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ABSTRACT

Blood group determination is a fundamental diagnostic procedure in clinical medicine, playing a critical
role in safe blood transfusion, organ transplantation, and emergency healthcare management.
Conventional blood typing techniques, such as slide agglutination, tube methods, and gel card assays,
require direct blood sampling, laboratory infrastructure, and skilled personnel. These requirements limit
their applicability in emergency situations, rural healthcare settings, and field-based diagnostics.

The present project aims to design and develop a portable, non-invasive blood typing system utilizing
fingerprint residue analysis as an alternative diagnostic medium. Fingerprints are known to contain trace
biological components, including sweat, proteins, amino acids, and cellular debris, which may carry
biochemical markers indirectly associated with blood group antigens. The proposed system explores the
interaction between these biological residues and chemically treated reagents that mimic conventional
antigen—antibody reactions.

The device integrates a sensor-based detection system, including optical or colorimetric sensors, coupled
with a microcontroller for automated signal processing and result interpretation. Upon placement of a
fingerprint on the reagent-coated surface, chemical interactions produce detectable changes such as color
variation or turbidity, which are captured by sensors and analyzed digitally.

This approach provides a rapid, user-friendly, and minimally invasive method for preliminary blood
group identification. While the system is not intended to replace standard laboratory methods, it serves as
a screening tool that can significantly enhance accessibility and response time in emergency and resource-
limited settings.The proposed device has potential applications in ambulances, rural healthcare centers,
forensic science, military operations, and disaster management scenarios. However, further research
and clinical validation are required to improve accuracy, reliability, and scalability of the system.

LIST OF ABBREVIATIONS

Digital Blood Typing Through Fingerprint
Abbreviation | Full Form
ABO Blood Group Classification System
Al Artificial Intelligence
API Application Programming Interface
AR Augmented Reality / Analytical Reagent
BMI Body Mass Index
CCD Charge Coupled Device
CNN Convolutional Neural Network
CPU Central Processing Unit
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DNA Deoxyribonucleic Acid
ESP32 Espressif 32-bit Microcontroller
GUI Graphical User Interface
H/W Hardware
IoT Internet of Things
JPG Joint Photographic Experts Group
LCD Liquid Crystal Display
LED Light Emitting Diode
ML Machine Learning
OLED Organic Light Emitting Diode
PCB Printed Circuit Board
PNG Portable Network Graphics
RAM Random Access Memory
RGB Red Green Blue
Rh Rhesus Factor
ROI Region of Interest
S/W Software
USB Universal Serial Bus
WHO World Health Organization

1. INTRODUCTION

1.1 Rationale

Blood group identification is an indispensable procedure in modern healthcare systems, forming the basis
for safe blood transfusion practices and reducing the risk of transfusion-related complications. The ABO
and Rh blood group systems are the most clinically significant classifications, as incompatibility can lead
to severe immunological reactions and even mortality.

Traditional blood typing techniques rely on invasive sample collection, requiring direct blood withdrawal
followed by antigen—antibody interaction studies. While these methods are highly accurate, they present
several practical limitations, including patient discomfort, risk of infection, dependency on trained
personnel, and the need for laboratory infrastructure.

In recent years, there has been a paradigm shift toward non-invasive diagnostic technologies, driven by
the need for rapid, portable, and patient-friendly healthcare solutions. Fingerprints, commonly used for
biometric identification, are composed not only of ridge patterns but also contain trace amounts of
biological substances such as sweat, proteins, lipids, and amino acids.

Emerging studies suggest that these biological residues can interact with specific chemical reagents,
producing measurable signals. This provides a unique opportunity to explore fingerprint residue as a non-
invasive medium for biochemical analysis.

The rationale behind this project is to leverage these properties and develop a portable diagnostic system
that combines chemical detection with digital processing to provide preliminary blood group information
in a rapid and accessible manner.

