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ABSTRACT

Hypertension is a major risk factor for cardiovascular disease and it is often unaware due to it
shows no symptoms. This project proposes a smartphone-based cardiac monitoring application
to support hypertension self-management and awareness. The application uses smartphone
camera-based finger photoplethysmography (PPG) to estimate heart rate (HR), heart rate
variability (HRV), and blood pressure (BP). A real-time computer vision technique, the red,
green and blue (RGB) light signal extraction method is combined with a robust PPG signal
quality assessment module to ensure only reliable signals are processed. The application
supports manual BP entry, automatic health classification such as low, normal, elevated or
high, trend analysis and personalized recommendations. Other features such as the chatbot-
based Al Cardio Assistant, reminders and health record management are also provided. This
project shows that the signal quality model using Logistic Regression with physiological check
achieved 81% accuracy and 92% precision. The BP estimation model using XGBoost with
Ridge Regression calibration meets the ISO, AAMI, and BHS standards, indicating strong
potential for cuff-less BP monitoring. Explainable Artificial Intelligence (XAI), including
Permutation Importance and Tree SHapley Additive exPlanations (TreeSHAP) further
confirms that the BP predictions are driven by meaningful physiological features rather than
irrelevant factors. HR estimation using the HeartPy algorithm shows good agreement with the
reference measurements, while HRV shows low correlation with ECG and is therefore used
only for trend indication. The models are fully integrated into a mobile application developed
using Flutter. Firebase is used for authentication and data storage, while Render with FastAPI
is used for hosting the machine learning models. In conclusion, the proposed application
demonstrates a functional smartphone-based cardiac monitoring application for preventive
hypertension management. Future work will focus on improving the BP estimation using a
more diverse dataset, enhancing the real-time performance and integrating location-based

navigation features in the application.
Area of Study (Minimum 1 and Maximum 2): Mobile Application, Computer Vision

Keywords (Minimum 5 and Maximum 10): Photoplethysmography (PPG), Heart Rate (HR),
Heart Rate Variability (HRV), Blood Pressure (BP), Hypertension Management, Explainable
Artificial Intelligence (XAI)
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Chapter 1

Introduction

Hypertension is a critical global health concern. Many existing hypertension monitoring
applications remain unreliable, as they often rely on paid subscription, lack heart rate variability
(HRV) insights and incorporate weak photoplethysmography (PPG) signal quality control. To
address these limitations, this chapter presents the problem statement, motivation and key
contributions that drive the development of a smartphone-based cardiac health monitoring

application.

1.1 Project Background

Cardiovascular disease (CVD) remains the primary cause of mortality worldwide, with
hypertension recognized as one of its major contributing risk factors [1]. According to the
World Health Organization (WHO), more than 1.28 billion adults between the ages of 30 and
79 have hypertension and nearly half of them are unaware that they have the condition [2].
Hypertension which is also often called as the “silent killer” usually shows no early symptoms
[3]. Therefore, early detection and lifestyle adjustments are important in reducing the risk of

developing hypertension.

Studies [4] and [5] indicate that heart rate (HR) and heart rate variability (HRV) have
strong links to hypertension. According to [6], HR is how many times the heart beats per
minute, whereas HRV is the fluctuations in the time gap between each heartbeat. A higher HR
and lower HRV suggest the body is more ‘on alert’ and less balanced and this is linked to the
development of hypertension. Additionally, blood pressure (BP), which measures the force
exerted by circulating blood against the walls of the arteries during heart pumping, serves as a
key physiological parameter and a direct indicator of hypertension. By tracking these markers

allows an early detection of potential risks and supports timely intervention.

Nowadays, there are various ways to monitor hypertension but photoplethysmography
(PPG) has become one of the most common techniques. PPG detects changes in blood flow at
the fingertip using a camera or a smartwatch equipped with a light source. It measures pulse
rate (PR), defined as the number of arterial pulse waves per minute, as well as pulse rate
variability (PRV), which reflects variations in the time intervals between successive pulse
waves [7]. Studies [8] have shown that PRV can serve as a reliable substitute for HRV with
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reasonable accuracy. Meanwhile, the traditional cuff-based sphygmomanometer remains the

most reliable way to measure BP [9].

1.2 Problem Statement

Although hypertension management is becoming more important, many people still
lacking affordable and user-friendly tools for monitoring their cardiovascular health outside
the clinics. Meanwhile smartwatches can offer continuous health tracking, but most people do
not own them due to their high cost and frequent charging requirements. As mentioned in [10],
smartphones are widely available, affordable and more suitable for supporting patient

engagement beyond clinical environments.

Moreover, [11] reports that many smartphone-based applications primarily focus on
heart rate (HR) monitoring but often omit heart rate variability (HRV). This limits the use of
valuable indicators like HRV which is a non-invasive and meaningful marker of hypertension
risk. On top of that, advanced features such as long-term trend analysis and personalized
insights are often locked behind paid subscriptions and making them less accessible to the

public.

According to [12], emerging blood pressure (BP) measurement technologies are
advancing, but most BP monitoring applications still offer only simple BP logging. This
restricts users who do not own cuff-based BP measuring devices and reduces the effectiveness
of digital tools for supporting proactive hypertension management. Therefore, there is a need
to develop a more advanced and affordable smartphone application that integrates HR, HRV
and artificial intelligence (Al) driven BP estimation to assist users in preventive hypertension

management.

1.3 Motivation

The motivation of this project is to develop an accessible and affordable smartphone-
based application that supports preventive hypertension management. By leveraging computer
vision techniques and the smartphone camera with flash, the application monitors users’
cardiac health through photoplethysmography (PPG) signals to measure heart rate (HR) and
heart rate variability (HRV). The application also incorporates a robust PPG signal quality

assessment mechanism that ensures a trustworthy cardiac data acquisition.
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Blood pressure (BP) monitoring is equally crucial for early hypertension prevention.
To address this, the application integrates with an artificial intelligence (AI) driven BP
estimation model that uses PPG-derived features and the user's health data to predict BP values.
For users who prefer using a traditional cuff-based BP monitor, the application also supports
manual BP logging for continuous tracking of users’ health records. Additionally, personalized

trend analysis and lifestyle recommendations are provided based on each user’s health patterns.

Since this project focuses on hypertension management, the BP estimation model must be
reliable in predicting the BP results. Since users may rely on the model’s output when making
health-related decisions, it is important to confirm that the BP predictions are derived from
relevant physiological signals instead of unrelated variables. Therefore, the BP estimation
model is evaluated using the explainable artificial intelligence (XAI) techniques to interpret
the model and verify that its predictions are primarily driven by meaningful PPG signals. This
increases the reliability and trustworthiness of the BP estimation model and supports the overall

goal of preventive hypertension management within the application.

The application is intended for self-management and awareness of cardiovascular risks
rather than diagnosis. It encourages healthier lifestyle habits and supports preventive
management through an affordable and user-friendly solution that does not require reliance on

smartwatches and paid subscription platforms.

1.4  Project Objectives

i. To develop a computer vision—based model for cardiac monitoring.

This project will utilize fingertip photoplethysmography (PPG) signals captured using a
smartphone camera with flash to measure heart rate (HR) and heart rate variability (HRV). A
computer vision—based signal quality assessment mechanism will be developed to ensure
reliable PPG signal extraction. These high-quality signals will then serve as the foundation for
an artificial intelligence (Al)—driven blood pressure (BP) estimation model, enabling accessible

and continuous cardiac monitoring without the need for external medical devices.

ii. To implement a mobile application integrating heart rate (HR), heart rate
variability (HRV) and blood pressure (BP) monitoring pipeline for preventive

hypertension management.
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This project will develop a mobile application that incorporates the full cardiac monitoring
pipeline. The application will integrate computer vision algorithms, HR and HRV
measurement, Al-based BP estimation, and manual BP recording. All health measurements
will be automatically classified into categories such as low, elevated and high. The application
will also provide personalized insights, trend analysis, and lifestyle recommendations to

support early hypertension management.

iil. To integrate explainable artificial intelligence (XAI) as a transparency and

evaluation component within the hypertension monitoring pipeline.

Explainable artificial intelligence (XAI) techniques such as Permutation Importance and Tree
SHapley Additive exPlanations (TreeSHAP) will be applied to interpret the blood pressure
estimation model to identify the PPG-derived physiological features that most strongly
influence the BP prediction outcomes. This enables a feature-level validation against the
established cardiovascular knowledge and helps verify that the model predictions are primarily
driven by meaningful physiological signals rather than unrelated factors. The XAl analysis will
be used as a model evaluation and transparency mechanism during the development to enhance

the reliability and interpretability of the BP estimation model.

1.5  Project Scope and Direction

By the end of this project, a smartphone-based cardiac health monitoring application
focused on hypertension risk awareness and prevention will be delivered. The application
utilizes photoplethysmography (PPG) with a built-in signal quality assessment mechanism to
ensure reliable PPG signal extraction. These high quality signals are then used to measure heart
rate (HR) and heart rate variability (HRV). The signals are also integrated with the user’s
personal data in an artificial intelligence (Al) driven blood pressure (BP) estimation model. By
monitoring these key health indicators, the application supports continuous self-monitoring and

early detection of hypertension risk.

In addition, a manual BP recording module is also provided to allow users to track their BP
readings obtained from a cuff-based BP measurement device. The application supports
automatic classification of HR, HRV and BP readings, together with abnormal BP alerts and
lifestyle recommendations. Lastly, this application provides an Al assistant agent that can
analyze users’ health measurements through a chatbot interface. This allows users to ask

questions and receive responses based on their health scores.
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Moreover, explainable artificial intelligence (XAI) such as Permutation Importance and

Tree SHapley Additive exPlanations is applied to the BP estimation model to validate and

evaluate whether the model predictions are primarily driven by meaningful physiological

signals rather than unrelated factors. In short, the project focuses on developing an accessible

mobile application that supports hypertension risk awareness through non-invasive monitoring

and intelligent health insights.

The major characteristics will be:

Real-time HR and HRV measurement using contact-based PPG.

BP estimation using a machine learning model that combines PPG-derived features
with personal health data.

A PPG signal quality assessment mechanism to improve measurement accuracy.
Manual BP recording

Automatic classification in all health measurements into low, normal, elevated and high
categories.

Personalized lifestyle recommendations and trend analysis to support hypertension
prevention.

Utilisation of XAI techniques to verify that the BP estimation model predictions are
primarily driven by meaningful PPG-derived physiological features.

An Al assistant in a chatbot interface to respond to users’ questions based on their health
measurement records.

A user-friendly mobile application interface with core features accessible without
subscriptions.

Secure storage of user data.

This project does not address the following aspects:

Integration with external devices such as smartwatches or electrocardiogram (ECQG)
monitors.

Al-driven medical diagnosis as analytics will serve for awareness and prevention only.
Paid Application Programming Interface (API)s or premium third-party features, as the
application will rely on free or custom modules.

Medical-grade certification, as the application is intended for personal health awareness

rather than clinical use.
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1.6 Impact, Significance and Contributions

The contribution of this project is to develop an accessible and affordable smartphone-
based application for monitoring cardiac health and supporting hypertension prevention.
Instead of relying on expensive wearables or paid premium features, the application allows
users to capture key cardiovascular indicators using only the smartphone camera and flash.
This approach makes preventive health monitoring more inclusive and widely available outside

clinical environments.

Another contribution is the integration of heart rate (HR), heart rate variability (HRV)
and blood pressure (BP) measurement using fingertip photoplethysmography (PPG). It is
supported by a robust signal quality assessment mechanism. Fingertip PPG is considered in
this project because it does not require additional monitoring devices and can capture reliable

cardiovascular data in non-clinical settings.

Moreover, the project introduces a machine learning (ML)-based blood pressure (BP)
estimation model that combines users’ PPG-derived features with personal health data to
enable cuffless BP monitoring and early detection of hypertension risk. The BP estimation
model is further validated using the explainable artificial intelligence (XAI) techniques such as
Permutation Importance and Tree SHapley Additive exPlanations (TreeSHAP) to ensure that

the BP predictions are reliably based on the physiological signals rather than unrelated features.

Lastly, an Al assistant chatbot is incorporated to analyze users’ health scores and
respond to their health-related questions. The application focuses on awareness and self-
management rather than medical diagnosis. By delivering early detection cues and actionable

insights, it offers a comprehensive and innovative solution for cardiac health tracking.

1.7  Report Organization

The report is organized into the following chapters to outline the development,
implementation and evaluation of the proposed cardiac monitoring mobile application for
hypertension management. Chapter 1 presents the project begins with the background, problem

statement, motivation, scope, objectives and contributions.

Chapter 2 discusses a comprehensive literature review covering photoplethysmography
(PPG) signal quality assessment, heart rate (HR) measurement algorithms, cuffless blood
pressure (BP) estimation, explainable artificial intelligence (XAI) techniques and the existing
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cardiac monitoring applications. It highlights the strengths and drawbacks of current solutions

and establishes the foundation for the proposed framework.

Chapter 3 details the system methodology by presenting the system use case diagram
and system architecture. Each component and its functionalities are explained and the project

timeline is also included to illustrate the development schedule.

Chapter 4 focuses on system design, including model selection such as the PPG signal
quality assessment model, heart rate (HR) and heart rate variability (HRV) measurement
algorithms and BP estimation models. It also discusses the application of explainable artificial
intelligence (XAI) for evaluating the BP estimation model. In addition, the system flowchart,

component specifications, database design and wireframes are presented in this chapter.

Chapter 5 focuses on system implementation, where hardware and software
specifications, system setup and configuration are defined. It also describes the operation of

the proposed application with the implementation challenges during the system development.

Chapter 6 presents the evaluation of the system’s performance, including testing results
and a discussion of the challenges encountered during the evaluation process. Chapter 7
concludes the report by summarizing the project and offering recommendations for future

improvements.
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Chapter 2

Literature Review

In this chapter, significant algorithms for cardiac monitoring are reviewed with a focus on the
use of photoplethysmography (PPG) based methods in mobile applications. The existing PPG-
based cardiac monitoring applications are also surveyed. Besides, the strengths and limitations
of each algorithm are discussed to highlight the current constraints and to justify the

methodology adopted in this project.

2.1 Photoplethysmography (PPG) for Cardiac Monitoring

Reference [13] states that photoplethysmography (PPG) is an optical method used to
measure blood volume changes in tissues and it has been widely adopted in mobile and
wearable health monitoring applications. Because of its simplicity and non-invasive nature,
extracting physiological parameters from PPG enables the estimation of variables such as heart

rate (HR) and heart rate variability (HRV).

According to [14], a comprehensive review highlights the importance of robust PPG
system design, including signal preprocessing, noise artifact handling, peak detection and
signal-quality indexing to ensure reliable HR and HRV measurements. However, the review
also notes that there is currently no standardized preprocessing pipeline for PPG and noise

handling remains a critical factor for achieving accuracy.

In addition, [15] conducted an information-theoretic analysis showing that HR
estimation from PPG is well-conditioned, with a high mutual information (87.7%), indicating
that the PPG signal contains rich information about HR. Also, it achieved a low multi-valued

mapping factor (0.75), showing that the mapping from PPG to HR is stable and unambiguous.

Similarly, [16] reported that a clinical validation of a PPG-based mobile app achieved high
accuracy for HR measurement with the area under the curve (AUC=0.976) and a mean absolute
error (MAE) with 2.96 beats per minutes (bpm). A greater AUC number means the model
performs better while a lower MAE usually means the prediction is accurate. These findings

suggest that PPG is a reliable method for HR and HRV measurement.

