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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 AI-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 

(CNNs), 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. 

INTRODUCTION 

Blood group classification plays a 

fundamental role in medical diagnostics, 

particularly in ensuring the safety and 

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 (AI) 

have opened new possibilities in automating 

medical diagnostics. Machine learning, 

specifically deep learning, has shown 

tremendous potential in various image 

classification tasks, including the analysis of 

medical images. Convolutional Neural 

Networks (CNNs), 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. 
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This research aims to develop an AI-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, 

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. 

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 AI 
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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 AI 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 

to classify blood samples and report high 

accuracy levels compared to traditional 

methods. The study also explores the 

integration of AI-driven systems in real-time 

clinical settings, demonstrating their 

potential to enhance diagnostic workflows. 

SYSTEM ANALYSIS 

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 
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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 AI 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. 

Disadvantages of Existing Systems 

1. Manual Dependency 

Traditional blood group 

classification methods rely heavily 

on manual observation and 

interpretation by trained laboratory 

technicians. This introduces the 

possibility of human error, especially 

in borderline or unclear cases, which 

can lead to incorrect blood typing 

and severe medical consequences. 

2. Time-Consuming Process 

The serological testing method 

involves multiple steps—sample 

collection, reagent mixing, and 

observation—making the process 

relatively slow. In emergency 

situations where immediate blood 

group identification is required, these 

delays can become life-threatening. 

3. High Cost and Infrastructure 

Requirements 

Automated blood analyzers and 

semi-automated systems are 

expensive and require proper 

laboratory infrastructure, regular 

maintenance, and the use of costly 

reagents. This makes them 

inaccessible in rural or resource-

constrained environments where 

medical facilities are limited. 

4. Lack of Portability and Scalability 

Existing systems, particularly 

hardware-based analyzers, lack 

portability. They are not suitable for 

mobile clinics, disaster zones, or 

field hospitals. Additionally, scaling 

these systems to serve large 

populations requires significant 

investment in equipment and 

personnel. 

5. Limited Automation and 

Intelligence 

Even semi-automated systems do not 

incorporate artificial intelligence or 

deep learning capabilities. They lack 

adaptability and cannot improve their 

performance over time. Furthermore, 

they are not designed to learn from 

past errors or handle new patterns in 

blood cell morphology without 

reprogramming or retraining. 

PROPOSED SYSTEM 

The proposed system introduces a novel, AI-

driven approach to classify and predict 

blood groups directly from microscopic 

images of blood samples. Leveraging the 

capabilities of image processing and deep 

International Journal of Engineering Science and Advanced Technology (IJESAT) Vol 26 Issue 07, July 2026

ISSN:2250-3676 www.ijesat.com Page 835 of 844



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 

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 quality. 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 AI-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 AI 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. 

Advantages of the Proposed System 

฀   Automation and Accuracy 

The proposed system significantly reduces 

the dependency on human intervention by 

automating the blood group classification 

process. Deep learning models like 

Convolutional Neural Networks (CNNs) 

offer high accuracy by learning complex 

patterns from microscopic blood images, 

thereby minimizing the chances of human 

error. 

฀   Time Efficiency 

Unlike conventional serological methods, 

the AI-based system delivers near real-time 

results. This is especially crucial in 

emergency situations where rapid blood 
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group identification can be the difference 

between life and death. 

฀   Cost-Effective and Reagent-Free 

The system eliminates the need for 

expensive chemical reagents and high-end 

laboratory equipment. Once deployed, it 

only requires a digital microscope or 

camera-equipped imaging device, making it 

a highly economical solution for clinics and 

remote healthcare centers. 

฀   Scalability and Portability 

The AI model can be integrated into mobile 

devices, edge computing units, or cloud 

platforms, allowing the system to be used in 

rural areas, field hospitals, and mobile 

diagnostic units. This makes blood group 

prediction more accessible and scalable 

across diverse healthcare environments. 

฀   Intelligent Learning and Adaptability 

As a machine learning model, the system 

can continue to improve with more data. It is 

capable of adapting to new variations in 

blood sample images, enhancing 

performance over time and ensuring that the 

system remains robust and up-to-date. 

