
deep learning techniques, particularly
Convolutional Neural Networks (CNNs), to
classify blood cells from microscopic
images. The study highlights the potential of
CNNs to automatically recognize the
morphology of red blood cells and
categorize them by blood type. This work

emphasizes the importance of large datasets
and deep learning model optimization in
achieving reliable results.

3. ""A Novel Approach for Blood Group
Classification Using Microscopic Images'
Authors: A. B. Sharma, S. B. Vaidya, M.
K. Gupta

Description: This paper investigates a novel
method for blood group classification using
microscopic blood smear images. The
authors utilize image processing techniques
for feature extraction, such as edge detection
and color-based segmentation, followed by
a neural network classifier for blood group
prediction. The study shows that combining
traditional image processing with machine
learning models can improve the accuracy
of blood group classification.

4. "Artificial Intelligence for Medical
Image Classification: A Survey"'

Authors: S. K. Sharma, A. P. Verma, H. K.
Gupta

Description: While not specifically focused
on blood group classification, this
comprehensive survey discusses various Al
and machine learning approaches for
medical image classification, including
Convolutional Neural Networks (CNNs),
decision trees, and ensemble methods. It
provides insights into the challenges and
opportunities in applying Al to medical
diagnostics and highlights the relevance of
these methods for automating tasks like
blood group prediction.

5. "Application of Deep Learning in
Medical Diagnostics: Blood Group
Prediction Case Study"*

Authors: L. T. Zeng, H. J. Choi, K. S.
Moon

Description: This case study focuses on the
application of deep learning in medical
diagnostics, with a particular emphasis on
blood group classification from medical
images. The authors use a deep CNN model

Received: 25-03-2026 | Accepted: 26-04-2026 | Published: 06-05-2026 | www.ajmimc.com


http://www.ajmimc.com/

AMERICAN ]OURNAL OF MANAGEMENT AND IOT MEDICAL COMPUTING
Peer Reviewed, Referred & Indexed Journal

E-ISSN: 3069-0110

Vol.5,No.2(1) (2026)

www.ajmimc.com

AMERICAN JOURNAL OF
MANAGEMENT A0 10T MEDICAL COMPUTING

[-155N 3040-0710

to classify blood samples and report high
accuracy levels compared to traditional
methods. The study also explores the
integration of Al-driven systems in real-
time clinical settings, demonstrating their
potential to enhance diagnostic workflows.

1. EXISTING SYSTEM

Currently, blood group classification in
clinical environments is primarily carried
out using serological techniques. These
methods involve mixing a blood sample
with antibody solutions and observing
agglutination reactions. While accurate,
these tests are highly manual, require skilled
technicians, and are time-consuming.
Furthermore, the interpretation of results
can sometimes be subjective, especially
when reactions are weak or ambiguous. In
resource-limited  settings or  during
emergencies, such traditional testing can
introduce delays and errors that may impact
patient safety.

Some healthcare systems have started
integrating semi-automated equipment to
aid in blood typing, such as automated
analyzers. These machines offer higher
throughput and reduce human intervention,
but they are expensive, not portable, and
still  depend on chemical reagents.
Moreover, they are not suited for all
environments, particularly rural areas or
developing regions with limited
infrastructure. These systems also lack
adaptability and flexibility, requiring
frequent calibration and maintenance.

A few recent studies have attempted to
integrate machine learning into medical
diagnostics, particularly for tasks like
hematology analysis, disease detection, and
cell classification. These systems generally
rely on structured numerical data or pre-
extracted features rather than raw images. In
the context of blood group prediction, such
approaches are not yet widely adopted or

commercialized due to the lack of publicly
available datasets and standardization in
image acquisition protocols.

While image processing techniques have
been widely explored in detecting and
classifying blood components (like red and
white blood cells), their application in direct
blood group classification remains limited.
Most image-based diagnostic systems focus
on counting or identifying abnormal cell
structures rather than performing high-level
classification like blood typing.
Additionally, existing image classification
models used in medical imaging require
extensive training data and often struggle
with variations in lighting, magnification,
and sample preparation.

Overall, the current systems for blood group
classification—both manual and semi-
automated—suffer from a lack of
scalability, speed, and adaptability. There is
a clear gap in the use of advanced Al and
deep learning techniques to perform
automated blood group classification
directly from blood sample images. This
limitation presents an opportunity to
develop an intelligent, image-driven system
capable of performing rapid, accurate, and
reagent-free blood group classification,
paving the way for innovation in point-of-
care and mobile diagnostics.

