www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 5 May 2025 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

APy, 'NTERNATIONAL JOURNAL OF CREATIVE
@aa% RESEARCH THOUGHTS (1JCRT)

An International Open Access, Peer-reviewed, Refereed Journal

Multimodal Biometric Health Assessment System

!Devyani Gupta, 2D. N. Shreya, 3 C. Beena Gowda

1Student, Student, Student
!Dept. of Computer Science and Engineering,
LAMC Engineering College, Bengaluru, India

Abstract: The rapid advancement in artificial intelligence (Al) and machine learning (ML) has revolutionized
the healthcare industry by enhancing patient care, enabling real-time diagnostics, and transforming traditional
health monitoring practices. In this paper, we present the design and implementation of a multimodal
biometric health assessment system integrated within an Al-powered Healthcare Patient Portal Dashboard.
This system combines user interaction, biometric data analysis, machine learning-based disease prediction,
and an administrative panel for healthcare providers. The backend is developed using Python Flask, while the
frontend is implemented using HTML and JavaScript to provide a responsive and user-friendly experience.
The platform supports disease prediction in the cardiology and neurology domains by analyzing symptoms
alongside biometric inputs such as blood pressure, glucose levels, and complete blood count (CBC) data.
Through the integration of Al models trained on medical datasets, the system enhances early detection,
promotes patient engagement, and supports clinicians in decision-making. The comprehensive design
empowers users with insights and contributes to a more efficient and accessible healthcare delivery system.

. INTRODUCTION

In recent years, the fusion of healthcare with artificial intelligence (Al) and digital technology has opened
new frontiers in disease diagnosis, prevention, and treatment. With the increasing burden on global healthcare
systems, there is a growing demand for tools that provide accurate diagnostics and efficient patient
management. Traditional healthcare dashboards and portals mainly serve as static record-keeping systems,
offering limited analytical capabilities and minimal personalization. They fall short in utilizing available data
to provide intelligent insights or predictive analytics that could assist both patients and healthcare professionals
in early intervention and disease management.

Modern medicine, however, increasingly emphasizes proactive healthcare, focusing on early detection and
continuous monitoring. This shift calls for systems capable of analyzing vast and diverse data types, including
biometric indicators and self-reported symptoms. When combined, these data points provide a more holistic
view of a patient’s health. Unfortunately, existing portals rarely incorporate machine learning or allow
multimodal data integration.

To address these limitations, we propose a comprehensive Multimodal Biometric Health Assessment
System. This platform not only allows patients to enter their health symptoms and biometric readings but also
uses trained Al models to analyze the inputs and predict potential disorders in domains such as cardiology and
neurology. The dashboard is interactive, secure, and accessible via the web, offering an integrated experience
to users and health professionals alike.
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I. LITERATURE SURVEY

Several studies and existing healthcare systems have attempted to leverage artificial intelligence to assist
in diagnostics. For example, Dey et al. proposed the use of Random Forest algorithms to predict diseases
based on a symptoms dataset. Their study demonstrated significant accuracy in classifying common illnesses
and highlighted the potential of machine learning in primary healthcare scenarios. Another noteworthy review
conducted by Smith and Tan analyzed over thirty healthcare dashboard platforms and concluded that while
user interfaces have improved significantly, most systems do not utilize Al for predictive analysis. These
dashboards typically display static health metrics or historical medical data without offering proactive insights
or alerts.

Furthermore, research in loT-enabled health monitoring has brought attention to wearable devices that
track real-time biometric signals such as heart rate, oxygen saturation, and glucose levels. However, these
systems are usually standalone solutions and lack integration with centralized health portals. Few platforms
combine the predictive strength of Al with biometric and symptom-based inputs in a multimodal fashion. This
paper builds upon existing research to provide a unified system that bridges the gap between data collection,
prediction, and healthcare decision-making.

1. PROBLEM STATEMENT

Despite the proliferation of healthcare dashboards and medical record systems, many continue to operate in
a reactive mode rather than proactive. These platforms generally provide historical data in raw form without
meaningful interpretation or predictive guidance. As a result, users may struggle to understand their health data
and its implications. Similarly, healthcare providers often face difficulties analyzing fragmented records from
different sources, leading to inefficiencies in diagnosis and treatment.

Another major challenge is the lack of support for multimodal biometric inputs. Current systems usually
focus on a single data type, such as blood pressure or heart rate, without integrating these metrics with symptom
data, past medical history, or advanced analytics. This unimodal approach restricts the diagnostic potential of
digital health platforms.

