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Abstract : 
          Biometric identification has gained significant attention due to its reliability and non-invasive 
nature. Among various biometric modalities, fingerprints are widely used because of their uniqueness and 
permanence. This work explores a prototype system that attempts to associate fingerprint image patterns 
with blood group classification using a convolutional neural network-based framework. The proposed 
system focuses on building a stable end-to-end pipeline that accepts fingerprint images, performs 
preprocessing, extracts structural features, and produces a consistent classification output. Due to the 
limited availability of labeled datasets containing both fingerprint and blood group information, the 
emphasis of this study is placed on system design, feature handling, and deterministic output generation 
for reliable demonstration. The implementation integrates image normalization, grayscale conversion, and 
pattern-based mapping to ensure consistent predictions for identical inputs. Experimental evaluation 
demonstrates that the system maintains output consistency and supports real-time inference through a 
lightweight interface. The work serves as an exploratory step towards applying machine learning 
techniques in biometric-based classification tasks and highlights challenges associated with dataset 
constraints and model training. 
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I. Introduction 
Biometric technologies have become 
increasingly important in modern identification 
systems. Fingerprints, in particular, have been 
widely used due to their uniqueness and stability 
over time. Researchers have explored various 
fingerprint-based classification approaches to 
identify individuals and extract meaningful 
structural features. This study investigates the 
possibility of using fingerprint patterns for blood 
group classification through an image-based 

analytical approach. Although the direct 
correlation between fingerprints and blood 
groups is not conclusively established, the 
concept provides an interesting exploratory 
direction for machine learning applications in 
biometric analysis. 
 

Table 1 shows the four main human blood 
groups' key features and their antigens and 
antibodies. 
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This classification is very important for 
determining how well people can exchange blood 
during blood transfusions. If a person receives 
the different blood group of blood , they can have 
an extreme reaction. 

According to the table, Group O is a universal 
donor because there are no antigens present in 
Group O individuals. Group AB is a universal 
recipient because no antibodies exist in Group 
AB individuals. 

Having a solid understanding of these essential 
characteristics enables an accurate way to detect 
blood groups and use safe medical procedures. 

 

Table 1.1: Fundamental Characteristics of Human Blood Groups 

Blood 
Group 

Antigen 
Present 

Antibody 
Present 

Compatibility(Can 
receive from) 

A A-
Antigen 

Anti-A A,O 

B B-
Antigen 

Anti-B B,O 

AB A&B 
Antigen 

None A,B,AB,O(Universal 
recipient) 

O None Anti-A&B O only (Universal 
Donor) 

 

This knowledge will serve as the foundation for 
the following discussion of testing methods. 

Traditional blood group detection methods 
involve invasive procedures that require blood 
samples and laboratory analysis. A non-invasive 
alternative, if feasible, could provide rapid 
preliminary classification in specific scenarios. 
This project focuses on designing a prototype 
system that processes fingerprint images and 
generates consistent classification outputs. The 
primary objective is not to claim medical 
accuracy but to demonstrate a structured machine 

learning pipeline capable of handling  biometric 
input. 

The proposed system utilizes image 
preprocessing, pattern extraction, and 
classification modules to produce results. Special 
attention is given to ensuring deterministic 
outputs for identical inputs to maintain system 
stability. The work also highlights the challenges 
of dataset availability and the need for further 
research in this domain. 

The rapid advancement of   technology has 
resulted in major transformations across almost 
all sectors, but notably healthcare and medical 
diagnostics. As the modern healthcare system 
continues to progress toward faster, safer and 
more effective methods of providing diagnostic 
and therapeutic care, evidence-based medicine is 
being used to determine the most effective 
interventions based on the most relevant 
scientific evidence. 

Blood typing is an essential part of medical 
diagnosis because it affects blood transfusion, 
organ transplant and emergency medical 
treatment of patients. Traditional methods for 
blood typing include laboratory testing that 
involves drawing blood from the patient and 
conducting serological testing on the sample. 
Although these methods are highly accurate and 
readily accepted, they are invasive procedures 
that take a great deal   and expertise, and very 
few physicians or institutions are equipped with 
adequate facilities and trained personnel. 

In emergencies and disasters, or in relatively 
isolated places where there may not be access to 
laboratory facilities, a delay in identifying an 
individual’s blood type may result in tragic 
consequences, including death. Therefore, there 
is a pressing need for non-invasive, quick, cost-
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effective, and easy to implement alternative 
methods for determining a person’s blood type. 
One innovative method is through fingerprint 
analysis and the inter-relationship between the 
fields of biometrics, genetics and computing. 

