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Abstract: The rapid and precise identification of blood groups is critical in the practice of 
safe transfusion. In this work, the researcher describes an automated blood group detector 
with an image processing and the YOLOv8 object detector algorithm. The system identifies the 
blood groups (A, B, AB, O) and Rh factors through the identification of agglutination patterns 
on the images of blood test cards. The techniques of preprocessing such as image resizing, 
Gaussian noise reduction, histogram equalization, and transformation of color space are used 
to enhance the clarity of the features under different conditions. Model robustness is also 
increased by data augmentation. The trained YOLOv8 model is highly accurate in real time 
and is a viable and reliable substitute of manual blood group detection, particularly in areas 
with limited resources. 

 

Keywords: Blood group, YOLOv8, image processing, agglutination, data augmentation, 
deep learning. 

 

I.INTRODUCTION 

Correct separation of blood type is a simple medical diagnostic operation, blood transfusion, and organ 

transplantation. Historically, serological tests have been applicable in manual blood grouping: a set of tests which apply 

human judgement to classify blood in terms of antigen antibody reactions. As effective as they are they are time consuming, 
labor intensive and prone to human errors particularly when dealing with large samples. This is problematic when it comes 

to accuracy, speed and consistency particularly in high demand medical environments. It should be remembered that blood 

grouping is carried out manually and directly by operators and can be subjected to human error and can have disastrous 

consequences in case of life-threatening events. 

The problems pose a challenge of an automated solution that could be utilized to improve accuracy and efficiency 

in conducting blood typing. 

In order to counteract the limitations of conventional procedures, the incentive to create an automated blood group 

detection is the recent image processing and pattern recognition methods. Due to recent advances in computer vision and 

machine learning, new opportunities to automate the medical diagnostic process like the blood group determination can occur. 

The automated system can detect the by making high quality microscopic image of blood samples. 

Red blood cells composition and algorithms to determine the characteristic features of various blood groups. This 

automation will yield massive improvement in the speed and accuracy, above all in cases of an emergency or sample 
throughput of high volume. Moreover, the system will help to minimize human error that can result in better blood typing 

outcomes, and hence patient care and safety. 

The issue that this study is addressing is the inherent inefficiencies and errors that are associated with manual 

classification of blood group. The traditional approaches are time consuming besides being extremely reliant on skilled labor 

and prone to subjectivity and errors. Also, there are no always systems that are intended to test a large number of samples or 

to provide emergency practice when it is necessary to group the blood quickly and correctly. Keeping this issue in mind, one 

of the goals of the proposed automated blood group detection system is to create a powerful, effective and accurate way of 

the blood groups classification with the assistance of image processing algorithm and machine learning algorithm. Such a 

system will result in faster speed, more accurate findings, less chance of human error and uniform results between different 

testing conditions. 

This research project will attempt to develop an automated blood group detection system that will enable the 
successful processing of images of blood samples on the glass slide in an effort to draw out important features which will 

ultimately be used by the pattern recognition models in classifying the blood group. The system is simple to operate and 

highly versatile and can be applied in clinical situations, diagnostic laboratories as well as in the field. 
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II.LITERATUTRE REVIEW 

Out of the demands of automated systems in the medical diagnosis, and more precisely in blood group 

determination, several advancements have been observed in the image processing and pattern recognition methodologies. 

The old time blood typing systems are manual and time consuming and regardless of their fidelity, are open to human error. 

This is a major issue in applications where fast and accurate determination of blood group is crucial which is in the case of 

emergency blood transfusion or organ transplantation. Majority of the established blood type detection systems utilize 

serology tests and manual classification where the matching of blood antigens and blood antibodies is required. Nevertheless, 

these techniques involve experienced technicians and may be biased and lead to false identifications and patient exposure. 
These limitations have created the necessity of automating such blood typing because there is a possibility of utilizing the 

state-of-the-art image processing and machine learning to eliminate any human factor error and amplify the accuracy in the 

diagnosis. 