The Digital Blood Typing Through Fingerprint system is an innovative, non-invasive healthcare
technology designed to predict blood groups using fingerprint image analysis and digital processing
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techniques. Unlike conventional blood typing methods that require blood sample collection, chemical
reagents, and laboratory procedures, the proposed system utilizes biometric fingerprint patterns for
automated blood group identification.
The system works by capturing a fingerprint image using a fingerprint scanner or camera-based acquisition
module. The captured image is processed using image enhancement and preprocessing techniques such as
grayscale conversion, noise reduction, and ridge enhancement. Important fingerprint features including
ridge patterns, minutiae points, and texture characteristics are extracted and analyzed using pattern
recognition or machine learning algorithms.
Based on the extracted fingerprint characteristics, the system predicts the corresponding blood group under
the ABO and Rh blood grouping systems. The final result is displayed digitally through an LCD/OLED
screen or software interface.
The proposed system offers several advantages over conventional methods, including:
e Non-invasive operation
e Rapid and automated analysis
e Reduced dependence on laboratory infrastructure
o Improved portability and accessibility
e Reduction in human interpretation errors
The Digital Blood Typing Through Fingerprint system has potential applications in:
o Emergency healthcare services
e Rural and remote medical facilities
e Blood donation camps
o Portable diagnostic systems
o Biomedical and healthcare research
This project represents an integration of biometrics, image processing, and digital healthcare
technology aimed at developing a smart and user-friendly diagnostic support system.
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Figure 1 : Introduction to Digital Blood Typing Kit
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1.2 Overview

The proposed project focuses on the development of a compact, portable, and intelligent diagnostic

device designed to detect blood group indicators through fingerprint residue analysis.

The system architecture consists of the following key components:

o Fingerprint Sample Interface: A surface or pad where the user places their finger, allowing transfer
of biological residues.

o Reagent-Coated Detection Zones: Chemically treated areas containing reagents analogous to Anti-
A, Anti-B, and Anti-D sera.

e Optical/Color Sensor Module: Detects changes in color intensity or turbidity resulting from
biochemical reactions.

e Microcontroller Unit (MCU): Processes sensor signals and applies predefined algorithms to interpret
results.

o Display Unit: Provides digital output indicating probable blood group classification.

o Power Supply: Battery-operated system for portability.

The working mechanism is based on detecting subtle biochemical interactions between fingerprint

residues and reagent-coated surfaces. These interactions produce measurable signals that are captured by

sensors and converted into electrical signals.

The system is designed with a focus on:

Portability

Ease of use

Rapid response

o Cost-effectiveness

This makes it suitable for point-of-care diagnostics, particularly in settings where conventional

laboratory methods are not feasible.

1.3 Scope of Project

The scope of the present project is primarily focused on the design, development, and conceptual

validation of a non-invasive blood typing system.

The key areas covered under this project include:

e Study of conventional blood typing techniques and their limitations

o Investigation of biochemical composition of fingerprint residues

e Design of a chemical detection mechanism using reagent-coated surfaces

o Development of a sensor-based detection system

o Integration of microcontroller-based signal processing and display system

o Fabrication of a portable prototype model

o Evaluation of feasibility as a preliminary screening tool

The project does not aim to replace conventional diagnostic methods but rather to develop a supportive

technology that can provide quick and accessible preliminary results.

Future extensions of this project may include:

e (linical validation

e Al-based pattern recognition

o Integration with mobile applications

e Development of microfluidic lab-on-chip systems
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1.4 Need for the Project

The need for this project arises from several challenges associated with existing blood typing methods:
Limitations of Conventional Methods:

e Invasive procedure requiring blood sample

e Risk of infection and contamination

e Dependence on trained personnel

e Requirement of laboratory setup

e Time-consuming process

o Limited accessibility in rural and emergency settings

Emerging Requirements:

o Rapid diagnosis in emergency situations

e Portable and point-of-care diagnostic tools

o Non-invasive patient-friendly techniques

o Cost-effective healthcare solutions

e Reduced human error through automation

In scenarios such as road accidents, natural disasters, military operations, and rural healthcare services,
immediate blood group identification can be life-saving. However, the lack of accessible diagnostic tools
creates a critical gap.

This project addresses this gap by proposing a portable, non-invasive, and digital solution, which has
the potential to revolutionize preliminary diagnostic practices.