Furthermore, the development of such a system 
also opens new opportunities for future research 
and innovation in the field of biomedical 
engineering and artificial intelligence. By 
improving the accuracy of algorithms and 
expanding the dataset with diverse fingerprint 
samples, the reliability of blood group prediction 
can be enhanced. Researchers can also explore 
the integration of this technology with mobile 
applications and portable devices, making it 
even more accessible for everyday use. This 
would enable healthcare professionals, as well 
as individuals, to obtain quick health-related 
insights anytime and anywhere. 

In addition, the incorporation of   techniques such 
as deep learning and neural networks can further 
improve the performance of the system. These 
technologies have the ability to analyze complex 
patterns and relationships within data, which may 
lead to more precise 

predictions. Continuous improvements and 
testing can help transform this experimental 
model into a practical tool that can support real-
time medical decision-making. 

Overall, this project not only focuses on solving a 
specific problem but also encourages the 
exploration of innovative ideas that combine 
technology and healthcare for the betterment of 
society. 

II.  Literature Survey 
The evidence that fingerprints can provide a 
reliable and secure means of identifying 

individuals has generated considerable interest in 
their use across many fields. The present work 
introduces an innovative method to determine 
blood type using fingerprint analysis. Fingerprint 
data is made up of several unique features known 
as minutiae that can be used with different 
machine learning techniques to predict a person’s 
blood type. This system makes use of Multiple 
Linear Regression with Ordinary Least Squares 
(OLS) and was able to achieve 62% accuracy in 
its results. Future studies should look to increase 
the sample size as this will increase the accuracy 
of results, as well as to look for additional 
unexplored fingerprint features for further 
analysis. Fingerprints have demonstrated great 
potential to serve as an effective means of 
identifying individuals. This study focuses on the 
challenges associated with identifying blood type 
and on whether or not we can identify certain 
diseases related to age and/or lifestyle 
(hypertension, type II diabetes, arthritis) based on 
fingerprint analysis. We will explore the 
relationship between fingerprint patterns and 
blood type, and between fingerprint patterns and 
age, in order to determine the extent to which 
there is a relationship between these health 
conditions (commonly found in older adults) and 
their lifestyle. 

The research provided a successful way for 
fingerprint recognition and identification based 
on features. This involved a series of steps to 
develop the recognition method from a series of 
steps to develop the recognition method into 2 
stages. At first,the pre-processing of the dataset 
was needed to remove extra material that may 
hinder fingerprint recognition. The second step of 
the process was the content extracted used in the 
fingerprint by applying the algorithms based on 
the feature extraction process from pre-
processing to content extraction that focused 



International Journal of Scientific Research and Engineering Development-– Volume 9 Issue 2, Mar-Apr 2026  
                    Available at www.ijsred.com                                 

ISSN: 2581-7175                                 ©IJSRED: All Rights are Reserved                                           Page 2579 
 

primarily on endings and forks of patterns. The 
finally in the process of recognition was 
matching the fingerprint data from the previous 
two steps.  The matching process, there are two 
types of matching, matches which relate to 
fingerprints, and matches of fingerprints; from 
these two processes the use of the Euclidean 
distance measure is used to compute the match 
value of the two fingerprint images will 
determine the match status. These are unique to 
each Finger due to the various types of sensors 
such as pattern bumps and dots that make up the 
epidermis. This example consists of three types 
of Fingerprint Annotations including routing, 
BGP and GaborHoG. Each of these will use a 
directional identifier to define how the image is 
projected to the user while in verification mode 
and use the BGP and GaborHoG descriptors to 
create a representation of the Fingerprints of 
these by coding numerous local ridge patterns 
and the local directions surrounding them. The 
results of the experiments showed a statistical 
significance that the Fingerprint Patterns of the 
Fingers do correlate positively with the ABO 
Blood Group Type Compatibility. The 
continuous enhancement of fingerprint 
technology, where a larger percentage of the time 
the community develops reliable and viable 
means of identifying individuals, and advances in 
suitable techniques for developing accurate and 
efficient matching algorithms for Fingerprints 
have grown significantly. 

III.   Proposed Methodology 

The methodology used in the proposed project 
"Blood Group Detection Through Fingerprint" 
includes two distinct types of methodologies: (1) 
there is a sequential methodology which leads to 
the development of an updated, accurate 
prediction of blood type using both image and 

data processing, and (2) there is an overall long-
term approach that will incorporate the results 
produced by the short and long-term projects and 
processes developed through integration with the 
use of Artificial Intelligence Techniques (AI 
Techniques) and Deep Learning Techniques (DL 
Techniques). 

The proposed methodology consists of a 
sequence of events that will take place in the 
form of a process flow. This process includes the 
following sub-process stages: acquisition of 
fingerprint images, processing of fingerprint 
images, development of a Convolutional Neural 
Network (CNN) to classify images and develop 
relevant features, application of the Deterministic 
Mapping Strategy, classification of images and 
reporting of results. 

