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Abstract

Alzheimer’s disease affects memory, thinking ability, and behavior, and over time it be-
comes difficult for patients to manage daily activities. Because of this, identifying the
disease at an earlier stage is considered important. The traditional forms of detection
usually use manual MRI data analysis and clinical examination. These methods take too
much time and may produce inaccurate results. This project introduces an Al-assisted
Alzheimer’s disease stage detection system based on the MRI images of the brain and
a mobile-based application to interact with users. The deep learning ResNet50 architec-
ture is used to categorize MRI scans into stages of Alzheimer’s disease. The model is
deployed as a FastAPI backend which interacts with a React Native application so that
users can upload MRI scans and get predictions of the stage immediately. In addition to
the prediction, the application features cognitive and memory enhancing games which are
aimed at evaluating and training the mental performance, and an administration dashboard
to monitor and manage the system and data. Firebase is used to provide secure user
authentication, cloud-based storage of prediction results and user activity logs. This system
introduces a convenient, interactive solution to the problem of detecting and learning about
the Alzheimer’s disease at an early age through combining the capabilities of artificial
intelligence, medical imaging, and cognitive engagement.
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Chapter 1

Introduction

1.1 Background

Alzheimer’s disease (AD) is a progressive neurodegenerative disease that mainly affects
memory, reasoning and behavior. It is among the most common causes of dementia in
older adults and early detection is very important in effective management and care [1].
As the life expectancy of people worldwide increases, the population of patients with
Alzheimer’s is also increasing [2]. Artificial intelligence (Al) and medical imaging have
created new opportunities in early and automated diagnosis. Deep learning algorithms are
capable of detecting minor patterns in MRI images that a human eye might not detect. The
proposed project utilizes these features by combining an Al-based Alzheimer’s detection
model with a mobile-friendly application. Cognitive games and activity tracking are part
of the system to help keep the brain healthy and facilitate preventive awareness.

1.2 Problem Description

Early diagnosis of Alzheimer’s disease is the most challenging issue; the interpretation of
MRI scans manually is time-consuming, subject to human error, and highly sophisticated
diagnostic tools are not always affordable or accessible [1]. The majority of existing
systems are based only on prediction and do not offer preventive and interactive options to
users.

The proposed project fills these gaps by creating an end-to-end solution that predicts
the stage of Alzheimer’s from MRI scans and also combines cognitive assessment and
tracking modules.
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1.3 Objectives

The key objectives of this project are

* To build a deep learning model (ResNet50-based) that can classify MRI brain images
accurately between various stages of Alzheimer’s disease.

* To design a user-friendly mobile interface where users can upload MRI scans and
view results in real-time.

* To develop cognitive and memory-enhancing games for early-stage users to monitor
mental performance.

* To design an admin panel for tracking user statistics and managing system data.

* To deliver an accessible and cost-effective tool that raises awareness and early
diagnosis among the public.

1.4 Methodology

The project is implemented using an Agile methodology, which is an iterative and
component-based approach. The development is structured into short sprints, which
enables constant integration, testing, and optimization of the system. This methodology
guarantees the incremental development, dynamic testing, and flexibility to add the changes
or feedback at any point.

 Sprint 1: Dataset preparation & Model Training
* Sprint 2: Backend API development

* Sprint 3: Mobile App UI & Firebase Integration
* Sprint 4: Cognitive Games & Admin Panel
 Sprint 5: Integration Testing & Bug Fixe

As indicated in Figure 1.1, the Agile approach is utilized to organize the project into
adaptive, iterative sprints, which enables the project to be continuously developed and

improved.
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Start: Project Planning /
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Figure 1.1: Methpdology Diagram
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1.5 Project Scope

The project aims to incorporate Al-driven Alzheimer’s detection into a practical mobile
platform. It includes:

* A machine learning backend for MRI classification.

* A React Native-based frontend for user interaction.

* Firebase integration for authentication and real-time cloud database (Firestore).

* A cognitive games module for mental health improvement.

* An admin dashboard for data monitoring.

The system is not a substitution for clinical diagnosis; it is a supportive application for
helping with the creation of awareness, screening, and preventive tracking instead of being
a certified medical tool.

1.6 Feasibility Study

The project was analysed in terms of technical, economic, and operational feasibility.

* Technical Feasibility: The system is developed with TensorFlow/Keras, FastAPI,
Firebase, and React Native, all of which can be used effectively on both the local
environment and the cloud-based platforms.

* Economic Feasibility: The cost of implementation is very low because it uses open-
source libraries and free-tier cloud services (Firebase, Google Colab), which can be
deployed by using a standard laptop and an internet connection.

* Operational Feasibility: The application has a user-friendly interface that can be
used by non-technical people and can be managed by an administrator without having
a high level of technical skills.

1.7 Solution Application Areas

This system can be applied in multiple domains:

* Healthcare Research: To support initial screening of Alzheimer’s.
» Caregiver Use: To assist families to track and be aware at home.
* Educational Institutions: To research Al use in healthcare.

* Public Health Campaigns: To assist in the early mental health checkups and
awareness.
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1.8 Limitations

While the project provides a comprehensive solution for early detection support, several
constraints exist which are

* Clinical Interpretation: It is a Level 1 screening tool only and its result is not a
substitute for professional medical diagnosis.

* Model Generalization: CNN Accuracy might be reduced on data obtained from
different MRI scanners or protocols.

* Internet Dependency: Constant internet is required to send MRI scans to the API
and to synchronize real-time data.

1.9 Summary

This chapter provided an overview of Alzheimer’s disease, emphasizing its growing global
prevalence and the significance of early detection. It introduced the motivation behind
developing an Al-assisted, mobile-based system that combines MRI-based prediction
with cognitive assessment tools. The objectives, methodology, and scope were defined,
describing how deep learning (ResNet50 model in TensorFlow/Keras) and Firebase-backed
infrastructure enable classification and user interaction; experimental accuracy is docu-
mented in later chapters. A feasibility study confirmed the project’s technical, economic,
and operational viability. The chapter concluded by identifying the target application areas
along with limitations that framed the foundation for the subsequent technical design and
development phases.



Chapter 2

Literature Review

This chapter provides a literature review that helps us understand the standards used in the
past as well as those followed today. It also offers insight into existing business models
and explains how they have evolved over time.

2.1 Alzheimer’s Detection in Medical Imaging

MRI, PET and CT are the most common neuroimaging modalities used in studying and
diagnosing Alzheimer’s disease. MRI is non-invasive with high-resolution structural
imaging and no ionizing radiation. PET imaging is very expensive, involves radioactive
tracers, and gives only functional data. CT scan is cheap and quick with less soft tissue
contrast, limiting its ability in detecting finer neurodegenerative patterns.

MRI is the best of these modalities to use in Al-based Alzheimer’s detection systems
due to its ability to provide intricate structural changes in the brain, high availability, and
safety when used longitudinally [3].

2.1.1 MRI-Based Deep Learning Techniques

Deep learning automates the process of feature extraction from MRI scans. Preprocessing
steps such as skull stripping, normalization, and resizing are applied, followed by CNN-
based feature learning on 2D slice-based or 3D volumetric formats.

Recent reviews [4] indicate that 3D CNN architectures enhance volumetric represen-
tation learning and surpass conventional ML pipelines. Transfer learning (via pretrained
models like VGG or ResNet) and data augmentation are typically used to overcome small
dataset limitations, increase generalization, and minimize overfitting [5].

Figure 2.1 shows that the MRI images are preprocessed and then fed into a CNN model
to extract and classify their features automatically.
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MRI Volume Input

'

Preprocessing &
Normalization

'

Feature Extraction - CNN
Layers

'

Classification Layer / Dense

'

Predicted Alzheimer's Stage

Figure 2.1: Standard MRI-to-CNN Classification Pipeline (Adapted from existing deep-learning
studies)

2.1.2 CNN Architectures for Alzheimer’s Detection (VGG, ResNet, EfficientNet)

In Alzheimer’s Detection using MRI scans, several CNN models have been utilized. The
simplicity of VGG16 and VGG19 is advantageous because of the nature of their deep
architecture. ResNet-50 has been successfully used on the OASIS and ADNI datasets to
categorise Clinical Dementia Rating (CDR) scores [6]. EfficientNet ensures accurate and
efficient data with the help of compound scaling [7]. Hybrid CNN-Attention and Vision
Transformers (ViT) have also recently achieved potential success in the area of improving
feature localization and interpretability [8].

2.1.3 Binary vs. Multi-Class Alzheimer’s Classification

Research may be divided into binary (Alzheimer’s vs. healthy) and multi-class (Mild,
Moderate, Very-Mild) classification. Theoretical accuracies of CNNs trained on ADNI
to perform binary tasks are as high as 98% [9]. Multi-class models, although marginally
lower (85-94%), are more clinically relevant since they project disease progression stages
[10], [11], a feature of the MindCare system.
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2.1.4 Performance and Accuracy Comparisons

Accuracies are reported to be different with the datasets, preprocessing and evaluation
setup. Hybrid MRI models reached 96.19% on ADNI and 99.82% on NACC datasets [7];
a 3D CNN had 85.12 AUC on early-stage AD [11]. The differences in data size, overlaps
of the tests and leakage do not allow direct comparison to be reliable.

2.1.5 Practical vs. Theoretical Performance Gap

High reported accuracies (>98% ) may represent a state of perfection; overfitting and
generalization errors are known to happen on unknown MRI scans [11]. The MindCare
system, which was trained with the Kaggle Alzheimer’s MRI data, was able to achieve a
realistic, practical measure of performance of nearly 92-93% accuracy when predicting
unseen local MRI data.

2.2 Cognitive Assessment and Behavioral Analysis

The early cognitive decline is tested through cognitive games that require the assessment
of attention, memory, and problem-solving. Such interventions have been demonstrated to
increase cognitive ability in older adults with mild impairment through meta-analysis [12],
[13].

Al analyzes behavioral data including reaction time and accuracy to identify insidious
cognitive impairment. This enables non-invasive, continuous, and personalized monitoring,
combined with neuroimaging, as applied in MindCare [12], [13].

2.3 Comparative Study of Existing Solutions

Most recent systems utilize CNNs in cloud friendly (Flask, FastAPI, Streamlit) systems,
with the ability to upload MRI images and provide real-time predictions. The majority of
them are prototypes without authentication, databases, or multi-role dashboards [14].

Table 2.1 summarizes a comparative discussion of current solutions, their fundamental
models, data sets and constraints.
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Table 2.1: Comparative Study of Existing Solutions

System /| Core Model | Dataset Used | Accuracy | Features Limitations /

Project (%) Reference

Alzheimer’s- | CNN ADNI 94 MRI classifi- | Prototype script

Disease- cation only — no Ul or

Detection database [6]

(GitHub)

MRI- ResNet-50 + | OASIS 96 Explainable | Model-only im-

Alzheimer- Grad-CAM predictions plementation [6,

Classifier 9]

Cloud MRI | Custom CNN | ADNI 95 Web infer- | Lacks authenti-

Prediction ence demo cation and role

Demo management

[14]
Streamlit Im- | Simple CNN | Local dataset | 90 Upload + | No persistent
age Predictor predict  in | storage [14]
browser

Cognitive Behavioral Game — Game-based | No MRI integra-

Game Plat- | Al datasets cognitive tion [12, 13]

forms testing

MindCare ResNet-50 Kaggle 91 MRI + Cogni- | Full-stack

(Proposed) (Kaggle Dataset tive + Admin | deployable solu-
MRI) modules tion [10, 11, 14]

MindCare is the first system to integrate MRI-based deep learning, cognitive analysis,
and admin control in a deployable and user-friendly system.