1.5 Problem Background

Blood typing is a cornerstone of transfusion medicine and clinical diagnostics. The discovery of ABO
blood groups by Karl Landsteiner revolutionized medical science, making safe blood transfusion possible.
Despite technological advancements, most blood typing techniques still rely on traditional principles
involving antigen—antibody reactions. While these methods are reliable, they are not always practical in
real-world scenarios, especially where immediate decision-making is required.Simultaneously,
advancements in biosensor technology, microelectronics, and non-invasive diagnostics have opened
new avenues for detecting biological markers without direct blood sampling.Fingerprints, being readily
accessible and easy to obtain, represent a promising medium for such applications. However, the challenge
lies in detecting extremely low concentrations of biochemical markers and ensuring reliable
interpretation. The integration of chemical sensing with digital processing systems offers a potential
solution to this challenge, enabling the development of innovative diagnostic tools.
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Figure 2 :Conventional Blood Detection vs Digital Blood Typing

1.6 Problem Statement

Conventional blood typing methods are invasive, time-consuming, and dependent on laboratory
infrastructure, making them unsuitable for rapid, on-field, and emergency applications.There is currently
a lack of portable, non-invasive, and user-friendly diagnostic systems capable of providing preliminary
blood group identification without requiring direct blood samples.

Additionally, existing methods are prone to:

e Human interpretation errors

e Delayed response time

o Limited accessibility in remote areas

Therefore, the problem addressed in this project is:

“To design and develop a portable, non-invasive blood typing system using fingerprint residue
analysis that enables rapid, accessible, and preliminary blood group detection without the need for
direct blood sampling.”

1.7 Research Gaps

Despite significant advancements in diagnostic technologies and biosensor systems, there remains a
substantial gap in the development of non-invasive blood typing methods, particularly those that are
portable and suitable for real-time applications.

The following key research gaps have been identified:

1. Lack of Non-Invasive Blood Typing Techniques

Most currently available blood grouping methods rely on direct blood sampling, making them invasive
and unsuitable for rapid field-based applications. There is limited research exploring alternative biological
samples such as fingerprint residues for blood group detection.
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2. Insufficient Studies on Fingerprint Residue Analysis

Although fingerprints have been extensively used in forensic science and biometric identification, their
biochemical composition has not been fully explored for diagnostic applications. There is a lack of
standardized methods for detecting blood group markers in fingerprint residues.

3. Limited Integration of Biosensors with Diagnostic Systems

While biosensors have been widely used in glucose monitoring and other diagnostic tools, their application
in blood group detection using non-invasive samples is still in early stages. There is a need for
integration of chemical sensing with electronic processing systems.

4. Absence of Portable Point-of-Care Devices

Existing blood typing systems are largely confined to laboratories and hospitals. There is a lack of
compact, portable, and user-friendly devices that can provide rapid results outside clinical settings.

5. Challenges in Sensitivity and Accuracy

Detection of trace biomolecules in fingerprint residues is challenging due to:

e Low concentration of analytes

e Environmental interference

e Variability in sample composition

This creates a gap in achieving high sensitivity and reliability in non-invasive detection systems.

6. Limited Clinical Validation

Most innovative approaches in this area are still at the conceptual or experimental stage, with limited
real-world testing and validation.

There is a clear need for:

e A non-invasive diagnostic approach

e A portable and rapid detection system

o Integration of chemical sensing with digital processing

This project attempts to bridge these gaps by proposing a fingerprint-based blood typing prototype
system.
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Figure 3 : Showing the Research Gap
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1.8 Research Objectives

The primary objective of this project is to design and develop a portable, non-invasive blood typing
system using fingerprint residue analysis.

Primary Objective:

To develop a prototype device capable of detecting blood group indicators through fingerprint-based
biochemical interactions.

Specific Objectives:

To study the principles of conventional blood typing techniques and identify their limitations

To investigate the biochemical composition of fingerprint residues

To design a reagent-based detection mechanism for fingerprint samples

To develop a sensor-based system for detecting chemical changes

To integrate a microcontroller for signal processing and output display

To design a portable and user-friendly prototype device

To evaluate the feasibility of the system as a preliminary diagnostic tool

To reduce dependency on invasive blood sampling methods

Expected Outcomes:

e Development of a working prototype

o Demonstration of concept feasibility

o Identification of limitations and improvement areas

1.9 Motivation and Research

Motivation

The motivation behind this project arises from the growing need for accessible, rapid, and non-invasive

© NN kW=

diagnostic solutions in modern healthcare.