Furthermore, existing systems rarely incorporate Al in a way that facilitates real-time disease prediction or
risk assessment. Even fewer solutions include interactive tools such as chatbots or provide administrative
features for clinicians to view and manage patient records comprehensively. Thus, there is a critical need for a
centralized health portal that supports multimodal data input, leverages Al for predictive analytics, and includes
interactive components to enhance patient engagement and clinical utility.

Iv. PROPOSED SOLUTION

To overcome the limitations identified in current healthcare platforms, we propose a robust and scalable
Multimodal Biometric Health Assessment System. This system combines user-generated input, structured
biometric data, and trained Al models to assess patient health and predict the onset of diseases. Users are able
to create profiles, input their symptoms and health metrics, and receive predictive insights based on trained
machine learning algorithms. The system also provides visualizations that help patients understand their health
trends over time.

At its core, the platform uses a Python Flask backend to manage data processing and handle communication
with Al models. On the frontend, HTML, CSS, and JavaScript are used to create an intuitive and responsive
user interface. The system is designed to support disease prediction specifically in cardiology and neurology,
where early detection can significantly improve treatment outcomes. Users can enter symptoms such as chest
pain, dizziness, or fatigue, along with biometric inputs like blood sugar levels and blood pressure readings.

Additionally, the system includes an Al chatbot that assists users in understanding the purpose of each input
field, explains possible conditions, and guides them through symptom reporting. An admin panel enables
medical professionals to log in, review patient records, and validate Al predictions. By centralizing all these
functionalities, the system provides a comprehensive solution for both patients and healthcare providers.

V. ARCHITECTURE DIAGRAM

The architecture of the system is composed of several interconnected components that work together to
provide a seamless experience. At the frontend, a web-based interface allows users to interact with the system
using a browser. Patients and healthcare providers can log in to view or enter data, while the interface
dynamically updates based on user roles and interactions.

All input data is routed through a Python Flask backend, which is responsible for processing form
submissions, performing server-side validations, and interacting with machine learning models. These models
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reside within an Al engine, which is trained on a dataset containing symptoms and corresponding disease
labels. The Al engine takes inputs, preprocesses them, and applies the appropriate predictive algorithm to
determine the likelihood of specific conditions.

The system also contains a biometric input module, allowing users to enter values such as blood pressure,

glucose level, and cholesterol. These values are normalized and combined with symptom data before being
passed to the Al engine. Once a prediction is made, results are returned to the frontend and displayed to the
user along with relevant health advice.
All data is stored in a secure backend database, which includes user profiles, biometric history, disease
predictions, and session logs. Role-based access controls are implemented to ensure data privacy and prevent
unauthorized access. This modular and layered architecture ensures scalability, maintainability, and data
security.

VvVI. METHODOLOGY

The development of the Multimodal Biometric Health Assessment System follows a structured and multi-
phase methodology encompassing data collection, preprocessing, machine learning model development, and
full-stack web application integration. The goal of this approach is to create a seamless, Al-driven healthcare
experience that intelligently interprets patient symptoms and biometric data for disease prediction and

monitoring.
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Figure 1. Use case diagram for Web Application
A. Dataset and Preprocessing

The foundation of the predictive component of the system is a structured medical dataset comprising
symptom attributes (Symptom_1 to Symptom_17) and corresponding disease labels. The dataset is
cleaned by removing missing values, and categorical variables are encoded numerically using label
encoding to prepare the data for machine learning models. Symptom columns are standardized to reduce
variability caused by inconsistent naming or formatting. Feature engineering is employed to assess
symptom weightage and relevance. The dataset is then split into training and testing subsets to evaluate
model performance. Ensuring data integrity at this stage is crucial for building reliable predictive models.

B.Model Development

Several machine learning algorithms were evaluated for predicting diseases based on the processed
symptoms. Algorithms such as Decision Tree, Random Forest, Support Vector Machine (SVM), and
Logistic Regression were implemented using the Scikit-learn library. Among these, Random Forest
performed the best in terms of accuracy, precision, and recall. It was selected as the final model due to its
robustness in handling imbalanced classes and its ability to generalize well on unseen data. The models
were evaluated using standard metrics including accuracy, F1-score, and confusion matrix to ensure
optimal performance. Hyperparameter tuning was carried out using techniques like Grid Search Cross-
Validation to further refine the model's predictive power.
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C. Portal Development

The user interface and system backend were developed using a modular full-stack architecture. The
frontend is built using HTML, CSS, and JavaScript to create an interactive and responsive user experience.
Pages include login and sign-up screens, a health dashboard, a chatbot interface, and data input modules for
symptoms and biometrics. The backend is implemented using the Flask framework in Python, which handles
API routing, user authentication, and communication with the machine learning models. Sessions and role-
based access controls are implemented to ensure secure access for patients and administrators.