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR



2.1.1 HeartPy Algorithm

[17] introduced HeartPy, an open-source Python toolkit for analyzing noisy
photoplethysmography (PPG) and electrocardiography (ECG) signals. HeartPy employs a
rolling mean—based adaptive thresholding algorithm. It is combined with inter-beat interval
consistency checks to achieve robust peak detection. The validation studies demonstrated a
strong agreement with ECG ground truth and reporting a mean absolute error (MAE) of
approximately 3 to 4 beats per minute (bpm) for PPG and less than 1 bpm for ECG. This
highlights its suitability for wellness and research applications. However, HeartPy performs
poorly when processing noisy or motion-affected PPG data. Besides, HeartPy is not a machine
learning—based method as it relies on fixed rules for peak detection rather than adaptive

learning which may limit its validity in more challenging conditions.
2.1.2 pyPPG Algorithm

According to [18], pyPPG is an open-source Python toolbox for the comprehensive
analysis of photoplethysmography (PPG) signals. It emphasizes fiducial point detection across
the PPG waveform. It includes detecting the systolic peaks, onsets and dicrotic notches and
supports the extraction of over 70 physiological biomarkers. pyPPG integrates multiple
preprocessing steps such as filtering, smoothing and detrending. These preprocessing steps
provide a structured output for both beat-to-beat heart rate and higher-level cardiovascular
indices. The validation studies report a high accuracy with an Fl-score (0.88) and mean
absolute fiducial timing errors below 10 milliseconds (ms) which indicates its reliability.
However, pyPPG is primarily designed for offline signal analysis and requires relatively clean
and continuous data. It is not suited for real-time smartphone applications as it lacks support

for real-time processing of a user’s fingertip PPG signals.
2.1.3 RapidHRYV Algorithm

[19] proposed RapidHRYV for the robust extraction of heart rate (HR) and heart rate
variability (HRV) metrics from noisy PPG and electrocardiography (ECG) data. Its streamlined
pipeline offers one-line modules for preprocessing, analysis and interactive visualization, along
with automated artifact rejection. The validation on fingertip PPG demonstrated a reliable HR
and HRV estimation under low noise and stable contact conditions. This highlights its potential

for integration into consumer devices. However, RapidHRV was primarily developed as a
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research toolkit. Thus, it is not optimized for direct real-time smartphone deployment and its

performance degrades in high-motion environments.
2.1.4 Comparison of Various PPG-Based Cardiac Monitoring Algorithms

In summary, PPG-based methods is reliable in estimating heart rate (HR) for cardiac
monitoring on smartphones. Several representative algorithms and their reported validations
were reviewed. Table 2.1.4.1 summarizes the PPG-based algorithms, performance,

highlighting their strengths and limitations that inform the methodology adopted in this project.
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Table 2.1.4.1 Comparison of Various PPG-based Cardiac Monitoring Algorithms

Technique Used

Accuracy

Advantages

Disadvantages

Remarks

HeartPy [17]

Peak detection using a rolling
mean—based adaptive threshold

with inter-beat interval checks

Correct detection with

95.1% (PPG)

Easy to integrate into Python

and is a widely used open-

source toolkit

Rule-based, not machine
learning—based, performance
decreases with noisy or motion-

affected data

Suitable for real-time
smartphone use due to its

lightweight design.

pyPPG [18]

Fiducial point detection (systolic
peaks, onsets, dicrotic notches)

and more than 70 biomarkers

Peak detection with F1-
score 88.19%

Provides comprehensive
cardiovascular analysis and
rich feature extraction

beyond HR/HRV

Requires relatively clean,
continuous signals, designed for
offline analysis and

computationally heavier

Less suitable for
smartphone apps, useful
for extended offline

biomarker analysis

RapidHRYV [19]

Outlier detection and rejection,
automated preprocessing of raw
PPG and ultra-short window
HR/HRYV estimation

Effective even at lower
sampling rates (=20

Hz)

Includes automated artifact
rejection, streamlined

analysis pipeline

Accuracy declines under high-
motion or unstable fingertip

contact; primarily designed for
research use, not optimized for

real-time mobile deployment

Potential as a research
foundation, but requires
optimization for mobile,
less robust in uncontrolled

conditions
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2.2 Reviews on PPG-Based Signal Quality Assessment Techniques

Photoplethysmogram (PPG) signals collected from mobile devices often contain noise
and motion artifacts, which can lead to inaccurate measurements and misleading diagnostic
outcomes. Therefore, it is important to verify the PPG signal quality before performing any

analysis to ensure reliable cardiac monitoring results.

According to [20], several PPG signal quality assessment methods have been proposed.
[21] introduced a PPG waveform feature—based approach that evaluates eight Signal Quality
Indices (SQIs) such as perfusion index, skewness, kurtosis, entropy, zero-crossing rate, non-
stationarity and systolic wave detector matching. These features were used to classify the PPG
data into excellent, acceptable and poor categories. The study showed that the skewness
achieved the best classification performance with a Fl-scores of 86% (excellent), 87.2%
(acceptable) and 79.1% (poor). It demonstrates the effectiveness of skewness in identifying

clear and stable waveforms, making it suitable for mobile PPG applications.

In [22], a rule-based SQI framework was introduced to evaluate the PPG signal
morphology and consistency then categorize each segment as good or poor quality. Figure 2.2.1
illustrates the flowchart of the SQI algorithm, as the process begins with pulse peak detection
to extract beat-to-beat (RR) intervals. If peaks are undetectable, the signal is labeled poor
quality. Additional criteria, such as maintaining HR between 40-180 bpm, ensuring RR
intervals less than 3 seconds and a ratio of maximum to minimum RR interval less than 2.2,
are applied to verify rhythm stability. A template-matching correlation step follows, where a
coefficient of at least 0.86 denotes good quality. This threshold achieved 91% sensitivity and
95% specificity, accurately identifying high-quality signals in 97% of the cases.
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Figure 2.2.1 Flowchart of the SQI algorithm [22]

Another approach utilizes machine learning—based SQI models which [23] proposed a
five-layer fuzzy neural network that classified signal quality into three categories using PPG
data from stroke and non-stroke individuals, achieving 81% sensitivity and 90% specificity.
Similarly, [24] developed a two-layer convolutional neural network (CNN) that transformed
smartphone-based PPG signals into phase-space trajectory images. The model achieved 97.5%
accuracy, 96.4% sensitivity and 98.7% specificity, demonstrating that high accuracy quality

classification can be achieved without complex preprocessing or manual feature extraction.
2.2.1 Comparison of Various PPG-Based Signal Quality Assessment Techniques

In summary, the reliability of PPG-based measurements is highly dependent on the
accuracy of signal quality assessment. Several PPG signal quality assessment techniques and
their reported validations were reviewed. Table 2.2.1.1 summarizes the key techniques,
datasets and performances, highlighting their respective strengths and limitations that inform

the methodology adopted in this study.
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Table 2.2.1.1 Comparison of Various PPG-Based Signal Quality Assessment Techniques

Study Technique Used Dataset Accuracy Advantages Disadvantages Remarks
PPG Waveform Feature Method

[21] | Statistical features (Perfusion Index, Various public | Best F1-scores with Simple Sensitive to Effective for
Skewness, Kurtosis, Entropy, Zero- PPG datasets skewness: 86% (excellent), | implementation and | parameter quick SQI in
Crossing Rate, Non-stationarity, 87.2% (acceptable), 79.1% | low computational tuning. smartphone
Systolic Wave Detector Matching) (poor) cost. apps.

Rule-Based Signal Quality Index (SQI) / Template Matching Method

[22] | Rule-based morphological analysis Volunteers’ Sensitivity: 91% High interpretability | Requires Suitable for
(peak detection, HR & RR interval data (Wearable | Specificity: 95% and clear decision careful rule real-time
constraints, template matching) dataset) Manual agreement: 97% logic. design. SQL

Machine Learning / Deep Learning Method

[23] | 5-layer fuzzy neural network for Volunteers’ High-SQI PPG: sensitivity | Adaptive learning Requires Less suitable

multi-class SQI classification data (Stroke (81%), specificity (90%) and suitable for feature for
and non-stroke | Low-SQI PPG: sensitivity | biomedical signals. extraction. smartphone
users) (84%), specificity (93%) apps.

[24] | 2-layer Convolutional Neural Volunteers’ Accuracy: 97.5% High accuracy with Requires a Heavy for
Network using recurrence plots (2D data(Smartpho | Sensitivity: 96.4%; automatic feature large labeled smartphone
phase-space images) ne recordings) | Specificity: 98.7% learning. dataset. apps.

PPV: 84.8%
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23 Reviews on PPG-Based Blood Pressure Estimation Techniques

With the increasing emphasis on early detection and management of hypertension,
blood pressure (BP) measurement has become a critical health parameter. Several studies have
explored methods that estimate BP using only a single photoplethysmography (PPG) signal
[19].

[25] introduced a cuffless PPG-based BP estimation approach, where pulse-related
features such as pulse area, rising time and 25% pulse width were extracted from the public
PPG datasets. Figure 2.3.1 shows the flowchart of the proposed BP estimation pipeline. The
performance of regression tree (RT), multiple linear regression (MLR) and support vector
machine (SVM) models was compared using 10-fold cross-validation. The results were
validated based on three BP categories (normotension, hypertension and hypotension) and
against the International Organization for Standardization (ISO) standard for noninvasive BP
devices, which requires a mean difference of less than or equal to SmmHg and standard
deviation (SD) of less than or equal to SmmHg. RT demonstrated the best accuracy due to its

robustness to noise and ability to model nonlinear relationships.

i . 1
v Input signal & reference BPs

Raw PPG segment

T '
' Reference
]
i
! SBP and DBP
A
e
Pre-processing ¢
Y
[ Feature extraction
el Three different machine
b
learning algorithms
(10-fold cross-validation)
Categorical evaluation of
algorithms
Estimated SBP | Estimated DRP

Figure 2.3.1 Flowchart of the Blood Pressure Estimation Pipeline [25]
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Additionally, [26] proposed a three-Gaussian decomposition method to extract
physiologically meaningful PPG features. The PPG waveform was decomposed into the
primary systolic wave, reflected wave and dicrotic notch to capture detailed morphological
characteristics relevant to BP estimation. Using these features, the XGBoost regression model
achieved the best performance. The model satisfied the Association for the Advancement of
Medical Instrumentation (AAMI) requirement, which specifies a mean difference of less than
or equal to SmmHg and a SD of less than or equal to 8mmHg. It also met the British
Hypertension Society (BHS) Grade A standard, which requires at least 60% of readings within
+5mmHg, 85% within £10mmHg and 95% within +15mmHg, demonstrating strong clinical

reliability.

Meanwhile, [27] developed a BP prediction model using Lasso regression by
integrating PPG features with demographic information. The dataset was categorized based on
median demographic values and separate models were trained for each subgroup to improve
prediction accuracy. Figure 2.3.2 illustrates the system workflow. The method was also
implemented on a smartphone application capable of acquiring fingertip PPG data and
estimating BP with a 95% confidence interval.

System Inputs

PPG Window Demographic Profile

Diastolic Models

! Age
Pulse Detection »  Outlier Elimination

Gender
Demographic
: Partitioning
Feature Extraction BP Prediction
[ System Output

+ Systolic Models

Figure 2.3.2 Flowchart of the Blood Pressure Estimation System [27]

2.3.1 Comparison of Various PPG-Based Blood Pressure Estimation Techniques

Table 2.3.1.1 summarizes the key techniques of PPG-based blood pressure (BP) estimation,
datasets and performances, highlighting their respective strengths and limitations, which

provide insights into the methodology adopted in this project.
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Table 2.3.1.1 Comparison of Various PPG-Based BP Estimation Methods

Study Technique Used Dataset Accuracy Advantages Disadvantages Remarks
[25] | Regression Tree (RT) | Public PPG RT: Mean difference | Simple model, Requires a high- | RT is suitable for
Multiple Linear datasets = —0.lmmHg(SBP), | robust to noisy data, quality PPG lightweight real-
Regression (MLR) (Queensland, —0.6 mmHg(DBP) meets [SO validation standard signal. time estimation.
Support Vector 32 subjects) SD = 6.5 mmHg [mean difference < SmmHg with SD
Machine (SVM) (SBP), 5.2 mmHg < 8mmHg for SBP and DBP]
(DBP)
[26] | Three-Gaussian MIMIC (44 Mean difference £ High estimation accuracy, handles Computationally | Feasible for
Model + XGBoost subjects) SD = large datasets well, meets heavier than RT. | smartphone apps if
Queensland (31 | —0.21 £5.21 mmHg e AAMI [mean difference < computation is
subjects) (SBP), 5mmHg with SD < 8mmHg optimized.
Guilin People’s | —0.19 +3.37 mmHg for SBP and DBP]
Hospital (219 | (DBP) e BHS Grade A standards
subjects) [60% within +5 mmHg, 85%
within £10 mmHg and 95%
within £15 mmHg]
[27] | Lasso Regression Volunteer data | MAE: 6.9 mmHg Incorporates demographic Requires user Implemented on a
(demographic info + | (205 subjects) | (SBP), 5.0 mmHg variability, can improve demographic smartphone app,
PPG features) (DBP) personalization. input. 95% confidence
interval on BP
estimation.
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24 Reviews on Explainable Artificial Intelligence (XAI)

With the merging of machine learning (ML) and artificial intelligence (Al) nowadays, it is
important to understand how ML models perform and generate predictions from input features.
Therefore, explainable Al (XAI) is introduced to provide interpretable reasoning for model

predictions to ensure safety and user trust in the ML-based systems.

[28] reviewed the existing XAl approaches and categorized them into the pre-modeling
explainability, interpretable models, and post-modeling explainability. Pre-modeling
explainability focuses on understanding and preprocessing datasets before model training.
Interpretable models are inherently transparent by design while post-modeling explainability
applies additional techniques to explain the complex black-box models after training. Figure

2.4.1 shows the conceptual diagram of the three degrees of explainability.

(1) Pre-modeling explainability
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Figure 2.4.1 Conceptual Diagram of Three Degrees of Explainability [28]

Among these categories, post-modeling explainability is widely adopted for modern ML
models due to its flexibility in analyzing trained models without modifying its internal
structures. Post-modeling explainability can be further divided into model-agnostic and model-
specific approaches. Model-agnostic approaches can be applied to a wide range of ML models
whereas model-specific approaches are designed for deep learning models. Common
techniques used in model-agnosic approach includes textual justification, visualization,

simplification, and feature relevance analysis which are shown in Figure 2.4.2.

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR

18



Post-modeling explainability
(1) Model-agnostic approach (2) Model-specific approach

| Black-box model X' X2 x3 x4
* (a) Textual justification (b) Feature relevance

u :
N - 2 % -'
|Black box model Simple model -‘:

| (c) Simplified model generation (d) Visualization J L (c) Ensemble learners !

|
| i
| i
(a) Support .
| Vector Machine (b) Neural Networks |
| i
| i
| |

Weak learner 1 A@n :

Weak learner 2 sﬁn -

Weak learner 3 ﬁ: E_@
Weak learner 4 324, “Strong learner
Weak learner 5

Figure 2.4.2 Conceptual Diagram of Two Categories of Post-Modeling Explainability [28]

Textual justification techniques employ natural language generation (NLG) methods to
generate a text explanation of the model predictions. Feature relevance methods are the most
widely used as they quantify the contribution of each input variable to the final predictions.
Such quantitative explanations are important to verify whether the model relies on meaningful

features rather than spurious correlations.

Representative feature-relevance techniques include SHAP (SHapley Additive
exPlanations), which assigns feature importance values based on cooperative game theory to
explain both individual predictions and overall model behaviour. Additionally, LIME (Local
Interpretable Model-agnostic Explanations) which provides locally interpretable surrogate
explanations that support model debugging and interactive analysis. Next, permutation
importance (PI) evaluates the importance of each feature by randomly shuffling the feature
values and observing how much the model performance decreases. As a result, a larger

performance decrease indicates a more influential feature [29].