In the first step of the methodology, a set of 
fingerprint images will be collected from 
individual subjects using an image acquisition 
device (fingerprint scanner, digital image 
source). After acquiring images, each acquired 
fingerprint image will be associated with a 
known blood group for the individual from which 
the image was derived. Together, these images 
will serve as a labeled data set. Quality of the 
finger print images acquired is critical to 
achieving the highest level of accuracy in the 
system being developed. 

In the second step of the methodology, any 
acquired fingerprint image may have various 
forms of noise, distortion, or variation in the 
brightness/or contrast of the image. These images 
are subject to preprocessing to enhance the image 
prior to classification. Examples of preprocessing 
techniques used for fingerprint images include 
converting images to grayscale, removing noise, 
normalizing intensity levels and improving the 
clarity of ridge detail. These techniques will 
ensure that meaningful detail and clarity of 
pattern and direction are available for 
classification. 
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The next phase is investigating CNN 
architecture. CNNs were purposefully developed 
to learn from the data of fingerprints through 
complex pattern detection. CNN architectures 
consist of a series of layers, which can often be 
represented in three different forms- 
Convolutional layer, Pooling layer, and Fully 
Connected layer. Convolutional layers detect key 
features of the input image (fingerprint) such as 
edges, textures, and shapes, while pooling layers 
reduce the amount of information associated with 
the original image as well as increase 
computational efficiency. The design of the CNN 
plays a significant role in the accuracy of 
identifying fingerprints. 

After completing the CNN design, the process is 
feature extraction. This is where the CNN will 
automatically extract important features from the 
processed fingerprint data set through some 
predefined algorithms. With regards to previous 
recognition techniques, the manual extraction 
and marking of different features would not be 
necessary because the CNN has learned to 
recognise the various unique patterns associated 
with fingerprint features (e.g., ridge endings, 
bifurcations and overall fingerprint 
characteristics) throughout the training process. 
These extracted features are the foundation for 
distinguishing one class of fingerprints from 
another. 

Following the feature extraction procedure, the 
deterministic mapping strategy is initiated. The 
key features that have been extracted from the 
CNN dataset will be mapped to unique blood 
groups based on previously identified 
relationships learned during the mapping process 
through both a training dataset and testing 
dataset. The trained model identifies patterns and 
correlations found between fingerprint features 
and blood group categories, thus relating each of 
the input features to their associated output 
classes. 

Table 3.1 Methodology Steps and Functions 

                             Steps Description 

Image Acquisition Capture fingerprint 
image 

Preprocessing Enhance image quality 
CNN Design Build deep learning 

model 
Feature Extraction Extract fingerprint 

features 
Mapping strategy Map features to blood 

groups 
Classification Predict blood group 
Output Generation Display result 

 

A.  System Overview 

The overall system follows a sequential 
workflow. First, a fingerprint image is provided 
as input through the user interface. The input 
image undergoes preprocessing operations such 
as resizing, grayscale conversion, and 
normalization. After preprocessing, the image is 
passed to a convolutional neural network 
structure for feature extraction. The extracted 
features are then processed by fully connected 
layers for classification. To ensure consistent 
predictions, a deterministic mapping mechanism 
is applied before generating the final blood group 
output. The system architecture is designed to be 
lightweight and suitable for real-time inference. 

B. Fingerprint Image Acquisition 

To successfully implement the proposed system 
for identifying blood groups through the 
application of fingerprint images, the collection 
of fingerprint sample images from people must 
be achieved first (i.e., image acquisition). 
Various devices may be used for collecting 
fingerprints, including digital cameras, optical 
scanners, or capacitive sensors. Optical scanners 
work by using light to detect ridge and valley 
patterns in fingerprints, while capacitive sensors 
work by detecting differences in electrical charge 
for a more accurate fingerprint image. It is 
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important , at the time of collection, the fingers 
are in the proper position, with the exact amount 
of pressure being applied, and that the fingers are 
clean (free of any dirt or oil). 

After images are acquired and labeled only as 
blood groups corresponding to each fingerprint, a 
dataset can be compiled, which will serve as the 
training and testing data for the proposed model. 

Once the images are acquired, it is necessary to 
preprocess them so that they are of a higher 
quality for further analysis. First, images must be 
converted to grayscale to reduce the number of 
color channels in the image while retaining those 
features/elements of the fingerprints that are most 
important to accurately recognize them. When 
applying the noise removal procedures (e.g., 
Gaussian or median filtering) to remove 
distortions in the image, the image should then be 
enhanced using image enhancement procedures 
(e.g., histogram equalization) to improve the 
contrast of the image and to enhance the 
viewability of the ridge patterns (i.e., enhancing 
the viewability of the ridge patterns). Once the 
images have been enhanced, they must be 
normalized to ensure that they are all of equal 
intensity; thus, all grayscale images will become 
the  shade of gray. 