2.4 Summary

This chapter has been a review of Al-based Alzheimer’s detection and cognitive health
assessment. MRI was described as the most appropriate modality among other scans such
as PET and CT. CNNs rchitectures such as ResNet, VGG, and EfficientNet were described,
with the focus on multi-class classification of the disease stage. As a complement to
other tools, cognitive game-driven testing and Al behavioral monitoring were reviewed.
Prior research gaps were evaluated and MindCare was introduced as a system that allows
integrating MRI prediction, cognitive games, and analytics on the administration into a
synthesized and deployable system.



Chapter 3

Requirement Specifications

System requirements include those configurations that a system needs in order to function
properly and effectively. Failure to meet with these requirements may cause installation
issues or performance issues. System requirements outline the features and behaviour of a
system, including both functional and non-functional requirements.

3.1 Existing System

Existing systems designed to detect Alzheimer’s are highly restricted to a single ML
model or simple web prototypes. Models are mostly binary (Alzheimer’s vs. normal) with
no UL The CNN-based MRI classification scripts that are open-source tend to offer no
data storage, role management or mobile interfaces [3], [S]. There are also no interactive
cognitive testing tools available that can be used to trace mental functioning other than MRI.
Models with high accuracy (>98%) tend to be poor at real-world data because small high-
quality training sets such as ADNI or OASIS are used [11]. These restrictions demonstrate
the necessity of a realistic system that would involve a combination of Al-based MRI
prediction, cognitive tests, progress tracking, and mobile accessibility.

3.2 Proposed System

MindCare is a mobile-based platform that integrates Al-based MRI prediction, cognitive
assessment games, and an administrative monitoring platform.

» User Module: Upload MRI scans, receive stage forecasts, play interactive games,
and track mental performance.

* Admin Module: Manage system, view user activity, track prediction and game
histories, analyze performance, and suggest daily exercises.

10
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* Cognitive Games & Prevention Module: Play interactive games which evaluate
attention, memory and problem solving, offer adaptive preventive strategies based on
MRI and cognitive outcomes.

3.3 Functional Requirements

The functional requirements outline the essence of behaviour and functionality of the
MindCare system. Each requirement is established to make sure that the system achieves
the intended role, i.e., to help the users in the early diagnosis of Alzheimer’s disease as
well as observing their cognitive ability over time.

3.3.1 User Authentication

The system ought to enable new users to sign up and existing users to log in through
Firebase Authentication. The passwords are also securely stored and password recovery is
via registered email addresses. Only the verified users access the MRI upload and cognitive
modules.

3.3.2 MRI Upload and Prediction

MRI images are uploaded by users through their device storage or camera. The preprocess-
ing and prediction of images are carried out through FastAPI and a ResNet50 model. The
stage of predicted Alzheimer’s (Non-Demented, Very Mild Demented, Mild Demented,
Moderate Demented) and score on confidence are produced.

3.3.3 Cognitive Games

Four cognitive games are used to measure memory, attention span, reaction time and
pattern recognition. The outcomes of the games are sent to Firebase and cross-analyzed
with the MRI predictions to analyze the health of the brain, identify cognitive alterations,
and offer individual preventive feedback.

3.3.4 Personalized Insights

The predictions of MRI and cognitive scores are added to create a general brain-health
score. Users can be classified as low, medium, and high risk (MRI 60% Cognitive 40%),
and lifestyle, memory training, and mental wellness routines are suggested.

11
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3.3.5 History and Analytics

A user can view past MRI predictions and cognitive scores via an analytics dashboard
which is a combination of MRI and cognitive data, displaying both brain-health patterns
and risk level over time.

3.3.6 Admin Control

Admins can access user profiles, MRI and cognitive histories, monitor prediction frequency,
examine overall performance and erase inactive/duplicate users. MRI results and user data
cannot be changed by admins.

3.4 Non-Functional Requirements

3.4.1 Performance

Within 4-5 seconds of uploading an MRI image, the system must deliver predictions, and
the response time must remain consistent when the system is operating under normal user
load.

3.4.2 Security

The entire communication between the app and the backend should be encrypted by using
HTTPS. Firebase Authentication provides secure logins and no sensitive data is stored
locally in the device.

3.4.3 Reliability

The real-time synchronization of Firebase ensures that data is available offline even in
instances of network disruption. When an upload fails, the system will automatically
restart it until it succeeds.

3.4.4 Usability

The interface should be clean and user-friendly, suitable for the aged users who may not
have any technical expertise. The font size and color scheme must be made reader-friendly.

3.4.5 Scalability

The backend architecture can easily be extended to additional servers or cloud applications
as the number of users increases.

12
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3.4.6 Maintainability

The system should have a modular architecture, where the FastAPI backend and React
Native frontend can be updated independently, and the Firebase provides centralized data
to improve the maintenance.

3.4.7 Portability

The application is developed for Android 8.0 and higher platform but with minor changes
the subsequent versions can be made to work on the iOS environment.

3.5 Hardware Requirements

The hardware specifications that are necessary to deploy and test the proposed system are
summarized in Table 3.1.

Table 3.1: Hardware requirements

Component Specification (Minimum)

Processor Intel Core i5 (or equivalent ARM)

RAM 8 GB

Storage 2 GB free space

GPU (optional) NVIDIA GTX 1050 or higher for training (not
for inference)

Mobile Device Android smartphone (4 GB RAM, 64-bit pro-
cessor)

3.6 Software Requirements

The software tools and frameworks used in the system development and deployment are
described in Table 3.2.

Table 3.2: Software requirements

Software Purpose / Usage

Python 3.10+ Model training, backend integration
TensorFlow / Keras Deep learning model development
FastAPI Web backend for model API
Firebase (Auth + Firestore) Authentication and database

React Native (Expo CLI) Mobile frontend development

VS Code / Android Studio Development environment

Google Colab Model training and experimentation

13
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MindCare system involves two major actors: User and Admin. They all engage with the

system with different modules which are connected in a way to fulfill particular goals.

» User: general users or patients that interact with the mobile-based application by

signing in, uploading MRI scans, playing cognitive games, viewing past performance,

getting insights, and tracking cognitive improvement.

* Admin: system overseers or authorized users who can view user activity, prediction

trends, performance reports. However, the admin cannot change the MRI predictions

or game results to keep data and system integral.

3.7.1 Use Case Diagram

User

MindCare System

—»

p"

////—yj' Register/ Login

f Upload MRIand ,,,,,, A Prediction ]
> Get Prediction J S
— "."IEW’ Comhim;a"\.
pm—— \_ Analyics /€
/'View Results and ™, e
™ Analytics
f Store Datain ) S View \

GEFI'IES

Admin
¢ Play Cugnmve - w
- View ,"/
! Get Personalized Tlps ' Cognltwe Analytu:s y

\
/_"_\
b N

{{lnmudg};y AI Model

F|resture MHI Anal:.rtlcs y

Logout ..../j

Figure 3.1: Use Case Diagram

As shown in Figure 3.1, the MindCare system specifies two main actors, namely User and

Admin, that engage with different system modules depending on their roles and access

permissions.
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3.7.2 Use Case Descriptions

The high-level use cases of the MindCare system are summarized in Table 3.3 indicating

the actors and their corresponding functionality in the system.

Table 3.3: Use case descriptions

Use Case ID | Actor Use Case Name Description

UC-01 User User Authentication The user registers or logs-in using
email and password through Fire-
base Authentication.

UC-02 User MRI Upload and Predic- | The user posts an MRI image that

tion is processed on the backend using
the trained ResNet50 model to de-
termine the stage of Alzheimer’s.

UC-03 User Cognitive Game Interac- | The individual takes memory and
tion reaction tests. Firebase is used to

store game performance data to
track progress.

UC-04 User View Results and Progress | The user sees past MRI outcomes,
game scores and progress of im-
provement in a customized dash-
board.

UcC-05 Admin Monitor System analytics | The admin keeps track of all the ac-

and Users tivity of all users, including MRI
uploads and game participation,
via the admin dashboard.

UC-06 User View Personalized | Uses MRI findings and cognitive-
Insights & Recommenda- | game scores to calculate a general
tions score of brain-health and risk-level

and shows individual tips and pre-
vention measures.
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3.7.3 Use Case Specification

In this subsection, each of the identified use cases has been specified in detail, describing
the system behavior, actor interaction, preconditions, and expected outcomes. These
defined requirements provide clarity in functional requirements and act as a guideline in
system implementation and validation.

UC-01: User Authentication

The authentication process, comprising of user login, user registration and credential
validation, is outlined in Table 3.4.

Table 3.4: UC-01: User Authentication

Use Case ID

UC-01

Use Case Name

User Authentication

Primary Actor

User

Trigger User opens the app and chooses either “Login” or “Sign up.”

Description Allows a new user to create an account or an existing user to log
in with Firebase Authentication by means of a valid email and
password.

Preconditions The app is running and user is connected to the internet.

Postconditions System authenticates credentials and provides access to the dash-
board.

Main Flow 1. User opens the MindCare app. 2. Chooses to log in or register.
3. Enters email and password. 4. Firebase verifies credentials. 5.
Dashboard loads on success.

Alternate Flow(s) 1. In case of invalid credentials, an error message is displayed.
2. In case of forgotten password, user is redirected to password
recovery page.

Exceptions Firebase service not reachable or device offline.

Frequency of Use

Frequent (every app access).

Priority

High
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UC-02: MRI Upload and Prediction

The process of MRI upload and automated prediction with the help of the backend Al
model is outlined in Table 3.5.

Table 3.5: UC-02: MRI Upload and Prediction

Use Case ID uUcC-02
Use Case Name MRI Upload and Prediction
Primary Actor User

Trigger User selects “Upload MRI” in the MRI prediction tab.

Description Enables the user to upload an MRI scan, which is handled by the
backend FastAPI and inputted into the AI model (ResNet50) to
draw an inference on the stage of Alzheimer’s.

Preconditions User logged in, has camera/gallery access, backend and model
activated.

Postconditions The confidence score and the predicted stage shown and saved in
Firebase.

Main Flow 1. User clicks “Upload MRI.” 2. Selects or captures MRI image.
3. Backend receives and preprocesses image. 4. Model performs
prediction. 5. Predicted stage appears on screen.

Alternate Flow(s) 1. If file format is invalid, then an error prompt is generated. 2. If
an upload fails, then retry option is displayed.

Exceptions Backend/API unavailable.

Frequency of Use

Moderate (occasional).

Priority

High
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UC-03: Cognitive Game Interaction

Table 3.6 describes how users and cognitive games interact with each other, such as

gameplay and storing the score.

Table 3.6: UC-03: Cognitive Game Interaction

Use Case ID UC-03

Use Case Name Cognitive Game Interaction

Primary Actor User

Trigger User chooses a game from the “Cognitive Games” tab menu.
Description Allows the user to engage in interactive games that evaluate mem-

ory, attention as well as pattern recognition. The scores are saved
in Firebase.

Preconditions User logged in and connected to the internet.
Postconditions Game results saved in Firebase for future analysis.
Main Flow 1. User selects a game. 2. System loads instructions. 3. User plays

the game. 4. Scores are calculated and uploaded. 5. Confirmation
message displayed.

Alternate Flow(s) In case of network failure, the data is stored locally and synced
later.

Exceptions Game crashes or incomplete session.

Frequency of Use Regular (daily/weekly).

Priority Medium
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UC-04: View Results and Progress
Table 3.7 shows how the users can review the historical results and performance trends.

Table 3.7: UC-04: View Results and Progress

Use Case ID

UC-04

Use Case Name

View Results and Progress

Primary Actor

User

Trigger User taps on “Analytics” tab.

Description Allows the user to view previous MRI results, game scores, and
trend analytics.

Preconditions User logged in; data exists in Firebase.

Postconditions Results displayed successfully on screen.

Main Flow 1. User opens analytics page. 2. App fetches historical data from
Firebase. 3. System renders trend charts and summaries. 4. User
reviews insights.