This is just an indication of the fact that in the past few years, a number of studies have been concerned with the use 

of microscopic images in blood group classification automation. These systems are premised on the study of RBC structure 

that is acquired using high-resolution imaging modalities. The issue is to derive the meaningful feature of the blood samples 

and use the features in classification. Differentiation between the various blood group markers is done by the use of edge 

detection, texture analysis and shape recognition techniques. Lastly, a classification of the extracted features is done to 

different blood groups through the application of the Machine Learning algorithms, such as Support vector machine (SVM), 

k-Nearest Neighbour (KNN), Artificial Neural Network (ANN) etc. Various studies have confirmed the viability of these 

methods with a number of studies reported by USP in the laboratory of S. Paudel that reported the results of an automated 
system with high accuracy and reachable by the same principles as is possible with a manual modal analysis. 

Furthermore, the recent advancements in the area of deep learning enabled building more powerful mechanisms of 

identifying blood groups. Convolutional neural networks (CNNs) and recurrent neural networks (RNNs) have been popular 

due to their appropriateness in task processing of complicated visual information and acquiring of large data sets. 

Specifically, the CNNs have been shown to be effective in image-based pattern recognition, where the network is trained to 

automatically find and classify fine details in the images of blood samples. That is why S. E. Arief and others have carried 

out researches to prove the consequences of implementation of such sophisticated deep learning models in blood group 

detection systems because CNNs are capable of tolerating various environmental factors and provide highly precise results. 

Also, the hybrid approach of applying CNNs and LSTMs or BiLSTMs has been explored, and performs more effectively on 

time-series data to solve sequential recognition tasks, such as blood group markers detection on several images. 

In spite of this advancement, certain challenges still exist in those areas where image processing techniques will be 

applied in detecting blood groups. One of the greatest problems with extracting the correct features is the quality of the 
image which may depend on the lighting conditions, quality of the focus, and sample contamination. In order to resolve 

these two issues and to transform the system to be able to process various types of different blood samples, the system 

should have methods of reducing noise as well as enhancing the image. Moreover, existing mechanisms are flawed with 

regard to detecting small fender- bender type incidents or even less apparent blood group discrepancies in the image data. 

As it can be seen in the above results of the experiment, the models should undergo further optimization in regards to the 

quality of images improvement and subtle feature classifier to obtain a more robust system to be used in the real world. 

The relevance of real-time processing, as well, is stated in the literature in emergency medical setting. Quick image 

analysis systems are significant in situations where there is a time constraint and a medical emergency is involved. Apart 

from healthcare professionals making decisions more quickly, which is the potential of machine learning models to quickly 

classify blood types, the idea of using such technologies in healthcare is a significant force that contributes to their 

implementation in medical practice. According to studies carried out by V. Krishnan and M. Hossain, blood typing systems 
that employ machine learning do not only make this process more effective but also avoid the error introduced by a person 

by automatizing the whole process of classification. 

Although the existing systems are quite promising, there remains a lot of opportunity enhancement. Specifically, 

the necessity of individual and context sensitive solutions that can adjust to a specific situation and environment is an 

important subject in terms of further research. The system will be more flexible and accurate when it is equipped with a 

larger number of training sets consisting of more dissimilar types of exposed blood samples and environmental 

measurements. Additionally, it might be proposed to employ augmented reality (AR) or virtual reality (VR) devices into the 

blood group detection process to see an additional advantage to the ease-of-use of blood group detection applications, which 

will be easier and more accessible, especially in educational or clinical practice. 

Lastly, the paper explains the promising nature of innovative opportunities in the area of blood group identification 

through image processing and machine learning. Although the field has undergone a great deal of development, it remains 

an emergent area with more approaches and advancements in real-time processing, image quality improvement, and deep 
learning models likely to develop on what has already been done and enhance the functionality of automated blood typing 

systems. 