The simplification model generation approach involves interpreting the complex models
by approximating them with simpler surrogate models while preserving similar predictive
performance. Lastly, the visualization technique illustrates the model structures and hidden
patterns through graphical representations. Tools such as FairSight and explAlner enable

visualization of interactions within ML models to enhance interpretability.
2.4.1 Comparison of Various Model-agnostic Approaches

Table 2.4.1.1 summarizes the model-agnostic approaches by highlighting the common
techniques used, their respective strengths and limitations, which provide insights into the
selection of the explainable artificial intelligence (XAI) methodology adopted in this project.
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Table 2.4.1.1 Comparison of Various Model-agnostic Approaches in Post-modelling explainability

Technique Used

Description

Advantages

Disadvantages

Remarks

Model-agnostic Approaches |

28], [29]

Textual Justification
(NLG-based

explanation)

Natural language generation
(NLG) produces human-readable
sentences to explain model

predictions.

Easy for non-technical

users to understand.

May depends on predefined
templates rather than real

causal insight.

Suitable for mobile health
applications to present
healthcare insights in a user-

friendly language

Feature Relevance

Estimates the influence of each

Provides quantitative

Explanations may require

Suitable for validating the

(Surrogate models)

models with simpler interpretable
models while maintaining similar

performance.

interpretability; easier
deployment and
debugging.

accuracy, surrogate may not
perfectly represent original

model behavior.

Analysis (SHAP, input feature on model interpretability; enables | technical expertise to models and ensuring predictions
LIME, permutation predictions through mathematical | identification of interpret. are physiologically meaningful.
importance) attribution methods. influential features.

Model Simplification | Approximates complex black-box | Improves Possible loss of prediction Less practical for real-time

mobile BP estimation, where

prediction accuracy is critical.

Visualization
Techniques
(FairSight, explAlner,
SHAP plots)

Uses graphical representations to
illustrate feature interactions,
importance, and prediction

behavior.

Enhances understanding
of hidden model

patterns.

Requires technical

interpretation.

Suitable for the model
development and evaluation

stage.
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2.5 Reviews on Existing PPG-Based Cardiac Monitoring Mobile Applications

Four existing photoplethysmography (PPG)-based cardiac monitoring mobile applications
such as Instant Heart Rate, InPulse — Heart Rate Monitor, Instant Pulse-Blood Pressure, Heart
Rate Monitor — Pulse App and Blood Pressure App — BP Tracker were reviewed. This review
focuses on the core physiological measurement functions such as heart rate (HR) and blood

pressure (BP) estimation as well as the usability and interaction design of the applications.
2.5.1 Instant Heart Rate

According to [30], Instant Heart Rate is a wellness-focused mobile application that uses
smartphone camera—based photoplethysmography (PPG) to monitor heart rate (HR), log daily
blood pressure (BP) and provide data-driven insights. Figure 2.5.1.1 shows the main interface
of Instant Heart Rate after a user has successfully logged in. The three key features offered are

quick HR scanning, detailed HR scanning and manual BP entry.

For HR measurement, a fingertip is placed over the camera and flash, allowing the
application to detect the fingertip blood volume changes and measure beats per minute (BPM).
During the measurement, Instant Heart Rate displays a real-time waveform to indicate that the
measurement is in progress. Once the measurement is complete, Instant Heart Rate provides

insights into HR trends and waveform visualizations, as shown in Figure 2.5.1.2.

¥ Heart Rate

89 bpm

sl

‘_) ( Keep Phone Detailed Insights
At Heart Level | V!D UNLOCK WITH PREMIUM

!k - ' Relax and try to
R J remain still.

¥  You measured your heart rate 1day in
arow!

o (=
% ) i
Quick Detailed S
+ ®

s =
Figure 2.5.1.1 Main Interface in Instant Figure 2.5.1.2 Heart Rate Insights of Instant

Heart Rate Heart Rate
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For premium users, detailed results, including heart rate variability (HRV) metrics such
as the standard deviation of NN intervals (SDNN), the root mean square of successive
differences (RMSSD) and exportable reports for clinician review are available. These features
have been validated by research that was conducted at the University of California, San
Francisco (UCSF) and Stanford University School of Medicine.

For BP tracking, Instant Heart Rate requires manual blood pressure logging, which is
shown in Figure 2.5.1.3. Users can enter their systolic and diastolic BP values, heart rate and
the time of measurement. After input, the app displays BP data in a histogram view as shown

in Figure 2.5.1.4.

Systolic Blood Pressure
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MEASUREMENTS
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80
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o ®
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! al -

Check-In More

Figure 2.5.1.3 Blood Pressure Logging in Figure 2.5.1.4 Histogram Chart for Blood

Instant Heart Rate Pressure Tracking in Instant Heart Rate

2.5.2 InPulse — Heart Rate Monitor

[31] InPulse, developed by AIBY, is a health and fitness application that uses fingertip
photoplethysmography (PPG) via the smartphone camera and flash to measure heart rate (HR).
InPulse provides access to health records, HR scans, blood pressure (BP) logging, oxygen level
tracking and various assessments such as heart health tests, mental and physical health tests
and a heart risk test. However, most of these features are available only to InPulse Premium
users. Figure 2.5.2.1 shows the InPulse user interface in the free version, where most features

remain locked.
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For HR scanning, InPulse includes user-friendly guidance and offers on-screen tips
with smartphone vibration to ensure proper fingertip placement and improve measurement
accuracy, which is shown in Figure 2.5.2.2. Once the measurement is complete, Figure 2.5.2.3
shows an example from the free version of the InPulse app, where the pulse rate is displayed

along with the heart rate age.
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Figure 2.5.2.2 Heart Rate Measuring Figure 2.5.2.3 Heart Rate Results in
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For BP tracking, Figure 2.5.2.4 shows how InPulse prompts users to log their blood
pressure for daily recordkeeping. The BP logging results, accompanied by text-based tips for
managing blood pressure are shown in Figure 2.5.2.5. Detailed test results and personalized

health recommendations require a paid subscription in InPulse.
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Blood pressure is a measure of the force that your
heart uses to pump blood around your body.
Systolic blood pressure measures the pressure in
Systolic Diastolic your arteries when your heart beats. Diastolic blood
pressure shows the pressure in your arteries when
your heart rests between beats. Generally, blood
pressure numbers of less than 120/80 mmHg are
considered within the healthy range, though the
120 80 norm can vary betwee_n_ind'widuals depending on
their age, physical activity level, and health status.

Blood Pressure

Consistently elevated blood pressure is known as
hypertension—a condition that, if left untreated, can
harm vital organs such as the heart, brain, kidneys,
and eyes. It also increases the risk of potentially
life-threatening health conditions like heart disease,
stroke, or heart failure. The good news is that, in
many cases, you can manage blood pressure and
lower the risk of health problems through lifestyle

Figure 2.5.2.4 Blood Pressure Logging in Figure 2.5.2.5 Blood Pressure Logging
InPulse Details in InPulse

2.5.3 Instant Pulse-Blood Pressure

[32] Instant Pulse—Blood Pressure by Plusl1Health provides fast and accessible heart
rate (HR) measurement. It uses fingertip photoplethysmography (PPG) through the smartphone
camera and flash to detect blood circulation and calculate HR. Figure 2.5.3.1 shows the user
interface of Instant Pulse, which is designed to be simple and minimalistic, offering HR

measurement, blood pressure (BP) logging and oxygen logging for daily tracking.

For HR measurement, Figure 2.5.3.2 displays the HR measurement interface with a
real-time waveform. However, no camera preview or placement guidance is provided and
vibration feedback is absent, which reduces usability. The analysis of a user’s HR,

accompanied by basic stress level logging, is shown in Figure 2.5.3.3.
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For BP tracking, Figure 2.5.3.4 shows the manual BP logging feature, where users are
prompted to enter BP values. The recorded results are displayed as shown in Figure 2.5.3.5.
Since the app follows a subscription-based model, advanced features such as graphical trend
analysis are available only through paid plans. In the free version, the user interface is limited,
offering only basic daily logging without detailed analysis or insights. Furthermore, the free
plan contains frequent advertisements, which negatively affect the usability and overall user

experience [33].
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2.5.4 Heart Rate Monitor — Pulse App

[34] Heart Rate Monitor — Pulse App by AKRURA PTE LTD is a cardiac monitoring
application. It measures heart rate (HR) and pulse using the fingertip photoplethysmographic
(PPG) method and without requiring a medical heart rate monitor. Figure 2.5.4.1 displays the
home page of the application. The application provides several features which including HR
measurements, manual blood pressure (BP) recording, manual blood sugar recording and a

medication reminder.
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Measure your heart rate for 1 more day
to see your heart age

Day1) (Day2) ( pay3 @

@

Heart Age

??

Schedule Now

B

(b)
Figure 2.5.4.1 Main Interface of Heart Rate Monitor — Pulse App: (a) to (¢) Displaying the

Home Page

For HR measurements, the application first displays the fingertip positioning guidance
along with a real-time camera lens on the screen, as shown in Figure 2.5.4.2 (a). When the user
places their fingertip over the lens, the application begins measuring the HR and displaying the
HR wavelength, which is shown in Figure 2.5.4.2 (b).
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Figure 2.5.4.2 Heart Rate Measurement in Heart Rate Monitor — Pulse App: (a) and (b)

Displaying the Heart Rate Measurement Process

After successfully taking the HR measurements, the application directs the user to the Al
assistant interface and displays a message indicating that the previous measurement record is
81 BPM. Below the message is a button of “All insights” which is shown in Figure 2.5.4.3 (a).
Figure 2.5.4.3 (b) and (c) show that when the user clicks the button, the Al assistant analyzes
the user’s HR and HRV measurements and provides a simple explanation of each
measurement. In addition, it displays a disclaimer stating that the information provided is for
reference purposes only and should not be considered a medical diagnosis. After explaining

the user’s health measurement, the application then prompts the user to record their BP.
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Figure 2.5.4.3 Heart Rate Results Page of Heart Rate Monitor — Pulse App: (a) to (c)
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For BP recording, Figure 2.5.4.4 (a) and (b) show that the users can manually record their
systolic and diastolic BP as well as the pulse by scrolling through the values. During the
process, the system categorizes the recorded values based on the BP range. The application
also displays the standard BP ranges so that the users can understand whether their recorded

values fall within the normal range.
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Figure 2.5.4.4 Manual Blood Pressure and Pulse Recording in Heart Rate Monitor — Pulse
App: (a) and (b) Displaying the Manual Recording Process

2.5.5 Blood Pressure App — BP Tracker

[35] Blood Pressure App — BP Tracker by AKRURA PTE LTD offers basic health-
tracking functions such as blood pressure (BP) and pulse recording. Figure 2.5.5.1 shows the
application's home page, which supports manual record entry and a quick-scan function for
health measurements. Figure 2.5.5.2 presents the user interface for manual health record entry,
where users can input systolic and diastolic BP values, which are automatically categorized
into BP ranges such as low, normal, or high. Users can also record pulse values and the date of

measurement.
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For the quick scan function, users are required to place a fingertip on the smartphone
camera with flash to capture photoplethysmography (PPG) signals for estimating BP and pulse,
as shown in Figure 2.5.5.3. The measurement results are displayed in Figure 2.5.5.4, including
the automatically categorized BP range. However, the results page presents only numerical

measurement values without further interpretation or health insights, which may limit user

understanding.
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2.5.6 Limitation on Existing PPG-Based Cardiac Monitoring Mobile Applications

The reviewed cardiac monitoring applications exhibit several limitations. The most
notable is the underutilization of heart rate variability (HRV). Although HRV is a well-
established biomarker for assessing cardiovascular health and hypertension. But most existing
applications do not analyze HRV trends or provide meaningful insights. For instance, Instant
Heart Rate and InPulse restrict HRV analysis to premium versions, while Instant Pulse—Blood
Pressure and Blood Pressure App — BP Tracker lack the HRV functionality altogether. This

gap represents a missed opportunity for the early identification of elevated risk.

Another limitation is the lack of consistent photoplethysmography (PPG) signal quality
assessment and user guidance. Reliable PPG readings depend heavily on correct fingertip
placement and clean signal clarity. For instance, Instant Heart Rate provides users with basic
fingertip positioning instructions and shows a real-time waveform to assist users. In contrast,
Instant Pulse-Blood Pressure offers no such guidance which can lead to producing unreliable

readings and reduced user confidence.

Besides, blood pressure (BP) is also a key indicator for managing hypertension, but
most of the existing applications only support manual BP logging. This becomes a barrier for
users who do not own a cuff-based BP device and resulting in another missed chance to help

users track hypertension risk.

Lastly, the reviewed applications also provide underdeveloped personalized lifestyle
recommendations. For example, Instant Heart Rate and InPulse display only simple trend
graphs without classifying readings such as normal, elevated, hypertensive, or offering
personalized recommendations. Similarly, Instant Pulse-Blood Pressure and Blood Pressure
App — BP Tracker only presents raw data without meaningful context which reduces its

effectiveness for proactive hypertension management.
2.5.7 Summary of Existing PPG-Based Cardiac Monitoring Mobile Applications

Table 2.5.7.1 summarizes the reviewed photoplethysmography (PPG)-based cardiac
monitoring mobile applications, highlighting their key functionalities and limitations. The
comparison provides functional and design insights that serve as the foundation of the proposed

system in this project.
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Table 2.5.7.1 Comparison of Previous Works with Proposed Application

Functions / Exiting Instant Heart InPulse — Heart Instant Pulse-Blood Heart Rate Monitor — Blood Pressure App —
Mobile Application Rate [31] Rate Monitor [32] Pressure [33] Pulse App [34] BP Tracker [35]
User registration / User \ N N \ X
authentication
HR Measurement using N N N N N
PPG
Signal Quality N N N \ N
Assessment
Fingertip Positioning N v+ X N N
Guidance Vibration
HRYV Analysis v (Premium only) \ (Premium only) X N X
BP Estimation X X X X \ + Classification
Manual BP Logging N N N \ + Classification \ + Classification
Health Insights (BP, N (Premium only) N (Premium only) X \ + Al Assistant X
HR, HRV)
Data Insights v (Premium only) \ (Premium only) \ (Premium only) N X
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Chapter 3
System Methodology/Approach

This section provides an overview of the proposed application through a use case diagram and
a system architecture diagram. Use case descriptions and activity diagrams are also provided
to give a more detailed visualization of how each function operates within the application. In
addition, the development methodology adopted in this project and the project timeline are

discussed so that the application can be completed within the allocated time frame.
3.1  Overview of Proposed Application

A smartphone-based cardiac health monitoring application is proposed to address the
limitations of the existing cardiac monitoring applications discussed in Chapter 2.4.6. The
proposed application utilizes the fingertip photoplethysmography (PPG) through the
smartphone camera and flash to capture cardiovascular signals. A signal quality assessment
mechanism is incorporated in the application to ensure that only reliable PPG signals are used
for further analysis. These validated PPG signals are then used to derive the key cardiovascular
indicators such as heart rate (HR), heart rate variability (HRV) and blood pressure (BP)

estimation.

The proposed application integrates the physiological signals with user demographics
to support BP estimation and HR and HRV measurement. In addition, the application also
allows users to record BP readings manually for continuous hypertension tracking. All
measurements are automatically categorized as low, normal, elevated or high ranges. The
application further analyzes the measurement trends over time to provide alerts, lifestyle
recommendations and suggestions for medical consultation when abnormal patterns related to

hypertension are detected.

In summary, the purpose of the application is to provide an affordable, accessible and
a user-friendly tool for cardiovascular monitoring and early awareness of hypertension risk,
rather than serving as a clinical diagnostic application. Table 3.1.1 presents a comparison
between the existing cardiac monitoring applications and the proposed solution in terms of the

key functional features.
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Table 3.1.1 Comparison of Previous Works with Proposed Application

User authentication

Functions / Mobile | Instant Heart InPulse — Instant Pulse- Heart Rate Blood Pressure Proposed Application
Application Rate [31] Heart Rate Blood Monitor — Pulse App — BP Tracker
Monitor [32] Pressure [33] App [34] [35]
User registration / N N N N X N

HR Measurement

(Premium only)

(Premium only)

(Premium only)

using PPG

Signal Quality \ N \ \ \ \

Assessment

Fingertip N \' + Vibration X N N N

Positioning

Guidance

HRYV Analysis \ \ X \ X \ + Classification
(Premium only) | (Premium only)

BP Estimation X X X X \ + Classification \ + Classification

Manual BP Logging N \ N \ + Classification \ + Classification \ + Classification

Health Insights (BP, N N X \ + Al Assistant X \ + Alerts + Al Assistant +

HR, HRV) (Premium only) | (Premium only) Recommendations

Data Insights N N N N X \ + Personalized trend analysis
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3.2 System Architecture Diagram

Figure 3.2.1 displays the system architecture diagram of the proposed cardiac health
monitoring application. The blue region represents the mobile application components while
the green region represents the backend services that support the application. Most core

functions require communication over the Internet to interact with the backend services.