Alternate Flow(s) If no data is available, then “No results yet” message is displayed.

Exceptions Network connection lost during fetch.

Frequency of Use Frequent.

Priority Medium

UC-05: Monitor System analytics and Users
Table 3.8 indicates the admin functions to monitor system activity and user analytics.

Table 3.8: UC-05: Monitor System Analytics and Users

Use Case ID UC-05
Use Case Name Monitor System analytics and Users
Primary Actor Admin

Trigger Admin logs into the admin dashboard.

Description Allows the administrator to view user actions, MRI upload reports
and the number of games played via a central dashboard.

Preconditions Admin must be authenticated.

Postconditions Dashboard reflects real time and historical data analytics.

Main Flow 1. Admin opens dashboard. 2. System retrieves user metrics. 3.
Admin views summaries and statistics. 4. Logs out when done.

Alternate Flow(s) In case of data retrieval error, retry option is displayed.

Exceptions Database unavailable.

Frequency of Use

Occasional (weekly/monthly).

Priority

High
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UC-06: View Personalized Insights & Recommendations

Table 3.9 explains how combined analysis is used to generate personalized insights and
preventive recommendations.

Table 3.9: UC-06: View Personalized Insights

Use Case ID UcC-06

Use Case Name View Personalized Insights & Recommendations

Primary Actor User

Trigger User opens the “Prevention Tips” tab.

Description The system retrieves results of MRI and cognitive-games, calcu-
lates a joint score of brain-health by using weighted reasoning,
classifies the user into a risk category and provides adaptive tips
and suggestions.

Preconditions There must be MRI and cognitive-game information of the logged-
in user.

Postconditions Combined score and recommendations displayed; revised risk level
in the user analytics.

Main Flow 1. User opens Tips screen. 2. App fetches MRI and cognitive
scores. 3. System computes weighted combined score. 4. Risk
level determined. 5. Relevant tips displayed.

Alternate Flow(s) If no data is present, it shows a message “Complete MRI and games
to view insights.”

Exceptions Firebase fetch failure or network loss.

Frequency of Use Regular (after each MRI upload or game session).

Priority High

3.7.4 Use Case Flow

» The User begins by registering and logging in the mobile app.

* Once they have been authenticated, they can post MRI scans that are processed with
the back-end Al model.

» The predicted stage is displayed, and the results are stored to be accessed later.

* The User can also play cognitive games. The results are automatically saved in

Firestore.

* The User can then view combined MRI and cognitive analysis in the Insights screen,

receiving adaptive prevention recommendations.

* The Admin monitors system usage through the admin dashboard, and can delete any

idle or duplicate accounts through the User Management screen
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This model offers a separation of roles, access control and a balanced, transparent
workflow.

3.8 Summary

This chapter summarizes the functional and non-functional requirements, and general
architecture of the proposed MindCare application. It started by comparing the currently
available tools to detect Alzheimer’s with the proposed solution and defining their short-
comings in interactivity, real-time monitoring, and accessibility. The MindCare system
was subsequently specified with specific functional and non-functional requirements, in-
cluding MRI upload, Al-driven prediction, cognitive gaming, joint brain-health analytics,
personalized dynamic recommendation, and administrative ability including monitoring
and restricted user pefrformance. Hardware and software requirement was described as
well as scalability, usability, and security. Lastly, the use case models depicted user and
admin interactions as well as workflows, which were transparent, practical, and efficient in
the operation of the system. This chapter provided the foundation upon which the design
and implementation, as discussed in the subsequent chapters, will be carried out.
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Chapter 4

Design

The system design is the transformation of user requirements into a practical shape. In this
chapter, the design approaches and constraints are discussed in detail. While designing our
MindCare app, we tried our best to use the performance standards of the software industry
and fulfil the needs of its user.

4.1 System Architecture

MindCare system architecture is built around a modular, cloud-connected architecture
which enables the React Native mobile client, FastAPI backend, TensorFlow/Keras ResNet-
50 model and Firebase to communicate in real time. This design ensures scalability,
maintenance, and secure data processing.

The architecture of the system aims to achieve accuracy and reliability through the
use of a well-tuned ResNet-50 model to classify stages of the Alzheimer disease. The
Firebase cloud services provide scalability, therefore supporting multiple users at a time.
The separation of concerns is ensured by the isolation of the user interface, backend
logic, Al inference and database layers. Firestore listeners are used to support real-time
synchronization to deliver immediate analytics updates. Firebase Authentication and
encrypted communication based on HTTPS are implemented to provide security.

The general system architecture is presented in Figure 4.1, showing the interaction
between the mobile application, backend services, Al model, and Firebase cloud elements.

22



CHAPTER 4 - DESIGN

React Native Mobile App
User & Admin

REST API

v

FastAPI Backend Server

-~ S~

Inference Request Store & Fetch Data
ResNet-50 Model Firebase Services
TensorFlow/Keras Firestore + Auth

Realtime Data

v

Admin Analytics & Reports

Figure 4.1: System Architecture Diagram

4.1.1 System Workflow

The mobile client interacts with the FastAPI backend via the REST API calls. A user
uploads a MRI which is sent to FastAPI backend server for preprocessing and then to
ResNet-50 model to perform inference. The predicted stage along with the confidence
score are returned and stored in Firebase Firestore. Firebase also processes cognitive-game
data, user activity and analytics. Aggregated data is displayed in the admin dashboard.

Figure 4.2 illustrates the end to end operational flow of the system starting with MRI
upload all the way to the analytics visualization.
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Figure 4.2: System Workflow Diagram

The following subsection outlines the key functional components of the MindCare system

and elaborates on their respective roles within the entire architecture. Each component

is independent, and works together with the rest to ensure smooth data flow and system

reliability.
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1. Frontend Module
The frontend is built in React Native that provides user and admin dashboards. User
dashboard displays MRI analysis, cognitive games, personalized tips, and analytics
whereas, Admin dashboard displays user management, mri and cognitive analytics
and system reports. The interface is accessibile with responsive layouts and uniform
navigation.

2. Backend Module
The backend is built in FastAPI (python) that specifies API endpoints, loads the
trained ResNet-50 model on the start-up, performs predictions and gives formatted
JSON response. It provides synchronized data sharing with Firebase.

3. Machine Learning Model
The ResNet-50 model (TensorFlow/Keras) can classify MRI scans into these four
classes (Non-Demented, Very Mild Demented, Mild Demented, and Moderate De-
mented). Before inference, an input MRI is resized to 128x128 pixels. The model is
stored at alz-backend/model/model.hS.

4. Database and Cloud Services
Firebase Firestore as NoSQL database contains user profiles, MRI predictions,
cognitive-game sessions, and analytics information whereas, Firebase Auth is used
to secure logins, and maintain real time synchronization.

4.2 Design Constraints

To achieve a tradeoff between performance, cost and scalability, several design choices
have been undertaken. Firebase has been chosen because it is easy to integrate and has real-
time synchronization. Local inference makes deployment easier but throughput is reduced.
ResNet-50 was selected as it has high accuracy and fast inference time, whereas more deep
networks like ResNet-101 were discarded because of complexity and unavailability of huge
datasets. Mobile-first strategy was emphasized based on the assumption that users would
mainly use smartphones to access the system. FastAPI was chosen for better performance
and asynchronous handling. It also works perfectly with the TensorFlow/Keras model for
MRI inference. React Native was chosen for faster development, strong library support,
easier maintenance, and smooth Firebase integration.

Table 4.1 summarizes the major design constraints that affect the performance, scala-
bility, security and usability.
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Table 4.1: Design Constraints

Constraint Points / Description

Hardware and Performance | 1. Backend inference requires at least 8 GB RAM and Intel i5 (or
equivalent).
2. React Native app performs well on Android 8.0+ with minimum
2 GB RAM.

3. Each MRI prediction takes ~4-5 seconds.
. Asynchronous processing prevents frontend freezing.

. Backend Framework: FastAPI (Python 3.10+).

. ML Framework: TensorFlow 2.x with Keras API.

. Frontend Framework: React Native (TypeScript).

. Database & Cloud Services: Firebase (Firestore + Auth).
. All modules must be compatible for seamless operation.

Software

Resource Limitations . Free-tier Firebase limits daily reads/writes.
. Local inference constrains prediction speed.

. Large-scale deployment requires GPU or cloud server.

Security . Firebase Authentication used for email-based login.

. All API calls use HTTPS.

. Firestore rules enforce role-based access.

. Only MRI prediction metadata stored; sensitive medical data

not saved.

AL ~Rl LD~V WD~

Usability and Interface 1. App supports portrait orientation and mid-range mobile resolu-
tions.

2. Firebase-dependent operations require stable internet.

3. Color schemes and font sizes optimized for readability.

4. Full WCAG compliance pending.

4.3 Design Methodology

This section describes the development strategy utilized in the development of the Mind-
Care system based on iterative design, modular implementation and continuous assessment
across the entire development lifecycle.

4.3.1 Agile Methodology

MindCare System is based on an Agile, iterative approach, which enables incremental de-
velopment and constant testing. The modules (frontend, backend, Al model, and database)
were created as independent components allowing rapid development prototyping, early
integration, and an easy refinement process, which relies on testing and user feedback.
This design provides scalability, flexibility and maintainability during development.

Figure 4.3 shows the cyclical process of planning, implementation, testing, refinement
and integration used during the development of MindCare System.
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Planning
Implementation

\

Integration with other
modules

.

Testing & Validation

\ _—

Refinement & Feedback

Figure 4.3: MindCare System Development Cycle

4.4 High-Level Design

High-level design reflects the system in a logical perspective, showing how significant
components relate to each other to achieve the system goals.

4.4.1 Conceptual / Logical View

MindCare System consists of these three main modules: User, Admin, and Shared Cloud
Services modules. All the modules communicate with each other using REST APIs and
Firebase SDKs.

* The User Module deals with MRI uploads, cognitive games, personalized tips and
personal analytics.

* The Admin Module handles user administration, system usage, and analyzes com-
piled system data.

* The Shared Cloud Services layer supports the two modules, as it deals with authenti-
cation, database storage and real-time updates.

The conceptual component view of the MindCare system as depicted in Figure 4.4
shows the connection between the user module, the admin module, and the shared cloud
services.
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User Module

(MRI Uploads, Cognitive
Games, Tips, Analytics) —\

Shared Cloud Services FastAPI Backend
. . . ResNet-50 Model
(Firebase Auth, Firestore, —> (REST APIs, Processing —>
. . TensorFlow/Keras
Real-time Updates) Logic)

Admin Module
(User Management, System —/

Monitoring, Analytics)

Figure 4.4: Component Diagram

4.4.2 Process View

The process view explains the steps involved in the interaction between the mobile app,
backend, Al model, and Firebase during real-time performance.

1. The Firebase Authentication allows the user to authenticate.

2. After a successful login, an MRI image can be uploaded in the app which is sent to
the FastAPI server where it is preprocessed and predicted.

3. The backend will call the ResNet-50 model, which will provide the stage of Alzheimer
and confidence score and stored in Firestore.

4. The interface requests the latest information and shows it to the user in real time.

Figure 4.5 shows the chain of interactions between the mobile application, backend
services, the AI model, and Firebase.

‘ User ’ React Native App ] Firebase Auth/Firestore FastAPI Backend ] ResNet-50 Model
Login Request
Authenticate User -
Authentication Success
Upload MRI Image
—_—
Send MRI v{a REST API
Preprocess + Predict
Stage + Confidence Score
@rrnenm e e na e nnn e nnneennd]
_ Store Prediction Result
Real-Time Update to UL
‘ User ’ React Native App ] Firebase Auth/Firestore

FastAPI Backend ] ResNet-50 Model

Figure 4.5: Process View Diagram
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4.4.3 Physical View
The physical perspective provides an overview of how the system is being configured
across the devices and servers. The system applies the hybrid architecture of a local
backend server and cloud-based Firebase services.
Deployment Environment:

* Frontend: Deploys on an Android device via React Native.