 

III.PROPOSED METHODOLOGY 

A. Existing System 

Conventional blood group identification methods are largely manual tests using serological kits that are based upon 
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matching the presence of blood antigen with antibodies. Accurate but time- consuming and needing highly trained personnel 

Furthermore, the results are affected by the accuracy of manual processes, and are susceptible to human error. Current systems 

are typically based on visual inspection of blood samples or simple manual microscopy, which is prone to delays and 

inaccuracy when diagnoses are required in a high-pressure environment, such as a triage situation or a high-throughput 

blood test. Also, these traditional systems are not automated, so they are not very efficient, and results are not 

uniform. The detection of blood group is performed manually with little technological assistance. 

This leads to more human error, especially when you have a lot of samples to work through in a short time. In 

addition, these systems are not interoperable and do not communicate with other medical systems, such as EHR or automated 

lab management, resulting in delays in patient care and mismanagement of blood supplies. Given the lack of speed and 
inability of current systems to keep up with the ever-growing demand for faster and more reliable blood typing, there is a 

need for a better, faster, more accurate, and automated form of blood typing. 

 

B. Proposed System 

The proposed blood group detection system uses state-of-the- art image processing techniques and machine learning 

models to automate the whole process of blood group classification. The system is based on the generation of microscopic 

images of blood specimens, which are processed using image segmentation, feature extraction and pattern recognition 

techniques for the detection and classification of blood group in appropriate manner. Aside from being able to work 

autonomously, the system minimizes the need for human intervention, making blood typing much faster and more accurate. 

At the heart of the proposed system, there is a Convolutional Neural Network (CNN) trained to analyze images of blood cells 

in real time. 

Unlike other methods, the CNN captures the distinctive features of red blood cells present in a blood sample 

and, by recognizing the antigen-antibody interactions that are typical of each blood group, differentiates one group from the 
other. The system also extracts features from the images and does image classification using trained CNN model 

after image preprocessing to improve the quality of input images. The CNN model is trained using a diverse set of blood 

images to ensure that it is able to accurately classify blood groups in different conditions and environments. In 

addition, the system contains machine learning, such as Support Vector Machine (SVM) and Random Forests, as secondary 

classification techniques which could be used to refine and validate the first estimates of the CNN. The hybrid approach based 

on the combination of CNNs and classical machine learning models provides a more robust classification mechanism 

and achieves a higher accuracy and better reliability of the system output. Once the blood group is determined, the system 

produces a detail report that will contain the blood group and corresponding information of the sample. This data is 

automatically input into a patient's electronic health record (EHR) so that medical staff and laboratory systems can easily 

communicate with each other. The integration with hospital management systems also allows efficient inventory 

management of blood supplies and gives help to improve care for the patients. 

 

C. System Architecture 

The proposed blood group detection system architecture is based on several layers that deal with a particular aspect 

of the blood type detection procedure: 

1) Image Acquisition Layer: High resolution images of blood specimens are captured using microscopic image capture 

cameras. The images are then preprocessed and cleaned up to improve the quality and remove any noise from the image. 
2) Segmentation and Preprocessing: This layer is where image processing methods like edge detection, contrast 

enhancement, and segmentation of the blood cells from the image are carried out. The features are then extracted and the 

blood group is classified by the trained CNN model. 

3) Machine Learning Layer: Higher level machine learning models such as SVM, Random Forest etc. are used which 

further improves the quality in terms of accuracy of initial classification made. 

4) Reporting Layer: The end result for blood group is presented, and pertinent data is fed into the hospital's database or EHR 

system. 

5) Integration Layer: This layer connects the system to other systems in the hospital to ensure everything functions together 

in a coordinated way in terms of managing inventory, managing patients and emergency management. 

 

D. Expected Outcomes 

The proposed automated blood group detection system will dramatically increase the speed and accuracy of blood 

typing. Other anticipated results include: 

● Often less processing time through automated image analysis and classification. 

● Increased detection accuracy, especially for variable environmental conditions (low light, sample contamination, etc.). 