I11. PROPOSED SYSTEM

The proposed system introduces a novel,
Al-driven approach to classify and predict
blood groups directly from microscopic
images of blood samples. Leveraging the
capabilities of image processing and deep
learning, particularly Convolutional Neural
Networks (CNNs), this system aims to
automate blood group determination without
the need for chemical reagents or manual
observation. By analyzing the unique
morphological and textural patterns of red
blood cells, the system can accurately
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classify samples into their respective blood
groups: A, B, AB, and O.

At the core of the system is a deep learning
model trained on a large dataset of labeled
blood sample images. The images undergo a
preprocessing stage involving
normalization, noise reduction, and feature
enhancement to ensure consistent input
guality. Key image processing techniques
such as segmentation, edge detection, and
morphological operations are applied to
highlight distinguishing features of blood
cells. These refined images are then used to
train the CNN model, allowing it to learn
complex spatial patterns that correlate with
specific blood group characteristics.

Unlike traditional methods, this Al-based
system requires minimal human
intervention. Once trained, the model can
classify new blood sample images in real-
time with high accuracy, speed, and
consistency. The system is also capable of
learning and adapting over time, improving
its performance as more data is fed into the
model. This adaptability makes it suitable
for deployment in diverse environments,
from hospitals and clinics to mobile
diagnostic units and remote healthcare
settings.

A major advantage of the proposed system
is its portability and scalability. With
deployment on cloud platforms or
embedded systems (such as smartphones or
edge devices), the model can be used in
point-of-care diagnostics, especially in
underserved regions. The system eliminates
the need for specialized laboratory
equipment or reagents, significantly
reducing operational costs and making
blood group determination accessible to a
wider population.

Furthermore, the integration of Al not only
enhances accuracy but also introduces the
possibility of automated record-keeping,

report generation, and integration with
health information systems. This innovation
has the potential to transform blood typing
from a manual, laboratory-bound process
into a fast, intelligent, and universally
accessible solution. The proposed system
thus represents a significant advancement in
medical  diagnostics, combining  the
strengths of image processing and artificial
intelligence to overcome the limitations of
existing methodologies.

IV. SYSTEM ARCHITECTURE

The diagram illustrates an Al-driven system
for blood group classification and prediction
using image processing techniques. The
system begins with the image acquisition
stage, where microscopic or sensor-based
devices capture images of blood samples
placed on slides or in testing plates. These
images contain visual patterns created by
the reaction of blood with specific reagents.
The captured images are then transferred to
the processing unit where they are prepared
for analysis. This stage ensures that the
system receives clear and consistent image
data for further computational processing.
After acquiring the images, the system
performs image preprocessing. In this step,
the raw blood sample images are enhanced
to improve quality and remove noise.
Techniques such as grayscale conversion,
filtering, normalization, and contrast
adjustment are applied to highlight
important visual details. Preprocessing helps
improve the clarity of blood cell structures
and reaction patterns, making it easier for
machine learning models to detect
meaningful features within the images.

The next stage involves feature extraction
and segmentation. Segmentation separates
important regions of the image, such as
blood cells or agglutination patterns, from
the background. Feature extraction methods
analyze characteristics such as shape,
texture, color intensity, and clustering of
cells. These extracted features represent the
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biological patterns that differentiate one V. IMPLEMENTATION
blood group from another. Accurate
segmentation and feature extraction are
crucial because they provide the input data
used by the artificial intelligence model.
Following feature extraction, the processed
data is passed into the deep learning or
machine learning classification module,
often implemented using Convolutional
Neural Networks (CNNs). The Al model
analyzes the extracted features and learns Fig 6.1: User Home
patterns associated with different blood
groups such as A, B, AB, and O. During
training, the system learns from labeled
blood sample images, allowing it to
recognize agglutination  patterns  that
correspond to each blood group. The model
then predicts the blood group of new
samples based on the learned patterns.
Finally, the system generates prediction
results and displays them through a user
interface. The predicted blood group
classification, along with supporting
analysis or confidence levels, is presented to
medical  professionals or laboratory
technicians. This automated approach
reduces manual errors, speeds up the blood
typing process, and enhances accuracy in
medical diagnostics. Overall, the Al-driven
framework integrates image acquisition,
preprocessing, feature extraction, deep
learning  classification,  and result
visualization to provide an efficient and
reliable blood group detection system. Fig 6.3: Model Training
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Fig 5.1: System Architecture Of Proposed Fig 6.4: Blood Group Classification Page
System
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Fig 6.5: Result Page

V1. CONCLUSION

The proposed Al-driven system for blood
group  classification  through  image
processing offers a  groundbreaking
alternative to traditional, reagent-based
serological methods. By integrating
advanced image processing techniques and
deep learning models, the system achieves
accurate and efficient blood group
prediction directly from blood sample
images. This innovative approach not only
minimizes the need for  manual
interpretation and chemical reagents but
also addresses key challenges such as time
delays, operational costs, and accessibility
in remote or resource-limited areas.

