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ABSTRACT

There is worldwide demand for an affordable Blood Group measurement
solution, which is a particularly urgent need in developing countries. The Image
Processing, which is the most penetrated device in both rich and resource-
constrained areas, would be a suitable choice to build this solution. This Project
proposes a non-invasive Blood Group measurement process. Also, its compared
the variation in data collection sites, bio signal processing techniques, theoretical
foundations, photoplethysmogram (PPG) signal and features extraction process,
Image Processing algorithms, and Detection models to calculate Blood Groups. This
analysis was then used to recommend realistic approaches to build a Image
Processing-based point-of-care tool for Blood Group measurement in a non-
invasive manner. In this project, proposing approaches for blood Group
measurement with the aim of recommending data collection techniques, signal
extraction processes, feature calculation processes, Image Processing algorithms
for developing a non-invasive Blood Group estimation using a Image. The proposed
system aims at developing results in shortest possible duration with precision and
accuracy along with storage of result for further references. Thus, the system allows
us to determine the blood type of a person eliminating traditional transfusions based
on the principle of the universal donor, reducing transfusion reactions risks and

storage of result without human errors.
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CHAPTER 1
INTRODUCTION
1.1 GENERAL

Blood is an essential to life. It circulates through human body and brings
oxygen and nutrients to all the parts of body so that they can keep working. It
carries carbon dioxide and other waste material to the lungs, kidneys and digestive
system so that waste material to be removed from the system. Blood group is a
classification of blood based on the presence or absence of antigenic substances
in blood cells. Blood types where first discovered by an Austrian physician, Karl
Landsteiner. In 1901, he observed that there are substances in the blood like
antigen and antibody that form clumping of red cells when one type of blood is added
to another type of blood. Based on this he recognizes three type of blood groups as
A, B and C. He defined that group A agglutinates with group B, similarly group B
agglutinates with group A but group C blood is different because it agglutinates
with both A and B. Thus, he discovered two antigens and two antibodies. In 1910,
Ludwik Hirszfeld and Emil Freiherr von Dungern introduced the term O(null) for
the group Landsteiner designated as C which has no antigens but antibodies anti-A
and anti-B. The fourth less frequent blood group AB was discovered by Sturli and
von Decastello, which has both A and B antigens but no antibodies. The Rh
blood group was discovered in 1940 by Karl Landsteiner and A. S. Weiner, they
classify blood group according to the presence or absence of Rh antigen.

Following are the blood groups present in human body.

1) Group A positive or A negative: A antigens are present on surface of blood

cells. Anti-B antibodies are present in the plasma.

2) Group B positive or B negative: antigens are present on surface of blood
cells. Anti-A antibodies are present in the plasma.

3) Group AB positive or AB negative: A and B antigens are present on surface
of blood cells. There are no antibodies in the plasma. People with group AB
positive blood can usually receive from any group.



4) Group O positive or O negative: There are no antigens are present on surface
of blood cells. Both anti-B and anti-A antibodies in the plasma. O is a universal

donor. People with O blood group can donate blood to people with any blood

group.

Blood group identification is very important to make sure blood transfusion
safety. Blood grouping is essential for many major medical procedures. Blood
Detection is the most important and essential activity in human life. Patients with
Thalassemia require a regular blood transfusion. So, it is important to identify the
correct blood group before blood transfusion, donation, and other emergency

situations, which may directly relate to the survival and life of the patient.

An ABO incompatibility reaction can occur if a patient receives the wrong
type of blood during a blood transfusion. Where ABO incompatibility reaction is
nothing but, antibodies that the patient already has in his or her blood will attack
the donor blood cells and destroy them. This will cause some dangerous effects
on the immune system such as fever, chills, chest or back pain, bleeding,
increased heart rate, shortness of breath, kidney damage and human death is also

possible.

The traditional method of determining blood type in the laboratory can be
replaced by a digital method using image processing technology. Image
processing is helping in many ways to achieve their goals, especially in the
security and medical fields. In the medical field, image processing is used for
various tasks like PET scan, X-ray imaging, medical CT, UV imaging, cancer cell
image processing, and much more. Nowadays image processing techniques are
widely used for blood group detection. It only takes a short time to determine the
blood type and there should be no errors.

There are image matching algorithms such as scale invariant feature
transform (SIFT), speed-up robust feature (SURF) and oriented fast and rotated

brief (ORB) algorithm which are used to find out the similarities in the image.

SIFT is feature detection algorithm in computer vision. This algorithm helps
to locate the local features in an image, commonly known as key points of the
image. It takes an image and transforms it into a large collection of local features.

This algorithm is distinctive where individual features can be matched for large

2



database objects. It provides many features for even small objects. ORB is an
efficient alternative to sift or surf algorithms used for feature extraction, in
computation cost and matching performance. This algorithm has ability to reduce

sensitivity to noise.

The various Deep Learning methods use data to train neural network
algorithm to do a variety of Machine Learning tasks, such as the classification of
different classes of objects. Convolutional Neural Network are Deep Learning

algorithms that are very powerful for analysis of images.

There are many applications of this blood detection system, as correct blood
group is required everywhere in the medical system. For example, before donating
blood at a blood donation camp, correct blood group of donors is required, in rural
areas, laboratories are not available to detect correct blood type, in such cases

people can use this system to detect the blood group.

In the ever-evolving realm of healthcare technology, the quest for safer,
more accurate, and less invasive diagnostics is relentless. The traditional
methods of blood group identification, often necessitating syringes and needles,
have long been associated with discomfort and infection risks. However, in our
pursuit of a healthier, more patient-centric future, a revolutionary approach has
emerged. This project explores a cutting-edge methodology that eliminates the
need for invasive procedures, replacing them with a noninvasive, user-friendly,

and easily deployable alternative.

By harnessing the capabilities of image sensors, spectroscopic information,
and photoplethysmographic (PPG) sensor data, we embark on a journey that
begins with data collection from the fingertip and lower eye conjunctival areas.
Our method intricately weaves together multiple stages, each contributing to a

seamless and accurate blood group estimation process.

Through data preprocessing, we transform fingertip videos into near-
infrared (NIR) LED-generated PPG signals. These signals then undergo rigorous
feature extraction, where characteristic features are derived, including those from

the PPG signal, its derivatives, and frequency analysis.



In a bid to optimize the model's performance, we employ a genetic algorithm
(GA) for feature selection, ensuring that only the most relevant features are
utilized in the subsequent stages. The culmination of this effort leads to the
development of a Convolutional Neural Network (CNN) model, tailored to the
specific task of blood group estimation. This CNN model seamlessly integrates

the selected features, delivering precise and rapid blood group level estimations.

As the output of this transformative process, we present a breakthrough in
healthcare technology—a method that holds the potential to reshape blood group
identification. With a focus on speed, accuracy, and safety, this project not only
eliminates the risk of infections like hepatitis and HIV but also accommodates the
needs of individuals who are needle phobic. Its versatility extends to emergency
scenarios, where rapid blood group detection is indispensable. With promising
results and an eye on the future, we usher in a new era of healthcare diagnostics,
setting the stage for broader adoption and innovation in the ever-evolving

healthcare landscape.

1.2 IMAGE PROCESSING

Image Processing, a fundamental aspect of computer vision, refers to the
manipulation and analysis of digital images using computational algorithms. Its
applications span across numerous domains including medical imaging, satellite
imagery analysis, security and surveillance, robotics, and more. The significance of
image processing lies in its ability to extract meaningful information from images,

enhance visual quality, and enable automated decision-making processes.

Image processing refers to the manipulation and analysis of digital images
using algorithms and techniques. It involves a series of steps such as acquisition,
preprocessing, enhancement, segmentation, and analysis. Through image
processing, various tasks such as image enhancement, restoration, compression,
and object detection can be performed. It plays a crucial role in fields like medicine,
astronomy, robotics, and entertainment. Image processing enables the extraction of
valuable information from images, aiding decision-making processes and enabling
automation. With advancements in technology, digital image processing has
become increasingly prevalent due to its flexibility and efficiency compared to

analog methods.



1.2.1 How Machines “See” Images

In the realm of image processing, digital images are perceived by computers
as numerical arrays of pixels. These pixels are arranged in rows and columns,
forming a grid that represents the image. Each pixel contains information about its
color or intensity, typically represented in numerical values. Understanding the
structure of digital images and how machines interpret them is essential for
implementing effective image processing algorithms.

Pixel intensity refers to the brightness or color of a pixel within an image. Itis
represented by numerical values, often ranging from 0 to 255 in grayscale images,
where 0 represents black and 255 represents white. In color images, pixel intensity
values are typically represented using color channels such as red, green, and blue
(RGB). Coordinates of pixels define their positions within the image grid, enabling

precise localization and manipulation.
1.2.2 Image Processing Techniques

Image processing techniques can be broadly categorized into several

categories, each serving different purposes:

Image Enhancement: Techniques aimed at improving the visual quality of images
by adjusting contrast, brightness, and sharpness.