● Integration with hospital management system and electronic health record (EHR) for improved patient management and 

inventory management 

● Reduced human error resulting in more consistent and reliable blood group results 

● Real-time blood group information enabling faster medical decision making in an emergency 
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Fig 1: System Architecture 

 

E. Conclusion 

Hence, the suggested system of blood group detection with automation has a promising future to overcome the 

shortcomings of conventional manual blood type identification. With state-of- the-art image processing, deep learning and 

machine learning algorithms, the system automatically uses advanced artificial intelligence (AI) algorithms for accurate, 
efficient, real-time blood typing. It is not only conducive to the speed and accuracy of blood type identification, but also 

reduces the human error rate and optimizes the management system of hospitals! The proposed system has significant potential 

for broad use in clinical laboratories, emergency and blood bank environments, and will measurably improve the safety and 

efficiency of blood transfusion. Regions for future research and improvement: one possibility is to increase the adaptability 

of the system to sample conditions, to make it more scalable, or to add feedback methods for the user to continually improve 

the performance. 
 

IV. RESULTS AND DISCUSSION 

A. Experimental Setup 

The system was tested on a widely varying dataset consisting of images of blood typing test cards. These images 

taken from laboratory test bench environments include well lit-, dim lit-, and ambient light environments. The dataset was 

split into three subsets: 15% for testing, 15% for validation and 70% for training. The images were preprocessed by resizing 

each to the input size of the model (640x640 pixels), applying Gaussian blur to denoise the images, and applying histogram 

equalization to improve the contrast. Also, random transformations like rotation, flip, and brightness were introduced in the 
dataset for increasing the robustness of the model in changing conditions of the real world. 

 

B. Quantitative Results 

The system was tested for many deep learning models such as Convolutional Neural Networks (CNN), Support 

Vector Machines (SVM) and hybrid CNN models. Out of all the models, CNN-based model gave us the best performance in 

terms of accuracy and precision. The results are summarized as follows: 

● CNN Model: The CNN model accuracy is 92.4% with precision, 0.93 and recall, 0.92. 

● SVM Model: 89.1% accuracy, slightly lower as compared to CNN on precision and recall. 

 

● 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 = 
𝑇𝑃+𝑇𝑁

 
                                                                   𝑇𝑃+𝑇𝑁+𝐹𝑃+𝐹𝑁 
 
 

● 𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =         
𝑇𝑃

 
                                                                    𝑇𝑃+𝐹𝑃 
 

● 𝑅𝑒𝑐𝑎𝑙𝑙 = 
𝑇𝑃

 
                                                          𝑇𝑃+𝐹𝑁 
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● Where TP, TN, FP, and FN represent True Positive, True Negative, False Positive, and False Negative respectively. 

● TP → Correctly detected blood group 

● TN → Correctly detected non-blood group 

● FP → Wrong blood group prediction 

● FN → Missed blood group detection 

 

Model Accuracy Precision Recall 

CNN 92.4% 0.93 0.92 

SVM 89.1% 0.89 0.88 

Hybrid CNN- SVM 90.5% 0.91 0.90 

Table I Comparision of Model Performence 

 

C. Comparative Analysis 

Through the results, we can infer that the CNN model is the best for detecting the blood group patterns among 

the others. CNNs are very good at spatial feature learning, especially when the images are low quality and not under the 

same lighting conditions. This is shown by the good performance of the model in identifying agglutination patterns as used 

in blood typing tests. On the other hand, since although SVM and hybrid models are fine, they did not perform better than the 

CNN model in this case. In hybrid model, CNN and SVM's spatial feature extraction and classification capabilities were 

combined, and the accuracy for more complex cases showed slight improvement, but the difference was not large. The 

reason for the superiority of CNN is that it is able to easily digest high-dimensional information from images without large 
performance degradation. 

However, the hybrid model did prove to be advantageous in a few edge cases where spatial and sequential properties 

(such as arrangement of agglutinated spots) were present. 

Though the CNN method achieved good results with high accuracy, the CNN model showed shortcomings in 

classification of subclinical agglutination cases with low or partial agglutination, suggesting a future improvement direction. 