D. Al Integration and Feature Implementation

The trained Random Forest model is integrated into the Flask backend to provide real-time disease
predictions based on user input. Users input their symptoms through the frontend, which are then preprocessed
and passed to the ML model hosted in the backend. The prediction results are displayed on the dashboard
alongside health insights and visual analytics. Additional features include a chatbot for answering health-
related queries and providing guidance on symptom entry. The admin panel allows healthcare professionals
to view patient summaries, predicted conditions, and biometric trends, enabling them to make informed
decisions.

This multi-layered methodology ensures that the system not only functions as a static health information
portal but also as an intelligent assistant capable of supporting preventive and personalized healthcare through
the use of Al.

VII. EXPERIMENTAL RESULTS

The trained Random Forest model achieved an overall prediction accuracy of 94.5% on the test dataset. In
the case of cardiology and neurology-related diseases, the precision and recall values remained above 90%,
making the model reliable for early-stage diagnosis. The average response time for generating a prediction
after symptom and biometric data submission was less than one second, ensuring real-time interaction.

User feedback was collected through a small-scale trial involving 30 participants. Most users rated the
platform highly for its usability, responsiveness, and informative feedback. Healthcare professionals who tested
the admin interface appreciated the ability to view summarized patient records and validate Al predictions
through interpretable outputs. The chatbot interface was also positively received, particularly by users
unfamiliar with medical terminology.

Security features such as password hashing using SHA-256 and HTTPS encryption during data transmission
were implemented to safeguard patient data. The system met expected performance benchmarks and
demonstrated potential for wider deployment in real-world scenarios.

VIIl. CONCLUSION

This paper has introduced the Multimodal Biometric Health Assessment System, an Al-driven healthcare
dashboard that integrates biometric data, symptom inputs, and machine learning models to predict diseases
and provide personalized health insights. By leveraging technologies such as Python Flask for backend
development and HTML/JavaScript for the frontend, the system ensures a responsive and user-friendly
interface. The inclusion of multiple features—such as Al-based predictions for cardiology and neurology, an
intelligent chatbot for interaction, biometric analysis tools, and a secure admin panel—makes the platform a
comprehensive solution for both patients and healthcare providers. Through rigorous training and evaluation
of machine learning models like Random Forest and Decision Tree, the system demonstrated high accuracy
in predicting diseases based on symptom datasets, affirming the potential of Al in transforming healthcare
delivery.

Moreover, the system goes beyond traditional health dashboards by offering predictive intelligence and early
alerts that can lead to timely interventions and improved patient outcomes. It empowers users to actively
engage with their health status while also providing clinicians with centralized access to structured patient
data for more informed decision-making. The success of this system lays a strong foundation for future
enhancements, such as real-time monitoring, voice-enabled interaction, and integration with wearable health
devices. Ultimately, the proposed system represents a significant step toward intelligent, proactive, and
accessible healthcare in the modern digital age.

[JCRT2505791 \ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ g836


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 5 May 2025 | ISSN: 2320-2882

FUTURE WORK

The future development of the Multimodal Biometric Health Assessment System aims to significantly
enhance its functionality, intelligence, and usability. One key area of advancement is the integration of real-
time data from wearable devices such as smartwatches and medical-grade 10T sensors. This would enable
continuous health monitoring and dynamic prediction, improving early detection of diseases and allowing
timely interventions. Additionally, incorporating advanced deep learning models—such as Convolutional
Neural Networks (CNNs) and Recurrent Neural Networks (RNNs)—can increase the accuracy and
adaptability of the system, especially for complex or rare medical conditions. These models can also support
the processing of unstructured data like medical images or voice inputs, expanding the system’s diagnostic
capabilities.

Furthermore, the user interface can be significantly improved by introducing voice-based symptom
reporting and Natural Language Processing (NLP)-driven chatbots, which will make the platform more
accessible to non-technical users, especially the elderly. Future iterations will also focus on ensuring strict
compliance with healthcare data protection laws such as HIPAA and GDPR by incorporating secure
encryption protocols, privacy controls, and cloud-based secure storage. Scalability will be another major
focus, as the system transitions from local to cloud-based deployment, allowing broader access across clinics
and healthcare institutions. Lastly, the creation of a mobile application will extend the platform's reach,
offering users real-time access to health metrics and predictive feedback on the go, thus making the system a
more practical, reliable, and comprehensive tool in the modern digital healthcare landscape.
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