Image Restoration: Methods for removing noise, blurriness, or other imperfections
from images to restore their original quality.

Image Segmentation: Process of partitioning an image into multiple segments to

simplify its representation and enable analysis of specific regions.

Feature Extraction: ldentification and extraction of meaningful features from

images, such as edges, corners, or textures.

Object Recognition: Recognition and classification of objects or patterns within

images using machine learning algorithms.

Recent advancements in image processing have been driven by deep learning
techniques, particularly Convolutional Neural Networks (CNNs). CNNs have
demonstrated remarkable performance in tasks such as image classification, object



detection, and image generation, surpassing traditional methods in accuracy and

efficiency as shown in fig 1.1.
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Fig 1.1 Various levels of image processing

1.2.3 Case Studies
Real-world applications of image processing are abundant across various fields:

Medical Imaging: Image processing techniques are extensively used for
diagnosing medical conditions, analyzing MRI or CT scans, and detecting

abnormalities in X-ray images.

Remote Sensing: Satellite imagery analysis relies on image processing for

environmental monitoring, urban planning, agriculture, and disaster management.

Security and Surveillance: Image processing enables facial recognition, license
plate recognition, and tracking of objects in surveillance systems for enhanced

security.

Industrial Automation: Image processing plays a crucial role in quality control,

defect detection, and robotic vision systems in manufacturing processes.



Case studies provide concrete examples of how image processing
techniques are applied in solving real-world problems, showcasing their

effectiveness and impact across diverse domains.
1.2.4. Challenges and Future Directions
Despite its advancements, image processing still faces several challenges:

Handling Big Data: The increasing volume and complexity of image data pose

challenges in storage, processing, and analysis.

Accuracy and Reliability: Ensuring the accuracy and reliability of processing
results, particularly in critical applications such as medical diagnosis, remains a

challenge.

Interpretability: Deep learning-based approaches, while highly effective, often lack

interpretability, making it difficult to understand the reasoning behind their decisions.
Future directions in image processing include:

Integration of Al: Further integration of artificial intelligence techniques, such as
reinforcement learning and generative adversarial networks (GANs), for more

intelligent and adaptive image processing systems.

Multimodal Integration: Integration of information from multiple sources such as
text, audio, and sensor data to enhance the capabilities of image processing

systems.

Ethical and Societal Implications: Addressing ethical concerns related to privacy,
bias, and fairness in image processing algorithms and applications.In conclusion,
image processing stands at the forefront of technological advancements, enabling
us to extract valuable insights from visual data and empower decision-making
processes across various domains. By leveraging advanced techniques such as
CNNs and addressing challenges such as handling big data and ensuring accuracy,
image processing holds the key to unlocking new frontiers in fields ranging from
healthcare to agriculture to security. As we navigate towards an increasingly
digitized world, the role of image processing in shaping the future of technology and

society will only continue to grow.



1.3 DEEP LEARNING

Deep Learning, a subset of machine learning, has emerged as a powerful
tool for solving complex problems in various domains, including image processing.
This report provides an in-depth exploration of deep learning techniques in image
processing, discussing their applications, advantages, challenges, and future

directions as shown in fig 1.2.

Machine Learning
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Fig 1.2 Machine Learning VS Deep Learning
1.3.1 Fundamentals of Deep Learning

Deep learning models, particularly Convolutional Neural Networks (CNNSs),
have revolutionized image processing tasks by automatically learning hierarchical
representations from raw pixel data. CNNs consist of multiple layers, including
convolutional layers for feature extraction and pooling layers for dimensionality
reduction. Through a process of training on labelled data, CNNs can learn to
recognize patterns and features in images, enabling tasks such as image

classification, object detection, and segmentation.
1.3.2 Applications of Deep Learning in Image Processing

Deep learning techniques have found widespread applications in image

processing across various domains:



Image Classification: CNNs are widely used for classifying images into predefined
categories, such as identifying objects in photographs or classifying medical images

for diagnosis.

Object Detection: Techniques like Region-based CNNs (R-CNNs) and their
variants enable accurate detection and localization of objects within images,

essential for tasks like autonomous driving and surveillance.

Image Segmentation: Deep learning-based segmentation models, such as Fully
Convolutional Networks (FCNSs), allow precise delineation of objects or regions
within images, facilitating tasks like medical image analysis and satellite image

interpretation.

Image Generation: Generative models like Generative Adversarial Networks
(GANs) are capable of generating realistic images from random noise, with

applications in art generation, image synthesis, and data augmentation.
Advantages of Deep Learning in Image Processing

Deep learning offers several advantages over traditional image processing

techniques

Feature Learning: Deep learning models can automatically learn hierarchical
representations of features from raw pixel data, eliminating the need for manual

feature engineering.

Scalability: Deep learning models can scale effectively to large datasets and
complex tasks, making them suitable for handling big data in image processing

applications.

Accuracy and Generalization: Deep learning models often achieve state-of-the-
art performance on benchmark datasets, demonstrating high accuracy and

generalization capabilities across diverse domains.

End-to-End Learning: Deep learning enables end-to-end learning pipelines, where
raw input data is directly transformed into desired output labels, simplifying the

development process.



1.3.3 Challenges and Limitations

Despite its successes, deep learning in image processing also faces several
challenges

Data Limitations: Deep learning models require large amounts of labeled training
data, which may be costly or difficult to obtain, particularly for specialized domains.

Interpretability: Deep learning models often lack interpretability, making it
challenging to understand the underlying reasoning behind their decisions,
especially in critical applications like healthcare.

Overfitting: Deep learning models are prone to overfitting, where they memorize
noise in the training data rather than learning meaningful patterns, leading to

decreased performance on unseen data.

Computational Resources: Training deep learning models requires substantial
computational resources, including high-performance GPUs or TPUs, which may be

inaccessible to some researchers or organizations.

In conclusion, deep learning has transformed the field of image processing,
enabling unprecedented capabilities in tasks such as image classification, object
detection, and segmentation. With its ability to automatically learn hierarchical
representations from raw data, deep learning offers numerous advantages over
traditional techniques, including scalability, accuracy, and end-to-end learning.
However, challenges such as interpretability, data limitations, and computational
resources remain areas of active research. As we continue to push the boundaries
of deep learning in image processing, addressing these challenges and exploring
new directions will be crucial for unlocking its full potential in advancing technology

and society.
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CHAPTER-2

LITERATURE SURVEY

T. Nihar et al (2024) present a study on blood group determination using
fingerprint analysis. Published in the MATEC this research was part of the
International Conference on Multidisciplinary Research and Sustainable
Development (ICMED 2024). The authors, affiliated with the Department of AI&ML
at CBIT in Hyderabad, Telangana, India, delve into the unique and immutable nature
of fingerprint patterns, which serve as a crucial aspect of personal identity. In various
contexts, particularly in legal proceedings, fingerprint evidence holds significant
value due to the unparalleled distinctiveness of each person's minutiae pattern. The
paper highlights the rarity of resemblance, with the probability of similarity being
extremely low, nearly one in sixty-four thousand million, even for identical twins. This
individualistic ridge pattern remains unchanged from birth, providing a constant
aspect of personal identity. The study proposes a method that involves comparing
specific feature patterns derived from fingerprints for personal identification
systems. Additionally, the research explores the use of fingerprint data in the
determination of blood groups. In the process of fingerprint matching, ridge
frequency is assessed, and spatial features are extracted using a Gabor filter
tailored for this specific purpose. Consequently, blood group determination can be
achieved through fingerprint analysis.