In many real-world scenarios such as:

e Road accidents

o Emergency medical situations

e Rural healthcare settings

o Disaster management

there is an urgent requirement for quick blood group identification, which is often not feasible due to
lack of laboratory facilities.

Additionally, invasive methods can cause:

o Patient discomfort

e Risk of infection

e Delays in treatment

This creates a strong need for innovative solutions that are:

e Non-invasive

o Portable

o Easy to use

e Rapid in response

Research Significance

This project contributes to the emerging field of non-invasive diagnostics and biosensor technology by
exploring fingerprint residue as a novel medium for biochemical detection.
The research integrates:

IJFMR260378756 Volume 8, Issue 3, May-June 2026 8



http://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

o Pharmaceutical sciences (biochemical interaction)

e Sensor technology (detection system)

e Electronics (microcontroller processing)

Such interdisciplinary integration makes the project innovative and relevant for future healthcare
technologies.

Research Contribution

The proposed system offers:

e A new approach to blood group detection

e A portable diagnostic tool concept

e A foundation for future research in biosensor-based healthcare devices
Societal Impact

If successfully developed and validated, this technology can:

o Improve healthcare accessibility in rural areas

e Assist emergency responders

e Reduce dependency on laboratory infrastructure

o Enhance forensic investigation techniques

2. LITERATURE REVIEW

2.1 Introduction

Blood group determination is a critical diagnostic procedure widely used in transfusion medicine, organ
transplantation, and emergency healthcare. Traditionally, blood typing is performed using serological
methods based on antigen—antibody agglutination reactions. Although these techniques are highly reliable,
they require blood sample collection, laboratory infrastructure, and trained personnel, making them
invasive, time-consuming, and less accessible in remote or emergency situations.

With advancements in biomedical engineering, sensor technology, and artificial intelligence, there has
been a growing interest in developing automated and non-invasive diagnostic systems. Among these,
fingerprint-based blood group detection has emerged as a novel approach that integrates biometric analysis
with medical diagnostics. Fingerprints contain unique ridge patterns and trace biological residues such as
sweat, proteins, and amino acids, which may provide indirect biochemical or structural indicators
associated with blood group characteristics.Recent research has focused on exploring the relationship
between dermatoglyphics (fingerprint patterns) and blood groups, as well as leveraging image
processing, machine learning, and deep learning techniques for classification and prediction. These
technologies enable automated feature extraction, pattern recognition, and decision-making, reducing
human intervention and improving efficiency.

This chapter presents a comprehensive review of existing literature on blood group detection methods,
including traditional approaches, sensor-based systems, image processing techniques, and fingerprint-
based non-invasive methods. The objective is to identify current advancements, limitations, and research
gaps, which form the foundation for the proposed work.

2.2 Related Work

Several researchers have contributed to the development of blood group detection techniques using both
conventional and advanced approaches. Traditional methods such as slide tests, tube tests, and gel card
techniques rely on antigen—antibody interactions and require direct blood samples. While these methods
provide accurate results, they are limited by their invasive nature and dependency on laboratory
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conditions.To overcome these limitations, researchers have developed automated and portable blood
typing systems using spectrophotometry, optical sensing, and microfluidic technologies. These systems
improve accuracy and reduce human error but still depend on blood samples, thereby remaining invasive.
In recent years, significant progress has been made in the application of image processing techniques for
blood group detection. These methods analyze agglutination patterns using digital imaging and algorithms,
offering faster and more cost-effective solutions. However, their performance is highly dependent on
image quality, lighting conditions, and sample preparation.A major advancement in this field is the use of
artificial intelligence and deep learning techniques, such as Convolutional Neural Networks (CNNs),
Vision Transformers (ViT), and hybrid machine learning models. These approaches enable automated
feature extraction from fingerprint images and have demonstrated promising accuracy in predicting blood
groups. Additionally, hybrid models combining multiple techniques have shown improved performance
and robustness.