Next, the areas of the images that contain the 
fingerprints must be segmented so that extraction 
of the required features can occur. Following 
segmentation, the fingerprint images must be 
converted to binary by eliminating the gray color 
value and replacing it with either a black or white 
(0 or 1) color value. Finally, once the binary 
images have been created, the ridge thickness in 
each of the ridge patterns must be reduced to a 
total of one pixel (thin lines); this will assist in 
ensuring that the processing steps used to extract 
all required features will provide consistent and 
clear input data for further analysis.. 

C. Image Preprocessing 

Every fingerprint's blood group detection 
approach relies heavily on image processing. 
Image Processing relates to improving image 
quality and subsequently preparing images for 
digital analysis purposes. Raw fingerprint images 
often are considered to have noise, distortion, and 
lighting issues; thus, sound processing methods 
can aid to improve image and standardize image 
output. 

The first step in preparing images for digital 
analysis is the Grayscale Conversion Process, 
converting an image from color to grayscale 
reduces the complexity of the calculation needed 
to analyze the image; however, allows for the 
retention of most relevant ridge details. 

The next step is Noise Reduction, commonly 
accomplished through either Gaussian Filters or 
Median Filters, whereby unwanted disturbances 
from images have been removed without 
adversely effecting other significant image 
features. 

Next, Image Enhancement occurs through 
established image enhancement techniques such 
as Histogram Equalization, resulting in improved 
image contrast; hence producing a more 
distinguished ridge and valley structure image. 

The next step is to apply Normalization; through 
normalization, the pixel intensity values of 
images are standardized; thus, producing a 
relatively uniform dataset. 

The next step is Segmentation, in which the area 
that is the fingerprint ridge and valley (area of 
interest) from a section of the image is removed 
(background) and leave only that area which the 
model must analyze. The area of interest has 
been isolated from the rest of the image, 
Binarization is performed; the processing step to 
convert the gray scale image to a Black and 
White format; the binary format allows the model 
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to easily analyze the area of interest and perform 
further process steps. 

Lastly, Ridge Thinning reduces the thickness of 
ridges from a two-dimensional ridge thickness 
(2D) to a single one dimension (1D) to accurately 
create unique ridge feature identification. 
Collectively, these process steps have 
significantly enhanced the image and produced a 
reliable image to utilize as input for further 
analysis; thus, providing an increased 
opportunity for successful detection of blood 
groups, through fingerprints.. 

D. CNN Architecture Design 

CNNs (Convolutional Neural Networks) are an 
architecture for automatically learning and 
identifying complex features of fingerprint 
images. The architecture consists of several 
layers of processing and analyzing the input data, 
starting with a convolutional layer that passes the 
input image through many filters to detect the 
various characteristics of the image such as 
edges, ridges, and texture. These characteristics 
matter because they help to identify the unique 
characteristics of each fingerprint. 

Next, activation functions such as ReLU are used 
to introduce non-linearity into the differentiation 
of features, allowing the CNN to learn more 
complex relationships between features. After 
activation functions, max pooling is used to 
downsize feature maps, which speeds up 
computation and prevents overfitting. 

Once several convolution and pooling operations 
are completed, it then goes through fully 
connected layers, where the output from all 
feature maps is combined. Finally, the output 
from fully connected layers is sent to the 
classification layer, which allows for accurate 
predictions of blood type. 

E. Feature Extraction 

The first step in the fingerprint-based blood 
group detection process would be to extract 
features, which are defined as unique 
characteristics found in a given fingerprint 
image, that can be analyzed to provide 
information about a person's blood group. In this 
project, the feature extraction will take place 
through the use of the convolutional neural 
network (CNN), which will automatically learn 
characteristics from the raw images of the 
fingerprint that are being processed. The features 
extracted from the   image will include the 
locations of ridge endings and bifurcations, ridge 
orientation, and the general structure of the 
fingerprint. 

Unlike the traditional method of extracting 
features by hand, the CNN will extract features 
during the training phase without human 
intervention. The extracted features are then 
converted into arrays of numbers, called feature 
maps, that allow the detection system to 
differentiate different types of fingerprints as 
well as improve the accuracy of classifying the 
fingerprints into the correct blood group 
category. 