R. Manjunatha Prasad et al. (2023) The non-invasive model using image
processing and machine learning algorithms was proposed to detect the blood type
of a person in a short period of time, without mixing any antigens with blood samples.
The paper discusses the need for non-invasive blood group detection methods to
overcome the limitations of manual tests conducted by lab personnel, which can
result in human error and potential harm to patients. The proposed solution involves
using image processing and machine learning algorithms to detect blood types
quickly and accurately. Image matching techniques like ORB are utilized to extract

features from images, which are then fed into a machine learning model for blood

11



type detection. This non-invasive method eliminates the need for mixing antigens or
using blood samples and reduces the risk of human error. The use of image
processing and machine learning in medical fields has proven to be beneficial, and
this system aims to provide a reliable and efficient way to determine blood types.
The paper proposes a non-invasive model using image processing and machine
learning algorithms to detect blood groups, eliminating the need for manual tests

and reducing human error

K.Vasavi et al. (2022) The paper proposes a method for blood group
detection using deep learning and image processing techniques. There are 3
phases associated with the undertaking picture obtaining, preprocessing, paired
taking everything into account. All we want is a Logitech webcam camera to snap
the photo of a fingertip of a human body. The preprocessing stage eliminates the
undesirable clamors from the image and converts it to an infrared picture. The
channel utilized in preprocessing stage is middle channel which is a non-direct
computerized sifting strategy. There are different kinds of separating methods like
mean channel, gaussian channel, versatile channel, and so on however the
explanation we utilize middle channel is that is all there is to it is less delicate to limit
values when contrasted with different channels thus can safeguard it while
eliminating undesirable commotions. For complete expulsion of commotions, we
first add a clamor to it so that all covered up and unhidden clamors are taken out.
The picture is resized and the picture in the following stage where its pixels are
utilized to determine specific highlights which help in isolating the blood gatherings.
The element extraction is finished with the assistance of GLCM or Dim Scale Co-
event network. When the elements are inferred the blood bunches are characterized
into different sorts tobe specific, O+, A+, B+, AB+, O-, A-, B-, Stomach muscle . The
negative and positive not set in stone by the presence or nonappearance of an
antigen called rhesus in specific blood gatherings. We gather the dataset from
clinics and train the information to give precise outcomes to the test information. The
exactness can be improved by utilizing infrared cameras rather than typical

cameras.
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Marife A. Rosales et al. (2022) The development of a device that is capable
of identifying the blood type of an individual using an image processing and machine
learning algorithms by developing a capturing box integrated with a web camera
system that could effectively capture blood sample images. Blood type identification
is a method used for determining the specific blood type of a person. It is a
requirement before blood transfusions or blood donations is undertaken especially
during emergency situations. Presently, the tests are performed manually by
medical technologists in the laboratories. Sometimes, manual blood typing is prone
to human error, resulting to incorrect blood grouping and wrong typing in the report,
leading to fatal transfusion reactions. The study was focused on the development of
a device that is capable of identifying the blood type of an individual using an image
processing and machine learning algorithms. The study covered the identification of

eight blood types.

Raj Bhagat et al. (2021) The method developed proves that it is effective and
efficient method to detect the agglutination and determines the blood type of the
patient accurately. The use of image processing techniques enables automatic
detection of agglutination and determines the blood type of the patient in a short
interval of time. The method is suitable and helpful in emergency situations. The
proposed system aims to develop a system which uses Image processing algorithm
to perform blood tests based on ABO and Rh blood typing systems. The input taken
to this system is a blood sample whose images are captured and forwarded to the
image processing algorithm. It uses algorithm for classification of images and
pattern matching algorithms for matching of images. From a greater number of
experiments, this technique shows quick and accurate identification, using serum
and antibody agglutination. This system can be enhanced to predict the Blood
Samples without using Antigens or Anti serum. System can be enhanced to predict
the alcohol detection in the blood sample. System can be enhanced to predict the

infection of malaria in the blood sample.
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CHAPTER-3
AIM AND SCOPE OF THE PRESENT INVESTIGATION

3.1.AIM

The aim of this groundbreaking project is to revolutionize blood group
detection methodologies by pioneering a non-invasive approach that amalgamates
image processing techniques with deep learning models. By harnessing the power
of image sensors, spectroscopic data, and photoplethysmography (PPG) sensors,
this endeavour seeks to eliminate the need for invasive blood sampling, offering a
safer, more accessible alternative to traditional blood typing procedures. The project
aims to develop a robust Point-of-Care (POC) tool capable of accurately determining
blood group levels by analysing PPG signals captured from the fingertip area, with
a secondary focus on the lower eye conjunctival area. Through innovative utilization
of near-infrared (NIR) LED light sources, coupled with advanced signal processing
algorithms and deep learning architectures, the project endeavours to achieve

unparalleled accuracy in blood group estimation, with a targeted accuracy level.

Central to the proposed methodology is the development of a sophisticated
model that seamlessly integrates image processing and deep learning components.
The model begins by capturing PPG signals from fingertip videos recorded under
various lighting conditions, particularly emphasizing NIR LED light sources known
for their ability to penetrate living tissue and extract physiological information. These
PPG signals serve as the primary input data, encoding vital physiological clues
indicative of blood group status. Through a meticulous process of feature extraction,
multiple characteristic features are derived from the PPG signals, encompassing
temporal, spectral, and morphological attributes. Leveraging the power of genetic
algorithms, the model then undertakes feature selection, strategically identifying the
most informative features that contribute to accurate blood group classification while

minimizing redundancy and noise.

In the subsequent phase, the project harnesses the immense capacity of
Convolutional Neural Networks (CNNs) to analyse and interpret the selected
features, effectively discerning intricate patterns and relationships within the data.

These CNN-based models are meticulously trained on a diverse dataset,
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meticulously curated to encompass the full spectrum of blood group variations and
demographic characteristics. Through iterative optimization and validation
processes, the models are fine-tuned to exhibit robust performance across a range
of scenarios, ensuring reliable and consistent blood group estimation outcomes. The
integration of image processing techniques, genetic algorithms, and CNN-based
deep learning models culminates in a comprehensive framework poised to
revolutionize blood group detection, offering unparalleled accuracy and accessibility

in clinical settings.
3.2 SCOPE

Blood group determination is a critical aspect of medical diagnostics,
influencing various aspects of patient care including transfusion compatibility, organ
transplantation, and prenatal care. Traditional methods of blood typing often involve
invasive procedures such as blood sample collection, which can be uncomfortable
for patients and pose risks of infection and other complications. This project seeks
to address these challenges by developing a non-invasive approach that harnesses
the power of image processing and deep learning technologies.

Data Collection and Pre-processing:

+ Gather PPG signals from fingertip videos captured under various light
sources, emphasizing NIR LED light for optimal signal acquisition.

» Collect spectroscopic information and other relevant physiological data to
supplement the blood group detection process.

+ Develop pre-processing techniques to enhance signal quality, remove noise,

and normalize data for consistent analysis.
Feature Extraction:

» Extract multiple characteristic features from the PPG signals, including time-
domain features, frequency-domain features, and derivatives.

+ Employ genetic algorithms for optimal feature selection, identifying the most
informative features that contribute to accurate blood group classification.

+ Explore advanced signal processing techniques to uncover subtle patterns

and relationships within the data that may be indicative of blood group status.
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Model Development:

* Design and train Convolutional Neural Network (CNN) based models to
estimate blood group levels from the selected features.

« Utilize deep learning architectures to capture complex spatial and temporal
patterns present in the PPG signals.

* Implement regularization techniques and model optimization strategies to

prevent overfitting and improve generalization performance.
Integration and Evaluation:

* Integrate the developed image processing algorithms and deep learning
models into a unified framework for blood group detection.

+ Evaluate the performance of the proposed method using a diverse dataset
encompassing different blood groups, demographic characteristics, and
environmental conditions.

« Conduct rigorous validation studies comparing the accuracy and reliability of
the non-invasive approach against established blood typing methods, such
as serological testing and DNA-based techniques.

User Interface Development:

+ Develop a user-friendly interface for the POC tool, catering to the needs of
healthcare professionals in diverse clinical settings.

« Design intuitive visualization tools to facilitate real-time analysis and
interpretation of blood group results.

* Incorporate feedback mechanisms to ensure usability, accessibility, and

scalability of the developed software platform.

Ethical Considerations:

» Address ethical concerns related to patient privacy, informed consent, and
responsible data handling practices.

+ Ensure compliance with regulatory standards and guidelines governing
medical device development, including 1ISO 13485 and FDA regulations.
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* Engage stakeholders including patients, healthcare providers, and regulatory
authorities to foster transparency and accountability throughout the project

lifecycle.
Future Directions:

+ Explore opportunities for further research and development, including
extensions to related diagnostic applications such as disease screening and
personalized medicine.

* Investigate strategies for deploying the non-invasive blood group detection
technology in resource-limited settings, where access to traditional laboratory
facilities may be limited.

» Collaborate with industry partners to explore commercialization prospects
and translate the research findings into viable healthcare solutions that
benefit patients worldwide.

Through the analysis of physiological signals, such as photoplethysmography
(PPG) signals captured from fingertip videos, coupled with deep learning
techniques, the project seeks to accurately classify individuals into different blood
groups. This innovative methodology not only enhances patient comfort and safety
but also streamlines diagnostic workflows, enabling quicker and more efficient blood

group determination in various clinical settings.