Furthermore, several studies have explored the correlation between fingerprint patterns and blood
groups using statistical and dermatoglyphic analysis. These studies suggest that certain fingerprint
patterns, such as loops, whorls, and arches, may be associated with specific blood groups. However, the
correlation is not universally consistent and requires further validation.Despite these advancements,
fingerprint-based blood group detection remains in the experimental stage, with challenges related to
accuracy, dataset variability, environmental factors, and lack of clinical validation. Most existing
systems serve as preliminary or predictive tools rather than definitive diagnostic methods.Therefore, the
present study aims to build upon existing research by proposing a portable, non-invasive, and sensor-
integrated system for blood group detection using fingerprint residue analysis, addressing the limitations
identified in previous studies.

Table 1 : Literature Review on Blood Group Detection using Fingerprint and Advanced Techniques
Sr. | Author/Year Objective of | Methodology /| Key Findings / Results

No.

Study

Approach

1

Vaidya et al., 2025

To develop a non-
invasive blood
group  detection
system

fingerprint

using

analysis

Hybrid model using CNN
+ SIFT + XGBoost for
feature extraction and
classification

Achieved
accuracy; demonstrated
strong  potential  of
hybrid AI models for
fingerprint-based blood
group prediction

~91%

Jondhale et
2025

al.,

To predict blood
group using deep
learning from
fingerprint images

CNN model with
OpenCV preprocessing
on 6000 fingerprint
dataset

Achieved ~88.5%
accuracy; effective
feature extraction but
misclassification
observed due to pattern
similarity

Selaka et al., 2025

To automate blood
group
classification
using fingerprint
images

Vision Transformer
(ViT)  deep
model for

classification

learning
image

High accuracy and
efficiency; improved
feature learning without

manual extraction
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4 Lala et al., 2025

To develop Al-
based system for

CNN + Image processing
+ Random Forest for

Non-invasive, real-time
system; integrates blood

blood group and | dual prediction system report  analysis  for
disease risk disease prediction
prediction

5 Vaidya et al., 2025 | To explore | SIFT feature extraction | Identified  correlation
fingerprint ridge | + CNN classification between fingerprint
patterns for blood patterns and ABO blood
group groups
identification

6 Nihar et al., 2024 To investigate | Gabor filter + feature | Demonstrated feasibility

fingerprint-based

extraction + CNN

of detecting blood group

blood group via sweat antigens
detection
7 Rahad et al., 2024 | To design | MIM plasmonic | High sensitivity (865
biosensor for | biosensor + FEM | nm/RIU); suitable for
blood group | simulation rapid diagnostics
detection
8 Raghuwanshi & | To optimize | Surface Plasmon | High discrimination
Pandey, 2023 biosensor-based Resonance (SPR) | accuracy; limited by lack
blood group | modeling of experimental
detection validation
9 Xavier & Silva, | To automate blood | Image processing of | High accuracy (~97%);
2018 typing using | slide test samples sensitive to lighting and

image processing

image quality

10 | Fernandes et al., | To develop | Spectrophotometric Rapid detection (5 min)
2015 automated blood | detection of | with reduced human
typing device agglutination error
11 | Pimenta et al., 2012 | To develop | LED + photodiode- | Low-cost, portable
portable blood | based system,; accuracy
typing system spectrophotometry affected by sample
conditions
12 | Ramasubramanian | To detect | Fiber optic + | Successfully  detected
& Alexander, 2009 | agglutination microfluidic system agglutination;  suitable
using for bedside applications
microfluidics

13 | Ferraz et al., 2010

To automate blood
group  detection
using imaging

CCD imaging + image
processing algorithms

14 | Fayrouzetal., 2011

To
relationship
between

study

Statistical
dermatoglyphics

analysis of

Accurate agglutination
detection; requires
controlled environment
Found correlation
between fingerprint
patterns and  blood
groups
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fingerprint  and

blood group
15 | Kanchan & | To analyze | Dermatoglyphic Loops most common
Chattopadhyay, fingerprint statistical study pattern; correlation with
2006 distribution blood groups observed
among individuals
16 | Rastogi & Pillai, | To correlate | Comparative statistical | Identified relationship
2010 fingerprint analysis between fingerprint
patterns with patterns, gender, and
blood groups blood group

The literature reveals a progressive transition from traditional invasive blood typing methods to advanced
automated and non-invasive approaches. While image processing and biosensor-based systems have
improved accuracy and efficiency, recent advancements in artificial intelligence, particularly deep learning
models such as CNN and Vision Transformers, have significantly enhanced the feasibility of fingerprint-
based blood group prediction.