* Backend: Runs locally using FastAPI.

* Model File: Loaded from model/model.h5 during backend initialization.

» Database and Storage: Firebase cloud services

Figure 4.6 below reflects the physical deployment perspective of the MindCare system,
where the system components are distributed between the mobile device, a local backend
server, and Firebase cloud-based services.

User Device
React Native Mobhile App

HTTPS Requests

+

Backend Server
FastAPI (Local)

Load Madel File API Calls
v v

ResNet-50 Model
model/model.h5

Firebase Cloud Services

l

Firestore + Auth

Figure 4.6: Physical/Deployment Diagram

4.4.4 Module View

The system is broken down into structured modules so that it is maintainable and clear.
Each of the modules represents a major functional area in the architecture.
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1. User Module: Deals with authentication, MRI upload, access to games, and personal
analytics. Core screens include:

e UserDashboardScreen.tsx

MRIPredictionScreen.tsx
* CognitiveGamesScreen.tsx
» UserAnalyticsScreen.tsx
* PersonalizedTipsScreen.tsx
2. Admin Module: Enables the administrator to track users, analyze MRI results and
system reports. Core screens include:
* AdminDashboardScreen.tsx
* MRIAnalyticsScreen.tsx
* CognitiveAnalyticsScreen.tsx
* UserManagementScreen.tsx
» SystemReportsScreen.tsx

3. Backend Module: Calls API requests, makes predictions based on the ResNet-50
model and communicates with Firebase to store and retrieve data. Files include:

* app-py
* routes/predict.py
* model/model.h5

4. Database Module: Consists of Firestore collections:

* users
* mri_predictions
* game_sessions
* user_cognitive_profiles
* cognitive_assessments
5. AI Model Module: Consists of the TensorFlow/Keras-implemented ResNet-50 ar-

chitecture to perform MRI classification. It gives the label prediction and probability

SCores.
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4.4.5 Security View
¢ Authentication and Authorization: Firebase Authentication, Firestore rules
* Data Transmission Security: HTTPS encryption
» Access Control: Firestore security rules
* Model Security: Model file stored locally

* Data Privacy: Only prediction metadata stored

4.5 Low-Level Design

The low level design explains how the MindCare system is internally structured and how the
various components process data, communicate with others and provide reliable behaviour.
It is concerned with the backend logic, end user interactions, database management and
information flow between the user input and the final analytics and recommendations.

4.5.1 Detailed Design of Major Components

1. Backend Component — FastAPI and Model Integration: The backend is developed
in FastAPI in Python that receives the requests sent by the mobile app, loads the
ResNet-50 model, makes MRI predictions, and sends the results in JSON format.
The working can be summarized as follows: FastApi server accepts an image file via
a POST request in the predict endpoint. The image is temporarily saved in some local
directory then preprocessed by a route predict.py preprocessing function that resizes
and normalizes the image to 128128 pixels. The loaded ResNet-50 model takes the
preprocessed image and infers it. The probabilities of the output are transformed into
a confidence score and predicted class label. The output is sent in a JSON format
and stored in Firebase at the same time.

Figure 4.7 shows the backend MRI prediction flow.
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Firestore: mri_predictions

!

Send JSON result to App

Figure 4.7: Backend MRI Prediction Flow
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2. Frontend Component — React Native Application: The mobile application handles
all user and admin interactions. All screen components are written in TypeScript, and
have a component-based maintainability structure. The MRIPredictionScreen.tsx
component deals with MRI upload, prediction request, and display of results. The
CognitiveGamesScreen.tsx component consists of logic of cognitive games like
Memory Match, Reaction Timer, Spatial Recognition and Pattern Recognition. The
UserAnalyticsScreen.tsx component loads and visualizes the performance of the
user based on Firebase queries. The PersonalizedTipsScreen.tsx module obtains
adaptive cognitive health and lifestyle recommendations on the basis of combined
MRI and game analytics. Admin Dashboard is based on MRIAnalyticsScreen.tsx
and CognitiveAnalyticsScreen.tsx that aggregate system-wide data.

Figure 4.8 shows the frontend data handling structure.

User Input
(Upload MRI / Play Game)

!

React Native UI Components
MRIPredictionScreen,
CognitiveGamesScreen

H

HTTP POST /predict

!

FastAPI API
/predict endpoint

call returns

!

Model Prediction Result

persist
v *J
FirebaseService
wrapper (Auth, Firestore
helpers)

State Update &
Visualization
(setState / Redux)

Figure 4.8: Frontend Data Handling Structure
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3. Firebase Component — Database and Auth Integration: Firebase offers NoSQL
Firestore database, Authentication and Cloud storage to manage all persistent data.
Each collection is a major element of the system. users stores scan summaries,
registration and authentication. mri_predictions: stores detailed MRI prediction
outcomes, including predicted stage, confidence, probabilities, inference time, and
metadata. game_sessions: monitors cognitive game activity, including scores, accu-
racy, duration, and timestamps. cognitive_assessments: makes cumulative cognitive
reports at least 5 game sessions, storing domain-wise scores, overall scores, trends,
and recommendations. user_cognitive_profiles: retains life cognitive profiles, sum-
marizing MRI and cognitive game insights, strengths, areas for improvement, and
historical data.

Figure 4.9 shows the Firebase integration flow.

Firebase Authentication

Auth tokens / signIn

React Native App

Read / Write

!

Firestore Database

:

Collections:
users, mri_predictions,

game_sessions,
cognitive_assessments,
user_cognitive_profiles

Aggregated queries

Admin Analytics Dashboard

Figure 4.9: Firebase Integration Flow
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4.5.2 UML Class Diagram

Figure 4.10 the UML class diagram of the system containing relationships and responsibil-
ities of key classes.

MRIPredictionScreen

+uploadMRI()
+showResult(result)
+handleUploadError(err)

!

FastAPIBackend
CognitiveGamesScreen
UserAnalyticsScreen
+predict(file)
+preprocess_image(img_path) +startGame()
+format_response(prediction) +endGame() +fetchAnalytics()
+send_to_firestore(payload) +computeScore(session) +renderCharts(data)
l v L |
Preprocessor ModelService FirebaseService
+resize(img, 128,128) +load_model(path) +save_prediction(uid, payload)
+normalize(img) +predict(image_array) +get_user(uid)
+save_temp(file) +get_probabilities() +get_admin_reports()

Figure 4.10: UML Class Diagram
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4.5.3 Sequence Diagram

Figure 4.11 MRI prediction sequence diagram illustrating the sequential interaction be-
tween mobile frontend, backend and database.

User MRIPredictionScreen FastAPIBackend ModelEngine

Select MRI & tap Upload

>

Validate filg (size/type)

POST /predict

Preprocess + Predict

Label + Confidence + Probabilities

Save predictipn to Firebase

Firestore writes:
- users.scanHistory
- mri_predictions/{doc}

JSON {label, confidence, probs}

Update U] (results)

)

Optional Firebase listener
for real-time sync

Display Stage & Confidence

<
User MRIPredictionScreen FastAPIBackend ModelEngine

Figure 4.11: MRI Prediction Sequence Diagram
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4.5.4 Flowcharts for Core Functions

The following flowcharts demonstrate the internal logic of the core functionalities of
the system in steps. They offer a clear visual representation of the data processing and
decision-making process in each of the main modules.

1. MRI Prediction Workflow:
Figure 4.12 the MRI Prediction Workflow.

Start

!

Upload MRI Image (App)

I

Send to Backend: POST
/predict

!

Backend: Preprocess
(128x128, normalize)

I

ResNet-50 Prediction

|

Compute Label & Confidence

I

Store in Firestore
(mri_predictions)

I

Push update to App
(Realtime)

!

End

Figure 4.12: MRI Prediction Flowchart
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2. Cognitive Game Score Computation:
Figure 4.13 the Cognitive Game Score Computation flowchart.

Start Game Session

'

Track performance (events,
time, errors)

'

Compute raw score &
accuracy

v

Apply difficulty / weighting

'

Save session to Firestore
(game_sessions)

v

Update
user_cognitive_profiles &
user_cognitive_assessments

'

Update Admin Analytics

'

End

Figure 4.13: Cognitive Game Score Flowchart
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3. User Analytics Aggregation:
Lastly, the User Analytics Aggregation process is represented in Figure 4.14.

Fetch user records (users,
mri_predictions,
game_sessions)

'

Aggregate MRI + Game Data

'

Compute averages, trends,
risk indicators

'

Format chart data &
summaries

'

Return to UI / Admin via
API or Realtime

'

Render charts & tables

Figure 4.14: User Analytics Aggregation Flowchart

All of these low-level designs explain the internal behavior of the system, e.g. how
the system generates predictions and displays analytics, as well as how each component
effectively and predictably relates to another in the specified architecture.

4.6 Al Model Design

This section outlines dataset description, preprocessing pipeline, model architecture, and
training strategy of the Alzheimer MRI classification model incorporated in the MindCare
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system.

4.6.1 Dataset Description

The publicly available Alzheimer MRI dataset used to train the model was obtained from
Kaggle. The data include T1-weighted brain MRI images that are divided into four classes
of clinical interest, namely Non Demented, Very-Mild Demented, Mild Demented, and
Moderate Demented. The dataset contains about 3,200 Non-Demented, 2,240 Very-Mild-
Demented, 896 Mild-Demented and 64 Moderate-Demented images [15].

Such distribution implies the inherent class imbalance regularly present in medical
data, where more advanced cases of the disease are less represented. To maintain uniform
evaluation, we split the dataset into three sets which are training, validation, and testing
sets in an 80-10-10 % split. The detailed distribution charts along with representative
samples of each class are provided in Appendix A.

4.6.2 Data Preprocessing

All MRI images are processed through a standardized preprocessing pipeline prior to
training in order to have consistency and model optimization. The images are first resized
to 128 x 128 pixels and then scaled to the 0-1 range. This normalization aids in stabilizing
learning through keeping the value scales equal amongst samples.

Data augmentation is used to enhance generalization, including steps like random
rotation, zoom and shear transformations of the training set. These processes subject
the model to different spatial patterns and less overfitting. Because the dataset is imbal-
anced, class weights are calculated and used in training such that the minority classes,
especially the Moderate-Demented category, have sufficient representation in the loss func-
tion. Automated splitting utilities are eventually used to divide the dataset into organized
Train/Validation/Test directories to make the dataset reproducible.

4.6.3 Model Architecture

A transfer learning method was implemented based on the ResNet50 architecture that has
been pretrained on ImageNet because ResNet50 performs well in visual recognition tasks
and also has residual connections which enable deep networks to have consistent training.
The convolutional feature extraction layers of ResNet50 were only kept with a custom
classification head added to the network to adapt it to four-class Alzheimer classification.
Figure 4.15 (created, as part of the development, with the plot_model utility) shows the
entire model architecture, both ResNet50 backbone and custom classification head.
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resnet50 (Functional)

Input shape: (None, 128, 128, 3) | Output shape: (None, 4, 4, 2048)

global_average_pooling2d (GlobalAveragePooling2D)

Input shape: (None, 4, 4, 2048) Output shape: (None, 2048)

!

batch_normalization (BatchNormalization)

Input shape: (None, 2048) | Output shape: (None, 2048)

dense_1 (Dense)

Input shape: (None, 2048) | Output shape: (None, 2048)

dense_2 (Dense)

Input shape: (None, 2048) | Output shape: (None, 512)

dense_3 (Dense)

Input shape: (None, 512) | Output shape: (None, 256)

dense_4 (Dense)

Input shape: (None, 256) | Output shape: (None, 64)

dense (Dense)

Input shape: (None, 64) | Output shape: (None, 4)

Figure 4.15: ResNet50-Based Alzheimer Classification Model
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4.6.4 Training Strategy

The model is trained using Adam optimizer with a loss function of categorical cross-
entropy. The batch size is 64 and several epochs are applied with EarlyStopping to avoid
overfitting. The optimal model weights have been stored in a ModelCheckpoint callback
to use during deployment.