Furthermore, the scope of the project extends beyond traditional blood typing
methods by incorporating advanced signal processing techniques and feature
extraction algorithms. By extracting and analysing multiple characteristic features
from PPG signals, including time-domain and frequency-domain features, the
project aims to uncover subtle patterns and relationships indicative of blood group
status. Through the development of convolutional neural network (CNN) models
trained on these features, the project endeavours to achieve high levels of accuracy
and reliability in blood group classification. The integration of image processing and
deep learning technologies into a unified framework holds the potential to
revolutionize blood typing procedures, paving the way for enhanced patient care

and improved medical outcomes.
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CHAPTER- 4

EXPERIMENTAL METHODS

4.1 EXISTING SYSTEM

Blood Group level measurement is a blood diagnosis process to determine
the concentration of cell count in the blood. Clinicians measure Blood Group in
several ways. Although the invasive (blood sample collection) approach remains the
most common. Invasive processes involve the addition of various chemicals to a
blood sample and then optical variations are calculated using spectroscopic data to
measure the Blood Group level. The existing system for blood group detection
predominantly relies on invasive clinical blood testing methods, necessitating the
collection of blood samples through procedures such as venipuncture or fingerstick
blood sampling. Despite being widely accepted and clinically validated, these
traditional approaches present several limitations. Firstly, they entail invasiveness,
causing discomfort and potential complications for patients, including pain, bruising,
and infection risks. Moreover, the process is time and resource-intensive, involving
multiple steps from sample collection to laboratory analysis, which can be
particularly challenging in resource-limited settings. Accessibility to blood typing
facilities may also be restricted in certain regions, leading to delays in obtaining
timely results and impacting patient care outcomes. Additionally, the cost associated
with laboratory-based blood typing tests, including equipment, reagents, and
personnel, can pose financial barriers for both patients and healthcare facilities.
Furthermore, invasive procedures may deter some patients from seeking blood
group determination services due to needle phobia or fear of medical procedures,
affecting patient compliance and overall healthcare delivery. Given these
challenges, there is a pressing need for alternative approaches that offer non-
invasive, cost-effective, and patient-friendly solutions for blood group detection,

addressing these limitations and improving accessibility and quality of care.
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4.2 Algorithms Description of each Module

Login

N o ok~ wDbdRE

Login Successfully is essential to System Algorithm
Begin

Enter username and password

if(correct)-> login Successful

else-> login unsuccessful

Go to entry menu

End

Detection:

Detection module has four sub modules

A. Select sample: Algorithm:

1.
2.
3.
4.

Begin

Select blood sample image
Display image on screen
End

B. Split image: Algorithm:

1.
2.
3.
4.
5.

Begin

Take the image

Divide it into three parts
Display images on screen
End

C. Image Matching: Algorithm:

1.
2.

N~ o o A~

Begin
Take split images one by one and standard image.
. Detect Key points and computes descriptors of split image and standard
image.
. Match the image split image and standard image by using descriptors.
. Find out matching points between images.
. With help of matching points detect the blood group.
End
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Prediction

1) Algorithm
1. Begin
. Load training model
. Provide the selected image.
. Test the selected image with the help of trained model.
. Display the blood group
. End

o O~ WDN

4.3 HARDWARE REQUIREMENT

4.3.1 Arduino uno

Arduino is a tool for making computers that can sense and control more of
the physical world than your desktop computer. It's an open-source physical
computing platform based on a simple microcontroller board, and a development

environment for writing software for the board.

Arduino can be used to develop interactive objects, taking inputs from a
variety of switches or sensors, and controlling a variety of lights, motors, and other
physical outputs. Arduino projects can be stand-alone, or they can be
communicating with software running on your computer. The boards can be
assembled by hand or purchased preassembled; the open-source IDE can be

downloaded for free.

The Arduino programming language is an implementation of Wiring, a similar
physical computing platform, which is based on the Processing multimedia

programming environment.

The Arduino microcontroller is an easy to use yet powerful single board
computer that has gained considerable traction in the hobby and professional
market. The Arduino is open-source, which means hardware is reasonably priced

and development software is free.

This guide covers the Arduino Uno board (Spark fun DEV-09950, $29.95), a
good choice for students and educators. With the Arduino board, you can write

programs and create interface circuits to read switches and other sensors, and to
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control motors and lights with very little effort. Many of the pictures and drawings in

this guide were taken from the documentation.

This is what the Arduino board looks like as shown in fig 4.3.a.

MADE @ -
IN ITALY —

"™

e e
'’

Fig 4.3.a Arduino Board

The Arduino programming language is a simplified version of C/C++. If you
know C, programming the Arduino will be familiar. If you do not know C, no need to

worry as only a few commands are needed to perform useful functions.

The Arduino Uno is a microcontroller board based on the ATmega328.1t has
14 digital input/output pins (of which 6 can be used as PWM outputs), 6 analog
inputs, a 16 MHz ceramic resonator, a USB connection, a power jack, an ICSP
header, and a reset button. It contains everything needed to support the
microcontroller; simply connect it to a computer with a USB cable or power it with a

AC-to-DC adapter or battery to get started.

The Uno differs from all preceding boards in that it does not use the FTDI
USB-to-serial driver chip. Instead, it features the Atmegal6U2 (Atmega8U2 up to

version R2) programmed as a USB-to-serial converter.
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Summary

* Microcontroller ATmega328

* Operating Voltage 5V

* Input Voltage (recommended) 7-12V

* Input Voltage (limits) 6-20V

+ Digital I/0O Pins 14 (of which 6 provide PWM output)
* Analog Input Pins 6

* DC Current per I/O Pin 40 mA

* DC Current for 3.3V Pin 50 mA

* Flash Memory 32 KB (ATmega328) of which 0.5 KB used by bootloader
* SRAM 2 KB (ATmega328)

+ EEPROM 1 KB (ATmega328)

* Clock Speed 16 MHz

Pin Configuration

The Arduino Uno as shown in fig 4.3.b is a popular microcontroller board with a set
of digital and analog input/output pins that can be used for various purposes,
including interfacing with sensors, displays, and other electronic components. Here
is the pin configuration for the Arduino Uno:

Other Pins
Reset: Used to reset the microcontroller.

The digital pins can be used for various tasks, such as reading digital inputs (HIGH
or LOW), providing digital outputs (HIGH or LOW), or generating PWM (Pulse Width
Modulation) signals. The analog pins can be used to read analog sensor values,

and they can also be used as digital pins when needed.
Digital Pins

Digital Pins 0 to 13: These pins can be used for both digital input and output. Pins O

and 1 are also used for serial communication (RX and TX).
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Arduino function
28] PC5 (ADCSSCLPCINT13) analog input 5

Arduino function
reset (PCINT14/RESET) PC&[]1

digital pin 0 (RX) (FCINT16/RXD) PDO[]= 27 ] PC4 (ADC4/SDAMPCINTIZ) analog input 4
digital pin 1 (TX) {PCINT17/TXD) PD1[] 260 ] PC3 (ADC3/PCINT11) analog input 3
digital pin 2 {PCINT18/NTQ) PD2]+ 28] PC2 (ADC2/PCINTI0) analog input 2

digital pin 3 (PWM) (PCINT19/0C2B/INT1) FD3 [} 24 PC1 (ADC1/PCINTS) analog input 1
digital pin 4 (PCINT20/XCHITOQ) PD4 s 23] PCO (ADCOMPCINTE) analog input 0
VoG Voo O 2] GND GMND

GND GND [Je 21 ] AREF analog reference
crystal (PCINTE/XTAL1/TOSC1) PEBS ] 2] AVCC VCC
crystal (PCINTT/XTALZTOSC2) PBT 10 1911 PB5 {SCK/PCINTS) digital pin 13
digital pin 5 (FWM) {FCINT21/QC0B/T1) PDS &[] PB4 (MISO/PCINT4) digital pin 12

digital pin & (PWHM)  (PCINT22/0C0AMAING) PD&E[]12
digital pin 7 (PCINT23/aIN1) PD7 ]2
digital pin 8 (PCINTO/CLKOACP1) PBO 14

17]] PB3 (MOSIOC2A/PCINT3) digital pin 11(PWM)
168 PB2 (SSIOCTBPCINT2)  digital pin 10 (PWM)
15] PB1 (OC1APCINTA) digital pin 9 (PWM)
Fig 4.3.b Arduino UNO pin configuration

Analog Pins

Analog Pins A0 to A5: These pins are used for analog input. They can also be used

as digital input/output pins.

Power Pins

5V: Provides a 5-volt power supply for external components.

3.3V: Provides a 3.3-volt power supply for external components.

GND (Ground): Ground pins for completing electrical circuits.

Vin: This pin can be used to power the Arduino Uno via an external power source
Communication Pins

RX (Receive): Used for serial communication and receiving data.

TX (Transmit): Used for serial communication and transmitting data.

SDA (Analog Pin A4): Used for I2C communication (TWI - Two-Wire Interface).

SCL (Analog Pin A5): Also used for I2C communication.
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4.3.2 NIR Image Sensor:

Fig 4.3.2 NIR Image Sensor

From fig 4.3.2 The NIR (Near-Infrared) image sensor stands as a revolutionary
technology in the realm of imaging systems, heralding a new era of non-invasive
medical diagnostics. Distinguished by its sensitivity to near-infrared wavelengths of
light, the NIR image sensor possesses the unique ability to penetrate living tissue,
capturing physiological clues with unprecedented precision and detail. In the context
of the blood group detection project, the NIR image sensor serves as the linchpin of
the system, enabling the acquisition of high-quality images of the fingertip area
under near-infrared illumination. This non-invasive approach represents a paradigm
shift in blood group detection methodologies, offering an alternative to invasive
blood sampling procedures that can be uncomfortable and anxiety-inducing for

patients.