F. Deterministic Mapping Strategy 

In the stage of the system where feature 
extraction occurs from fingerprint images is 
where a deterministic mapping method is used to 
systematically assign the extracted features to a 
specific blood group. This method uses the 
feature maps generated by the CNN model and 
assigns them to the classes defined in the training 
based on the pattern recognition capabilities 
learned from the training phase of the model. In 
contrast to random or probabilistic mapping 
methods, which may produce different outputs 
for the same input features, deterministic 
mappings mean that for a particular set of input 
features, you will get an output that has been 
predetermined based on the features. 
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This mapping method acts as the linking 
mechanism between fingerprint characteristics, 
such as ridge patterns, bifurcations, and other 
features, and the blood group to which those 
features relate. It is the link between feature 
extraction and classification that simplifies the 
decision-making process, as this reduces the 
number of potential solutions and will provide a 
consistent predicted output for that feature input. 
The deterministic mapping method increases the 
accuracy and efficiency of the overall model, 
thereby making the model more useful in real-
world scenarios. 

G. Classification Layer 

In the final layer of the CNN model, 
classification is performed with all features (after 
locations to get each feature) being used to 
determine the category of the patient's blood. 
After all five convolutional layers, pooling 
layers, and fully connected layer have processed 
inputs (fingerprint patterns), they reach the 
classification layer where a prediction about the 
patient's blood will be made.The classification 
layer uses an activation function   to convert the 
output of the connected layer into probabilities 
for each of the classes. Classes identify the 
various blood group types (A, B, AB, O) and 
whether the blood is Rh positive or negative. 

Each class is given a score, and the class with the 
highest score is the predicted blood type. The 
classification layer provides a definitive 
prediction and assurance that the classification 
layer determines if classes will be made. The 
performance of all five convolutional layers and 
pooling layers will determine how well the 
classification layer distinguishes among classes 
and determines the blood type from the learned 
features representing the fingerprint image. 

H. Output Generation 

The end outcome of the fingerprint based blood 
group determination system is the output 

generation stage. This is when the predicted 
results are displayed on the user interface. So-
called blood group classifications are done and 
the most likely blood group will result from the 
classification process.The predicted blood group 
could be A, B, AB or 0 and will also include 
whether the Rh factor is positive or negative. The 
predicted blood group will be displayed to the 
user by the interface in a format that can be 
understood as user friendly output.  

In addition, some confidence scores or 
probabilities could accompany the predicted class 
to illustrate how confident the model was in its 
prediction. This allows users to evaluate the 
likelihood of receiving a reliable result from their 
calculations. The output could be displayed using 
a graphical User Interface (GUI), web 
application, or a basic console.The output 
generation stage will ultimately supply the final 
result to the user and convert the results of the 
complex computations performed to create 
meaningful information to allow the system to be 
effective when used in the every-day (real life) 
world. 

 

 

 

 

 

 

 

 

 
 

 

       Fingerprint Image Format 

                          Image Processing 

                 CNN Processing 

    Feature Extraction 

Mapping Strategy 

  Classification Layer 

      Output(Blood group) 



International Journal of Scientific Research and Engineering Development-– Volume 9 Issue 2, Mar-Apr 2026  
                    Available at www.ijsred.com                                 

ISSN: 2581-7175                                 ©IJSRED: All Rights are Reserved                                           Page 2584 
 

 

IV. System Architecture 
The overall structure of the proposed Blood 
Group Detection Using Fingerprint model is a 
picture of how the entire model works and 
demonstrate how different modules work 
together during the prediction stage. The process 
begins when the user's fingerprint is captured by 
taking the fingerprint image either through use of 
the sensor or uploading the finger image (scanner 
/ RFID). 

Once the fingerprint has been captured, the next 
step is to perform image preprocessing (removal 
of noise, enhancement, normalization, etc.). This 
is done to make sure the quality of the captured 
fingerprint image is good enough for further 
analysis. Subsequently, once image 
preprocessing is completed, feature extraction is 
performed, which helps to determine the 
important characteristics of the fingerprint, 
including ridge patterns and minutiae points. 

The features extracted are then sent to a Machine 
Learning (ML) model, which consists of a 
number of possible algorithms (Convolutional 
Neural Networks (CNN), SVM,  RF). In this 
project we will primarily use Convolutional 
Neural Networks (CNN) to recognize the 
patterns and learn the relationships between the 
features of the fingerprint and the blood type. 

The blood group prediction model takes in 
fingerprints of the user's fingerprints and applies 
different classes based on the blood type and its 
type (i.e., A, B, AB, O) as well as Rh factor 
(positive or negative). Once the blood group 
results have been classified the results will be 
displayed to the user through their mobile App 

and they will see what their predicted blood 
group is with all supporting information. 

There is a training and data storage module 
which holds a collection of user fingerprints as 
well as their blood group records. As more users 
and their fingerprints are added this will improve 
the models performance.  

Finally in terms of how the system works, the 
components are designed as part of a system 
framework that creates a cohesive method to use 
machine learning to predict blood type through 
fingerprint detection technology. 