Accuracy, precision, recall, and AUC on both training as well as validation set are used
to monitor performance. The model shows consistent learning behavior during training.
References on all metric curves and extended evaluation figures are provided in Appendix
A.

4.7 Database Design

MindCare system has Firebase Firestore, a cloud-based no-SQL database where all user and
system data is stored. Firestore provides real time synchronization, scalability, and secure
authentication using Firebase Auth. Data is organized in collections and documents as
opposed to the traditional tables to ensure clear separation of entities, minimal redundancy
and rapid retrieval by users and administrators.

4.7.1 Entity Relationship (ER) Diagram

Though Firestore is not relational, a relational between collections is represented in terms
of an ER model in Figure 4.16.
Main Entities:

1. users

2. mri_predictions

3. game_sessions

4. cognitive_assessments

5. user_cognitive_profiles
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has many

USERS

string | uid

string | name

string | email
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MRI_PREDICTIONS
string predictionId
string userId
string stage
float confidence
object probabilities
datetime | timestamp

has many/-Oé int

GAME_SESSIONS
string sessionId
string userId

score
float accuracy
int duration
datetime | timestamp

array scanHistory

2

has many~o<

COGNITIVE_ASSESSMENTS
string assessmentId
string userId
object domainScores
string overallStatus
datetime timestamp

USER_COGNITIVE_PROFILES

string userId

object lifetimeStats

has one ~H

object mriSummary

object gameSummary

object improvementTrends

Figure 4.16: Entity Relationship Diagram (ERD)
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4.7.2 Entity Descriptions

1.

users Collection

This collection stores scan summaries, registration and authentication. Whenever a
new user is registered or first logs in, a new user document is created automatically.
After each MRI prediction, scanHistory array is updated.

. mri_predictions Collection

This collection stores detailed MRI prediction outcomes. When a user uploads
the MRI through the mobile application, a record is generated. The prediction is
completed in the FastAPI back-end and the outcome is returned to the app where it
is saved using the firebaseService.savePredictionResult() method.

. game_sessions Collection

This collection records all movements of cognitive game sessions with performance
information like score, accuracy and time taken to complete the game.

. cognitive_assessments Collection

This collection makes cumulative cognitive reports at least 5 game sessions. It is
created by the generateCognitiveAssessment () function once there is enough recent
game play data.

. user_cognitive_profiles Collection

This collection retains a long-term cognitive profile of a user, which is a combination
of MRI-based predictions and data on behavioral games to demonstrate overall
cognitive well-being and improvement. This collection is updated each time a user
has played a game or when a new cognitive assessment is created.

The logical relationships between these entities are shown in Figure 4.17.
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1:N—P| mri_predictions Collection

1:N—p| game_sessions Collection

e

users Collection

\1;N+ cognitive_asst.essments
Collection

11 user_cognitive._profiles
Collection

Figure 4.17: Logical Relationships

4.7.3 Data Flow with Firebase

Data is dynamically transferred between the frontend, backend and Firebase in real time.

This data flow is shown in Figure 4.18.

User
Login / Register Play Game Firestore Sync Upload MRI
v v l l
Firebase Auth Games UI Admin Dashboard MRI UI
A
. Write Prediction + Update o
Create/Update User Doc Save Session Fetch Stats sy Send Image Prediction Result
v | v

Firestore (users, Backend + Model

mri_predictions,
game_sessions,
assessments, profiles)

Create/Update

If 25 Sessions .
Assessments + Profile

Assessment Engine

Figure 4.18: Firebase Data Flow
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4.7.4 Data Validation and Security Rules

Firestore provides data integrity with the help of validation and Firebase Security Rules.
Validation within the Application Layer:

* Any user data is verified before it is written to Firestore.

* Firebase Authentication allows users to write/read only if they are authenticated.
* Admin privileges are checked in the app code, through hard-coded email checks.
Database-Level Rules and Access Control:

* The testing rules have been liberalized, whereas the production rules mandate role-
based access.

* Secure communication is guaranteed by HTTPS.

* MRI images are not stored permanently, only prediction metadata is stored.

4.8 User Interface Design

The app has a mobile-first, user-focused design, which allows easy navigation and fast
understanding. The color scheme has been applied with blue colors depicting trust, green
color depicting positive actions and the neutral whites/grays to make the text readable. The
major objectives of the UI design are

* Clarity: To display data including MRI outcomes and analytics in a readable and
comprehensible format.

* Accessibility: To guarantee usability to all users including those with mild cognitive
limitations.

* Consistency: To have a consistent design throughout all screens and modules.
* Interactivity: To deliver interactive experiences with cognitive games.

* Responsiveness: To provide a smooth navigation and flexibility on Android devices.

4.8.1 Navigation Design

The application navigation is logical for both user and administration module and is shown
in Figure 4.19.

* User Flow: Splash — Onboarding — Login/Signup — User Dashboard — MRI Analysis
— Cognitive Games (Memory Match, Reaction Timer, Spatial Navigation, Pattern
Recognition) — Personalized Tips — Analytics.
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* Admin Flow: Login — Admin Dashboard — User Management — MRI Analytics —
Cognitive Analytics — System Reports

Splash
Onboarding

Signup Admin Dashboard

User Dashboard

Personalized Tips I/I Cognitive Games I\I User Analytics

Memory Match |

User Management MRI Analytics | Cognitive Analytics System Reports

MRI Analysis

| Settings

Reaction Timer

Spatial Navigation

Pattern Recognition

Figure 4.19: App Navigation Flow

4.8.2 Wireframes of Key Screens

The section provides the wireframes of the user interface and the administrator interface to
demonstrate the appearance, navigation, and workflow of the MindCare application.
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(A) User Module Screens
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The user module wireframes are summarized in Table 4.2, detailing the purpose and

functionality of each of the major screens in the mobile application.

Table 4.2: User Module Screens

Figure No. Screen Description

Figure 4.20 Splash Screen This is the first screen which is displayed when the app is
launched, showing the app logo and app title for about 3
seconds, and initializing Firebase services.

Figure 4.21 Onboarding This screen consists of a set of 3 short auto-scrolling slides

Screen that explain key app features and a “Let’s get started” button,
leading to login screen.

Figure 4.22 Login Screen In this screen, current users can enter their email and pass-
word through Firebase Auth and gives new users a Forgot
Password and Signup option.

Figure 4.23 Signup Screen New users can create their accounts throuh this screen.

Figure 4.24 Forgot Pass- | Users can reset their password using their registered email

word Screen to which Firebase sends a reset-link.

Figure 4.25 User Dashboard | It is the primary screen and contains bottom navigation
tabs of Home, MRI, Games, Tips, and Analytics. It shows
welcome message, app features and quick access cards.

Figure 4.26 Settings Screen | This screen enables users to edit their profile, change pass-
word, and log out. Firebase is used to manage all changes.

Figure 4.27 MRI Analysis | This screen allows users to upload MRI and display the

Screen predicted Alzheimer’s stage and confidence level which are
fetched from FastAPI backend in real-time.

Figure 4.28 Cognitive This screen displays total games played, saved games, 4

Games Screen cognitive games with icons, progress indicators, and start
buttons, and games’ information.

Figure 4.29 Reaction Timer | The screen shows a reaction-based game in which users are

Game asked to tap when the visual indicator changes to green from
red, which will produce time-based performance scores.

Figure 4.30 Spatial Naviga- | In this screen, a grid-based memory game is displayed in

tion Game which individuals memorise the positions of stars in the grid
and attempt to recreate them within time constraint.

Figure 4.31 Memory Match | In this screen, there is a traditional card-matching game

Game in which users match pairs to test the short-term memory
generating time and attempt-based score in performance.

Figure 4.32 Pattern Recogni- | The screen displays MCQs of visual patterns which users

tion Game are required to memorise and imitate as a measure of atten-
tion and recognition capacity.

Figure 4.33 Personalized This screen displays personalized health tips based on recent

Tips Screen MRI scan and game which is fetched from Firebase.

Figure 4.34 User Analytics | This screen displays the charts and graphs of prediction

Screen history and game performance.
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722

MindCare

Alzheimer's Detection & Support

Figure 4.20: Splash Screen
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&

Advanced Detection

Upload MRI scans for
Al-powered Alzheimer's
detection with high accuracy
and confidence scoring.

Let's Get Started

Figure 4.21: Onboarding Screen
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Welcome Back

Sign in to continue your care journey

Email Address

Enter your email

Password

& Enter your password &

Forgot Password?

Don't have an account? Sign Up

MindCare - Alzheimer's Detection & Support

Figure 4.22: Login Screen
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Create Account

Join MindCare to start your
journey

Full Name

L Enter your full name

Email Address

Enter your email

Password

& Create a password &

Use 8+ characters with uppercase, lowercase,
numbers, and symbols

Confirm Password

@ Confirm your password &

Figure 4.23: Signup Screen



Reset Password

Enter your email address and we'll send
you a link to reset your password

Email Address

Enter your email address

You'll receive an email with a link to reset your
password.

Send Reset Link

Back to Login

If you don't see the email, check your spam
folder or try again.

Figure 4.24: Forgot Password Screen
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Welcome back,

Ash

Your Health Journey Starts
Here

MindCare uses advanced Al
technology to help detect early
signs of Alzheimer's disease and
provides personalized cognitive
training to support your brain health.

Quick Actions

r"n
LJ

Upload MRI

Play Cognitive

Scan Games

Get Al-powered
analysis

Test your mental
agility

-~

MRI Scan Games Tips Analytics

N
4

Figure 4.25: User Dashboard
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Settings MRI Analysis

Al-Powered Alzheimer's Detection

" How it Works

Our advanced Al model analyzes MRI brain
scans to detect signs of Alzheimer's disease
with high accuracy. The analysis takes
about 10-15 seconds.

Ash

umairaawais@gmail.com

@ Grayscale MRI scans only
@ Square or near-square images

@ Maximum 10MB file size

Edit Profile Upload MRI Scan

Change Password o

Select MRI Image

Grayscale MRl scans only * Max 10MB =

Delete Account Square images preferred

000

2 Logout
3¢ Important Notice

This Al analysis is for informational purposes

only and should sce professional
- A
MindCare L3 [+ ® ~
Alzheimer's Detection & Support MRi Scan Games Tips Analytics
Figure 4.26: Settings Screen Figure 4.27: MRI Analysis Screen
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Cognitive Assessment

Track your cognitive health through targeted
exercises
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Reaction Timer

Cognitive Domain Training

Each game targets specific cognitive domains
essential for brain health. Regular assessment
helps track changes and identify areas for
improvement.

Recent Activity
3 7%
Total Games Avg Accuracy

Assessment Games

Memory Match

Test your working memory by matching pairs of cards

Beginner
Memory

>

1 play
4 80% accuracy

Reaction Timer

<3 2] ¢ 4

MRI Scan Games Tips Analytics

Figure 4.28: Cognitive Games Screen

1/5 479ms

Completed Average

TAP NOW!

TAP AS FAST AS YOU CAN!

::a@?#

MRI Scan Games Tips Analytics

Figure 4.29: Reaction Timer Game
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Spatial Memory
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Memory Match

Level 4 6 3s

Current Tries Left Time

Memorize 6 star positions...