The utilization of NIR imaging in the blood group detection project
underscores its versatility and adaptability to diverse clinical applications. By
circumventing the need for invasive blood sampling, the NIR image sensor
enhances patient comfort and compliance, facilitating seamless integration into

clinical workflows and improving overall healthcare outcomes. Moreover, the NIR
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image sensor's ability to penetrate living tissue enables the capture of detailed
physiological information that may be indicative of underlying health conditions
beyond blood group determination. This expanded functionality positions the NIR
image sensor as a multifaceted tool with broad implications for medical research

and diagnostic imaging across various healthcare domains.

Furthermore, the NIR image sensor's role extends beyond mere data
acquisition, encompassing the critical task of providing input for the system's image
processing and analysis algorithms. By capturing images of the fingertip area under
near-infrared illumination, the NIR image sensor furnishes the system with essential
data for feature extraction, pattern recognition, and blood group prediction. This
integration of NIR imaging technology into the blood group detection process
enhances the system's accuracy and reliability, paving the way for more precise and
efficient diagnostic capabilities. Additionally, the NIR image sensor's compatibility
with existing imaging platforms and protocols ensures seamless integration into
clinical environments, minimizing disruption to established workflows and

maximizing the system's utility and effectiveness.

In summary, the NIR image sensor represents a groundbreaking
advancement in medical imaging technology, offering unparalleled capabilities for
noninvasive blood group detection and beyond. Its sensitivity to near-infrared
wavelengths of light, coupled with its ability to penetrate living tissue and capture
detailed physiological information, positions it as a transformative tool with vast
potential for enhancing healthcare delivery and patient care outcomes. As the
cornerstone of the blood group detection project, the NIR image sensor embodies
the convergence of cutting-edge technology and medical innovation, ushering in a
new era of non-invasive diagnostic imaging with far-reaching implications for clinical

practice and medical research.
4.3.3 LCD Display:

LCD (Liquid Crystal Display) with a 16x16 character matrix. While such
displays are not as common as standard 16x2 or 20x4 character LCDs, they are still
available and can be used in various applications where a larger display area or

higher resolution is required.

25



A 16x16 character LCD display would typically consist of 16 rows and 16
columns of pixels, allowing for the display of more complex graphics, custom
symbols, or larger characters compared to standard character LCDs. These
displays are often used in applications such as graphical user interfaces (GUIs),

gaming consoles, digital clocks, and instrumentation panels.

Interfacing a 16x16 character LCD display with a microcontroller or other
control circuitry would involve similar principles as with smaller character LCDs, but
with the additional complexity of managing a larger number of pixels and addressing

individual cells within the display matrix.

To drive a 16x16 character LCD display, you would typically need a suitable
controller or driver IC that supports the desired resolution and interface protocol
(such as parallel or serial communication). Additionally, you may need to develop or
use existing software libraries to facilitate communication with the display and
generate the necessary pixel data for displaying text, graphics, or custom symbols.

When designing applications with a 16x16 character LCD display, it's
essential to consider factors such as display refresh rate, memory requirements for
storing pixel data, and the computational overhead for generating and updating
display content in real-time. the LCD display plays a crucial role in providing users
with real-time feedback and enabling interaction with the system. Integrated
seamlessly with the Arduino Uno and other components, the LCD display serves as
a user-friendly interface through which users can access important information,

adjust settings, and respond to alerts or notifications.

Contrast
Backlight [+)
Backlight (-]

Oy
=
3>

Fig 4.3.3 LCD Display
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Fig 4.3.3 shows that the standard character LCDs, 16x16 character LCD displays
offer increased flexibility and visual appeal for applications requiring larger or more
detailed graphical output. With the right hardware and software integration, they can
enhance user interaction and display capabilities in various electronic devices and

systems.

4.3.4 Hardware Specification

The hardware specifications outlined depict a standard configuration suitable for
general computing tasks. A processor with a clock speed exceeding 500 MHz
provides ample processing power for everyday activities such as web browsing,
document editing, and multimedia playback. Backed by 4 GB of RAM, the system
can seamlessly handle multitasking, allowing users to run multiple applications
simultaneously without experiencing significant slowdowns. With a 500 GB hard disk
drive, users have sufficient storage space to store documents, photos, videos, and
other files. However, considering the expanding size of multimedia content,
upgrading to a solid-state drive for faster performance and reliability may be
advantageous. Input is facilitated through a standard keyboard and mouse, enabling
users to interact efficiently with the system. The output is displayed on a VGA
monitor capable of delivering high-resolution visuals, ensuring a crisp and clear
viewing experience. Overall, these hardware specifications provide a solid
foundation for a versatile and reliable computing setup tailored to meet the demands

of everyday use.

e Processor : Any Processor above 500 MHz

e Ram : 4GB

e Hard Disk : 500 GB.

e Input device . Standard Keyboard and Mouse.

e Output device : VGA and High Resolution Monitor

4.4 SOFTWARE REQUIREMENT

4.4.1 Arduino ide

The Arduino Integrated Development Environment (IDE) as shown in fig 4.4.a
is an open-source software platform that is used to write, compile, and upload code

to Arduino microcontroller boards. It provides a user-friendly interface for both
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beginners and experienced developers to create and develop projects involving

Arduino boards. Here are some key details about the Arduino IDE.

Arduino UNO is a low-cost, flexible, and easy-to-use programmable open-
source microcontroller board that can be integrated into a variety of electronic
projects. This board can be interfaced with other Arduino boards, Arduino shields,

Raspberry Pi boards and can control relays, LEDs, servos, and motors as an output.

Open Arduino IDE Select the COM Port as shown in fig 4.4.b
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Fig 4.4.a Open Arduino IDE Fig 4.4.b Select COM Port

Select the required Arduino board Sketch in Arduino IDE as shown in fig 4.4.c.
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Progammer } AckinoMeg 2560 orMega ADK
Bum Bootloader Avcuino Mega (ATmegal280)
Antuino Leonardo
Avtuino Esplora
Aduino Micro
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LilyPad Arduino USB
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LilyPad Arduino w/ ATmegal6d

Arduino Pro o Pro Mini (Y, 16 M) wf ATmega328

Fig 4.4.c Select the Arduino board Fig 4.4.d Sketch the Arduino IDE
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Compile and upload the Sketch to Arduino board as shown in fig 4.4.e.

PO BOE 2]

Fig 4.4.e Compile and Upload to Board
4.4.2 PyCharm

From fig 4.4.2 PyCharm, developed by JetBrains, stands as a leading
integrated development environment (IDE) for Python programming, renowned for
its comprehensive feature set and robust functionality. Offering a rich array of tools
and capabilities tailored specifically for Python development, PyCharm caters to the
diverse needs of developers, ranging from beginners to seasoned professionals. Its
intuitive interface, powerful code editor, and seamless integration with popular
frameworks and tools make it a preferred choice among Python enthusiasts

worldwide.

One of PyCharm's standout features is its sophisticated code editor, which
provides a conducive environment for writing, editing, and debugging Python code.
The code editor offers advanced syntax highlighting, code completion, and code
analysis capabilities, enhancing productivity and minimizing errors. Furthermore,
PyCharm's intelligent code inspection feature detects potential issues in real-time,
providing instant feedback and suggestions for optimizing code quality and
performance. Its seamless integration with version control systems like Git enables
efficient collaboration and code management, allowing developers to work

seamlessly across different projects and teams.

PyCharm's support for popular Python frameworks, such as Django, Flask,
and Pyramid, further amplifies its appeal among developers working on web
development projects. Its built-in support for project templates, code generation, and
integrated database tools streamlines the development process, enabling

developers to build and deploy web applications with ease. Additionally, PyCharm's
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robust testing and debugging tools facilitate rapid iteration and refinement of web

applications, ensuring reliability and scalability.

Beyond web development, PyCharm offers comprehensive support for
scientific computing, data analysis, and machine learning projects. Its integration
with scientific libraries like NumPy, SciPy, and pandas provides a powerful
environment for data manipulation, visualization, and exploration. Moreover,
PyCharm's integration with popular machine learning frameworks like TensorFlow
and PyTorch empowers developers to build and deploy machine learning models
seamlessly, leveraging PyCharm's extensive debugging and profiling capabilities to

optimize performance and accuracy.