฀   User-Friendly Interface 

The proposed system can feature an intuitive 

interface that allows non-expert users such 

as general practitioners, nurses, or 

paramedics to operate it efficiently. This 

enhances usability and reduces the burden 

on specialized laboratory technicians. 

฀   Integration with Digital Health 

Records 

The system can be designed to automatically 

store and link results to electronic health 

records (EHRs), contributing to streamlined 

data management, better patient tracking, 

and analytics in clinical settings. 

IMPLEMENTATION 

 1.Automatically classifies blood groups using 

AI.  

2.Provides high prediction accuracy.  

3.Reduces manual errors in blood group 

identification.  

4.Delivers faster results compared to 

conventional methods.  

5.User-friendly interface with login, registration, 

and prediction modules.  

6.Suitable for real-time healthcare applications. 

 This literature survey aligns with the module 

shown in your screenshot, where the workflow 

includes: 

• Loading Blood Group Dataset  
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• Train/Test Split (80% Training, 20% 

Testing)  

• Firefly Optimized Deep Neural 

Network (DNN)  

• AI-Based Blood Group Prediction 

 

Pros of the Proposed System 

• Achieves 98.24% classification 

accuracy.  

• Uses Firefly Optimization to improve 

feature selection.  

• Deep Neural Network automatically 

extracts complex image features.  

• High Precision (98.68%), Recall 

(98.07%), and F1-Score (98.32%).  

• Generates a confusion matrix for 

detailed performance evaluation.  

• Suitable for real-time healthcare and 

laboratory applications. 

  

Pros of the Proposed System 

• Automatically predicts blood groups 

from uploaded blood sample images.  

• Uses Firefly Optimization to improve 

feature selection and model 

performance.  

• Deep Neural Network provides high 

classification accuracy. .  

• Easy-to-use interface with image upload 

functionality.  

• Suitable for hospitals, diagnostic 

centers, and blood banks. 

  

This literature survey and module explanation 

directly correspond to the prediction diagram 

shown in your screenshot, which includes the 
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Original Image, Segmented Image, and 

Predicted Blood Group result. 

  

The Blood Group Prediction module is the final 

stage of the AI-Driven Classification & 

Prediction of Blood Groups through Image 

Processing system. In this module, the user 

uploads a blood sample image through the 

application. The system first preprocesses the 

image by removing noise and enhancing its 

quality. 

  

The Blood Group Prediction module is the final 

stage of the AI-Driven Classification & 

Prediction of Blood Groups through Image 

Processing system. In this module, the user 

uploads a blood sample image for analysis. 

 

The system first preprocesses the image by 

removing noise, enhancing contrast, and 

normalizing the image. It then performs image 

segmentation to separate the blood reaction 

regions from the background. 

 

This explanation is suitable for the diagram 

displaying "Blood Group Predicted As: B", 

where the system processes the uploaded 

blood sample image, segments it, and predicts 

the blood group using the Firefly Optimized 

DNN model. 

 

The segmented image is passed to the Firefly 

Optimized Deep Neural Network (DNN), which 

extracts the most relevant features and 

classifies the blood group. The prediction result 

is displayed along with the original and 

segmented images. In the above figure, the 

uploaded sample has been correctly identified 

as Blood Group B. 
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Based on the learned image patterns, the 

system accurately classifies the blood group and 

displays the prediction. In the above figure, the 

uploaded sample is successfully identified as 

Blood Group O. 

 

The system displays both the Original Image 

and the Segmented Image, allowing users to 

verify the processing stages before viewing the 

final prediction. This automated approach 

provides accurate, fast, and reliable blood 

group identification while reducing manual 

effort and human errors. 

 

The extracted features are then provided to the 

Firefly Optimized Deep Neural Network (DNN), 

which classifies the blood sample into one of 

the blood group categories (A, B, AB, or O). In 

this example, the trained model predicts the 

uploaded sample as Blood Group A. The system 

displays both the Original Image and the 

Segmented Image, allowing users to visually 

compare the preprocessing results with the 

original sample. 

1. Requirement Analysis 

The implementation of the project “AI-

Driven Classification & Prediction of 

Blood Groups through Image Processing” 

begins with analyzing the need for fast, 

accurate, and automated blood group 

identification. Traditional blood grouping 

methods require manual testing and 

laboratory analysis, which can be time-

consuming and prone to human error. The 

proposed system uses image processing and 

artificial intelligence techniques to classify 

and predict blood groups automatically from 

blood sample images. 