*x Kk %

5x5 Grid * 6 Stars

<) ]

MRI Scan Games

Figure 4.30: Spatial Navigation Game

O -
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9 3/8

Moves Matches

38%

Progress

Figure 4.31: Memory Match Game



< Pattern Recognition

5/5 bs 2

Round Time Left Correct

What comes next?

Select the next element:

-

Figure 4.32: Pattern Recognition Game
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Brain Health Insights

Personalized recommendations based on MRI and
cognitive performance

Your Brain Health
Profile

MEDIUM RISK

Monitor and continue assessments

MRI Analysis

Very Mild

Confidence: 82.1%
Demented

Cognitive Performance (3 sessions)

0% 55% 40% 100%

Memory  Attention  Executive Visual
Overall: 65%

Strengths

@ Good spatial reasoning

Areas for Improvement

© Structural changes detected in MR
© Memory function needs improvement
© Attention and focus below optimal

@ Problem-solving skills need practice

E:m@?N

MRI Scan Games Tips Analytics

Figure 4.33: Personalized Tips Screen
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Brain Health Analytics

Comprehensive monitoring of MRI and cognitive
performance

Overview Mri Cognitive Trends

Overall Brain Health Score

60 /100

MEDIUM RISK

A

C =

4 3

MRI Scans Game Sessions
~” &
7% 2
Avg Accuracy Active Days
Rece; tivity
rA
| 0 ~
MRI Scan Games Tips Analytics

Figure 4.34: User Analytics Screen
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(B) Admin Module Screens

Table 4.3 provides a summary of the wireframes of the admin module, including the

CHAPTER 4 - DESIGN

screens where system monitoring, user management, and analytics are performed.

Table 4.3: Admin Module Screens

Figure No. Screen Description
Figure 4.35 Admin Dashboard | This screen gives a summary of the system statistics
Screen such as total users, total predictions, and average
confidence.
Figure 4.36 User Management | This screen shows each user details (UID, name,
Screen email, scan and game data) and allows admin to
delete user data.
Figure 4.37 MRI Analytics | This screen displays combined MRI prediction data
Screen like stage distributions using bar and pie charts.
Figure 4.38 Cognitive Analytics | This screen displays aggregate game scores, such as
Screen average accuracy, completion rates and the number
of games played.
Figure 4.39 System  Reports | This screen generates summaries of system perfor-
Screen mance, predictions and cognitive activity.
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Admin Dashboard

Complete System Overview

@ Administrator

Welcome, Eisha A!

Managing 1 users * 4

scans * 3 game sessions

System Metrics

4
20
o
1
Total Users
Registered users
\
4
1
Active Users
Last 7 days
\
4
1
Active Players
Playing games

Figure 4.35: Admin Dashboard Screen

r°n
CJ

4
MRI Scans

Brain scans processed

(=)
3

Game Sessions

Cognitive games played

nﬁ!lﬂ
180.6

Avg Game Score

Cognitive performance
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User Management

Manage platform users

Q

Users (2)

Amal Jamil

bintesiddiqui8@gmail.com
ID: 2HzrAtOt...

CJ = ~
0 0 unknown
Scans Games Risk Level

& View Details

Ash

umairaawais@gmail.com
ID: kgTIOfS6. ..

i =) A
LJ -
4 3

Scans Games Risk Level

p

Total Users

@ Active

A

none

Engagement

il Delete User

@ Active

Engagement

Figure 4.36: User Management Screen
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MRI Analytics

Detailed Scan Analysis
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Cognitive Analytics

Game Performance Insights

<3 9 C]
4 1.0% 9.03s
Total Scans Avg Processing

SS

sed Confidence Time

Stage Distribution ay
® Non Demented 50%
L]
Very Mild Demented 25%
® Mild Demented 25%
[===4
0%

® Moderate Demented

Recent Scans ¢

User: kgTI0f56

Figure 4.37: MRI Analytics Screen

22 2 k4
A 1 345.3
Total Active Avg Score
Sessions Players Ac all

Game plays Unique users

Jil Performance Overview

Average Accuracy Trend

70.7%

Game Distribution )

Most played: Pattern Recognition Game (33%)

Pattern Recognition 339%

0
&)
Game -—

oo

) Reaction Timer Game 33%

Spatial Navigation Game 33%

Figure 4.38: Cognitive Analytics Screen
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System Reports

¢, Refresh
Platform Analytics

~7 Engagement @ Quality

Performance

System speed and efficiency

2 ©
2 9.03s
Total Users Avg Processing Time
Registered users Per scan analysis
O
39.0s

Avg Game Duration

Per session

lnal Platform Overview
Tracking user engagement through
MRI scans and cognitive games

for compreher brain health

Figure 4.39: System Reports Screen
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4.9 External Interfaces

4.9.1 FastAPI API Interface

FastAPI backend serves as an intermediary linking the mobile app and ResNet50 model.
The MRI images pass through RESTful endpoints, where the preprocessing and infer-
ence operations are implemented and finally the predicted stage of Alzheimer’s and the
confidence score are sent back. Secure HTTPS is used in all communication.

4.9.2 Firebase Cloud Interface

Firebase offers authentication and data storage as well as real-time syncing. Firebase
Authentication is used to log in and sign up into the app, whereas Firestore is used to store
user profile, MRI results, cognitive scores, and analytics. Local processing of MRI images
is done through the backend, and they are not stored in Firebase Storage.

4.9.3 TensorFlow/Keras Model Interface

The ResNet50 model (TensorFlow/Keras) model is built into the FastAPI backend. The
backend uses the pre-trained weights and performs inference on every uploaded MRI and
gives structured JSON responses.

4.9.4 Device-Level Interfaces

React Native libraries allow access to device hardware including storage and camera.
Examples such as expo-image-picker and react-native-fs can be used to pick or capture
MRI images, whereas device sensors and timers are used to score games and analytics.

4.9.5 Network and Security Interface

All the communication between the app, backend, and Firebase is encrypted with the help
of HTTPS. Request authentication will be done by firebase tokens, and FastAPI CORS
configurations will limit access to the API to authorised domains, thereby providing safe
and reliable data flow.

4.10 Summary

This chapter summarizes the architecture and design of MindCare System. Firebase
collections, high-level and low-level design structures were defined to demonstrate the way
the user’s MRI and cognitive data are arranged and secured. The overall UI design choices
are consistent with the objectives defined earlier. The next chapter describes the system
implementation based on the design discussed in this chapter.
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System Implementation

This chapter describes the process of the system development and includes the tools,
technologies, and techniques to transform the design into a solution. The chapter also
shows the way various components of the system were coordinated to produce the desired

functionality.

5.1 System Architecture

The MindCare System has a local-cloud hybrid structure that integrates a locally-hosted
FastAPI back-end, a TensorFlow/Keras ResNet50 MRI prediction model, and the cloud-
hosted Firebase Firestore and Firebase Authentication. The frontend is developed using
React Native that is connected to the backend and Firebase using secure HTTPS. This
framework guarantees rapid inference, real-time coordination, as well as the modular
separation of concerns.

5.1.1 Communication Between Components

The system elements interact via Firebase SDKs and REST APIs. Once an MRI scan has
been uploaded, the React Native app transmits it to the FastAPI server for preprocessing
and ResnNet50 model inference. The output of prediction is delivered in the form of
JSON to the app and stored in Firestore. The real-time listeners automatically update Ul
whenever new data is availed thus keeping consistency between local and cloud data.
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5.1.2 Application Access and Database Security
The system provides security on the following levels:

« Authentication & Authorization: Firebase Auth has access control; administrators
are given higher levels of permissions.

 HTTPS Transmission: Every request is carried out in encrypted channels.
* Firestore Rules: Loose when developing, role-based access when in production.

* Local Storage: MRI images are not stored, just prediction results are stored.

5.1.3 Tools, Technologies, and Development Environment

The tools, frameworks, and technologies employed in the development and implementation
of the MindCare system are listed in Table 5.1.

Table 5.1: Tools and Technologies Used

Category Tool / Framework Purpose

Languages Python, TypeScript Backend & Mobile development
Backend FastAPI REST API for prediction and data flow
Al Framework TensorFlow/Keras MRI classification

Mobile Framework | React Native Cross-platform mobile app

Database Firebase Firestore Real-time storage

Authentication Firebase Auth Secure login & roles

IDE VS Code Development & debugging

Testing Physical Android Device |Real-device validation

5.2 Implementation of Major Modules

This subsection indicates how the modules of the system interact with each other during
the execution process, indicating how data will be passed between the mobile application,
the backend services, the AI model, and Firebase.

5.2.1 Frontend (React Native)

The frontend incorporates screens of MRI analysis, games, analytics, settings, and adminis-
tration. Firestore listeners and modular TypeScript components are used to make sure that
it is updated in real-time. Testing was done on physical Android devices to test accuracy.
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5.2.2 Backend (FastAPI Server)

MRI upload and prediction endpoints are offered by FastAPI. Conducts resizing, normal-
ization, RGB conversion and inference. Produces a response in the form of a JSON, and
logs predictions in Firestore.

5.2.3 Al Model (ResNet50 + TensorFlow/Keras)

The Al model does four-class classification of Alzheimer. Output contains the predicted
class and index of class, probabilities and confidence. Model is easily upgradable.

5.2.4 Firebase Integration

Firebase is used to manage authentication, cloud storage and real time syncing. The
collections consist of users, mri_predictions, game_sessions, cognitive_assessments, and
user_cognitive_profiles Real-time listeners make sure that the analytics dashboards do not
need to be manually refreshed.

5.2.5 Admin Dashboard

This is exclusively available to admins and it displays system-wide metrics: prediction
distribution, game activity and user analytics. React-native-chart-kit is used in data
visualization to provide clean and interactive charts.

5.2.6 Data Synchronization Flow

Figure 5.1 the end-to-end data processing and synchronization of the frontend, backend,
Al model, and Firebase services.
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UserApp FastAPIBackend AlModel Firestore

Upload MRI

v

Run Inference

v

Output
4 ...............................
Save Record
Real-Time Update
4 ..................................................................................................
Write Game Session
Refresh Analytics
4 ..................................................................................................
UserApp FastAPIBackend AlModel Firestore

Figure 5.1: Data Processing & Synchronization Flow

5.3 Prepocessing Logic and Algorithms

This part outlines the pre-processing procedures and algorithms used on both MRI images
and cognitive game data prior to prediction, analysis and storage.

5.3.1 MRI Preprocessing and Prediction

The uploaded MRI image is resized and normalized and expanded to the model input. The
ResNet50 model estimates the probability of Alzheimer’s stages but the stage with the
highest confidence score is the output stage. The metadata (stage, confidence, timestamp)
is the only data that is stored in Firestore.

5.3.2 Cognitive Game Logic

The cognitive games are executed locally on the device to assess spatial recognition,
attention and memory. game_sessions store scores, accuracy and duration along with UID
of the user. The design is modular in nature and does not require any changes on the
backend to add or replace games.
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5.3.3 Analytics Aggregation Logic

user_cognitive_profiles combines MRI and games. Statistics like average score on a game,
number of sessions, confidence in the last prediction and newest stage of Alzheimer’s are
computed. Analytics is presented to the users and the admins through real-time updates
and react-native-chart-kit charts.

5.4 Deployment and Configuration

The backend run via uvicorn and React Native app runs on a physical Android device
through wireless ADB.

uvicorn app:app —--—host 0.0.0.0 —-—-port 8000 --reload.
npx react-native start —--host <local-IP>

npx react-native run-android.

A debug APK was developed using Gradle. Backend dependencies were configured
through requirements.txt and mobile app dependencies were configured through npm.
Google-services.json was used to load the firebase credentials. Successful prediction flow,
game logging, real-time analytics and secure communication were established through
end-to-end validation.