 

D. Deployment Performance in Living Real Time 

A CNN-based architecture was finally implemented as the final model and used to build a real-time detection 

application in a Flask-based web application. The model performed well when combined with a camera feed, processing each 

image of the blood test in 2-3 seconds. In emergency medical situations, this lightning-fast processing is vital as timely 

decisions have to be made. 

Our model was tested with the original images of the test cards and performed well under ideal conditions like clear 
and focused images. However, when the performance was tested under the non-ideal conditions such as illumination with 

low light or image shots with motion blur, the performance was slightly degraded. This is because the system depends upon 

high-quality image data, which may be difficult to acquire in resource-constrained environments. To counter this in future 

work, processing techniques for the preprocessing will be improved, including processing of noisy or blurred images. 

 

E. Discussion 

The results show that CNN-based models, especially YOLOv8, are very effective in detecting blood agglutination 

patterns used for blood typing tests. The sensitivity of the model to read high intensity reactions, like clear agglutination, made 

this the perfect application for the model. However, it did not do as well on more subtle responses, suggesting that the model 

may need to be further optimized to understand how to respond to partial agglutination or edge cases. 

One of the big issues encountered when deploying in real-life situations was the influence of environmental 
conditions such as illumination and ambient sound. While not surprising, these problems have helped identify the need for 

further noise abatement strategies and more sensitive training data, to ensure a good generalization of the model to different 

conditions. 

 

F. Conclusion 

The results of YOLOv8-based blood type detection system satisfy high precision and high efficiency in detecting 

the blood types from test card images, which can be a reliable assistant for the medical field. Regarding the classification of 

blood groups, the CNN model proved the best choice; the hybrid CNN-SVM model showed marginal improvements in some 

cases. 

With the potential to significantly mature point-of-care diagnostics, BloodGroupApps offers an automated, fast 

solution for blood group detection, particularly in emergencies, rural and/or poor resourced settings. While other challenges, 

such as dealing with environmental noise and subtle agglutination, still need addressing, the results seem good for future 
deployment in the real world with better diagnostic efficiency and access. 

Future work will include making the model more robust to environmental variability, increasing the size of the data 

set, and integrating the system with a hospital management software to allow a clinic transformation to be performed with 

minimal effort. 
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Fig 3: Blood Group Test Image 1 

 

Caption: The figure below is an example of blood sample image with demonstration of the agglutination pattern to be used 

in the classification in the proposed system. “Government General Hospital”, Chennai required giving the image. 

1. Grayscale image is used to detect texture variation & clump density. 

2. Indicates the partial or mixed reaction common in Anti-A/Anti- B comparison (smooth reddish area & granular patch). 

3. Used for binary classification (positive vs negative). 

4. It indicates clear agglutination it is good for positive ( yellow- red granular reaction). 
5. It is strong antigen-antibody reaction labelled as positive sample (grainy cluster). 

6. It is negative reaction used as control image (two dark ovals). 

7. It shows contrast between reactions Useful for multi-region detection(One side clumped & Other side smooth). 

8. It’s Reaction is moderate helps model learn borderline cases.  

Row 3: This shows blood samples with moderate and mixed agglutination patterns, where partial clumping and smooth 

regions are observed, helping the model to identify borderline reaction cases. 

Row 4: This includes clear positive and negative blood samples, in which strong agglutination and uniform smooth stains 

are clearly visible, enabling accurate class differentiation. 