Mobile Application Backend Services
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Figure 3.2.1 System Architecture Diagram

In the backend services, Google Cloud Firebase is used to store user information and
backup the users’ records. GitHub is used to host the health measurement model files while the
Render serves as the cloud platform that deploys and runs the models. Gemini is used as the
artificial intelligence (AI) model to respond to user queries through the chatbot-based Al

assistant.

First, when users manage their accounts, authentication requests are sent from the
mobile application to Firebase Authentication through the Internet. Once authenticated, users
can access the application. The core functionalities include heart rate (HR), heart rate
variability (HRV) measurement and blood pressure (BP) estimation. The process begins by
capturing the user's fingertip photoplethysmography (PPG) signal and formatting it in
JavaScript Object Notation (JSON) format. This signal is then transmitted over the Internet to
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the Render where the backend service is deployed. Render loads the required health
measurement model files from GitHub during the deployment and strat process the PPG signals

to estimate the results.

The backend first performs a PPG signal quality assessment. If the signal contains
excessive noise or motion artifacts, the service returns a “failed PPG signal” response to the
application. If the PPG signal passes the quality assessment, the filtered signal is then analyzed
and passed to the HR and HRV measurement algorithm and the BP estimation model. Once
the HR, HRV and BP values are computed, the results are sent to the mobile application in
JSON format via the Internet. Apart from the core features, users can record their actual BP,
view health trends, view health records, set a medicine reminder, export their health records

and delete their past measurements.

Moreover, the application supports a chatbot-based Al assistant that analyzes users’ health
records and answers their questions. First, the application retrieves the users’ health records
and computes a personalized health summary. When a user enters a question, the application
sends the query along with the computed health summary to Gemini via the Internet. The Al
assistant also provides Gemini with system instructions to respond as a cardiac health
monitoring assistant and to avoid providing medical diagnoses or advice. Gemini then returns
a response, which is displayed on the Al assistant interface and contains the health information
relevant to the user's record. All user health records are stored locally within the application
and are also backed up to Google Cloud Firestore via the Internet to ensure data safety and

availability.
3.3  User Requirements

This section defines the functional and non-functional requirements of the proposed cardiac
monitoring application. The functional requirements describe the main features and system
operations of the proposed application while the non-functional requirements specify the

performance, usability and reliability that the application must satisfy.
3.3.1 Functional Requirements

Table 3.3.1.1 presents the functional requirements that must be satisfied by the proposed

cardiac monitoring application.
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Table 3.3.1.1 Functional Requirements for Cardiac Monitoring Application

ID Functional Requirements

FRO1 | The application shall allow users to register an account by providing the required personal
information.

FRO02 | The application shall allow users to log in to the application.

FRO03 | The application shall allow users to log in to the application using a Google account.

FRO04 | The application shall allow users to reset their passwords on the login page.

FRO5 | The application shall allow users to capture fingertip video using the smartphone camera
with flash for photoplethysmography (PPG) signal acquisition.

FRO06 | The application shall implement computer vision techniques to check real-time fingertip
positioning during the PPG signal acquisition process to ensure reliable PPG signal capture.

FRO7 | The application shall analyze heart rate (HR) and heart rate variability (HRV) from the user’s
PPG signal.

FRO8 | The application shall estimate blood pressure (BP) from the user’s PPG signal.

FRO09 | The application shall allow users to manually record their BP readings.

FR10 | The application shall automatically classify HR, HRV, and BP values into predefined
categories such as low, normal, elevated or high.

FR11 | The application shall display trend graphs for HR, HRV, estimated BP and recorded BP.

FR12 | The application shall allow users to select a specific date range for viewing trend graphs.

FR13 | The application shall analyse user health records to generate personalized health insights and
provide lifestyle recommendations.

FR14 | The application shall summarize the users’ historical cardiac measurements including HR,
HRYV and BP to generate a health scores.

FR15 | The application shall allow the user to ask any health-related questions and generate
contextual responses based on the user’s measurement insights.

FR16 | The application shall provide non-diagnostic explanations and health guidance based on the
user’s cardiac measurements and detected trends.

FR17 | The application shall allow users to update their profile information and their password.

FR18 | The application shall allow users to set reminders for daily health measurements and
medication intake.

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR

37




FR19 | The application shall allow users to edit reminder settings and delete the reminder.

FR20 | The application shall allow users to export health records in Excel or portable document
format (PDF) format.

FR21 | The application shall allow users to select a specific date range when exporting the health
records.

FR22 | The application shall allow users to delete the selected or all health records.

FR23 | The application shall allow users to log out of the application.

3.3.2 Non-Functional Requirements

Table 3.3.2.1 presents the non-functional requirements that must be satisfied by the

proposed cardiac monitoring application.

Table 3.3.2.1 Non-Functional Requirements for Cardiac Monitoring Application

ID Non-Functional Requirements

NFRO1 | The application shall store users’ health data in real time upon successful measurement or
data entry.

NFRO02 | The application shall ensure secure data transmission and storage by implementing
encryption and authentication mechanisms to protect user credentials and health data.

NFRO03 | The application shall be able to access the smartphone camera and flash.

NFRO04 | The application shall operate effectively under normal indoor lighting conditions for
fingertip photoplethysmography (PPG) signal acquisition.

NFRO05 | The application shall generate the measurement results within 30 seconds after PPG signal
acquisition.

NFRO06 | The application shall deliver reminder notifications at the scheduled time.

NFRO07 | The application shall validate user inputs and display appropriate error messages for
invalid entries.

NFRO8 | The application shall remain accessible to users with an active internet connection.

NFRO09 | The application shall be designed with a modular architecture to support maintainability
and future enhancements.
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34 System Use Case Diagram and Use Case Description

This section outlines the interactions between the users and the proposed cardiac
monitoring application through a use case diagram and detailed use case descriptions. It

illustrates how users interact with the system’s main functions and features.
3.4.1 System Use Case Diagram

Figure 3.4.1.1 illustrates the system use case diagram which outlines the overall

functionality of the proposed cardiac health monitoring mobile application.

Cardio Monitoring Mobile Application

Perform Full Scan Measurement

Measure Heart Rate & Heart Rate Variability

<+
Record Blood Pressure
User Perform Blood Pressure Estimation
24 G
View Trends and Analysis
Existing

User

New User

<< extend >>

<< > Teel .
extend “{ Delete Reminder

Export Health Record

Delete Health Record

Consult AT Assistant

Figure 3.4.1.1 System Use Case Diagram
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First, users must register an account before signing in to the application. After
successful registration, users can log in using their registered accounts. If users have a Google
account, they can choose to log in using Google authentication. After logging in with a Google
account, if the user has not registered before, the application will prompt the user to complete

their profile before performing health measurements.

The application provides several core functionalities for monitoring cardiac health. Users
can perform full scan measurements, measure heart rate (HR) and heart rate variability (HRV),
estimate blood pressure (BP) and record actual BP readings. The system allows users to view

their health history and analyze trends based on past records.

In addition, users can manage their personal information by updating their profile and
changing their password. The application also supports reminders for health monitoring or
medication. Users can edit and delete reminders. Besides, the system provides an export health
records function and can also delete unwanted health records. Furthermore, the application
includes an Al assistant that enables users to obtain insights and ask questions related to their

cardiac health. Users can also log out of the application.
3.4.2 System Use Case Description

This section provides a detailed description of the functionalities in the proposed Cardiac
Monitoring Application. Table 3.4.2.1 and Appendix A, Table A.1.1 to A.1.18 explain each

function in terms of how it operates within the system.

UCO1 - Register Account

Table 3.4.2.1 Use Case Description of Register Account

Use Case Name: Register Account ID: UCO1 | Importance Level: High

Primary Actor: New User Use Case Type: Detail, Essential

Stakeholders and Interests:

New User - wants to create a personal account to access the application’s features.

Brief Description:
This use case describes how the new user registers an account by providing the required

personal information.

Trigger: The new user selects the “Sign Up” option on the application login page.

Type: External
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Relationships:
Association: New User
Include: None
Extend: None

Generalization: None

Normal Flow of Events:
1. The user selects the “Sign Up” option.
2. The system displays the registration form and prompts the user to enter personal
information (name, age, gender, weight, height, email and password).
The user submits the form.
4. The system checks whether all required fields are completed.
If any field is empty,
The S-1: Empty Field Alert is performed.
5. The system validates the format of the entered information.
If any input format is invalid,
The S-2: Invalid Format Alert is performed.
6. The system checks whether the email already exists in the database.
If a duplicate account is found,
The S-3: Duplicate Account Alert is performed.
7. The system creates a new user account and stores the user information in the
database.
8. The system displays a successful registration message and redirects the user to the

login page.

SubFlows:
S-1: Empty Field Alert
1. The system displays an error message requesting the user to complete all required
fields.
2. The user re-enters the missing information and resubmits the form.
S-2: Invalid Format Alert
1. The system displays an error message for the invalid input format in the respective
fields.

2. The user re-enters the correct input and resubmits the form.
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S-3: Duplicate Account Alert
1. The system displays an error message for email address is already registered.

2. The user re-enters a different email address and resubmits the form.

Alternate/Exceptional Flows:
7a. If a network failure occurs during account creation, the system displays an error
message “Network error. Please check your internet connection and try again.” User

reconnects to the internet and resubmits the form.

3.5  Activity Diagram

This section presents the activity diagrams of the proposed cardiac health monitoring
application. Figure 3.5.1 and Appendix A, Table A.2.1 to A.2.18 provide a visual
representation of each workflow of the application functions and are structured using
swimlanes which clearly distinguish the responsibilities of each participant involved in the

workflow.
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3.6 System Development Methodologies

The development of the cardiac monitoring mobile application will be carried out using
the Agile methodology. Agile methodology manages project development by breaking tasks
into smaller, manageable units. Instead of producing a single prototype and final product over
an extended period, it enables the team to work iteratively and deliver incremental components
more rapidly [36]. Figure 3.6.1 shows the six phases of Agile methodology including planning,

design, development, testing, deployment and review.

6. 1.
=
£
f

A
)

W

¥

Agile

}

N b
Wb,

o

4 Test 3 Develop

Figure 3.6.1 Agile Methodology Phases [36]

e Planning
During the planning phase, essential features of the cardiac monitoring application are defined.
These include user registration and authentication, heart rate (HR) and heart rate variability
(HRV) measurement, blood pressure (BP) estimation using photoplethysmography (PPG) and
manual BP recording. Supporting functions such as categorizing users’ readings, providing
lifestyle recommendations, data visualization, a chatbot-based Al assistant, reminder and
exporting health records are also outlined to ensure the application addresses the health

monitoring objectives.

e Design
This phase focuses on system architecture and user interface layout. The front end involves
designing the layout for the mobile application and the main functions. The back end manages
user authentication, core processing models and health data storage. The database schema
organizes the records such as user accounts, Al assistant chatbot history, and the measurement

readings of HR, HRV and BP.

e Development
During development, the identified modules are implemented incrementally. Core tasks
include coding the registration and authentication system, building the HR and HRV
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monitoring component with PPG signal quality assessment, integrating the BP estimation
module with PPG signal quality assessment and implementing manual BP recording. All health
measurements are processed with a predefined automated classification mechanism. Additional
features such as trend analysis, lifestyle recommendations, an Al assistant, profile

management, reminder settings and data export are implemented in later iterations.

e Testing
Testing verifies the accuracy, stability and usability of each module. User workflows such as
registration, full scan measurement, HR and HRV measurement, BP estimation and BP
recording are tested to ensure correct input prompts and produce reliable results. Several tests
are conducted on the PPG signal quality assessment, Al assistant response accuracy and
reminder notification delivery. The responsiveness of the user interface is also evaluated to

confirm that the application provides a dependable and smooth experience.

e Deployment
In the deployment phase, the application is first managed and version-controlled using GitHub.
The Android application is then packaged and deployed to Android devices for deployment.
The deployed application allows users to monitor heart rate (HR) and heart rate variability
(HRV), estimate blood pressure (BP), perform full-scan measurements, record actual BP
readings, review historical data, consult the Al assistant regarding their health measurements

and receive recommendations through the insights dashboard.

e Review
The review phase evaluates whether the application meets the functional requirements, non-
functional requirements and the project objectives. Each feature is evaluated incrementally
during development to enable the early detection and correction of issues. Also, the application

is further reviewed for usability, accuracy and overall performance.

3.7 Timeline and Gantt Chart

Figure 3.7.1 presents the timeline of Project I over seven weeks using a Gantt chart while
Figure 3.7.2 displays the timeline of Project II over fourteen weeks. Both charts provide a
detailed overview of the project execution. By utilizing these visual schedules, project progress
can be monitored and task priorities or non-critical tasks can be identified. This enables

effective time management and supports successful project delivery.
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Chapter 4
System Design

This chapter outlines the design and implementation of the proposed cardiac monitoring mobile
application. A system block diagram outlines the interaction of each service involved in this
project. The trained model is included and followed by the system and model flowchart. In
addition, the system component specifications are presented including the tools and platforms
used during the development process. The application interface wireframes design is also

presented to illustrate the layout and structure of the application screens.
4.1 System Block Diagram

Figure 4.1.1 illustrates the system block diagram of the proposed cardiac monitoring
application. The application is made up of several main components including the user, mobile
application, backend server, machine learning models, a cloud database and an external Gemini

artificial intelligence (Al) service.

User

A 4

»| Mobile Application Gemini Al Model

T v

Backend Server

A

A

A 4

Machine Learning
Models

Y

Google Firebase
Firestore

Figure 4.1.1 System Block Diagram

First, the user interacts with the mobile application and the application connects to the
backend server. The backend server is primarily used to host the trained machine learning
models and to handle the health measurement requests. When the user inputs their
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physiological data, the mobile application sends it to the backend server through the FastAPI
service. Then the backend server processes the physiological data using the machine learning

models and returns the measurement results to the application.

The machine learning component consists of three models including the
photoplethysmography (PPG) signal quality assessment model, heart rate (HR) and heart rate
variability (HRV) measurement model and the blood pressure (BP) estimation model. The PPG
signal quality assessment model checks whether the input PPG signal is usable for further
health measurement while the HR, HRV and BP estimation model uses the processed data to

compute the user's HR, HRV and BP results.

After the measurement is completed, the results are stored in the Google Firestore database.
This database acts as cloud storage which keeps the user records and the measurement history.
In addition, the system also integrates the Gemini AI Model as an external service to support
the chatbot-based Al assistance features. The mobile application communicates with the
Gemini Al Model via the Gemini API and the Al model responds with the health insights based

on the user measurement history to the application.
4.2  Dataset Chosen

Two datasets were used in this section. First, the dataset is provided by the Brno University
of Technology Smartphone Photoplethysmography (PPG) Database (BUT PPG) and it is used
to evaluate the PPG quality and estimate heart rate (HR) [37]. The dataset includes a total of
3888 PPG signal recordings. Each recordings around 10 seconds and is associated with the
electrocardiography (ECG) signals. The PPG data were collected using smartphones which
aligns with the objective of this project to develop a smartphone-based finger PPG cardiac
monitoring application. In addition, the dataset includes reference blood pressure (BP) values.
Therefore, the annotated HR and BP values can serve as reference measurements for estimating

these parameters from PPG signals in this project.