5.5 Summary

This chapter documents the deployment of MindCare System, the frontend, the backend,
the Al model, the Firebase integration, processing logic, and the deployment process. The
testing of the real devices proves that the system works with high security, efficiency and
in real time. Its modular nature makes it easy to implement improvements in the future, i.e.
new cognitive games or better Al models.
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Chapter 6

System Testing and Evaluation

System testing shows that MindCare System is a complete integrated product where all
modules are functioning as per the requirements and that the system as a whole is working
reliably. It uses a black box, scenario-based methodology, where the entire workflow (user
authentication, MRI prediction, cognitive gameplay, and analytics retrieval) is tested. The
core goal of system testing is to verify that everything works correctly, detect usability and
stability problems, and assess the extent to which the system can combine React Native,
FastAPI and Firebase into a smooth user experience.

6.1 Testing Environment

Table 6.1 the hardware, software, and tools with which the system was tested in real and
simulated conditions.

Table 6.1: Testing Environment

Category Details

Hardware Setup Windows 10 (Intel Core 15), 8 GB RAM, Android Emulator
(Pixel 6 — API 30-33), Real Android Device (Android 12)

Software Setup React Native (Expo), FastAPI (Python 3.10), Firebase Authen-

tication & Firestore, VS Code, Postman, Firebase Console

Debugging Tools React Native Chrome DevTools Debugger (opened through
Metro using Press J / Open Debugger), Chrome/Expo Debugger

Test Data Real MRI dataset (four Alzheimer’s categories), cognitive
game session data, multiple Firebase user accounts, known
MRI images for verification
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6.2 Functional Testing

In this section, the accuracy of every system operation is assessed by comparing the
anticipated behavior to the actual operation within real usage parameters.

6.2.1 User Authentication Module

This module is tested to provide secure user access, acceptable credentials validation, and
acceptable error handling.

TS-01: Successful Login with Valid Credentials

Table 6.2 the successful user login with valid credentials.

Table 6.2: TS-01: Successful Login with Valid Credentials

Test Scenario ID TS-01 Test Case ID TC-01
Test Case Descrip- | To verify that a user can success- | Test Priority High
tion fully log in by using valid creden-
tials
Pre-Requisite User account exists in Firebase | Post-Requisite User is redirected to
Authentication. dashboard screen.
Test Execution Steps:
S.No | Action Inputs Expected Actual Test Result | Test Com-
Output Output Environ- ments
ment
1. Open login | — Login page | As ex- | Android, Pass | Ul loads
screen loads  suc- | pected Firebase correctly
cessfully Auth
2. Enter valid | Email, Email shown | As ex- | Android Pass | —
credentials Password | in field but | pected
password is
hidden.
3. Tap ‘login’ | — Correct As ex- | Android Pass | User gets
button credentials pected authenti-
accepted, cated
redirected to
dashboard
Overall Test Result Pass
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TS-02: Login Attempt with Invalid Credentials

Table 6.3 proves system behavior in the case of invalid login credentials.

Table 6.3: TS-02: Login Attempt with Invalid Credentials

valid credentials

Test Scenario ID TS-02 Test Case ID TC-02
Test Case Descrip- | To verify that the system doesn’t | Test Priority High
tion allow login attempts using in-

Pre-Requisite Wrong credentials Post-Requisite

Error is displayed
and access is not
granted.

Test Execution Steps:

shown and
fields are
cleared

S.No | Action Inputs Expected Actual Test Result | Test Com-
Output Output Environ- ments
ment
1. Open login | — Login page | As ex- | Android, Pass | Ul loads
screen loads  suc- | pected Firebase correctly
cessfully Auth
2. Enter invalid | Invalid Email shown | As ex- | Android Pass | —
credentials email or | in field but | pected
invalid password is
password | hidden.
3. Tap ‘login’ | — “Invalid As ex- | Android Pass | Proper er-
button Credentials” | pected ror handled
message

Overall Test Result

Pass
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TS-03: Password Reset Functionality

Table 6.4 shows that the password reset mechanism was working correctly.

Table 6.4: TS-03: Password Reset Functionality

Test Scenario ID TS-03 Test Case ID TC-03
Test Case Descrip- | To verify that the password reset | Test Priority Medium
tion functionality works as intended.

Pre-Requisite

User account exists in Firebase

Authentication.

Post-Requisite

Reset link is sent
via email.

Test Execution Steps:

S.No | Action Inputs Expected Actual Test Result | Test Com-
Output Output Environ- ments
ment
1. Open login | — Login page | As ex- | Android Pass | Ul loads
screen loads  suc- | pected correctly
cessfully
2. Tap ‘Forgot | — Redirected As ex- | Android, Pass | —
Password’ to password | pected Firebase
button reset screen Auth
3. | Enter regis-| Valid A reset link | As ex- | Android, Pass | New pass-
tered email email is sent to the | pected Firebase word set
email Auth
Overall Test Result Pass
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This module is challenged to confirm MRI upload processing, accuracy of predictions,

error detection, and storage of results in a secure manner.

TS-04: Valid MRI Upload and Prediction Processing

Successful MRI upload and prediction processing is validated in Table 6.5.

Table 6.5: TS-04: Valid MRI Upload and Prediction Processing

diction

Test Scenario ID TS-04 Test Case ID TC-04
Test Case Descrip- | To verify and validate the process | Test Priority High
tion of uploading MRI image and pre-

Pre-Requisite

Backend API is running, valid | Post-Requisite

Prediction result is

. Jpg MRI image stored in Firestore
in JSON format.
Test Execution Steps:
S.No | Action Inputs Expected Actual Test Result | Test Com-
Output Output Environ- ments
ment
1. Open MRI | — Ul loads suc- | As ex- | Android, Pass | —
Prediction cessfully pected FastAPI
Screen
2. Upload valid | Image file | Al pre- | As ex- | Android, Pass | Verified
MRI image diction  is | pected Firebase Firestore
displayed firestore save
and stored in
Firestore
Overall Test Result Pass
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TS-05: System Handling of Invalid MRI Image Input

Table 6.6 measures how the system copes with the invalid MRI image inputs.

Table 6.6: TS-05: System Handling of Invalid MRI Image Input

Test Scenario ID TS-05 Test Case ID TC-05
Test Case Descrip- | To verify the handling of invalid | Test Priority High
tion MRI image

Pre-Requisite

Invalid image selected

Post-Requisite

Error message is
shown and no pre-
diction is made

Test Execution Steps:

S.No | Action Inputs Expected Actual Test Result | Test Com-
Output Output Environ- ments
ment
1. Open MRI | — Ul loads suc- | As ex- | Android, Pass | —
Prediction cessfully pected FastAPI
Screen
2. Upload Invalid “Invalid File” | As ex- | Android, Pass | Error
invalid MRI | image file | alert pected FastAPI detected
image correctly
Overall Test Result Pass
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TS-06: Firestore Storage After Successful Prediction

Table 6.7 confirms that the results of prediction are properly stored in Firestore.

Table 6.7: TS-06: Firestore Storage After Successful Prediction

Test Scenario ID TS-06 Test Case ID TC-06
Test Case Descrip- | To verify that after prediction, re- | Test Priority High
tion sults are stored in Firebase Fire-
store collection
Pre-Requisite Successful prediction done Post-Requisite Result saved in
mri_predictions
collection

Test Execution Steps:

S.No | Action Inputs Expected Actual Test Result | Test Com-
Output Output Environ- ments
ment
1. Open MRI | — Ul loads suc- | As ex- | Android, Pass | —
Prediction cessfully pected FastAPI
Screen
2. Perform Image file | A new entry | As ex- | Android, Pass | Record
valid predic- appears in | pected Firebase saved and
tion collection Firestore verified
Overall Test Result Pass
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TS-07: Verification of Correct Prediction Output
Table 6.8 ascertains that the AI model makes correct prediction of known MRI inputs.

Table 6.8: TS-07: Verification of Correct Prediction Output

Test Scenario ID TS-07 Test Case ID TC-07
Test Case Descrip- | To verify whether the prediction | Test Priority High
tion made is correct or not
Pre-Requisite Output is known for selected | Post-Requisite Label matches ex-
MRI image pected output
Test Execution Steps:
S.No | Action Inputs Expected Actual Test Result | Test Com-
Output Output Environ- ments
ment
1. Open MRI | — Ul loads suc- | As ex- | Android, Pass | —
Prediction cessfully pected FastAPI
Screen
2. Upload Mild De- | Output As ex- | Android, Pass | Al'modelis
known MRI | mented “Mild  De- | pected FastAPI accurate
image MRI mented”
image file | with  confi-
dence score
Overall Test Result Pass
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6.2.3 Cognitive Games Module

This module is tested to check the game logic and behavior of user interaction along with

persistence of session data.

TS-08: Reaction Timer Game Functionality

The functionality of the reaction timer cognitive game is proven in Table 6.9.

Table 6.9: TS-08: Reaction Timer Game Functionality

Test Scenario ID TS-08 Test Case ID TC-08
Test Case Descrip- | To verify the functionality of re- | Test Priority Medium
tion action timer game
Pre-Requisite User is logged in Post-Requisite Score is saved in
Firestore collection
Test Execution Steps:
S.No | Action Inputs Expected Actual Test Result | Test Com-
Output Output Environ- ments
ment
1. Open Reac- | — Menu loads | As ex- | Android Pass | —
tion Timer successfully | pected
game from
Cognitive
Games
screen
2. Start game Tap Start | Timer As ex- | Android, Pass | Game logic
button runs, score | pected Firebase is correct
recorded
Overall Test Result Pass
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TS-09: Memory Match Game Functionality

Table 6.10 confirms proper implementation of memory match game.

Table 6.10: TS-09: Memory Match Game Functionality

Test Scenario ID | TS-09 Test Case ID TC-09
Test Case Descrip- | To verify the functionality of | Test Priority Medium
tion memory match game

Pre-Requisite

User is logged in

Post-Requisite

Score is saved in
Firestore collection

Test Execution Steps:

S.No | Action Inputs Expected Actual Test Result | Test Com-
Output Output Environ- ments
ment
1. Open Mem- | — Menu loads | As ex- | Android Pass | —
ory Match successfully | pected
game from
Cognitive
Games
screen
2. Start game Click Score and ac- | As ex- | Android, Pass | Game logic
cards curacy is cal- | pected Firebase is correct
culated
Overall Test Result Pass
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TS-10: Pattern Recognition Game Functionality
Table 6.11 confirms the pattern recognition game logic and scoring.

Table 6.11: TS-10: Pattern Recognition Game Functionality

Test Scenario ID TS-10 Test Case ID TC-10
Test Case Descrip- | To verify the functionality of pat- | Test Priority Medium
tion tern recognition game
Pre-Requisite User is logged in Post-Requisite Score is saved in
Firestore collection
Test Execution Steps:
S.No | Action Inputs Expected Actual Test Result | Test Com-
Output Output Environ- ments
ment
1. Open Pattern | — Menu loads | As ex- | Android Pass | —
Recognition successfully | pected
game from
Cognitive
Games
screen
2. Start game Choose Score is cal- | As ex- | Android, Pass | Game logic
options culated pected Firebase is correct
Overall Test Result Pass
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TS-11: Spatial Navigation Game Functionality
Table 6.12 checks proper gameplay behavior of the spatial navigation game.

Table 6.12: TS-11: Spatial Navigation Game Functionality

Test Scenario ID TS-11 Test Case ID TC-11
Test Case Descrip- | To verify the functionality of spa- | Test Priority Medium
tion tial navigation game
Pre-Requisite User is logged in Post-Requisite Score is saved in
Firestore collection
Test Execution Steps:
S.No | Action Inputs Expected Actual Test Result | Test Com-
Output Output Environ- ments
ment
1. Open Spatial | — Menu loads | As ex- | Android Pass | —
Navigation successfully | pected
game from
Cognitive
Games
screen
2. Start game Choose Score is cal- | As ex- | Android, Pass | Game logic
cards culated after | pected Firebase is correct
each level
Overall Test Result Pass
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TS-12: Game Session Storage in Firestore

Table 6.13 validates the fact that the completed game sessions are recorded and displayed

in the UL

Table 6.13: TS-12: Game Session Storage in Firestore

Test Scenario ID TS-12 Test Case ID TC-12

Test Case Descrip- | To verify the game session stor- | Test Priority High

tion age and Ul updates.