 

 
Fig 4: Blood Group Test Image 2 

 

Blood samples in this study were taken at “Government General Hospital”, Chennai, which guarantees consistency 

and accuracy in sample preparation procedure to be automated in blood group detection system to be proposed. 
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V. CONCLUSION 

Automation of blood groups using image processing and pattern recognition is an efficient and effective solution to 

the blood grouping issues due to the fact that it avoids numerous limitations of the conventional manual techniques. The 

given prototype system is implemented with the help of deep learning deep model (particularly YOLOv8) to identify and 

recognise the type of blood group (A, B, AB, O) and the Rh factor (+-/ -) of a blood test card based on a photo. The CNN 

model had an outstanding performance in the precision and recall with the extraordinary accuracy of 92.4 as compared to the 

other classifiers (SVM and hybrid CNN-SVM). It has been demonstrated that the system can support real-time processing, 

with classification times per image of less than 3 sec, which is adequate to support emergency medical applications when 
space and resource constraints restrict processing capability such as rural clinics and mobile medical units. Although the 

described system worked well with the images produced in controlled environments, it was not resistant to pictures with 

weak agglutination patterns or noise in the environment, including poor lighting environments or slightly out of focus pictures. 

Nevertheless, the system has shown to be very useful in its enhanced diagnostics accuracy, rapidity and scalability and has 

made it available to further uses of point-of-care diagnostics and health care automation. 

Through the image processing and deep learning algorithms using automated blood group detection system, there 

have been major advancements in the field of medical diagnosis development. It has been demonstrated that this system is 

quite efficient in determining the blood type (A,B, AB,O) and Rh factor (+-/−) through the images of the blood test cards in a 

fast and reliable manner without human involvement. It is also able to process images in real-time, and it has an accuracy 

rate of 92.4, and thus, it appears that the system is ideally suited to emergency and on-the-go healthcare. Automation implies 

that it does not require the services of skilled staff and thus can be deployed in areas where traditional methods cannot be 
employed because of resource constraints. The disadvantage of system is that the outcome can be compromised by the 

unfavorable circumstances including low quality pictures or limited agglutination patterns, brought about by poor 

illumination. Nevertheless, it does demonstrate the enormous potential of this technology in enhancing the blood typing 

efficiency within the hospital and war-torn area, and would pave the way to a large variety of additional technological 

breakthroughs in the sphere of medical imaging and medical diagnostics based on the concept of Artificial Intelligence (AI). 

 

Future Work 

Although this arrangement is a big leap compared to the present day where it is all automated in blood group 

detection, we can still trace some improvement. We will enhance the performance of the system in non-ideal conditions 

(varying lighting and motion blur) in the next working session through better image preprocessing. Moreover, to increase 

the strength and precision of the model, a larger sample of the images of the target data of the blood test card should be 

increased to a larger range of images at different aspect ratio, blur, tilt, brightness, and other variables. Besides, we will take 
into consideration hybrid models as an example, whereby any variant of CNN and BiLSTM (Bidirectional Long Short-Term 

Memory) or ViT can be used to utilize the most advantageous spatio-temporal features to attain improved outcomes on more 

complicated and temporal blood group patterns. Notably, a transition to the next level is therefore to integrate the system 

with hospital information systems (including EHR) such that, among other things, the results can be transferred in real-time 

and automatically added to the patient record. The last stage will be a clinical review of the system to make sure that it can 

operate within a real-world healthcare environment and is ready to scale to emergency care, blood donation camps, and rural 

healthcare facilities. Other than enhancing the accuracy and applicability of the system, the innovation will be utilized to 

enhance the deployment of portable multi-diagnostic kits, which will also support other relevant tests of excellent interest, 

which will revolutionize the sphere of medical diagnostics. 

The development of the blood group detection system is grounded on the enhancement of the strength and 

expansion of the functions of the system. Among the key areas of interest will be how to make the model more adaptable to 
real life situations such as fluctuating light effects, motion blur, and alternative designs of blood tests cards. Thus, additional 

data augmentation techniques will be embraced, more various datasets will be employed and noise reduction algorithms will 

be developed. Moreover, some combination of different models into more advanced hybrid models, like that of network 

architecture based on CNN-RNN-Transformer, will also enhance the capacity of acquiring the complicated patterns and 

sequence information to better work in more complex detection conditions. Clinical validation including testing in hospital 

and on mobile units to ascertain reliability and applicability in different hospital conditions. 
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