The second dataset includes 4 columns of data including the file name, age, gender and
heart rate. It also contains 51 fingertip videos and was captured using a smartphone camera
with flashes in a range of 5 to 77 years of age [38]. Those videos were recorded for 20 seconds
and the ground truth HR is provided using a pulse oximeter. In this project, this dataset was
used to validate the performance of the PPG signal quality assessment model using the
smartphone-recorded fingertip videos.
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4.3 Model Selection

This section discusses the photoplethysmography (PPG) signal quality assessment model
and the blood pressure (BP) estimation model selected for this project. In addition, explainable
artificial intelligence (XAI) is applied in the BP model selection process to validate and analyze

whether the selected model is suitable for this project.
4.3.1 Photoplethysmography (PPG) Signal Quality Assessment Model

Three photoplethysmography (PPG) signal quality assessment models including a Rule-
Based classifier, a Random Forest classifier, and a Logistic Regression model with
Physiological Guardrails were developed and evaluated. Table 4.3.1.1 shows a comparison of
the three models. The Logistic Regression with Physiological Guardrails model was

selected as the final model because it achieves the best overall balance across all metrics.

Table 4.3.1.1 Comparison of Three PPG Signal Quality Assessment Models

Metrics/Models Rule-Based Random Forest Logistic Regression +
Physiological Guardrails
Accuracy 0.79 0.83 0.81
Sensitivity (Recall) 0.01 0.42 0.13
Specificity 0.99 0.66 0.92
F1-Score 0.01 0.51 0.23
False Positive 3.00 34.00 2.00

Based on Table 4.3.1.1, the Rule-Based model achieved the highest specificity (0.99) but
it almost completely failed to detect the valid signals as it achieved a sensitivity of only 0.01.
Meanwhile, the Random Forest model improved the sensitivity to 0.13 but produced 34 false

positives. This indicates that both models are unreliable for real-world applications.

The selected Logistic Regression with physiological guardrails model achieved an
accuracy of 81%, a sensitivity of 0.13 and only 2 false positives. It strikes the best balance
between correctly accepting good quality signals and rejecting the noisy ones. The model
measured seven PPG signal features including basic statistical features, a spectral feature and
morphological derivative features. The features are waveform skewness, peak sharpness

(kurtosis), power spectrum ratio (PPR), pulse slope, waveform smoothness and acceleration
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consistency. Besides, median value imputation is used to handle signals that are too short or

contain missing data. The dataset was split into 80% for model training and 20% for validation.

The model also applies a conservative filtering strategy in which heart rate (HR) values
greater than 180 bpm or lower than 40 bpm are rejected as noise or artifacts. This is to ensure
that only physiologically valid PPG segments are passed and forwarded for heart rate (HR),
Heart rate variability (HRV) and blood pressure (BP) estimation. This indicates that the model
prioritises signal reliability over recall which is more suitable in a real-world health monitoring

application.

4.3.2 Blood Pressure Estimation Model

Two blood pressure (BP) estimation models including a Random Forest and XGBoost
model were initially developed. The BP estimation model utilized the beat-specific
morphological features such as pulse slope, rise time and amplitude and integrated with
demographic variables such as age, gender, height and weight. These demographics serve as
critical proxies for arterial compliance, enabling the model to calibrate the non-linear
relationship between photoplethysmography (PPG) morphology and absolute BP. By doing so
may reduce prediction errors caused by inter-subject variability in vascular stiffness. Table

4.3.2.1 shows the comparison of the developed models.

Table 4.3.2.1 Comparison of Two Blood Pressure Estimation Models

Metrics/Models Random Forest XGBoost
MAE (SBP/DBP) 4.00/3.29 mmHg 4.10/2.96 mmHg
SD (SBP/DBP) 5.33/4.23 mmHg 5.47/4.08 mmHg
SBP <5 mmHg 67.3% 67.5%
DBP <5 mmHg 78.4% 82.2%
SBP <10 mmHg 91.4% 91.2%
DBP <10 mmHg 96.9% 96.7%
Meet AAMI/ ISO/ BHS Standards? Pass Pass

Both models met the Advancement of Medical Instrumentation (AAMI), International
Organization for Standardization (ISO), and British Hypertension Society (BHS) requirements

which are used as a standard for a cuffless blood pressure measurement in mobile applications.

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR

51



Both models achieved a very similar accuracy on the BP estimation. However, XGBoost was
selected as the primary BP estimation model because it has a compact model size and faster
inference speed than a Random Forest model [39]. Therefore, the XGBoost model is selected

for the backend model and applied to the real-time cardiac monitoring applications.
4.3.2.1 Evaluation on Blood Pressure Estimation Model Using XAI

To evaluate the reliability of the XGBoost blood pressure estimation model, a global and
local Explainable Artificial Intelligence (XAI) analysis was conducted using Permutation
Feature Importance and Tree SHapley Additive exPlanations (TreeSHAP). For the Permutation
Feature Importance, it operates on a fitted predictive model m and a tabular dataset D. It begins
by computing reference scores of the model on the original data. For each feature j, the
corresponding column in D is randomly shuffled across K repetitions to generate a corrupted
dataset. It deliberately breaks the relationship between that feature and the target variable. The

importance score for feature j is defined as:

K
) 1
1]- =S — EZ Sk,j
k=1

The Sy; is the model score evaluated on the corrupted data at repetition K. A positive
ij indicates that removing the feature's information degrades the model performance and with

a larger ij values reflecting a stronger reliance on that feature [40].

In this project, Permutation Importance was computed using the permutation_importance
function from the scikit-learn library with K=10 repetitions of the feature importance
computation and negative mean absolute error (MAE) as the scoring metric. First, MAE was
chosen as it is widely used in BP estimation studies because it directly quantifies absolute error
in clinically interpretable units (mmHg). The MAE reflects the average absolute difference
between predicted and actual BP values. The MAE is defined as:

Ngamples—1

1
MAEyy = —— Z lyi = ¥il
samples =
1=0
The ¥; represents the predicted value of the i-th sample and y; denotes the corresponding true
value [41]. Second, the negative MAE is selected as the final scoring metric as it aligns with

scikit-learn's higher-is-better scoring convention. A larger negative MAE value indicates a
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greater drop in the model performance when the feature is removed and therefore indicates a

higher feature importance.

The Permutation Feature Importance technique was applied to the XGBoost BP estimation
model to determine whether the model predicts blood pressure based on photoplethysmography
(PPG) waveform features or demographic variables. The results revealed that the demographic
features such as weight, age and height ranked among the highest importance scores for both
systolic BP (SBP) and diastolic BP (DBP) predictions as shown in Figure 4.3.2.1.1. This
finding indicates that the model is not suitable for a cuffless blood pressure monitoring
application as it relies predominantly on static personal attributes that carry no real-time
physiological information.

SBP - Permutation Importance (Top 15) DBP - Permutation Importance (Top 15)

Weight Weight

Age Height

Height Age
pw25_mean rise_time_mean
std_d2 rise_time_std

PPR mean_dpdt

amp_median beat_mean_mean
rise_time_median PPR
area_mean area_mean
beat_mean_mean pw25_mean
mean_dpdt amp_mean
std_dpdt raw_kurt
amp_mean slope_median
mean_d2 beat_mean_median
period_median beat_std_mean

0 2 4 6 8 10 12 0.0 0.5 1.0 15 2.0 25 3.0 35 4.0
Decrease in model performance (neg-MAE) Decrease in model performance (neg-MAE)

(a) (b)
Figure 4.2.3.1.1 XGBoost Permutation Feature Importance Top 15 Results (a) SBP

Permutation Feature Importance; (b) DBP Permutation Feature Importance

After the global Permutation Feature Importance identified which features the model relied
on, a local XAI analysis was applied to explain the individual predictions. This was
implemented using the TreeSHAP technique which is a rapid and precise form of SHapley
Additive ExPlanations (SHAP) that is specifically developed for tree-based models like
XGBoost [42]. The SHAP breaks down how the XGBoost BP estimation model predicted a

specific value for each BP reading.

According to [42], SHAP is grounded in cooperative game theory where each feature is
treated as a "player" contributing to the final prediction. SHAP assigns a value to each feature
representing its fair share of the difference between the model's prediction for a specific
instance and the average prediction across all instances which is also known as the baseline.

The general SHAP decomposition is defined as:
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where the f(x) denotes the model prediction for that instance, @, (f) is the baseline representing
the average model output over the background dataset and @, (f,x) is the SHAP value of the

feature i. A positive @, shifts the prediction higher while a negative @, pulls it lower.

In this project, the TreeSHAP local XAl was applied to corroborate further and
strengthen the global permutation importance findings. TreeSHAP was implemented using the
SHAP Python library's TreeExplainer which takes a trained XGBoost booster and a
background dataset where a small subset of training data is used as a reference baseline to
calculate the average model prediction as inputs. Then it computes the exact feature
contributions for each sample-level explanation by traversing the model's internal decision tree

paths directly and without requiring any random sampling or approximation.

=== Local Explanation (User-safe, technical) ===

SBP Pred: 135.0 mmHg
Pushed up by: Weight (T 9.536), Gender (T 1.134), Height (T 1.015), mean_d2 (T ©.678), amp_median (T ©0.483)
Pushed down by: Age (! 0.682), rise_time_median (i ©.348), pw25_std (4 ©.218), beat_std_std (i ©.207), pw25_mean (4 0.150)

DBP Pred: 93.2 mmHg
Pushed up by: Age (T 8.948), Weight (T 4.648), Height (T 1.714), Gender (T ©.539), rise_time_mean (T 0.448)
Pushed down by: std_d2 (4 ©.138), period_median (! ©.115), amp_median ({ ©.100), mean_dpdt (! ©.071), beat_std_std ({ 0.046)

Figure 4.2.3.1.2 TreeSHAP local XAI Results

Figure 4.2.3.1.2 shows one sample of the local XAI explanation where both the SBP and
DBP predictions where it were dominated by the demographic features. The weight alone
contributed +9.536 mmHg toward SBP and +4.648 mmHg toward DBP. In contrast, the largest
PPG-derived contributor for SBP was mean d2 at +0.678 mmHg and for DBP was
rise_time mean at +0.448 mmHg. The PPG-derived contributor is having a smaller

contribution than the demographic features.

This confirms that the XGBoost model is not performing genuine physiological inference
from the PPG waveform but is instead functioning as a demographic-based lookup table with
only marginal waveform adjustments. The convergence of global and local XAl evidence at
both population and individual levels conclusively demonstrates the model's unsuitability for
real-time cuffless blood pressure monitoring. Therefore, an improved XGBoost model is then

proposed to address this limitation.

To address the over-reliance on demographic features identified through global and local

XAI analysis, an improved XGBoost model with Personal Calibration (K=1) was
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developed. First, a base XGBoost model was trained exclusively on the PPG-derived
morphological features and removed all demographic variables from the input. This ensures
that the base model learns the physiological waveform patterns rather than static personal

attributes for BP estimation.

Next, a lightweight Ridge Regression Calibrator was fitted per user using a single
reference blood pressure measurement (K=1) alongside the base model's initial prediction.
Ridge Regression was selected because it has been shown to achieve smaller mean squared
errors of coefficients and predictions than ordinary least squares for finite samples. It is also
effective in preventing overfitting issues [43]. Therefore, with only a single calibration point
available per user, regularization via the ridge penalty is essential to prevent the model from
overfitting to the single reference measurement. According to [44], the ridge regression

solution is defined as:
By = (XTX + AN~ XTy

The X represents the input feature matrix containing the base model’s BP predictions and
demographic variables while y denotes the reference blood pressure values obtained from cuff
measurements. The regularization hyperparameter, A, determines the degree of shrinkage,
while I represents the identity matrix. The estimator simplifies to ordinary least squares when
A = 0. As A rises, the coefficients gradually shrink toward zero, sacrificing an insignificant
amount of bias for a considerable reduction in variance. This characteristic is useful in the K
= 1 calibration setting because it prevents the model from overfitting to a single reference

measurement.

This one-shot calibration process personalizes the prediction to the individual user, thus
adjusting for inter-subject variability caused by variances in vascular stiffness, arterial
compliance, and cardiovascular baseline. By anchoring the prediction to the user's own
measured reference point rather than the population-level demographic proxies, the calibrated

model produces estimates that more genuinely reflect the individual's cardiovascular state.

The improved model was evaluated across K=0, 1, 2, and 3 calibration shots to determine
the minimum number of reference readings that needed to achieve the clinically acceptable
accuracy based on the AAMI and BHS standards. Table 4.3.2.1.1 displayed the comparison of
the three BP estimation models with different calibration values. The results showed that K =
0 indicates lower error values as it does not provide any personalization. As K increases, the
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model becomes more personalized but may introduce higher variance due to limited calibration
samples. When K = 1, it achieves a good balance between accuracy, practicality and also
satisfies the cuffless BP estimation standards. Therefore, K = 1 is selected as the optimal

configuration for the BP estimation model.

Table 4.3.2.1.1 Comparison of Three BP Estimation Models with Different Calibration Values

Metrics/Calibrations K=0 K=1 K=2 K=3
SBP MAE 1.69 mmHg 4.30 mmHg 4.42 mmHg 4.64 mmHg
DBP MAE 1.06 mmHg 3.12 mmHg 3.25 mmHg 3.40 mmHg

SBP <5 mmHg 94.9% 68.4% 67.3% 65.7%
DBP <5 mmHg 99.8% 75.4% 74.7% 73.4%

Lastly, a global permutation importance analysis was conducted to verify that the
improved model no longer exhibits demographic dependency in its BP estimation. As shown
in Figure 4.2.3.1.3, the results show a clear contrast with the original XGBoost model. For both
SBP and DBP, all top 15 features are exclusively PPG-derived morphological features with no
demographic features appearing anywhere in the rankings. This confirms that the calibrated
model has successfully shifted its reliance away from static personal attributes and toward the

physiologically meaningful waveform characteristics.

SBP - Permutation Importance (Top 15) DBP - Permutation Importance (Top 15)

mm Demographic feature
m—PPG feature

s 10 15 20 5
Decrease in model performance (neg-MAE)

(a) (b)
Figure 4.2.3.1.3 XGBoost with Personal Calibration Permutation Feature Importance Top 15

04 06 o8 10
Decrease in model performance (neg-MAE)

Results (a) SBP Permutation Feature Importance; (b) DBP Permutation Feature Importance

Then, a TreeSHAP local XAI analysis was performed to further confirm how the
improved XGBoost BP estimation model predicts BP values. Figure 4.2.3.1.4 shows the

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR

56



results. The predicted systolic BP (SBP) is 118.3 mmHg while the predicted diastolic BP (DBP)
is 75.1 mmHg.

=== Local Explanation (User-safe, technical) ===
SBP Pred: 118.3 mmHg
Pushed up by: mean_d2 (1 ©.468), area_mean (1 ©.449), amp_std (T ©.360), period_mean (1 ©.337), beat_std_std (T ©.318)
Pushed down by: amp_median (! 1.469), rise_time_median (! 1.148), std_d2 (! 1.068), period_median (! ©.713), pw25_mean (! ©.387)

DBP Pred: 75.1 mmHg
Pushed up by: beat_std_median (T ©.303), rise_time_mean (1 ©.259), slope_median (1 ©.249), raw_skew (1 ©.249), amp_mean (T ©.238)
Pushed down by: beat_std_mean (! ©.423), period_mean (! ©.204), pw25_mean (! ©.175), beat_mean_mean (I ©.153), std_dpdt (! ©.144)

Figure 4.2.3.1.4 TreeSHAP local XAI Results on Improved XGBoost BP Estimation Model

The local XAI analysis revealed that the top contributor pushing up the SBP is mean d2
which represents the mean of the second derivative of the PPG signal. According to [45], the
second derivative of the PPG signal is highly related to arterial stiffness and aortic compliance
which directly influences SBP. Therefore, higher vascular stiffness is associated with a higher
SBP. The second contributor pushing up SBP is area_mean which represents the mean area
under the PPG beat. As stated in [46], a larger pulse area indicates greater blood volume per

beat and leading to a higher pressure value.