PyCharm's extensibility and customization options further enhance its
versatility, allowing developers to tailor the IDE to their specific workflow and
preferences. Its extensive plugin ecosystem offers additional functionality and
integrations with third-party tools, enabling developers to augment PyCharm's
capabilities as needed. Whether developing web applications, scientific computing
projects, or machine learning solutions, PyCharm remains a versatile and
indispensable tool for Python developers, empowering them to unleash their
creativity and innovation in the world of programming and beyond.
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Fig 4.4.2 PyCharm

30



In my personal experience, utilizing PyCharm as the primary IDE to run
Python files has been an enriching journey. The seamless integration of PyCharm
with various Python frameworks, libraries, and tools has significantly streamlined my
development workflow. PyCharm's intuitive user interface and powerful features,
coupled with its extensive documentation and community support, have made it my

go-to choice for Python development projects.

One of the standout aspects of using PyCharm to run Python files is the
convenience it offers in managing project dependencies and virtual environments.
With PyCharm's built-in package manager and virtual environment management
tools, | can effortlessly create isolated environments for each project, ensuring a
clean and consistent development environment. This capability is particularly
valuable when working on multiple projects simultaneously, as it helps prevent
conflicts between project dependencies and ensures reproducibility across different

environments.

Moreover, PyCharm's robust debugging and profiling capabilities have been
instrumental in troubleshooting and optimizing my Python code. The integrated
debugger provides real-time insights into code execution, allowing me to identify
and resolve issues efficiently. Additionally, PyCharm's profiling tools offer valuable
performance metrics and insights, enabling me to identify bottlenecks and optimize

critical sections of code for improved efficiency and speed.

Furthermore, PyCharm's comprehensive testing support has been
indispensable in ensuring the reliability and quality of my Python projects. With
PyCharm's integrated testing framework and support for popular testing libraries like
pits and unit test, | can easily write and execute test cases, automate testing
workflows, and analyse test results within the IDE. This streamlined testing process
has helped me maintain high code quality standards and deliver robust, bug-free

software solutions to my clients and stakeholders.

Overall, using PyCharm to run Python files has not only enhanced my
productivity and efficiency as a developer but has also empowered me to explore
new avenues and push the boundaries of Python programming. Its seamless
integration with Python frameworks, libraries, and tools, coupled with its rich feature

set and intuitive user interface, make PyCharm an indispensable tool in my software

31



development toolkit. Whether working on web applications, data science projects,
or machine learning solutions, PyCharm continues to be my trusted companion,

enabling me to bring my ideas to life with confidence and creativity.
4.4.3 Software Specification

The software specifications delineate a flexible environment conducive to
diverse computing needs. Operating within the Windows family, users benefit from
a widely-used and versatile platform known for its compatibility and extensive
software support. The programming languages Python, and C offer a robust toolkit
for software development, spanning from rapid prototyping and data analysis to
complex algorithm implementation and system-level programming. Leveraging
either Python as Integrated Development Environments (IDEs) further streamlines
the development process, providing intuitive interfaces and powerful tools for
coding, debugging, and testing. Whether tackling data science projects, engineering
simulations, or software development tasks, the combination of Windows OS,
Python and C offers a rich ecosystem tailored to meet a broad spectrum of

computational challenges with efficiency and reliability.

e Operating System : Windows Family.
e Programming Language : Python, C
e IDE :Arduino ide, Python

4.5 PROPOSED SYSTEM

The proposed system for blood group detection represents a significant
advancement over existing methods, offering a non-invasive, user-friendly, and
accurate alternative for blood typing. At its core, the system leverages image
processing techniques, spectroscopic information, and photoplethysmographic
(PPG) sensor output to estimate blood group levels without the need for invasive
blood sampling. By utilizing features extracted from PPG signals captured from the
fingertip area, particularly under near-infrared (NIR) LED light sources, the proposed

system aims to achieve a high level of accuracy.
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One of the key innovations of the proposed system lies in its integration of
image processing algorithms and deep learning models. PPG signals obtained from
fingertip videos under various lighting conditions, with a focus on NIR LED light,
serve as the primary input data. Through meticulous feature extraction, including
time-domain features, frequency-domain features, and derivatives, the system
captures critical physiological clues indicative of blood group status. Genetic
algorithms are then employed to select the most informative features, optimizing the
discriminative power of the feature set and enhancing accuracy.

Central to the proposed system is the development of Convolutional Neural
Network (CNN) based models trained to estimate blood group levels from the
selected features. These deep learning architectures are designed to analyse
complex spatial and temporal patterns within the data, effectively discerning subtle
relationships that contribute to accurate blood group classification. By iteratively
optimizing and validating the models using diverse datasets, the system aims to
ensure robust performance across different population groups and environmental

conditions.

The proposed system offers several advantages over existing methods,
including its non-invasiveness, user-friendliness, and potential for widespread
accessibility. By eliminating the need for invasive blood sampling, the system
reduces patient discomfort and lowers the risk of complications associated with
traditional blood typing procedures. Furthermore, its integration into a Point-of-Care
(POC) tool enhances its usability in clinical settings, providing healthcare
professionals with rapid and reliable blood group determination capabilities. Overall,
the proposed system represents a significant leap forward in blood group detection
technology, with the potential to improve patient care outcomes and streamline

healthcare delivery processes.

4.6 WORKING:

The blood group detection project is an innovative and multifaceted system
designed to noninvasively determine an individual's blood group using image
processing and deep learning techniques. The project encompasses a series of
meticulously orchestrated steps, beginning with data acquisition and culminating in
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the prediction of the individual's blood group level. The system's architecture is built
upon the convergence of cutting-edge technologies, including NIR (Near-Infrared)
image sensors, sophisticated image processing algorithms, and deep learning
models, all seamlessly integrated into a cohesive framework.

The project's workflow commences with data acquisition, where PPG
(photoplethysmographic) signals are captured from fingertip videos under various
lighting conditions using NIR LED light sources. These signals contain critical
physiological clues that serve as the foundation for blood group determination. The
captured data then undergoes preprocessing, where noise is removed, and the
signals are normalized to enhance data quality. This preprocessing step is essential
for preparing the data for subsequent feature extraction and analysis.

Next, multiple characteristic features are extracted from the pre-processed
PPG signals, utilizing advanced image processing techniques. These features
encompass time-domain characteristics, frequency-domain components, and
derivatives, capturing nuanced physiological patterns indicative of the individual's
blood group level. The system employs genetic algorithms to select the most
informative features, optimizing the feature subset for maximum classification

accuracy.

Once the optimal feature set is identified, deep learning models, specifically
Convolutional Neural Networks (CNNs), are deployed to estimate the individual's
blood group level. These CNN-based models are trained on the selected features,
leveraging the power of deep learning to discern complex patterns and relationships
within the data. Through iterative training cycles, the models refine their predictive

capabilities, ultimately achieving an estimated accuracy level.

Upon completion of the blood group prediction process, the system stores
the predicted blood group level in a database for future reference. Additionally, an
email notification is sent out to relevant stakeholders, informing them of the
prediction result. This seamless integration of prediction storage and notification
functionalities ensures that healthcare professionals and other stakeholders are
promptly informed of the blood group prediction outcome, facilitating timely decision-

making and patient care management.
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4.6.1 BLOCK DIAGRAM
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Fig 4.6.1 Block Diagram

From fig 4.6.2 The block diagram for your project on blood group detection
using image processing and deep learning comprises several key stages, each
contributing to the overall goal of non-invasive blood group estimation. Beginning
with data acquisition, the initial phase involves capturing PPG signals from fingertip
videos under various lighting conditions, emphasizing the utilization of near-infrared
(NIR) LED light sources for optimal signal acquisition. This step represents the
foundation of the process, where crucial physiological information is gathered from
living tissue without the need for invasive blood sampling, aligning with the non-

invasive nature of the proposed approach.

Following data acquisition, the pre-processing stage refines the captured
signals, encompassing techniques such as noise reduction and signal normalization
to enhance data quality and prepare it for further analysis. Subsequently, in the
feature extraction phase, multiple characteristic features are derived from the pre-
processed PPG signals, including time-domain features, frequency-domain
features, and derivatives. These features serve as critical inputs for the subsequent
stages of the process and encapsulate physiological clues relevant to blood group

determination.

Next, leveraging genetic algorithms for feature selection, the system
identifies the most informative features that contribute to accurate blood group
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classification while minimizing redundancy and noise. This step underscores the
importance of selecting discriminative features that capture the inherent variability
across different blood group levels, thereby enhancing the system's predictive
capability.

The integration of CNN-based models for blood group estimation represents
a pivotal stage in the block diagram, where deep learning architectures are deployed
to analyse and interpret the selected features. By harnessing the power of CNNSs,
the system can effectively discern complex patterns and relationships within the
data, enabling accurate blood group classification with a targeted accuracy. This
phase underscores the synergy between image processing and deep learning
techniques, culminating in a robust framework for non-invasive blood group

detection.

Overall, the block diagram illustrates a systematic approach to blood group
detection, leveraging image processing and deep learning methodologies to
advance the field of non-invasive medical diagnostics. By integrating data
acquisition, pre-processing, feature extraction, feature selection, and deep learning-
based classification stages, the proposed system offers a comprehensive solution
for accurate and accessible blood group estimation, with the potential to significantly

impact clinical practice and patient care outcomes.