However, despite promising results, the approach remains largely experimental due to limitations in
dataset availability, variability in fingerprint features, and lack of large-scale clinical validation. Therefore,
further research is required to develop a reliable, portable, and non-invasive blood typing system, which
forms the foundation of the present study.

3. RESEARCH METHODOLOGY

3.1 Introduction

The present study focuses on the development of a Digital Blood Typing System using Fingerprint-
Based Image Analysis. Conventional blood typing methods require blood sample collection, chemical
reagents, and laboratory procedures. These methods, although reliable, are invasive, time-consuming, and
dependent on skilled personnel.

Recent advancements in biometric analysis, image processing, and machine learning have opened new
possibilities for non-invasive prediction systems. Fingerprints contain unique ridge patterns that may
exhibit associations with blood group characteristics. Therefore, this project aims to explore fingerprint
image analysis for automated digital blood group identification.

The proposed system integrates:

Fingerprint acquisition

Image preprocessing

Feature extraction

Pattern analysis

Digital blood group prediction

The methodology involves collection of fingerprint images, processing using computational techniques,
and development of a prediction model for ABO and Rh blood group classification.

3.2 Data Collection

The present study involves collection of:

o Fingerprint images

e Corresponding blood group information
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The collected data is used for:

e Image processing

e Pattern extraction

e (lassification model development

e Validation of blood group prediction
3.2.1 Dataset Details

Parameter Description

Dataset Type Fingerprint image dataset

Data Source Experimentally collected fingerprint samples

Data Format JPG / PNG grayscale images

Blood Groups Included | A, B, AB, O with Rh positive and Rh negative

Number of Samples Multiple fingerprint samples collected for training and testing
Data Acquisition Device | Fingerprint scanner / camera-based capture

Processing Method Image preprocessing and feature extraction

3.2.2 Data Acquisition
Fingerprint samples were collected using:
e Optical fingerprint scanner
Each fingerprint sample was associated with:
e Known blood group information
o Subject identification code
The collected images were stored digitally and preprocessed before analysis.
The acquisition process involved:
1. Fingerprint capture
2. Image storage
3. Labelling according to blood group
4. Data organization for analysis

3.3 Proposed Methodology

The proposed Digital Blood Typing System was developed using the following methodology:
Step 1: Fingerprint Image Collection

o Fingerprint images of volunteers were collected

e Blood group information was recorded separately
Step 2: Image Preprocessing

The captured fingerprint images underwent:

e Grayscale conversion

e Noise reduction

o Contrast enhancement

o Ridge pattern enhancement

e Image normalization

Step 3: Feature Extraction

Fingerprint features were extracted using:

o Ridge pattern analysis
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e Minutiae detection

o Texture analysis

o Image segmentation

The extracted features were used for classification.
Step 4: Classification Model Development

A computational model was developed to predict
The system utilized:

o Pattern recognition techniques

e Threshold analysis

Step 5: Blood Group Prediction

The processed fingerprint features were analyzed to classify:

e A
e B
e« AB
e O

e Rh positive/negative
The predicted blood group was displayed digitally.

4.PRODUCT / PROTOTYPE DETAILS

4.1 Introduction

The present project focuses on the development of a Digital Blood Typing System using Fingerprint-
Based Image Analysis. The proposed system is designed as a non-invasive and automated approach for
predicting blood groups using fingerprint patterns and image-processing techniques.

The prototype integrates:

o Fingerprint acquisition module

o Image processing system

o C(lassification algorithm

o Digital output interface

The developed system aims to provide a portable and user-friendly alternative to conventional blood
typing methods by utilizing biometric fingerprint characteristics and computational analysis.