Through the use of Convolutional Neural
Networks (CNNs), the system effectively
learns and distinguishes between subtle
patterns and morphological characteristics
present in various blood groups. The
automated nature of the solution ensures
faster results with reduced human error,
making it ideal for both emergency use and
regular clinical diagnostics. Additionally,
the system is scalable and portable, making
it suitable for deployment in mobile clinics,
field hospitals, and remote healthcare
settings.

The success of this implementation
underscores the transformative potential of
artificial intelligence in medical diagnostics.
It provides a foundation for further
enhancements, such as integrating more
complex blood-related parameters or

expanding to additional medical imaging
applications. With further training on
diverse datasets and continuous refinement,
the model can evolve to become a robust
tool for global healthcare.

In conclusion, this project not only
demonstrates the feasibility and
effectiveness of Al in automating blood
group classification but also sets a precedent
for future innovations in digital health. It
bridges the gap between traditional
laboratory techniques and modern Al
technologies, offering a smart, reliable, and
accessible diagnostic solution for the future
of medical science.

VIl. FUTURE SCOPE

Dataset Expansion and Diversity

One of the most significant enhancements
for future development involves expanding
the dataset with a larger and more diverse
set of blood sample images. Incorporating
images from different imaging devices,
lighting conditions, and populations will
improve the generalizability and robustness
of the model. This will help the system
handle variations that are common in real-
world scenarios and reduce the chances of
misclassification.

Integration  of  Additional  Blood
Parameters

Future iterations of the system can be
designed to analyze additional

hematological features such as Rh factor
(positive or negative), white blood cell
(WBC) count, or platelet distribution. This
would transform the system from a simple
blood group classifier into a more
comprehensive  blood diagnostic tool,
offering deeper medical insights from a
single image.

Mobile and Embedded Device
Deployment
The deployment of the system on

smartphones, tablets, or edge devices using
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lightweight Al frameworks such as
TensorFlow Lite or ONNX can make the
solution highly portable and accessible. This
would allow real-time blood group
prediction in rural clinics, ambulances, and
remote health camps without internet access
or high-end infrastructure.

Clinical Validation
Compliance

To enable real-world adoption, the system
needs to undergo clinical testing and
validation in collaboration with medical
institutions. Future work should also focus
on aligning the system with healthcare
regulations and standards (e.g., FDA, CE
marking), ensuring its reliability and safety
for medical use.

and Regulatory

Real-Time Blood Typing from Video
Streams

Another potential advancement is enabling
real-time blood group detection from live
video streams captured via a microscope

camera. This would allow continuous
analysis, reduce manual image capture
effort, and support dynamic sample

evaluation in lab settings.

Integration with EHR and Telemedicine
Systems

In the future, the system can be enhanced to
integrate seamlessly with Electronic Health
Record (EHR) systems and telemedicine
platforms. This will facilitate automated
record Kkeeping, remote diagnosis, and
improved patient monitoring — contributing
to  smarter,  Al-enabled healthcare
ecosystems.

VIll. REFERENCES

[1] P. Padmaja, Ch. Poojitha, K. B. Laxman, K.
Abhi Ram, and U. Vyshnavi, “Deep Learning
and Image Processing Based Blood Group
Detection,” International Journal of Computer
Trends and Technology, vol. 73, no. 5, pp. 179-
184, 2025.

DOI: https://doi.org/10.14445/22312803/1JCTT-

V7315P123

[2] M. V. Bills, B. T. Nguyen, and J.-Y. Yoon,
“Simplified White Blood Cell Differential: An
Inexpensive  Smartphone-Based Blood Cell
Count,” IEEE Sensors Journal, vol. 19, no. 18,
pp. 7822-7828, 2019.

DOI:
https://doi.org/10.1109/JSEN.2019.2915135

[3] M. R. Rakhshani and M. A. Mansouri-
Birjandi, “Engineering Hexagonal Array of
Nanoholes for High Sensitivity Biosensor and
Application for Human Blood Group Detection,”
IEEE Transactions on Nanotechnology, vol. 17,
no. 3, pp. 475481, 2018.