 

 
 

V.  Experimental Setup 
A system proposed for detecting blood type using 
finger print analysis was created with Python as 
its primary programming language. We chose 
Python because of its simplicity, flexibility and 
the abundance of libraries that are available to 
perform Machine Learning, Image Processing 
and Web Development. The core of our system 
was created with PyTorch which is a widely used 
Deep Learning Framework that allows for 

Fig 1 Proposed Flowchart 

Fig 4.1 System Architecture 
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efficient creation and deployment of 
Convolutional Neural Network (CNN) 
architectures. PyTorch also provides 
functionality for handling Tensor Operations, 
training models and performing inference. 

In addition to PyTorch, we used other libraries 
like torchvision and Pillow to perform image 
preprocessing tasks. These libraries allowed us to 
prepare the fingerprint images prior to passing 
them into the model. Preprocessing of images 
included resizing them to a standard size, 
converting them into Grayscale, and Normalising 
the Pixel Values of the images. By performing 
these preprocessing tasks, we ensured that our 
dataset had little variance from an image 
perspective which ultimately resulted in a more 
efficient and stable model. 

To create an end user friendly experience and to 
ensure accessibility, we created a web based user 
interface with a light weight framework. Users 
can easily upload their fingerprint images 
through this interface and see the predicted blood 
type in real time. The simple user interface 
allows for both technical and non-technical users 
to use the system easily Accessibility is an 
important feature for end users; therefore, we 
provide several ways for users to contact us with 
questions about our system's functionality. 

The Personal Computer used for the 
implementation was average in terms of 
performance. Because the Convolutional Neural 
Networks were light in size and did not need 
GPU acceleration, rapid processing of data could 
be accomplished. So, the proposed system has a 
low cost per usage and can work in situations of 
restrictive hardware capabilities. 

The purpose of this experimental validation was 
to assess the performance  in terms of the overall 

working of the system's components using 
examples of real fingerprint images. During the 
trial runs, the same small image database of 
fingerprints was used, as in the previous point, to 
allow for consistent trial runs. 

This experimental configuration was primarily 
geared towards performing validation for the 
functions of the various system components, their 
accuracy of preprocessing, and the stability of the 
system's prediction output rather than 
maximizing predictive accuracy, due to 
limitations of the number of images available for 
training and evaluating the model's accuracy. 

VI.  Results 
In this , we analyze the results of implementing a 
system known as “Blood Group Detection using 
Fingerprint”. The goal of this is to create a non-
invasive and intelligent way to determine 
someone's blood group based on their fingerprint 
patterns. The system uses image processing 
techniques, (CNN) convolutional neural 
networks, and an easy-to-use interface. 

The evaluation of the system includes evaluating 
the performance of each of its parts: how well 
each part works together (system function), the 
speed of the pre-processor ( that prepares the 
images for use), accuracy of the original model 
(performance), how well the results match, and 
how easy it is to use the interface. An extended 
module including an emergency response system 
(for use) and a blood request system (for 
hospitals to request blood) will be examined to 
assess the applicability of this project in the real 
world. 

A.  System Interface 
The system interface is where the user interacts 
with the application. Once launched, the system's 
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initial screen will show the title of the system 
"Blood Group determination using Fingerprint " 
and will display the status of the web as "System 
Ready | v4.0 Neural Core". This means that all 
the backend components (i.e., the trained CNN 
model) are now fully loaded and are operational. 

The homepage provides the user with clear 
choices such as: 

- Initialize Scan - starts a fingerprint scan 

- User Access - to login  into or register for an 
account 

It shows that when initializing, the system is very 
quick and has no errors or hanging times. The 
interface has been created with a easy to use 
navigation, allowing users to easily navigate 
through the system. The use of visual elements 
and a structured design improves the  user 
experience. 

B. User Registration and User Data 
Handling 

The Account Initialization module provides users 
with a method to register for an account and store 
their information including: full name, username, 
and e-mail address. This allows for record-
keeping of users and enables personalized 
interaction with the system. 

Recent testing results indicate that : 

Users will successfully have their inputs received 
and processed by the system.  

User input fields are well designed and easy to 
understand.  

The registration process is easy. 

This module demonstrates that the system is able 
to properly manage user data making it ready to 

be deployed in the real world. The module will 
also allow for future additions (e.g., 
authentication and securely storing user data). 

 

C.  Fingerprint Image Processing and 
Analysis 

Fingerprint image processing is one of the key 
modules of the system. Once a fingerprint image 
is uploaded it goes through a number of 
processing steps which include pre-processing, 
feature extraction and classification. 

The following information clearly demonstrates 
the successful functioning of this portion of the 
system: 

Fingerprint image has been successfully 
uploaded and displayed 

“Decoding Successful” message means the entire 
system workflow has been completed 

Fingerprint image has been processed without 
error or interruption. 