Besides, the contributors pushing down the SBP are amp_median and rise_time median.
The amp_median represents the median peak-to-trough amplitude of the PPG waveform across
all beats. A higher amp median reflects more elastic and compliant vessels. According to [47],
stiffer vessels produce a smaller PPG amplitude but higher SBP. This indicates the inverse also
holds where greater vessel elasticity produces a larger PPG amplitude and lower SBP.
Therefore, a higher amp median is associated with lower SBP. The rise time median
represents the median time from the PPG trough to the systolic peak. A longer rise time implies

a slower ventricular ejection and leads to a lower SBP [48].

For DBP, the main contributors pushing up the DBP are beat std median and
rise_time mean. The beat std median captures the median of the standard deviation of
amplitude values computed within each individual PPG beat, reflecting the overall pulsatility
and morphological variability of the waveform. According to [49], the amplitude of the systolic
peak in the PPG waveform is linked to stroke volume, while the diastolic decay is influenced
by vascular resistance and compliance. Therefore, a waveform with higher amplitude
variability that is captured by a higher beat std median corresponds to a more active

cardiovascular state, which is associated with higher diastolic pressure.
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The rise_time mean represents the average time from the PPG trough to the systolic peak
across all beats. According to [50], PPG upstroke time intervals such as the systolic upstroke
time (STT) have been shown to improve diastolic BP prediction accuracy. This confirms that

rise time is a physiologically meaningful feature for DBP estimation.

For the contributors pushing down the DBP, the main contributors are beat std mean and
period mean. The period mean represents the average duration of one complete PPG beat
cycle which is inversely related to heart rate. A longer period means a slower heart rate.
According to [51], the arterioles control the pace of diastolic runoff in the arterial tree, whereas
energy conserved during systole is used to perfuse the capillary beds during diastole. Therefore,
a longer period_mean results in greater diastolic runoff and a lower DBP. The beat_std mean
represents the mean of the standard deviation of amplitude values within each beat across all
beats. A lower beat std mean indicates more uniform and less pulsatile beats. This reflects a

lower peripheral vascular resistance and resulting in a lower DBP [52].

Table 4.3.2.1.2 Comparison of Three BP Estimation Models

Metrics/Models Random Forest XGBoost XGBoost + Personal
Calibration (K=1)
MAE (SBP/DBP) 4.00/3.29 mmHg 4.10/2.96 mmHg 4.30/3.12 mmHg
SD (SBP/DBP) 5.33/4.23 mmHg 5.47/4.08 mmHg 7.39/5.39 mmHg
SBP <5 mmHg 67.3% 67.5% 68.4%
DBP <5 mmHg 78.4% 82.2% 75.4%
SBP <10 mmHg 91.4% 91.2% 81.1%
DBP <10 mmHg 96.9% 96.7% 90.4%
Meet AAMI/ ISO/ BHS Pass Pass Pass
Standards?
Calibration needed? No No Yes (1 reading)

4.4 System Flowchart

Figure 4.4.1 illustrates the system operation flowchart which mainly focuses on the full
scan process that includes measuring the heart rate (HR), heart rate variability (HRV) and blood
pressure (BP). The system begins with the mobile application which combines the computer
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photoplethysmography (PPG) signal.
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Figure 4.4.1 System Flowchart Diagram

The captured frames are then processed into Red, Green, and Blue (RGB) values and the

average red and green brightness across the entire frame is calculated. When the fingertip is
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placed over the flash, the backlit blood tissue produces a distinctively high red average, as
blood reflects red light strongly, while producing a low green average, as haemoglobin absorbs
green light [53]. Therefore, a validation check is performed and requires the red average to
exceed 150, the green average to remain below 100 and the red-green gap to exceed 80. If all
three conditions are satisfied across 10 consecutive frames without any interruption, the
fingertip is confirmed as properly positioned and the system proceeds to PPG signal collection.

If any single frame fails the checking, the user is prompted to reposition.

The system then evaluates whether the raw PPG signal is sufficient for further processing.
If the signal quality is poor, the user is prompted to reposition their finger and repeat the
measurement. If the signal is acceptable, the application retrieves the user’s demographic
information from the local storage and sends it with the PPG signal to the backend server in
JavaScript Object Notation (JSON) format via a secure HyperText Transfer Protocol Secure

(HTTPS) protocol.

At the backend, the received data undergoes preprocessing to clean the PPG data before
being passed to the machine learning models. These models perform PPG signal quality
assessment, HR, HRV measurement and BP estimation. The generated results are then returned

to the mobile application.

The application displays the measurement results to the user and stores the results in Google
Firebase for future reference. Additionally, the stored data can be sent to the Gemini model to
generate personalized health insights or to answer any health-related questions based on the
user’s health measurement records. The Gemini model generated answers are then returned

and displayed in the application.
4.4.1 Photoplethysmography (PPG) Signal Quality Assessment Model Flowchart

Figure 4.4.1.1 illustrates the photoplethysmography (PPG) signal quality assessment
pipeline. The process begins with reading the raw PPG data that is sent from the mobile
application and extracts the signal quality features such as shape statistics and the power ratio
in the physiological band. The extracted signal features are then passed to the Logistic
Regression model which is discussed in Chapter 4.3.1 and produces a confidence score. If the

score falls below the threshold of 0.80, the PPG signal is immediately rejected as poor quality.
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Figure 4.4.1.1 PPG Signal Quality Assessment Flowchart

If the PPG signal passes the confidence check, it proceeds to the physiological guardrails
check where two additional sanity checks are applied. The conditions are that the PPG standard
deviation must be sufficiently low and the estimated heart rate must fall within the
physiologically valid range of 40 to 180bpm. The signals that satisfy both conditions are
classified as good quality.

The good quality signal is then forwarded for further analysis including the bandpass
filtering using a Butterworth filter, PPG peak detection and beat-level feature extraction. The
signals that fail either guardrail condition are rejected as poor quality and discarded. These
validations ensure that only aclean physiologically plausible PPG segments are used for heart
rate (HR), heart rate variability (HRV) and blood pressure (BP) measurement. It also

minimises the risk of inaccurate predictions caused by motion artefacts or sensor noise.
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4.4.2 Blood Pressure Estimation Model Flowchart

Figure 4.4.2.1 illustrates the blood pressure (BP) estimation pipeline for the mobile
application. The process begins with reading the user's photoplethysmography (PPG) signal
data which is already passed through the PPG signal quality assessment model. If the signal is
classified as poor quality, the application displays an error message of “Weak PPG Signal

insufficient for BP estimation” and prompts the user to repeat the measurement.

BP Eztimation Model (XG Boost Regression + Personal Calibration Model)

/&ad Uszer PPG record/
Y

Check FPG quality
assessment

Tes
Good PPG quality?

b

Y
Extract filtered PPG Dnsplay "Weak PPG Signal
features unsufficient for BP estimation”
Extract user demographics

for personal calibration

L 4
Generate baseline BP using PPG-only
BP estimation XGBoost model

|

Apply perzenal ealibration model

/ Dizplay SBP and DBP values /

Figure 4.4.2.1 Blood Pressure Estimation Model Flowchart

If the signal passes the quality check, the filtered PPG morphological features are extracted
with the user's demographic data. This serves as the personal calibration input. The filtered
PPG data inputs are first passed to the XGBoost model to generate a baseline BP estimate. The
personal calibration model then adjusts the baseline prediction according to the individual
user's physiological characteristics and produces the final systolic BP (SBP) and diastolic BP
(DBP) values. In this project, combining a global PPG-based model with a personal calibration
layer ensures that the final BP estimation output is tailored to the individual rather than relying

solely on population-level patterns.
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4.5 System Components Specifications

This section describes the tools and platforms used to develop the proposed cardiac
monitoring application. It discusses the mobile application platforms and the backend services

used in this project.
4.5.1 Mobile Application Platforms

The mobile application is developed using Flutter which is an open-source framework that
supports cross-platform application development. Flutter enables the system to be built using
a single codebase while providing a responsive and user-friendly interface. It is used to
implement the main functionalities of the system, including data input and result visualization.
Furthermore, Android Studio serves as the development environment for building and
evaluating mobile applications. It includes tools for coding, debugging, and launching the

application on Android devices.
4.5.2 Backend Services

The mobile application communicates with the backend server using FastAPI. When the
user records their photoplethysmography (PPG) signals, the data is formatted in JSON
(JavaScript Object Notation) and sent to the backend server through hypertext transfer protocol
(HTTP) requests. The backend server then processes the data and returns the prediction results
which are also in JSON format and displayed in the application. The backend system is
implemented using Python and deployed using the FastAPI service on Render which the
cloud hosting platform. Figure 4.5.2.1 shows the screenshot of the model that was deployed in
the Render.

o M My Workspace & Myproject Q Search ~K t New  § Upgrade (@

&5 My project

My project + Add environmen

Overview

Settings
Production

All(B) Services (6) EnvGroups (0}

Q

NAME & T
> db Cardio BP Estimation PPG Only-1
ntact supr @ Cardio PPG_HR - Deployed Python 3 Oregon 3Imo

+* Render Status @ Cardio PPG_SQI ~ Deployed Python 3 Oregon 3mo

Figure 4.5.2.1 Render Dashboard
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The machine learning models are trained and tested using Google Colab. GitHub is used
to manage the project code and support the project deployment. In addition, Google Al Studio
is integrated in this project to enable the artificial intelligence chatbot-based Al features that

analyse users’ health insights. Figure 4.5.2.2 shows the API key generated in the Google Al

Studio.
Google Al Studio
API Keys [® API quickstart @= Create APl key
Dashboard
APl keys
I All projects v

Groupby @ API key Project
Usage Key Project Created Quota Tier

fault Gemini Project Mar 9, 2026 t up billin

Figure 4.5.2.2 Google Al Studio Dashboard

Next, Google Firebase was used for user authentication and the Firestore Database is

to store the user’s information. Figure 4.5.2.3 shows the Firebase authentication dashboard that

manages the user account.

CardiacCare Logging v pp—
’ ()
. .
#  Authentication i
& -
Users Sign-in method Templates Usage Settings ¥ Extensions

= +
=

° The following authentication features will stop working when Firebase Dynamic Links shuts down soon: email link v @
@ authentication for mobile apps, as well as Cordova OAuth support for web apps.
(O]

1]
Q

Q_ search by email address, phone number or user UID

dentifier Providers Created Signed In User UID

2 e [

Figure 4.5.2.3 Google Firebase Dashboard on User’s Authentication

Figure 4.5.2.4 shows the NoSQL database implementation using Google Firestore. It stores

the user’s personal information, measurement results and the Al assistant chat history.
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Figure 4.5.2.4 Google Firebase Dashboard on User’s Information
4.6  Database Specification and Data Dictionary

The data is managed using Google Firebase Firestore collections. The tables below describe

all collections and followed by a detailed data dictionary that explains each collection.

Table 4.6.1 Collection Description Table

Collection Description
users Stores all users’ details, including login information.
readings Stores all users’ health measurements including heart rate (HR), heart rate

variability (HRV), blood pressure (BP) estimation and recorded BP.

cardiac_chats | Stores the Al assistant chat data organized by user. The user’s uid identifies each

document.

messages Stores individual chat messages
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4.6.1 Data Dictionary for users collection

Table 4.6.1.1 describes the data dictionary for the users collection which is mainly used to store the user’s personal information.

Table 4.6.1.1 Data Dictionary for users collection

Attribute Description Data Type Nullable Example Values
uid Unique identifier assigned to each user string No GCjxs53J2bdJqo1 1UVVVnPW VKkir5
name User’s full name string No Alex
createdAt Date and time when the user account was created timestamp No 26 November 2025 at 15:20:33 UTC+8
email User’s email address string No alex@email.com
age User’s age in years int64 No 20
gender User’s gender string No Male
height User’s height in centimeters (cm) double No 180
weight User’s weight in kilograms (kg) double No 70

Bachelor of Computer Science (Honours)

Faculty of Information and Communication Technology (Kampar Campus), UTAR

66




4.6.2 Data Dictionary for readings collection

Table 4.6.2.1 describes the data dictionary for the readings collection which is mainly used to store the user’s health measurement readings.

Table 4.6.2.1 Data Dictionary for readings collection

Attribute Description Data Type | Nullable Example Values
uid Unique identifier assigned to each user string No GCjxs53J2bdJqo1 1UVVVnPW VKkir5
timestamp Date and time when the user measurement was recorded timestamp No 26 November 2025 at 15:20:33 UTC+8
type Types of measurements recorded include heart rate (HR), heart string No FULL SCAN
rate variability (HRV), blood pressure estimation (BP), blood
pressure recording (BP_LOG) and full scan (FULL_SCAN)
hr User’s heart rate measurement int64 Yes 80
hrv User’s heart rate variability measurement double Yes 160.03
diastolic User’s diastolic blood pressure estimation int64 Yes 120
systolic User’s systolic blood pressure estimation int64 Yes 70
notes User’s notes for recording the actual blood pressure readings string Yes Testing
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4.6.3 Data Dictionary for caridac_chats collection

Table 4.6.3.1 describes the data dictionary for the cardiac chats collection which is mainly used to store the assigned user’s ID for each chat session.

Table 4.6.3.1 Data Dictionary for caridac_chat collection

Attribute

Description

Data Type

Nullable

Example Values

uid

Unique identifier of the user associated with the chat

string

No

GCjxs53J2bdJqo1 1UVVVnPW Vklir5

4.6.4 Data Dictionary for messages collection

Table 4.6.4.1 describes the data dictionary for the messages collection which is mainly used to store the chatbot-based Al assistant messages.

Table 4.6.4.1 Data Dictionary for messages collection

Attribute Description Data Type Nullable | Example Values

role Role of the sender (user or model) string No user

time Date and time when the message was sent timestamp No 26 November 2025 at 15:20:33 UTC+8
text Message content in the chatbot string No Heart health overview
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4.7 Application Interface Design

This section presents the wireframes of the mobile application interfaces. Figure 4.7.1 to
4.7.4 and Appendix A, Figure A.3.1 to A.3.20 present the wireframes illustrating the layout

and structure of each application screen.
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Chapter 5

System Implementation

In this chapter, the project implementation is discussed in detail. A cardiac monitoring mobile
application named CardioCare has been developed. First, the hardware and software setup is
presented along with the configuration required to deploy and run the application. The
installation and setup steps are also included. In addition, the application operation is described

in detail for each function together with the corresponding application interface.
5.1 Hardware Setup

The hardware used in this project consists of a laptop, an Android mobile device and a
smartwatch. The laptop is used for system development tasks, including dataset preparation,
model training, algorithm integration, and backend application programming interface (API)
deployment. It also serves as the platform for coding, debugging, and preliminary testing. Table

5.1.1 shows the specifications of the laptop used for this project.

Table 5.1.1 Specifications of Laptop

Description Specifications
Model Dell Latitude 3420
Processor Intel Core i7-1165G7
Operating System Windows 11
Graphics Processing Unit (GPU) NVIDIA GeForce MX450, 2 GB
Random-Access Memory (RAM) 8GB RAM
Storage 376GB SSD

An Android mobile device is used to deploy and test the application on a physical
smartphone. It mainly serves for testing the application during the project development. Table

5.1.2 shows the specifications of the Android Mobile Devices.

Table 5.1.2 Specifications of Android Mobile Device

Description Specifications
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Model Huawei Mate 10 (ALP-L29)

Processor HiSilicon Kirin 970

Operating System Android 12

Memory 4 GB

Storage 64 GB

Main Camera Dual 12 MP + 20 MP

Video Recording 4K (2160p) at 30 fps, 1080p at 30/60 fps

A smartwatch is used as a reference device to validate the heart rate (HR) monitoring

algorithm during the project review. Table 5.1.3 shows the specifications of the smartwatch.