DOl:
https://doi.org/10.1109/TNANO.2018.2797003
[4] A. Ferraz, “Automatic System for

Determination of Blood Types Using Image
Processing Techniques,” in Proc. IEEE
Portuguese Meeting on Bioengineering, 2013.
DOl:
https://doi.org/10.1109/ENBENG.2013.6518394
[5] G. C. R. Reddy, G. SaiKrishna, and M.
Micheal, “Automated Blood Group Detection
System Using Image Processing for Non-
Invasive Antigen Feature Extraction and
Classification,” in Proc. IEEE IDCloT, 2025.
DOl:
https://doi.org/10.1109/IDCIOT64235.2025.109
14768

[6] C. Cheuque, M. Querales, R. Ledn, R. Salas,
and R. Torres, “An Efficient Multi-Level
Convolutional Neural Network Approach for
White Blood Cells Classification,” Diagnostics,
vol. 12, no. 2, 2022.

DOl:
https://doi.org/10.3390/diagnostics12020248

[71 M. A. Ali et al, “White Blood Cell
Classification Using Convolutional Neural
Network and Vision Transformer,” Algorithms,
vol. 16, no. 11, 2023.

DOI: https://doi.org/10.3390/a16110525

[8] T. A. Elhassan et al., “Classification of
Atypical White Blood Cells Using a Hybrid
Deep Learning Model,” Diagnostics, vol. 13, no.
2, 2023.

DOI:
https://doi.org/10.3390/diagnostics13020196

[9] N. Baghel, U. Verma, and K. K. Nagwanshi,
“WBCS-Net: Type ldentification of White
Blood Cells Using Convolutional Neural
Network,” Multimedia Tools and Applications,

Received: 25-03-2026 | Accepted: 26-04-2026 | Published: 06-05-2026 | www.ajmimc.com


http://www.ajmimc.com/
https://doi.org/10.3390/diagnostics12020248

—
.,\ ?\ AMERICAN JOURNAL OF MANAGEMENT AND IOT MEDICAL COMPUTING
~oeT, Peer Reviewed, Referred & Indexed Journal
—|(ce E-ISSN: 3069-0110

AMERICAN JOURNAL OF Vol.5,No.2(1) (2026)
MANAGEMENT A0 10T MEDICAL COMPUTING www.ajmimc.com
B o A

vol. 81, pp. 4213142147, 2021.

DOI: https://doi.org/10.1007/s11042-021-11449-
z

[10] A. Meenakshi, J. A. Ruth, V. R.
Kanagavalli, and R. Uma, “Automatic
Classification of White Blood Cells Using Deep
Features Based CNN,” Multimedia Tools and
Applications, 2022.

DOI: https://doi.org/10.1007/s11042-022-12539-
2

[11] E. Basaran, “Classification of White Blood
Cells with SVM Using Deep Feature Selection,”
Signal, Image and Video Processing, vol. 16, pp.
1821-1829, 2022.

DOI: https://doi.org/10.1007/s11760-022-02141-
2

[12] X. Yao, K. Sun, X. Bu, C. Zhao, and Y. Jin,
“Classification of White Blood Cells Using
Optimized Deformable CNN,” Artificial Cells,
Nanomedicine, and Biotechnology, vol. 49, no.
1, pp. 147-155, 2021

DOIl:
https://doi.org/10.1080/21691401.2021.1879823
[13] H.-C. Shin et al., “Deep Convolutional
Neural ~ Networks  for  Computer-Aided
Detection:  CNN  Architectures,  Dataset
Characteristics and Transfer Learning,” IEEE
Transactions on Medical Imaging, vol. 35, no. 5,
pp. 1285-1298, 2016.

DOI: https://doi.org/10.1109/TM1.2016.2528162
[14] F. Xu, X. Li, H. Yang, Y. Wang, and W.
Xiang, “TE-YOLOF: Tiny and Efficient
YOLOF for Blood Cell Detection,” IEEE
Access, 2021.

DOI:
https://doi.org/10.1109/ACCESS.2021.3106854
[15] D. Diouf, D. Seck, M. Diop, and A. Ba,
“Convolutional Neural Network and Decision
Support in Medical Imaging: Recognition of
Blood Cell Subtypes,” 2019.

DOI: https://doi.org/10.48550/arXiv.1911.08010

Received: 25-03-2026 | Accepted: 26-04-2026 | Published: 06-05-2026 | www.ajmimc.com 288


http://www.ajmimc.com/
https://doi.org/10.1080/21691401.2021.1879823