Pre-Requisite Game played Post-Requisite Session scores

stored in Firestore
and visible in
Cognitive Games
screen

Test Execution Steps:

S.No | Action Inputs Expected Actual Test Result | Test Com-

Output Output Environ- ments
ment
1. | Finish any | — Game  ses- | As ex- | Android, Pass | —
game sion visible | pected Firestore

in Firestore
and in Cog-
nitive Games
screen

Overall Test Result Pass
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TS-13: UI Behaviour During Gameplay (Pause/Resume/Exit)

Table 6.14 measures Ul behavior when pausing, resuming and leaving the game.

Table 6.14: TS-13: Ul Behaviour During Gameplay (Pause/Resume/Exit)

exit.

Test Scenario ID | TS-13 Test Case ID TC-13
Test Case Descrip- | To verify the Ul behavior dur- | Test Priority High
tion ing gameplay like pause, resume,

Pre-Requisite

Game being played

Post-Requisite

Session saved and
visible in Cognitive
Games screen

Test Execution Steps:

S.No | Action Inputs Expected Actual Test Result | Test Com-
Output Output Environ- ments
ment
1. Click on | Click on | Session As ex- | Android Pass | Scores are
back naviga- | back nav- | saved and | pected not saved
tion button | igation visible  in in Flrestore
to pause, | button Cognitive unless
resume  or Games gameplay
exit screen, can completion
be resumed.
Overall Test Result Pass
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This module is tested to ensure proper aggregation and real time visualization of user and

system analytics.

TS-14: User Analytics Updates After Predictions and Games

Table 6.15 confirms the updates of real time user analytics after games and predictions.

Table 6.15: TS-14: User Analytics Updates After Predictions and Games

Test Scenario ID TS-14 Test Case ID TC-14
Test Case Descrip- | To verify the user analytics up- | Test Priority High
tion dates after predictions, games
etc.
Pre-Requisite Completion of prediction/game | Post-Requisite Stats updated in
dashboard
Test Execution Steps:
S.No | Action Inputs Expected Actual Test Result | Test Com-
Output Output Environ- ments
ment
1. Open User | — Updated As ex- | Android, Pass | —
Analytics info, graphs | pected Firestore
screen visible
Overall Test Result Pass
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TS-15: Admin Analytics and Dashboard Metrics Retrieval

Valid retrieval and visualization of the analytics at the admin level is confirmed in Table

6.16.

Table 6.16: TS-15: Admin Analytics and Dashboard Metrics Retrieval

Test Scenario ID TS-15 Test Case ID TC-15

Test Case Descrip- | To verify the analytics updates on | Test Priority High

tion admin side.

Pre-Requisite Data in Firestore Post-Requisite Metrics fetched and

showed
Test Execution Steps:
S.No | Action Inputs Expected Actual Test Result | Test Com-
Output Output Environ- ments
ment
1. Open Admin | — Shows totals, | As ex- | Android, Pass Verified in

screens average pected Firebase realtime
ie., MRI accuracy, av-
Analytics, erage scores,
Cognitive active users,
Analytics, scans etc.
User Man-
agement,
System
Analytics
screens.

Overall Test Result Pass

The results of the functional testing indicate that all the core modules of the system

perform as intended when subjected to expected use conditions. The accuracy, reliability,

and data consistency of authentication, MRI prediction, cognitive games, and analytics

features were verified. The successful completion of all test cases can be used to testify

that the system is stable, responsive, and can be deployed in the real world.

6.3 Non-Functional Testing

The non-functional testing was performed to test the usability, functionality, security,

compatibility, and the general stability of the system. The objective of the non-functional

testing is to ensure that the application not only works properly, but also provides a

comfortable, secure and consistent usage experience on a variety of devices and under

varying conditions of use.
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6.3.1 Usability Testing

Usability testing ensures that a new user can use the system easily with no difficulty. There
was no guidance given to test users on how to use the MRI screen, gameplay screens,
and analytics panels. The general workflow was user-friendly, the buttons were properly
marked, and the feedback was responsive. The level of usability was significant since users
could accomplish prediction and gameplay tasks without any confusion.

6.3.2 GUI Testing

GUI testing was done on layout responsiveness, scaling, and pictorial consistency between
emulators and real Android devices. Everything was rendered correctly, there were no
overlapping elements or clipped parts. Font, spacing, and contrast color were consistent
across devices, and screen to screen transitions worked well.

6.3.3 Performance Testing

Performance testing was done by monitoring API response times, loading behaviour and
gameplay fluidity. FastAPI prediction endpoint was able to return results in less than one
second, Firestore read/write operations took a matter of a few hundred milliseconds, and
the cognitive games did not experience frame drops. The system exhibited overall smooth
behaviour even in back-to-back operations.

6.3.4 Compatibility Testing

Multiple levels of android API and screen sizes were tested to ensure compatibility. The
MindCare application was reliable on Android 10+ (including Android 14, 15) and the
interface was well adjusted to small, medium, and large screens. No compatibility problems
and device-specific crashes were identified.

6.3.5 Load and Stress Testing

Load testing was done to simulate multiple MRI prediction and continuous gameplay
to confirm stability throughout extended use. The system was able to perform with
consistency and reliability on repeated predictions and save game results correctly even
with repeated rapid submissions. The Firebase and backend services were able to service
multiple requests simultaneously without degradation.

83



CHAPTER 6 — SYSTEM TESTING AND EVALUATION

6.3.6 Exception Handling Testing

The exception cases, like invalid credentials, corrupted MRI images, and the no-internet
cases were deliberately invoked. The system delivered relevant user-friendly responses,
avoided crashes and maintained data integrity. The upload of invalid MRI images resulted
in an obvious error notification, and all Firebase-related errors (auth failures, missing
permissions) were properly managed.

6.3.7 Security Testing

Security checking was concerned with access control and Firestore rule enforcement.
Unauthenticated users could not access prediction, analytics or game play screens. Firestore
rules made sure that users were only allowed to read and write their data. Privilege
escalation was not permitted since the admin-only screens were fully restricted.

6.3.8 Installation Testing

The installation of the APK was also tested in the emulator and real devices. Installation
was successful and Firebase configuration initiated correctly on the initial launch. Relevant
permissions were obtained at the right time, and there were no crashes or unsuccessful
installations in the process of testing.

6.4 Summary

This chapter explained the testing, validation, verification and evaluation of MindCare
System. The prediction accuracy and responsive game modules and reliable data reflection
on the dashboard were validated with quantitative results. The qualitative results indicated
that the interface is user-friendly and the information is well displayed. Although small
performance degradation is experienced during peak load, and database querying is still not
extensive, the system still provides a fast user-friendly experience. The hybrid local-cloud
system has practical advantages compared to the standard cloud-only systems [3], and
further refinements can be made in terms of wider model support, better concurrency
management, and more powerful analytics.
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Chapter 7

Conclusions

The MindCare System project was intended to develop and deploy an integrated mobile-
based solution to detect and support Alzheimer’s disease early using MRI-based prediction,
cognitive testing, and user analytics. The chapter highlights the key findings, conclusions,
limitations, and possible improvements.

7.1 Summary

The MindCare System manages to provide a fully operational React Native application
with secure user authentication, real-time MRI image recognition via a FastAPI back-end,
cognitive games to evaluate memory and attention, and analytics based on the recorded
user activity on Firebase Firestore. The modules are all interconnected in a sequential
manner, allowing users to upload MRI scans, take part in cognitive activities, and track
progress in one platform.

The project shows that real-time classification of MRI can be technically implemented
on mobile devices using lightweight deep learning models using FastAPI. The cognitive
games are effective in capturing the interaction-based data with the potential to track the
behavioural trends. React Native, Firebase, and Python API integration was found to be
dependable and scalable in mobile health applications.

7.2 System Limitations

The current system would need an active internet connection to perform the authentication,
data synchronization, and predictions which restricts its use in offline settings. The app is
developed specifically on Android and is only tested on a limited number of device sizes.
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Furthermore, the MRI model is also accurate, but a larger and more varied dataset would
be helpful in increasing generalization.

7.3 Future Enhancements

7.3.1 Platform Expansion

The system can be made available to a larger pool of users by introducing iOS support and
optimizing the interface to meet tablet users.

7.3.2 Offline Accessibility

On-device prediction (TensorFlow Lite or PyTorch Mobile) would permit MRI predictions
without being connected to the internet.

7.3.3 Enhanced Cognitive Games

The system can be enhanced with the addition of more scientifically validated cognitive
tests to better monitor the performance of the user and identify subtle cognitive changes.
7.3.4 Advanced Analytics

Automation of progress reports, trend analysis, and clinician-ready summaries can make
the system more useful in the long-term monitoring.

7.3.5 Addition of Better Models

It could be possible to use more advanced architectures or retraining the model with larger
and diverse MRI datasets so as to improve overall accuracy of classification and prediction.
7.3.6 Medical Professional Interface

The inclusion of a specific clinician portal may allow doctors access to patient histories
and track progression and issue informed recommendations.
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Appendix A

User Manual

This appendix outlines the additional content of MindCare Alzheimer’s Disease Detection
System. It contains elaborate AI model assessment metrics, sample pictures and the entire
project folder layout.

A.1 Sample MRI Images

Figure A.1 below shows sample MRI images from all four Alzheimer’s stages used during
model training: MildDemented, ModerateDemented, NonDemented, VeryMildDemented.

VeryMildDement¥dryMildDementedMildDemented

Figure A.1: Sample MRI Images for Each Class
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A.2 Data Imbalance Visualization

The dataset is class-imbalanced with the large sample sizes of Non Demented and Very-
Mild Demented over the moderate sample size of Moderate Demented. To address this,
class weights were computed to be used during training. The distribution can be summa-
rized in the following bar chart figure A.2.

Visualize Data Imbalanced
2000 | ]

2000 A

Counts

1500

1000

500 --
0 _j-_—__-_“
MildDemented ModerateDemented NonDemented VeryMildDemented
Classes

Figure A.2: Class-wise distribution of MRI images (Imbalanced dataset)

Class Weights: Class weights, applied to the imbalanced dataset, are shown in Table A.1.

Table A.1: Class Weights

Class Weight
MildDemented 1.79
ModerateDemented 25.0
NonDemented 0.5
VeryMildDemented 0.71
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A.3 Al Model Evaluation Metrics

On the test dataset, Table A.2 shows results of final model.
Test Set Performance:

Table A.2: Test Set Performance

Metric Value
Accuracy 0.9128
Loss 0.3049
AUC 0.9843
Precision 0.9156
Recall 0.9128

Classification Report (Test Set): The classification report on the test set is given in Table
A3.

Table A.3: Classification Report

Class Precision Recall F1-Score Support
MildDemented 0.92 0.89 0.91 91
ModerateDemented 1.00 0.86 0.92 7
NonDemented 0.92 0.94 0.93 320
VeryMildDemented 0.90 0.88 0.89 224

A.4 Test Set Confusion Matrix

The trained ResNet50 model reached 91.2% accuracy of the test, and the confusion matrix
is demonstrated in Figure A.3.
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Test Confusion Matrix
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Figure A.3: Test Set Confusion Matrix

Notes:

* Chapter 4 and chapter 5 explain the backend execution, frontend startup commands
and Firebase collections.

* This appendix offers further information on reproduction and evaluation of the
project.
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