Table 5.1.3 Specifications of Smartwatch Device

Description Specifications
Model Apple Watch SE
Processor S8 SiP with 64-bit dual-core processor.
Operating System watchOS 26.3
Sensors Second-generation optical heart sensor, Compass, Always-on
altimeter, High-g accelerometer, Gyroscope, Ambient light sensor.

5.2 Software Setup

A variety of software tools and technologies were needed to support the development
process in order to develop the system. The frontend of the application was developed using
Flutter version 3.38.3 with Dart version 3.10.1 as the programming language. Android Studio
version 21.0.6 was used to run and debug the application on a physical Android smartphone.
The backend relied on Google Firebase services including Firebase Authentication and Cloud

Firestore.

In addition, Visual Studio Code was used as the primary code editor. Google Colab was
used as the model training platform for the PPG signal quality assessment model, as well as
the heart rate (HR), heart rate variability (HRV) and blood pressure (BP) estimation models.
The models were developed using the Python programming language with the supporting

libraries such as FastAPI, NumPy, SciPy, Pandas, Pydantic, and HeartPy. JavaScript Object
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Notation (JSON) format was used as the data interchange format while HyperText Transfer
Protocol (HTTP) was used as the communication protocol between the application and backend

services.

Additionally, Render was used to host the models while Google Al Studio was used to
integrate the Gemini Al model for the Al assistant chatbot feature. The project was managed

and deployed using GitHub with version control handled using Git version 2.51.2.
5.3  Setting and Configuration

This section describes the setup and configuration process required to deploy and execute
the developed cardiac monitoring mobile application, CardioCare. It outlines the installation

procedures, environment configuration and execution steps.
5.3.1 Application Dependency Configuration

Figure 5.3.1.1 displays the “pubspec.yaml” configuration for the CardioCare application.
This file is mainly used to manage the application’s dependencies, assets and environment
settings required for development. The configuration includes the application metadata, SDK
environment constraints and various dependencies for features such as Ul design, camera input,
machine learning processing, Firebase services, data export, reminders, network connectivity,

Al integration and asset management.

(a) (b)
Figure 5.3.1.1 Pubspec.yaml Configuration: (a) to (b) Configuration Code
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5.3.2 Application Permission Configuration

Figure 5.3.1.2 displays the permission configuration for the CardioCare application. It is
mainly used to allow access to the camera, flashlight, notifications, alarm features and internet

connectivity.

android:minSdkVersion="24"

W

android:targetSdkVersion="36

android:name="android.permission.INTERNET"

android:name="android.permission.CAMERA"
android:name="android.perm on.POST_NOTIFICATIONS"
android:name="android.permission.SCHEDULE_EXACT_ALARM"
android:name="android.permission.FLASHLIGHT"

android:name="android.hardware.camera"
android:required="false"

android:name="android.hardware.camera.flash"
android:required="false"

Figure 5.3.1.2 AndroidManifest.xml Configuration
5.3.3 Application Installation and Setup

The developed cardiac monitoring mobile application, CardioCare project is hosted on
GitHub and can be accessed through the following repository:
https://github.com/Huisss89/CardioCare. To begin the setup process, the repository is first

cloned into the local development environment using Git. After cloning, the project is opened
using Visual Studio Code and accessing the project directory to continue with the configuration

steps.

Before executing the application, Firebase must be configured to enable the authentication
and database services. First, create a new project in the Firebase Console using the following

link: https://console.firebase.google.com/u/0/. Then select the “Settings” icon and click the

“General” tab in the Firebase console as shown in Figure 5.3.3.1.
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Figure 5.3.3.1 Firebase Configuration to Download JSON file

Next, download the “google-service.json” file as shown in Figure 5.3.3.2 and place it into
the android/app/ directory of the CardioCare project. This configuration allows the application
to connect to the Firebase services correctly. In addition, the SHA-1 and SHA-256 fingerprints

must be added in the Firebase Console to enable the authentication features.

®  CardiacCarelogging = Project settings [C ]
Q Android apps SDK setup and configuration A
~ = ' Android Cardio Care App A yure the Fir s for vo 2 Re S UCTIONS oF
com.example.cardio_care
533 j he configur ontaini den p.
+
Apple apps
) See SDK instructions &, google-services.json
= 05 cardio_care (ios) @
- com.example.cardioCare
Web apps AppID @
© 1:918381685194:android:c24b91943d98c196b94733 GJ
® (et cardio_care (web)
Weba App nickname
] ) )
(<> cardio_care (windows) Android Cardio Care App /' ©
Package name
com.example.cardio_care
ype @
SHA
Add fingerprint
> Remove this app &

Figure 5.3.3.2 Firebase Configuration to Add SHA Fingerprint

To generate the fingerprints, open the command prompt and navigate to the CardioCare
project’s Android directory. Then execute the command “gradlew signingReport” and the
output is displayed in Figure 5.3.3.3. Copy the SHA1 and SHA-256 values and add them to the
Firebase setting by selecting the “Add fingerprint” option as shown in Figure 5.3.3.2.
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Figure 5.3.3.3 Generate SHA fingerprint

Next, a physical Android device is connected to the computer using a USB cable while
Android Studio is used to ensure that the device is properly detected and ready for deployment.
This step allows the application to be tested directly on a real device. Then, the Google Al
Studio setup is performed by generating an API key using the available free tier. This API key

is required for the Al chatbot assistant features in the application.

Once all configurations are completed, execute the command “flutter pub get” in Visual
Studio Code to install the required Flutter dependencies. Lastly, the application is run using the
command "flutter run --dart-define=GEMINI_API KEY=your api_key here" where the API
key is replaced with the previously generated Gemini API key value.

5.3.4 License

The developed CardioCare application is distributed under the MIT License. The MIT
License is selected as it permits users to freely use, modify, and distribute the software with
minimal restrictions. This license allows both academic and commercial use and it provides a
proper attribution to the original author. As a result, the inclusion of this license ensures that

the project remains open and accessible while protecting the rights of the author.
5.4 System Operation

In this section, the developed CardiaCare application is presented. Each page will be

displayed and explained with a brief description.
Welcome Page

The welcome page is displayed when the user opens the CardioCare application, as shown
in Figure 5.4.1. The application name CardioCare is presented with the slogan of “Your Health

Companion”. The application automatically navigates to the next page after 3 seconds.
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CardioCare

Your Health Companion

Figure 5.4.1 Welcome Page
Onboarding Page

When the application is launched for the first time, the onboarding Page appears as shown
in Figure 4.6.1. It introduces the main features of the application including heart rate (HR) and
heart rate variability (HRV) measurement, blood pressure (BP) estimation, BP logging and
viewing health trends and insights. Users can swipe through the pages or tap the “Skip” button
to proceed to the Login Page. If the app has been launched previously, the onboarding page
will not be displayed.

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR

76



O

Blood Pressure
Estimation

1-Tap HR/HRV

Welcome to CardioCare Monitoring

Let's start your health journey today with us! :
> ! Y = Estimate your blood pressure using advanced

Measure your heart rate and heart rate variability
N PPG technology

instantly

(b)

l Trends & Insights

Log Your Blood Pressure

Get personalized insights and health
recommendations
-

Get Started

(d) (e)
Figure 5.4.2 Onboarding Page: (a) to (e) Displaying Each Onboarding Page

Track your blood pressure read

Login Page

Figure 5.4.3 shows the Login Page, which allows users to sign in using a registered account
or sign in with a Google account. When the user selects the sign in using Google account
option, the application prompts the user to choose a preferred Google account to proceed as
shown in Figure 5.4.4. The user can also sign up for a new account or reset their password by

clicking the “Forgot password” button if they have forgotten it.
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HiThere {
%

Sign in to continue your health journey

Choose an account

to continue to cardio_care

Forgot password?
e Chong jiahui
“ B

9+ Add another account
G Sign in with Google =

To continue, Google will share your name, email
address and profile picture with cardio_care

Don't have an account? Sign up

Figure 5.4.3 Login Page Figure 5.4.4 Login using Google Account

Register Page

Figure 5.4.5 show the Registration Page that collects users' basic details such as full name
and email. Demographic information such as age, gender, weight and height is also needed as
it supports the blood pressure (BP) estimation. Next, a password confirmation step is included

to ensure both password inputs match. The password must contain at least eight characters

including a special character and a number.
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Create Account

Sign up to get started K¢ Weight
2 Full Name I Height
B Email @ Password L8
é Age @ Confirm Password D
Gender
o0 =
== Male
(2) (b)

Figure 5.4.5 Register Page (a) and (b) Requires Users to Fill In Personal Data.

Forget Password Page

The Forgot Password Page requires the user to enter their registered email as shown in
Figure 5.4.6. A password reset link as shown in Figure 5.4.7 will then be sent to the user’s

email. When the user clicks the link, they are able to reset a new password as shown in Figure
5.4.8.
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{  Report as not spam
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nai d
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If you didn’t ask to reset your pass d, you can
ignore this email.

Thanks,

Your CardiacCare App team

Send Reset Link

Figure 5.4.6 Forget Password Figure 5.4.7 Reset Figure 5.4.8 Reset Password

Page Password Email Page
Home Page

If the user logs in using a Gmail account and has not registered before, a message prompting

the user to complete their profile is displayed as shown in Figure 5.4.9 .

Complete Your
Profile

Your profile is missing some health
information (age, weight or height).

©

Later Update Profile

Figure 5.4.9 Profile Completion Prompt

If the user chooses to proceed by clicking the “Update Profile” button, the Edit Profile page
is displayed as shown in Figure 5.4.10. If the user clicks the “Later” button, the prompt will
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appear every time the user accesses the Home Page. After the user completes their profile by
entering their age, weight, and height, they are redirected to the Home Page with a confirmation

message indicating the profile has been updated as shown in Figure 5.4.11.

< Edit Profile HI, Chong Jia Hui & ' Al Insights |

Update your personal information

Health Score

Based on your health
Full Name 60 data

£ Chong Jia Hui Fair

é Age
Current Status

Gender

ate Blood Pressure

== mmHg

[(] Weight (kg)

Q Profile updated successfully!

1 Height (cm)
rFull ocan

= Email

Figure 5.4.10 Edit Profile Page Interface

Figure 5.4.11 Home Page with Completed
Profile Message

Figure 5.4.12 (a) shows the Home Page which displays the user’s overall Health Score
generated from their health measurement records including the heart rate (HR) and blood

pressure (BP) readings.
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WA insights Quick Actions

Full Scan

Health Score Measure heart rate, HRV and blood
pressure in one tap

Based on your health

60 data

Fair

Heart Rate Monitor
Use camera to measu

Current Status

Heart Rate

70 epm

Blood Pressure Estimation
Estimate blood pressure

[

Blood Pressure
Record Blood Pressure

1 50/80 mmHg K

Manually enter blc readings

Quick Actions
@ Alinsights
Full Scan
Home
(a) (b)

Figure 5.4.12 Home Page: (a) and (b) Home Page of The Application

The initial health score begins at 60. The score is then adjusted based on the user’s health
metrics including heart rate (HR), heart rate variability (HRV) and blood pressure (BP). For
each metric classified as good, 12 points are added with a maximum of +36 points for three
metrics. If a metric is classified as poor, 5 points are deducted while 15 points are deducted for
alert-level readings. In addition, the score is further adjusted based on generated insights. Each
positive insight contributes +4 points, while each alert insight deducts 8 points. The final health

score is then clamped within a range of 0 to 100.

The Health Score is clickable as shown in Figure 5.4.13 and provides a summary of the
user’s latest health measurements. It also indicates that the score is intended as a general

reference for overall health status rather than a medical diagnosis.
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60

Fair

Your health metrics are moderate. Small
improvements can make a big difference.

What makes up your score?

r Heart Rate Latest: 102 BPM
e Measures how fast your heart beats per

minute. Normal resting range is 60-100
BPM.

Heart Rate PO
atest: L Mms
Variability

HRV reflects how well your autonomic

nervous system adapts. Higher values
generally indicate better cardiovascular
fitness

Latest: 124/70
Blood Pressure
mmHg

Tracks systolic/diastolic pressure. Optimal
is below 120/80 mmHg

Your score updates automatically each time

you record a new measurement. More data

more accurate score

Figure 5.4.13 Displaying the Health Score

Additionally, the Home Page includes a “Current Status” section that displays the most
recent HR and BP readings. Figure 5.4.12 (b) shows that users can perform four main functions
including Full Scan, HR Monitor, BP Estimation, and Record BP. The Full Scan measures the
user’s HR, heart rate variability (HRV) and BP in a single scan. The HR Monitor measures the
user’s heart rate and derives HRV. The BP Estimation function allows users to estimate their
BP using the smartphone camera when a BP device is not available. Lastly, the Record BP

function enables users to manually record clinically measured BP values for accurate tracking.
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A floating icon named “Al Insights” is placed on the Home Page and also placed at the top
of the Home Page. This feature acts as an artificial intelligence (Al) chatbot-based cardio

assistant that analyzes the user’s health measurements and provides personalized insights.
Al Cardio Assistant Page

Figure 5.4.14 shows the Al Cardio Assistant page which is named as CardioAl. At the top
of the page, the user’s overall Health Score is displayed with a button to clear the chat history.
Figure 5.4.15 shows that when the user clicks on the clear chat history button, a confirmation

message is prompted to ensure that the chat history is cleared intentionally.

' CardioAl

® Online

O 75/100

Hello there! I'm CardioAl, ready to help you

understand your heart health today.

Here's a quick look at your recent heart
data:

Your overall Health Score of 75/100
shows a good foundation for your

Clear Chat?

cardiac health.

Your latest Heart Rate (70 bpm) and
Heart Rate Variability (214 ms) are
looking positive, suggesting good heart

resilience!

However, your latest Blood Pressure is
150/80 mmHg, and we've seen some
higher readings in your recent series,
which is the most noteworthy metric
right now.

Consider discussing your recent blood
pressure readings with your doctor soon to
understand them better.

Figure 5.4.15 Delete Chat History of Al

¥ Heart health overview B s my BP trending
Cardio Assistant

Figure 5.4.14 Al Cardio Assistant Page
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Based on Figure 5.4.14, a welcome message is automatically generated. The CardioAl
summarizes the user’s health measurements and provides basic analysis. Below the
summarizing message, several suggested questions are displayed to guide users on what they
can ask. The interface is designed as a chatbot to allow users to interact with the application.
This design enhances user engagement and enables users to receive personalized insights based

on their health measurement records.
Fingertip Positioning Page

Before performing the Full Scan, HR Monitor and BP Estimation, the fingertip positioning
page will be displayed first. First, the user needs to allow camera access for recording videos
as shown in Figure 5.4.16. Then, the guidance alert is displayed as shown in Figure 5.4.17
which guides the user on how to properly cover the camera lens for capturing the fingertip

photoplethysmography (PPG) signal.

Allow cardio_care to take photos and record ’
Place Your Finger Here

video?
Cover both the camera lens and the flash
completely

Use your index fingertip, pad facing down

Press gently — not too hard, not too light

) Hold completely still for 20 seconds

Figure 5.4.16 Permission of Camera - Flash glows red through your skin — that is

normal

Access

Figure 5.4.17 Fingertip Guidance Window
After the user taps the "Got it" button, the application displays a real-time camera preview
as shown in Figure 5.4.18. The application continuously analyzes the red, green, blue (RGB)
red channel extracted from the camera frames to detect whether the fingertip is properly

covering the lens. A detailed method for detecting the red channel in RGB images has already
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been discussed in Chapter 4. Then, three fingertip positioning states are displayed in real time
including the first state means that no finger has been detected yet, the second state means
signals that a finger is detected and the application is preparing for measurement and the third
state confirms that the finger is correctly positioned and the lens is fully covered. Once the third

state is achieved, the application automatically proceeds to the PPG signal capturing page.