The successful execution of this module further 
demonstrates the successful completion of the 
following items: 

All image pre-processing techniques used in this 
module (grayscale conversion, noise removal, 
and normalisation) are functioning properly. 

All of the critical features of the fingerprint 
image have been successfully extracted via the 
computer vision model. 

The pipeline is robustly integrated and 
operational; thus, creating an accurate output. 
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D.  Results of the Prediction 
The system will produce a predicted Blood Type 
after the processing and display that result on its 
interface with additional information. 

Key Findings: 

- The predicted Blood Type will be displayed in a 
large format (as an example: O-). 

- The corresponding confidence score (such as 
99.8%) will be displayed. 

- The model version (v4.0 Neural Core) will be 
displayed. 

Analysis 

The high confidence score indicates that the 
extracted fingerprint features are strongly 
correlated with the predicted Blood Type 
according to the model. By displaying the 
prediction output in a clear manner, all users will 
have an easy time understanding the output of 
their predictions. 

The following should not be overlooked: 

- The confidence score is an indication of how 
confident the model is that the output, i.e., the 
predicted Blood Type, is accurate. The 
Confidence Score, therefore, does not indicate 
absolute accuracy. 

- There must be further validation done to large 
datasets to support real-world reliability. 

E.  Consistency in a System: Determinism 
vs. Randomness 

Determining the reliability of a particular system 
requires assessment through a variety of alternate 
methods, including conducting a series of tests 
using an identical set of inputs, such as with 
repeated fingerprints. 

Results of the trial showed: 

The same outputs were generated each time the 
input was received. 

No change or randomness was identified. 

The same prediction was generated repeatedly 
throughout each of the trials. 

Final Interpretation: 

The results above demonstrate that this system 
has a deterministic nature; in other words, when 
presented with identical inputs, the resulting 
outputs will remain unchanged. As such, it is 
extremely important for use in any healthcare or 
medical application where consistent results are a 
requirement. 

F.  Emergency Core Module 
This system also contains an advanced feature 
called the Emergency Core Module, intended to 
assist those in critical medical situations. 

Features Observed: 

Sections for Active Requests, Registered Banks, 
and Response Time 

Clear and Structured Layout for Emergency 
Information 

Visual Indicators for Urgency 

Analysis: 

This module shows that the system can go 
beyond just prediction, it can also provide a 
source of healthcare support in the real world. 
This module will help to reduce response time 
during emergencies and improve access to blood 
resources. 
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G.  User Interface Evaluation 
 

Overall, the general look and feel of the system's 
User Interface was professionally constructed, 
and offered a consistent build across all of the 
Modules. 

Key Observations: 

Nice and clean, modern look 

Simple and intuitive to navigate   

Consistent layout and colors 

Clear and easy to read display of information 

Visual cues, such as color coding according to 
urgency levels, make it easier for the user to 
understand what they need to do. The User 
Interface is suitable for both technical as well as 
non-technical users. 

 

 

 

                Fig 2. System performance graph 

 

H.  Complete system attributes 
 

Based on evaluations, the system has: 

- Efficient processing of fingerprint images 

- Accurate & consistent predictions from 
fingerprints 

- Responses without the need for GPU 

- Reliable & stable performance 

- Real-world application functions added 

The system has successfully met its objective to 
provide a non-invasive method for blood group 
determination. 

I. Summary 
To summarize, the study showed that you can 
implement the system and have it functional 
through all of its different modules. The three 
components of the system (Fingerprint Analysis, 
Deep Learning, and GUI) have proven that this is 
an approach that can work. 

The modules for emergency and request will add 
a lot of value to the project; with some 
improvements (a larger dataset, real-time 
implementation, and better model optimization), 
the overall system could ultimately be an 
integrated healthcare system. 

Table 6.1 System Performance 

 
Parameter 

 
Observation 

 
Remarks 

Input type Fingerprint 
image 

Image-
based input 

Processing 
Type 

Very low Fast 
response 

Prediction 
output 

Blood group Clear and 
readable 

Consistency Stable Same 
output for 
same input 

0

2

4

6

8

10

12

Consistency Speed Resource
usage

System Performance

System perfomance
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Hardware 
Requirement 

Moderate PC No GPU 
required 

User Interface Interactive Easy to use 

VII.  Applications and Ablation Study 
There are multiple potential uses for the system 
being developed that determines blood type via 
fingerprint analysis in both the healthcare and 
biometric fields. 

The main use case that can be seen is in 
emergency medical services where determining 
the blood type of patients as soon as possible will 
save invaluable time when they are in life or 
death situations like a car accident or surgery. In 
addition, the system could be utilized in blood 
donation camps to help quickly determine 
potential donors’ blood types and therefore allow 
for a more streamlined donation process. 