2. System Design 

The system architecture is designed for 

intelligent blood sample analysis and 

automated blood group prediction. 

Main Modules 

• Blood Sample Image Acquisition 

Module  

• Image Preprocessing Module  

• Feature Extraction Module  

• Image Processing Module  

• AI-Based Classification Module  

• Blood Group Prediction Module  

• Report Generation Module  
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The architecture enables efficient blood 

group identification using image analysis 

techniques. 

3. Blood Sample Data Collection 

The system collects blood sample images for 

training and testing. 

Data Sources 

• Microscopic blood sample images  

• Agglutination test images  

• Laboratory blood typing datasets  

• Clinical diagnostic images  

The collected images contain reactions 

corresponding to different blood groups. 

4. Image Preprocessing 

The acquired blood sample images undergo 

preprocessing to improve image quality and 

feature visibility. 

Preprocessing Steps 

• Image resizing  

• Noise removal  

• Contrast enhancement  

• Brightness normalization  

• Image filtering  

These operations improve classification 

accuracy and feature extraction efficiency. 

5. Image Segmentation 

The system isolates important regions from 

blood sample images for analysis. 

Segmentation Techniques 

• Thresholding  

• Edge detection  

• Region-based segmentation  

• Contour extraction  

Segmentation helps identify agglutination 

patterns and blood reaction areas. 

6. Feature Extraction 

Important image features related to blood 

group reactions are extracted from 

segmented images. 

Extracted Features 

• Texture patterns  

• Agglutination characteristics  

• Shape features  

• Color intensity  

• Pixel distribution  

These features help distinguish different 

blood group reactions. 

7. AI-Based Classification Model 

Artificial intelligence and machine learning 

algorithms are implemented for blood group 

prediction. 

Algorithms Used 

• Convolutional Neural Networks 

(CNN)  

• Support Vector Machine (SVM)  

• Random Forest  

• Decision Tree  

• Deep Neural Networks (DNN)  
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The models learn image patterns associated 

with blood group reactions. 

METHODOLOGY 

1. Blood Sample Image Acquisition 

The methodology begins with collecting 

blood sample images from laboratories, 

microscopic imaging systems, or clinical 

diagnostic datasets. 

Image Sources 

• Blood typing test images  

• Agglutination reaction samples  

• Clinical blood analysis datasets  

The collected images are used for training 

and prediction. 

2. Image Enhancement and 

Normalization 

The acquired images undergo preprocessing 

to improve image quality and highlight 

important blood reaction patterns. 

Enhancement Techniques 

• Noise filtering  

• Brightness correction  

• Contrast enhancement  

• Image normalization  

These preprocessing operations improve AI 

learning efficiency. 

3. Blood Sample Segmentation 

The system isolates reaction regions from 

blood sample images using segmentation 

techniques. 

Segmentation Workflow 

1. Input blood sample image  

2. Detect reaction areas  

3. Separate foreground and background  

4. Extract regions of interest  

This improves feature extraction accuracy. 

4. Feature Engineering 

Relevant image features are extracted from 

segmented blood sample regions. 

Important Features 

• Agglutination patterns  

• Pixel intensity distribution  

• Shape and texture information  

• Color variations  

• Reaction density  

These features help classify blood groups 

effectively. 

5. AI-Based Training Process 

The machine learning model is trained using 

labeled blood sample image datasets. 

Training Process 

1. Load training images  

2. Apply preprocessing  

3. Extract image features  

4. Train classification model  
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5. Optimize prediction performance  

The model learns patterns associated with 

different blood groups. 

6. Blood Group Classification 

The trained AI model analyzes new blood 

sample images and predicts the 

corresponding blood group. 

Classification Process 

• Analyze agglutination reactions  

• Compare extracted features  

• Predict blood group category  

• Generate confidence score  

The classification is performed 

automatically with minimal human 

intervention. 

CONCLUSION 

The proposed AI-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 AI 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 AI 

technologies, offering a smart, reliable, and 

accessible diagnostic solution for the future 

of medical science. 
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