4.2 Detailed Features of Product with Advantages

Key Features

e Non-invasive blood group prediction system

o Fingerprint-based image acquisition

e Automated digital analysis

o Portable and compact design

e Real-time blood group prediction

o Digital display of results

e Reduced dependence on laboratory testing

Advantages of the Product

o Eliminates direct blood sample collection

e Reduces human interpretation errors

o Portable and field-deployable
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o Fast and user-friendly operation

o Suitable for emergency and rural applications

e Reduces testing complexity

e Supports digital data storage and future integration

4.3 Material & Design Details
Hardware Components

S. No. | Component Purpose

1 Fingerprint Scanner / Sensor | Fingerprint acquisition
2 Arduino / ESP32 Processing and control
3 Camera Module (optional) | Image capture

4 LCD / OLED Display Result display

5 Rechargeable Battery Portable power source
6 PCB and Jumper Wires Circuit integration

7 Enclosure / Casing Prototype housing

Software Components
e Arduino IDE
e Python/MATLAB (for image processing if applicable)
e Image enhancement algorithms
o Pattern recognition techniques
Design of the Prototype
The prototype consists of:
o Fingerprint acquisition section
e Processing module
o Digital display interface
o Portable housing unit
The design is compact and intended for easy handling and field-level use.

4.4 System Architecture with Detailed Description

The system architecture of the Digital Blood Typing Kit consists of the following modules:
1. Fingerprint Acquisition Module

This module captures fingerprint images using a fingerprint scanner or camera-based system.
2. Image Preprocessing Module

The captured image undergoes:

e Noise removal

Contrast enhancement

Grayscale conversion

Ridge enhancement

to improve image quality for analysis.
3. Feature Extraction Module
Fingerprint characteristics such as:

o Ridge patterns
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e Minutiae points

o Texture features are extracted and analyzed.

4. Classification Module

The extracted features are processed using:

o Pattern recognition techniques to classify the blood group.
5. Output Module

The predicted blood group is displayed digitally through:

o« LCD/OLED display

4.5 How the Product Aims at Solving Existing Problems
The proposed system addresses several limitations of conventional blood typing methods:

Existing Problem Proposed Solution

Invasive blood sample collection | Non-invasive fingerprint-based prediction

Dependence on laboratory setup | Portable digital system

Human interpretation errors Automated analysis
Time-consuming procedure Rapid digital processing
Limited field usability Compact and portable design

Thus, the system provides a simplified and modern approach to blood group prediction.
4.6 Flow Chart for Working of the Product
Working Flow of the System
Fingerprint Acquisition
!

Image Preprocessing

l

Feature Extraction

l

Pattern Analysis / Classification

!
Blood Group Prediction

!
Digital Display of Result
4.7 Technical Aspects of Product
The technical aspects of the developed system include:
o Fingerprint image acquisition using optical sensing
o Digital image preprocessing techniques
o Feature extraction algorithms
e Pattern classification methods
e Microcontroller-based processing
o Digital result display system
The prototype combines concepts from:
e Biometrics
o Image processing
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o Embedded systems
o Artificial intelligence

4.8 Product Images with Description

DIGITAL BLOOD TYPING SYSTEM
— THROUGH FINGERPRINT

REAR VIEW

Figure 4 : Prototype Design of Digital Blood Typing Kit

Description: Figure 4.1: Prototype of Digital Blood Typing System showing fingerprint acquisition and
digital display module.

4.9 User Interface Design

4.9.1 Description of User Interface

The user interface is designed to be simple and user-friendly. The user places a finger on the fingerprint
sensor, after which the system automatically captures and processes the image. The predicted blood group
is then displayed digitally.

The interface consists of:

o Fingerprint scanning area

o Display screen

e Power and control buttons

The design minimizes user interaction and simplifies operation.

Figure 5 :Image showing the development of the model
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Figure 6 : final Prototype development of the Model

5. MARKET ANALYSIS

5.1 Overview

The healthcare industry is increasingly adopting digital and portable diagnostic technologies to improve
accessibility, efficiency, and patient care. Blood group identification is an essential diagnostic procedure
used in blood transfusion, emergency medicine, surgeries, and organ transplantation. Conventional blood
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typing methods are laboratory-dependent, invasive, and require trained personnel, creating limitations in
rural and resource-limited settings.