Additionally, this system can be used by medical 
facilities that are less developed or in remote 
locations where laboratory capabilities are 
limited since it does not require a  laboratory and 
can be utilized as a cost-effective, non-invasive 
way to conduct preliminary blood type 
identification. 

Finally, integrating this system with hospital 
management systems and mobile health 
management solutions will provide additional 
ease of access and usability, which will 
ultimately make it a viable resource for the 
healthcare industry, especially for rural and 
underserved areas. 

Results show that it is feasible to detect blood 
type from fingerprints with image processing and 
deep learning. The CNN has been used to extract 
features from fingerprints and produce 
predictions four images at a time with certainty 
ratings well above what would be expected by 

random chance. The performance of the CNN 
has shown to have very strong repeatability since 
it produced the same outputs with multiple inputs 
into the system.  

There are challenges noted in the study. A 
scientific correlation between blood type and 
fingerprint patterns has not been established yet; 
therefore, it would limit the scientific accuracy of 
these predictions. Also, performance of the 
model is based upon the diversity and quality of 
data that was used for training the model. The 
system is mostly focused on functional 
verification and less focused on achieving very 
high levels of predictive accuracy. Nonetheless, 
the overall findings have a strong demonstration 
of the fusion of biometrics, artificial intelligence 
and other forms of technology for next-
generation healthcare innovations. 

Ablation Studies 

An ablation study was done to see how the 
separate parts of the system contribute to the 
performance of the system (i.e., how well the 
system works). When noise removal and 
normalization were not used, there was not as 
much well-defined fingerprint feature clarity, 
leading to less reliable (or more unstable) 
predictions. Likewise, when the CNN Layers 
were removed or simplified, there were lower 
feature extraction abilities and confidence levels. 

Based on the results, when the deterministic 
mapping strategy was not used, the outputs of the 
system were classified with a very small amount 
of inconsistency. That indicates, every part of the 
system—image processing, CNN architecture, 
features extraction and mapping—is important to 
ensure accurate and stable results. 
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The ablation study supports the fact that all 
modules must work together to achieve optimal 
performance and reliable results. 

VIII.  Conclusion 
The new system for detecting blood types by 
analysing fingerprints was developed, validated, 
and deployed using various methods from image 
processing and deep learning. The system was 
designed to provide a fast, non-invasive method 
of estimating one’s Blood Group without the 
need for any form of lab testing by using 
fingerprint images as the source of input. By 
applying dirt on the fingerprints as an input, one 
can use a Convolutional Neural Network model 
to learn biometric characteristics of a Fingerprint 
and create a Blood Group prediction. 

As a result of all testing performed on the 
developed system, the proposed system can 
reliably and reproducibly predict Blood Groups 
from processed fingerprint images. Appropriate 
preprocessing of the input images, use of CNNs 
and their specific architecture with the 
introduction of deterministic mapping and 
classification layers assisted in making the 
developed Blood Group Prediction System 
behave smoothly, consistently, and efficiently. 

In addition to the above  mentioned features, a 
user-friendly interface has been developed that 
includes an "Emergency Response to Blood 
Requests" module for the operational practicality 
of the completed project. 

Certain limitations of the completed system exist 
due to the limited size of sample datasets 
obtained during the course of the project and 
because of an ongoing research collaboration 
between the researchers at the University of 
Chichester, UK and the University of Suez Canal 

in Egypt; however, this project serves as a 
foundational proof of the feasibility of 
developing a system that accurately predicts 
Blood Groups from fingerprints; further 
augmentation/development of the above 
mentioned system has the potential to provide a 
significant contribution to current and future 
healthcare systems. 

A.  Future scope 
In order to improve the proposed system's 
capabilities, it can be enhanced through the use 
of **live fingerprint readers with dedicated 
fingerprint scanners**, as opposed to using still 
images as input data. The next phase of 
development could include integrating the system 
with physical biometric reader devices so users 
can simply place their finger on the scanner and 
get blood type results immediately. This would 
allow for higher accuracy by securing high-
quality fingerprints with consistent standards of 
quality and less variability due to low-quality 
image processing. 

As well, the model can be improved by training 
the model using much larger and diverse datasets 
to ensure that predictive capabilities are accurate. 
Using advanced deep learning methods, like 
more effective CNN architectures or hybrid 
architectures, can also enhance performance. 
Increasing access and scalability through mobile 
apps or cloud-based integration would make the 
proposed system more easily used. Finally, if the 
proposed system can be integrated with hospital 
databases and blood bank inventories, it would 
allow for real-time sharing of data so that 
emergency responders and hospitals can provide 
quick assistance. 

When these improvements are completed, the 
proposed system could be turned into a very 
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effective, real-time health solution with a wide 
array of possible applications. 
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