The flowchart below outlines a systematic process for blood group prediction
within the system, starting with the login page as the entry point for users. Upon
successful login, the system offers two primary options: employee registration or
patient registration. Employee registration allows the addition of new employees to
the system, presumably for administrative purposes. On the other hand, patient
registration is essential before proceeding with medical image processing, indicating

the medical context of the system's application.

Following image processing, the processed image is fed into a trained model
for further analysis. This trained model applies machine learning algorithms to
extract relevant features from the image, which are necessary for blood group

prediction.
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Fig 4.6.2 Flow chart and workflow

From fig 4.6.2 Once a patient is registered, the next step involves selecting the
appropriate slide for analysis. This step likely involves accessing a database or
repository of medical images and choosing the relevant slide for further processing.
The selected slide then undergoes image processing, a crucial stage where the raw

image data is enhanced and prepared for subsequent analysis.

These features may include specific patterns or characteristics within the image that
correlate with different blood groups. Once the features are extracted, the system
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utilizes an image matching technique to predict the blood group based on the

extracted features.

After blood group prediction, the system stores the predicted blood group in
a database for future reference. Additionally, an email notification is sent out to
relevant parties to inform them of the prediction result. This step ensures that
healthcare professionals or other stakeholders are promptly notified of the blood
group prediction, facilitating timely decision-making and patient care management.

In summary, The proposed system for blood group determination leverages
a combination of image processing and deep learning techniques to provide a non-
invasive and efficient approach to blood typing. At its core, the system utilizes
photoplethysmography (PPG) signals captured from fingertip videos, emphasizing
near-infrared (NIR) LED light for optimal signal acquisition. These PPG signals
contain valuable physiological information that can be analysed to infer an
individual's blood group. Through careful data collection and preprocessing, the
system ensures the quality and consistency of the acquired signals, removing noise

and normalizing the data for accurate analysis.

In the feature extraction phase, the system extracts multiple characteristic
features from the PPG signals, including time-domain features, frequency-domain
features, and derivatives. To optimize feature selection and enhance classification
accuracy, genetic algorithms are employed to identify the most informative features.
Additionally, advanced signal processing techniques are explored to uncover subtle
patterns and relationships within the data that may be indicative of blood group
status. These extracted features serve as input to convolutional neural network
(CNN) models, which are designed and trained to estimate blood group levels. By
leveraging deep learning architectures, the system can capture complex spatial and
temporal patterns present in the PPG signals, enabling accurate and reliable blood
group classification. Through integration with user-friendly interfaces and rigorous
evaluation against established blood typing methods, the proposed system aims to
revolutionize blood typing procedures, offering a scalable and accessible solution

for healthcare professionals in diverse clinical settings.
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4.7 IEEE STANDARDS

1)

2)

3)

4)

IEEE 802.11 (Wi-Fi): If your project involves wireless data transmission
between devices, such as transferring images from sensors to a processing
unit or from a website to a laptop, adherence to Wi-Fi standards ensures
reliable communication and interoperability.

IEEE 754 (Floating Point Arithmetic): Deep learning algorithms often
involve complex numerical computations, such as convolutional operations
and matrix multiplications. IEEE 754 specifies formats for floating-point
numbers and arithmetic operations, ensuring accuracy and precision in
numerical computations, which are crucial for deep learning model training.

IEEE 2020 (IEEE Standard for Transfer of Images or Image Sequences
Using Digital Compression): If your project involves the compression and
transmission of images, such as transmitting images from sensors to a
processing unit or from a website to a user's device, adherence to IEEE 2020
standards ensures efficient use of bandwidth and storage resources.

IEEE 1073 (Medical Device Communications): While primarily focused on
medical device communications, IEEE 1073 provides guidelines for
interoperable communication between medical devices and healthcare
information systems. If your project involves integrating medical devices,
such as the NIR image sensor, with healthcare systems, adherence to IEEE

1073 standards ensures compatibility and interoperability.

4.8 Constraints

1)

Space Limitations: In environments where the blood group detection
system is deployed, such as compact medical facilities or portable diagnostic
units, space constraints pose significant challenges. Designing sensors and
components that are compact yet robust becomes essential to ensure
seamless integration without compromising functionality. This necessitates
careful consideration of form factor and material selection to accommodate

space limitations effectively.
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2)

3)

4)

5)

Power Constraints: In remote or resource-constrained settings, access to a
continuous power supply may be limited, leading to reliance on battery-
powered sensors. However, the finite capacity of batteries requires the
implementation of power-efficient designs and low-power modes to extend
battery life. This entails optimizing sensor operation and data transmission
protocols to minimize power consumption while maintaining adequate
performance.

Cost Constraints: Budget limitations impose constraints on the selection of
sensors, communication technologies, and other components for the blood
group detection system. Balancing performance and functionality with cost-
effectiveness is crucial to ensure that the project remains within budget
constraints. This may involve prioritizing essential features, exploring cost-
effective alternatives, and negotiating pricing with suppliers to optimize
resource allocation.

Maintenance Accessibility: Deploying the blood group detection system in
remote or hazardous locations presents challenges in terms of maintenance
and servicing accessibility. Designing the system for easy access and
maintenance becomes imperative to minimize downtime and ensure
continuous operation. Modular components and standardized interfaces
facilitate quick replacement or servicing, reducing the complexity of
maintenance tasks in challenging environments.

Data Privacy and Security: Protecting sensitive data collected by the blood
group detection system from unauthorized access or tampering is
paramount. Implementing robust encryption and authentication mechanisms
ensures data privacy and system security. This involves adhering to industry-
standard encryption protocols, implementing access controls, and regularly
updating security measures to mitigate emerging threats and vulnerabilities

effectively.
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4.9 Trade-Offs

1)

2)

3)

4)

5)

Security vs. Complexity: Balancing robust security measures with system
complexity is essential to ensure that the blood group detection system
remains user-friendly while mitigating potential vulnerabilities. Implementing
strong encryption and authentication mechanisms adds complexity to the
system, potentially impacting usability. Finding the right balance between
security and complexity involves prioritizing security requirements while
minimizing user friction and system overhead.

Scalability vs. Cost: Designing the blood group detection system for
scalability enhances its ability to accommodate future growth and expansion.
However, scalability often incurs higher upfront costs, necessitating careful
consideration of long-term requirements and expected growth.
Maintenance Requirements vs. Reliability: Enhancing system reliability
through advanced sensors and monitoring capabilities may increase
maintenance requirements. Balancing maintenance needs with reliability
objectives involves implementing proactive maintenance strategies, such as
regular calibration and sensor replacement, to minimize downtime.

Sensor Response Time vs. Power Consumption: Optimizing the trade-off
between sensor response time and power consumption is crucial to meet
application requirements effectively. Sensors with faster response times
enhance detection capabilities but may consume more power, leading to
shorter battery life or increased energy requirements.

Data Transmission Frequency vs. Bandwidth Usage: Transmitting data
at higher frequencies enables real-time monitoring but consumes more
bandwidth, potentially leading to network congestion. Finding the right
balance between data transmission frequency and bandwidth usage involves
optimizing data transmission protocols and network configurations to ensure
timely detection while minimizing network overhead. Prioritizing efficient data
transmission while maximizing bandwidth utilization ensures optimal system

performance and reliability.
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CHAPTER 5
RESULTS AND DISCUSSIONS

5.1 RESULT

The blood group detection project yielded promising results, showcasing the
effectiveness of the non-invasive method developed for blood group determination.
Through a systematic approach integrating image processing and deep learning
techniques, the project successfully predicted blood group levels with a high degree
of accuracy. The results underscore the potential of the developed system to

revolutionize blood typing methodologies and enhance healthcare diagnostics.

Upon data acquisition, PPG signals captured from fingertip videos using NIR
LED light sources served as the foundation for blood group prediction. These
signals, reflective of changes in blood volume, provided critical physiological clues
for subsequent analysis. Pre-processing steps, including noise removal and signal
enhancement, optimized the quality of the captured data, ensuring the reliability of

the subsequent prediction process as shown in fig 5.1.

2024.04.10 O7:

Fig 5.1 Working Model
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Feature extraction played a pivotal role in discerning characteristic patterns
indicative of blood group levels. Through advanced image processing algorithms,
multiple features were extracted from the pre-processed PPG signals,
encompassing time-domain characteristics, frequency-domain components, and
derivatives. The selection of informative features through genetic algorithms further

refined the predictive capabilities of the system, maximizing classification accuracy.

The integration of Convolutional Neural Networks (CNNs) facilitated accurate
blood group prediction by learning complex patterns from the extracted features.
Through iterative training cycles, the CNN models correlated the identified features
with specific blood group levels, refining their predictive capabilities over time. The
models exhibited robust performance, achieving an estimated accuracy rate,

thereby validating the efficacy of the developed approach.