The proposed Digital Blood Typing System through Fingerprint represents an innovative approach that
combines biometric analysis, image processing, and digital healthcare technology. The product aligns with
current trends in:

o Artificial intelligence in healthcare

o Portable diagnostics

o Non-invasive screening technologies

e Smart healthcare devices

With increasing demand for rapid and accessible healthcare solutions, the market potential for portable
diagnostic systems is growing significantly.5.2 Target Customers Details

5.2 Target Customers Details

The proposed product targets multiple healthcare and technology sectors.

1. Hospitals and Diagnostic Laboratories

Hospitals and laboratories can utilize the system for:

e Preliminary blood group screening

o Fast patient identification support

e Emergency diagnostics

2. Blood Donation Camps

The device can be used during:

e Blood donation drives

e Medical camps

o Community healthcare programs to provide rapid digital blood group prediction.

3. Rural and Primary Healthcare Centers

Rural healthcare facilities often lack advanced laboratory infrastructure. The proposed portable system
can support:

Field-level diagnostics

Mobile healthcare services

o Emergency screening

4. Emergency Medical Services

Ambulances and emergency response units can benefit from:
e Rapid blood group identification

o Faster emergency decision-making

e Reduced dependence on laboratory testing

5. Research and Educational Institutions

The system can also be used for:

e Academic demonstrations

o Biomedical engineering research

o Image-processing studies

5.3 Unique Selling Proposition (USP) of Product

The major USP of the proposed Digital Blood Typing System includes:
e Non-invasive blood group prediction

o Fingerprint-based digital analysis
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o Portable and compact design

e Automated processing and result display

e Reduced human interpretation errors

o Fast and user-friendly operation

e Potential integration with Al and mobile applications

e Suitable for field and emergency use

Unlike conventional blood typing methods, the proposed system minimizes the requirement for direct
blood sample handling and laboratory setup.

5.4 Positioning Strategy

The product is positioned as a: “Smart Portable Non-Invasive Blood Group Prediction System” . The
positioning strategy focuses on:

e Innovation in healthcare diagnostics

o Ease of use and portability

o Rapid digital healthcare solutions

o Cost-effective diagnostic support

The product can be promoted as:

e A smart healthcare innovation

e A field-deployable diagnostic aid

e A next-generation biometric healthcare device

The system is expected to attract attention from:

e Healthcare institutions

e Biomedical startups

e Rural healthcare programs

e Research and innovation platforms

The combination of biometrics, image processing, and healthcare analytics gives the product a unique
position in the emerging digital healthcare market.

6. CONCLUSION & FUTURE WORK

6.1 Conclusion

The present project focused on the development of a Digital Blood Typing System using Fingerprint-

Based Image Analysis as a non-invasive and portable approach for blood group prediction. Conventional

blood typing methods are invasive, laboratory-dependent, and require skilled personnel, which limits their

accessibility in emergency and resource-limited environments.

The proposed system integrates:

o Fingerprint acquisition

o Image preprocessing

e Feature extraction

o Pattern analysis

o Digital prediction system to provide automated blood group identification. The project demonstrates
the potential application of biometric and image-processing techniques in healthcare diagnostics. The
integration of digital processing and portable architecture provides a simplified and user-friendly
system for rapid analysis.

The study also highlights the growing role of artificial intelligence, pattern recognition, and embedded
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systems in modern medical diagnostics. The developed prototype serves as a foundation for future

advancement in non-invasive diagnostic technologies and digital healthcare systems.

Overall, the project successfully demonstrates the feasibility of a fingerprint-based digital blood typing

approach and contributes toward the development of innovative, portable, and technology-driven

healthcare solutions.

6.2 Future Work

Although the developed system demonstrates promising potential, several improvements and future

developments can further enhance its accuracy and applicability.

Future work may include:

e Development of advanced machine learning and deep learning models for improved prediction
accuracy

o Expansion of the fingerprint dataset with larger sample sizes

o Integration of cloud-based data storage and digital healthcare systems

e Development of a mobile application for real-time result access

o Integration with biometric healthcare databases

o Enhancement of image preprocessing and feature extraction algorithms

e Miniaturization and optimization of hardware components

e Clinical validation using large-scale experimental studies

The future scope of the project extends toward the development of an intelligent and reliable non-invasive

healthcare diagnostic platform.
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