The website developed using Flask represents a comprehensive interface for
users to interact with the blood group detection system. It incorporates various

components and features to provide a seamless user experience.

At its core, Flask serves as the web framework for handling HTTP requests

and responses, routing URLS to appropriate views, and rendering HTML templates.

This lightweight framework is known for its simplicity and flexibility, making it
suitable for building dynamic web applications like the blood group detection system.
By leveraging Flask's capabilities, the website can efficiently handle user

interactions and deliver responsive web pages.

The HTML templates utilized in the website define the structure and layout of
different pages, including the homepage, login page, chart page, and prediction
page. These templates are rendered dynamically by Flask, allowing for the
generation of dynamic content based on user inputs and server-side logic. Through
HTML templates, the website achieves a consistent and visually appealing interface,

enhancing user engagement and usability.

The file upload functionality integrated into the website enables users to
upload images containing PPG signals for blood group prediction. This feature
allows users to conveniently input their data into the system, facilitating the
prediction process. Upon uploading an image, the website invokes the upload()
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function, which processes the image and predicts the blood group level using the
label_image module. The prediction result is then displayed to the user, providing

real-time feedback on the predicted blood group level.

Additionally, the website includes multiple pages accessible through different
routes, such as the homepage, login page, chart page, and prediction page. Each
page serves a specific purpose and provides users with relevant information or
functionality. For example, the chart page may display visualizations or charts
related to blood group data, while the prediction page allows users to upload images
and receive predictions of their blood group levels. By organizing content into
distinct pages, the website offers a structured and intuitive navigation experience

for users.

The website interface consists of multiple pages accessible through different routes:

v @ Blood Grouping x  + - o X

» C A O 1270015000 « O o0 :
al resumAl  [E8 GDB online Debugg.. & Mygroups ) Top 100 Codes » PR.. @ Solve Algorithms |.. e, Revolutionizing the.. & Blind 75 Must Do Le... [ll] Best practice questi.. & Blind 75 LeetCode » | [ AllBookmarks

Blood Grouping Detection Using

Image Processing

ABSTRACT

Fig 5.2 Home Page

Homepage (/): The homepage serves as the entry point to the website. It may
contain general information about the blood group detection system and provide

links to other sections of the website as shown in the fig 5.2.
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Blood Grouping Classification

Login

Username

admin

Password

Fig 5.3 Login Page

Login Page (/login): The login page allows users to authenticate themselves before
accessing certain features or data. It may include input fields for username and

password, along with a login button as shown in the fig 5.3

v @ Blood Grouping Detection Usir X 4+

3lood Grouping Detection Home logn uplosd Testpredicion

Major Contribution for Blood Group Detection

Fig 5.4 Dataset Chart
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v & NewTab X @ slood Grouping Detection Usin X 4+ - o X

« C A © 127.001:5000/chart * O 00 :

Blood Grouping Detection Wome Login upload  Testpredicion >  Analyis

Accuracy Plot

Fig 5.5 Accuracy Plot

Chart Page (/chart): The chart page displays visualizations or charts related to
blood group data or analysis. It provides users with graphical representations of
blood group distributions or trends, enhancing data visualization and analysis

capabilities as shown in the fig 5.4.

v @ Blood Grouping Detection Usin - X+ - o X

« C R O 127.00.1:5000/index * O 00 :

Blood Grouping Detection
Using Image Processing

Blood Group Detection

Fig 5.6 Upload Image Page
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Result: O Positive — Detected Blood Group

Fig 5.7 Detection Page

Detection Page : The prediction page facilitates the upload of images containing
PPG signals for blood group prediction. Users can upload their images and receive
real-time predictions of their blood group levels. The prediction result is displayed

on the page after processing the uploaded image as shown in the fig 5.7.

5.2 DISCUSSIONS

Overall, the website offers a user-friendly interface for interacting with the
blood group detection system, allowing users to upload images, predict blood group
levels, and visualize results conveniently. The integration of Flask, HTML templates,
and prediction logic enables seamless interaction and efficient processing of user

inputs.

The prediction results were further validated and interpreted in the context of
existing literature and reference standards. Comparisons with prior studies
demonstrated consistency and alignment with established methodologies, further
validating the reliability of the blood group detection system. Additionally, sensitivity

analyses and cross-validation techniques were employed to assess the robustness
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and generalizability of the predictive models, ensuring their applicability across

diverse datasets and scenarios.

The implications of the results extend beyond the realm of research to
encompass tangible benefits in clinical practice and healthcare management. The
non-invasive nature of the developed method offers a more accessible and user-
friendly alternative to traditional blood testing methods, mitigating patient discomfort
and improving healthcare outcomes. Moreover, the scalability and adaptability of
the system position it as a valuable tool for integration into existing healthcare
workflows, with potential applications in blood transfusion management,

personalized medicine, and population health monitoring.

Moving forward, future research endeavours will focus on further refining the
blood group detection system and exploring avenues for its integration into clinical
settings. Continued efforts in algorithm optimization, data validation, and real-world
validation studies will enhance the system's performance and validate its utility in
diverse healthcare contexts. Additionally, collaborations with healthcare institutions
and industry partners will facilitate the translation of research findings into practical
solutions, driving innovation and transformation in healthcare diagnostics and

patient care management.

The discussion delved into the implications of the project's results,
highlighting its potential impact on healthcare diagnostics and personalized
medicine. The non-invasive nature of the method offers a more accessible and user-
friendly alternative to traditional blood typing methods, mitigating patient discomfort
and improving healthcare outcomes. Moreover, the scalability and adaptability of
the system position it as a valuable tool for integration into existing healthcare
workflows, with broad applications in blood transfusion management, personalized

medicine, and population health monitoring.
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CHAPTER 6

CONCLUSION & FUTURE SCOPE

6.1 Conclusion

our innovative approach to blood group identification represents a significant
leap in healthcare technology. By harnessing the power of image sensors,
spectroscopic information, and photoplethysmography (PPG) sensor data, we have
created a streamlined process that begins with data collection from fingertip and
lower eye conjunctival areas. Through data pre-processing, we utilize a near-
infrared (NIR) LED light source to extract PPG signals from fingertip videos. These
signals undergo thorough feature extraction, encompassing multiple characteristic
features derived from the PPG signal, its derivatives, and frequency analysis. Our
method leverages a genetic algorithm (GA) for feature selection, optimizing the
features selected from the extracted set, thus significantly enhancing the model's
performance. These carefully chosen features serve as inputs to a Convolutional
Neural Network (CNN) model specifically designed for blood group estimation. The
culmination of this process is the precise estimation of blood group levels, providing
a non-invasive, user-friendly, and easily deployable alternative to traditional invasive
clinical blood testing methods. With promising results and the potential for further
refinement and validation, our method holds great promise for future healthcare
applications. It promises to transform blood group identification, eliminating the need
for invasive procedures while offering rapid, accurate, and infection-free solutions

an essential step forward in the ever-evolving landscape of healthcare technology.

6.2 Future Scope

The future scope of your project on non-invasive blood group estimation
using image sensors, spectroscopic data, and photoplethysmography (PPG) sensor
data is exceptionally promising, with the potential to reshape multiple facets of
healthcare and diagnostics. As you progress, one avenue for further exploration is

the clinical adoption of your technology. Extensive collaboration with healthcare
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institutions and laboratories, coupled with rigorous clinical trials, could establish its
credibility and reliability in routine blood testing procedures. Furthermore, consider
expanding the capabilities of your method to detect more specific blood subtypes or
rare groups, thus offering a comprehensive blood typing solution. Portable devices
or smartphone applications could be developed to facilitate point-of-care testing,
improving healthcare accessibility in remote or resource-limited areas. In the realm
of emergency medicine, enhancing your technology for swift blood group
identification during critical situations could be invaluable for timely medical
interventions. The patient-centric approach of your technology, reducing the fear of
needles and invasive procedures, opens doors for integration into broader

healthcare applications.

As telemedicine gains prominence, integrating your technology into
telehealth platforms can extend its reach for remote blood group assessments and
virtual consultations. Leveraging advanced data analytics and machine learning can
further refine the method's accuracy and adaptability to diverse patient profiles and
conditions. Regulatory approvals and certifications will be crucial for ensuring
compliance with healthcare standards and promoting widespread adoption in
clinical settings. Focusing on data security and privacy measures will be essential
to protect patient information. Tailoring the technology to address the specific needs
of different regions and healthcare systems can maximize its global impact. Finally,
striving to make the technology more cost-effective will enable its use in a wider
range of healthcare facilities, including those with limited budgets. Overall, your
project has the potential to revolutionize blood group identification, and by
continuously innovating, validating, and collaborating with healthcare stakeholders,
you can drive its adoption and make a lasting impact on the field of medical

diagnostics and patient care.
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