& Position Your Finger & Position Your Finger & Position Your Finger

(b) (c)
Figure 5.4.18 Detect User Fingertip Positioning: (a) First State of Fingertip Positioning; (b)
Second State of Fingertip Positioning; (c) Third State of Fingertip Positioning

Full Scan Page

After the user achieves the third stage of fingertip positioning, the application starts to
collect the user’s PPG signals. A countdown timer of approximately 20 seconds begins, and
the application displays the number of fingertip samples being collected in real time as shown
in Figure 5.4.19 (a). Once the recording is complete, the application provides a processing

screen indicating that the PPG signal samples are being processed as shown in Figure 5.4.19

(b).
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& Full Scan Measurement

Analyzing your signal...

This may

Keep your fingertip firmly on the camera

(a) (b)
Figure 5.4.19 Full Scan Measurement Page: (a) Measuring PPG Signal; (b) Computing Full

Scan Results

The application continuously monitors the real-time fingertip positioning during the
measurement. If the fingertip is removed, an error message is displayed. It prompts the user to
reposition their finger and redirects the user to the fingertip positioning page as shown in Figure
5.4.20. This ensures that only valid PPG signals are captured throughout the signal acquisition

process.
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& Position Your Finger

O Cover camera & flash with your fingertip

Figure 5.4.20 Error Message on Fingertip Removed

If the captured PPG signal is insufficient for health measurement processing, an alert dialog
is displayed as shown in Figure 5.4.21. Additionally, if a connection error occurs or the server
fails to respond, an alert dialog will also be displayed as shown in Figure 5.4.22. After the user
taps the "OK" button, the application redirects the user to the fingertip positioning page to

perform a remeasurement.
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Poor Fingertip Signal Connection Timeout

Quality

Server response timeout. Please try
again.

Tips: keep finger flat and still, avoid
pressing too hard.

Figure 5.4.21 Alert Dialog on Poor Figure 5.4.22 Alert Dialog on Connection
Fingertip Signal Quality Obtained Timeout Error

If the captured PPG signal is sufficient for health measurement processing, the HR, HRV
and BP results are displayed as shown in Figure 5.4.23. Each health measurement is
automatically categorized which can help the user better understand the results. A short
explanation is also provided for each measurement. In addition, a blood pressure category guide
is included so users can interpret their BP values more easily based on the given ranges. Lastly,

a brief recommendation is provided based on the user’s health measurement results.
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X Full Scan Results

Heart Rate

84 BPM
Normal |

~;

Heart Rate Variability

232.2 ..

Excellent

é

Blood Pressure

121775 id

Elevated

(@)

Ideal blood pressure. Keep maintaining a
healthy lifestyle.

Elevated

~»

BP slightly above normal. Monitor regularly and

adopt healthier habits.

A Hypertension Stage 1

130-139 / 80-89 mmHg

Mild hypertension. Lifestyle changes are highly

recommended.

° Hypertension Stage 2

140 / >= 90 mmHg

High blood pressure. Medical consultation is

strongly advised.

° Hypertensive Crisis
>= 180 / >= 120 mmHg

Seek immediate medical attention. This level is

dangerous.

(©)

Blood Pressure Categor
gory

1y Understand HR & HRV

@ Heart Rate (HR):

The number of times your heart beats per
minute (BPM). A resting HR between 60-100
BPM is normal

~/ Heart Rate Variability (HRV):

The minor fluctuations in the time intervals
between successive heartbeats. The normal
HRV range for healthy adults is 19-75
milliseconds. A higher HRV is a key indicator of
a healthy, resilient nervous system, and is often
associated with lower stress levels,

@ Understand Blood Pressure

/N Systolic (top): Pressure when the heart

pumps blood.

J, Diastolic (bottom): Pressure when the heart

relaxes between beats.

A

Guide

Q Normal x

120 / < 80 mmHg

Ideal blood pressure, Keep maintaining a
healthy lifestyle.

(b)

A Hypertension Stage 1
130-139 / 80-89 mmHg

Mild hypertension. Lifestyle changes are highly
recommended.

° Hypertension Stage 2
140 / >= 90 mmHg

High blood pressure. Medical consultation is

strongly advised.

o Hypertensive Crisis
>= 180 / >= 120 mmHg

Seek immediate medical attention. This level is
dangerous.

Recommendation

Q)

Your readings look good! Maintain a
healthy lifestyle with regular exercise and
balanced diet.

(d)

Figure 5.4.23 Full Scan Result Page: (a) to (d) Displaying the Full Scan Results
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Heart Rate Monitor Page

After the application detects the user’s fingertip, a countdown timer of approximately 20
seconds begins, and the application displays the number of fingertip samples being collected
in real time as shown in Figure 5.4.21 (a). Once recording is complete, the application provides
a processing screen indicating that the PPG signal samples are being processed as shown in

Figure 5.4.24 (b).

& Heart Rate & HRV Measurement

Analyzing your signal...

This may take up to 30 seconds.
Please keep the app open.

Keep your fingertip firmly on the camera

(b)
Figure 5.4.24 Heart Rate and Heart Rate Variability Measurement Page: (a) Measuring PPG
Signal; (b) Computing Heart Rate and Heart Rate Variability Results

Similar to the Full Scan Measurement, if the fingertip is removed during PPG signal
recording, an error message is displayed and the user is redirected to the fingertip positioning
page to remeasure. Besides, if the captured PPG signal is insufficient for further processing, an
alert dialog is displayed and the user is redirected to perform a remeasurement. Furthermore,
if a connection error occurs during the health measurement process, an alert dialog is displayed

and the user is likewise redirected to remeasure the PPG signal.
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If the captured PPG signal is sufficient for health measurement processing, the heart rate
(HR) and heart rate variability (HRV) results are displayed as shown in Figure 5.4.25. Each
health measurement is automatically categorized which can help the user better understand the
results. A short explanation is also provided for each measurement. Lastly, a brief

recommendation is provided based on the user’s health measurement results.

X Heart Rate Results

Understand Heart Rate & Heart
Rate Variability

@7 Heart Rate (HR):
The number of times your heart beats per
minute (BPM). A resting HR between 60-100
BPM is normal.

~/ Heart Rate Variability (HRV):
The minor fluctuations in the time intervals
between successive heartbeats. The normal
HRV range for healthy adults is 19-75
milliseconds. A higher HRV is a key indicator
of a healthy, resilient nervous system, and is
often associated with lower stress levels

Recommendation

Your readings look good! Maintain a
healthy lifestyle with regular exercise

Heart Rate Variability dbal d diet
and balanced diet.

193.0..

Excellent

(a) (b)
Figure 5.4.25 Heart Rate and Heart Rate Variability Measurement Result Page: (a) to (b)
Displaying the Heart Rate and Heart Rate Variability Measurement Results

Blood Pressure Estimation Page

After the application detects the user’s fingertip, a countdown timer of approximately 20
seconds begins, and the application displays the number of fingertip samples being collected
in real time as shown in Figure 5.4.26 (a). Once recording is complete, the application provides

a processing screen indicating that the PPG signal samples are being processed as shown in

Figure 5.4.26 (b).
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& Blood Pressure Measurement

Analyzing your signal...

This may take up to 30 seconds.

Ple p the app open.

Keep your fingertip firmly on the camera

20 seconds

(b)

Figure 5.4.26 Blood Pressure Estimation Page: (a) Measuring PPG Signal; (b) Computing

Blood Pressure Estimation Results

Similar to the previous measurement, if the fingertip is removed during PPG signal
recording, an error message is displayed and the user is redirected to the fingertip positioning
page to remeasure. Besides, if the captured PPG signal is insufficient for further processing, an
alert dialog is displayed and the user is redirected to perform a remeasurement. Furthermore,
if a connection error occurs during the health measurement process, an alert dialog is displayed

and the user is likewise redirected to remeasure the PPG signal.

If the captured PPG signal is sufficient for health measurement processing, the blood
pressure (BP) results are displayed as shown in Figure 5.4.27. An alert showing the categorized
BP results is presented in Figure 5.4.27 (a) including a short explanation of the BP category
along with a recommendation. The BP is automatically categorized to help users better
understand the results. A short explanation is also provided for each measurement. Lastly, a

brief recommendation is given based on the user’s health measurement results.
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X BP Results

4

Blood Pressure

Attention: Your BP is elevated (124/70
mmHg). This is a warning sign. Focus on
lifestyle adjustments now.

124/70

mmHg

For more information on BP categories
and detailed trends, check the Trends &
Analysis tab.

Elevated

Understood
Understanding Blood Pressure

/] Systolic (Top Number):
Measures the pressure your blood is pushing
against your artery walls when the heart
beats

.| Diastolic (Bottom Number):
Measures the pressure your blood is pushing
against your artery walls while the heart
muscle rests between beats

(a) (b)

Blood Pressure Category : .
~ Mild hypertension. Lifestyle changes are highly

Guide

recommended.

Hypertension Stage 2
> 140 / 2 90 mmHg

o Normal N o

<120/ < 80 mmHg

Ideal blood pressure. Keep maintaining a High blood pressure. Medical consultation is

healthy lifestyle! strongly advised.

Elevated Hypertensive Crisis
/\/‘ - - ° > 180/

> 120 mmHg

BP slightly above normal. Monitor regularly Seek immediate medical attention. This level is

and adopt healthier habits. dangerous.

& Hypertension Stage 1
130 139 /80 - 89 mmHg

Recommendation

QO

Your BP is elevated. Focus on lifestyle
changes: reduce sodium, exercise
regularly, and manage stress.

Mild hypertension. Lifestyle changes are highly
recommended.

o Hypertension Stage 2

140 / = 90 mmHg

High blood pressure. Medical consultation is
strongly advised.

() (d)
Figure 5.4.27 Blood Pressure Estimation Result Page: (a) Displaying Categorized Blood
Pressure Result Window ; (b) to (d) Displaying Blood Pressure Estimation Results
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Record Blood Pressure Page

This page allows users to manually enter valid systolic and diastolic readings with the
optional notes for personal health tracking as shown in Figure 5.4.25 (a). The application also
validates user input to ensure that a valid range is entered for systolic and diastolic BP values

as shown in Figure 5.4.28 (b).

& Record Blood Pressure < Record Blood Pressure

—_,‘

—_,’

Record Your BP Reading Recorc rolis S et

Systolic (Top Number)

Systolic (Top Number)
T ™ 300 mmHg
\l/ Diastolic (Bottom Number) Diastolic (Bottom Number)
v 50 mmHg
[™ Notes (Optional) Notes (Optional)
O Felling gn_adl
Save Reading
(a) (b)

Figure 5.4.28 Blood Pressure Recording Page: (a) Displaying Blood Pressure Recording
Page; (b) Displaying Invalid Range Input in Blood Pressure Recording Page

History Page

Figure 5.4.29 shows the history page which includes HR and HRV records, estimated BP
records and recorded BP records. Each record is clickable as shown in Figures 5.4.29 (b) to

5.4.29 (d). The records are saved along with their respective values, dates and times.
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History

1
di

ﬁ

History

HR & HRV Records

Saved heart rate and heart rate WV
variability measurements.

BP Estimation Records
Blood pressure values estimated from v
camera measurements.

Recorded BP Records

Blood pressure values you entered v
manually with notes

9 ~

®
k3
History
(@)

HR & HRV Records

Saved heart rate and heart rate v

variability measurements.

BP Estimation Records

Blood pressure values estimated from A

camera measurements.

‘ BP Estimation: 120 / 72 mmHg
22 Mar 2026, 23:32

0 BP Estimation: 122 / 74 mmHg
22 Mar 2026, 23:29

f

Variability Records; (c) Expanded Estimated Blood Pressure Records; (d) Expanded

9 o~

History

(c)
Figure 5.4.29 History Page: (a) History Page; (b) Expanded Heart Rate and Heart Rate

History

HR & HRV Records
Saved heart rate and heart rate (o
variability measurements

HR: 91 BPM | HRV: 126.6 ms
22 Mar 2026, 23:33

; HR: 84 BPM | HRV: 161.7 ms

i 22 Mar 2026, 23:32

HR: 87 BPM | HRV: 120.4 ms
22 Mar 2026, 20:41

P 9 e

[
-
History
.
History
v BI00G pressure vaiues esumatea irom -
camera measurements.
Recorded BP Records

Va Blood pressure values you entered
manually with notes

BP Recorded: 250 / 100 mmHg

22 Mar 2026, 20:38

o BP Recorded: 250 / 100 mmHg
=7
13 Mar 2026, 16:44

BP Recorded: 250 / 50 mmHg

History

(d)

Manually Recorded Blood Pressure Records
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Trends and Analysis Page

Since the application records four health measurements such as HR, HRV, estimated BP
and manually recorded BP, thus the Trends and Analysis page consists of four metrics for the
user to track their respective health measurements. First, Figure 5.4.30 shows a filter feature at
the top of the page that allows users to select their preferred month and year based on the
corresponding readings which also shown in Figure 5.4.31. The application provides both 7

day and 30 day reading analyses.

Select Month & Year

Trends & Analysis
Year
= Filter A - 2026 T
[™] Apr2026 v Month
Jan Feb Mar
< Apr 2026 >

Select a day to center the range

30 31 1 2 3 4 B
0 dae - s e

Select Metric Oct Nov Dec

@ Heart Rate QO HRvV »7 Estimated BP

M
ﬁ @ : Apply
Trends

Figure 5.4.30 Date Filter in Trends and Figure 5.4.31 Select Month and Year in
Analysis Page Trends and Analysis Page

Then, the four metrics are provided. Figure 5.4.32 shows the selected Heart Rate metric. It
begins with a short introduction to heart rate, including its definition, why it matters and a quick
reference to the heart rate range. If the user does not set a filter date and time, the latest

measurement will be shown by default.
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Trends & Analysis Heart Rate Trend

85 89 92 86 92
What is Heart Rate? 91 84 120

Avg HR Lowest HR Highest HR

m Health Insights

Slightly Elevated Heart Rate
Your average resting HR is 99 BPM
This is on the higher side of normal
Tips:

« Practice deep breathing exercises
+ Regular aerobic exercise

o+  Filter

05 Apr 2026 « 7 days

Select Metric

QO HRv 7 Estimated BP

+ Reduce caffeine consumption
+ Ensure 7-9 hours of sleep
+ Manage stress lovels

General Health
Recommendations

K, Beactive for at least 30 minutes
daily.

| Whatisit?

Heart Rate Categories

Heart Rate (HR) is the number of times your heart

beats per minute. It reflects how hard your heart is q" Reduce salt & avold hawvlly
processed foods.
working to pump blood throughout your body. \l’ '
| Why it matters wre  Monitor BP regularly and track
Bradycardia Normal &% changes
(_) Your resting heart rate is one of the <60 bpm 60 = 100 bpm
most reliable indicators . Manage stress with breathing or
Heart rate slower than Healthy resting heart rate & lenaticn
cardiovascular health, A lower resting normal. May cause for most adults.
HR generally means your heart is more dizziness or fatigue.
efficient and your fitness level is higher ¢ Avold smoking & limit alcohol
N Intake.
| Quick Reference A A
il x Maintain a healthy weight &
3 ifestyle.
Bradycardla Normal Range Elevated Tachycardia
‘L < 60 BPM Q 60-100 BPM
>120 bpm
Slightly above normal Abnormally fast heart
7 Tachycardia Monitor if persistent rate. Consider resting or

= 100-120 BPM 2120 8PM checking BP.
(a) (b) (c)

Figure 5.4.32 Heart Rate Analysis in Trends and Analysis Page: (a) to (c) Displaying Heart
Rate Trends and Analysis

The trend is displayed in a bar chart with colored bars to distinguish the heart rate ranges.
Red bars indicate a high heart rate, yellow indicates a slightly elevated heart rate while green
indicates a normal heart rate and a blue bar indicates an abnormal range. Below the chart, a
summary of the average, lowest, and highest heart rate is provided. A heart rate category section
is also included to help users better understand the range. Next, health insights are generated

based on the user’s past records along with general health recommendations.
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The HRV metric in the Trends and Analysis page follows a similar structure to the HR

metric as shown in Figure 5.4.33.

Trends & Analysis AR
y Heart Rate Variability Trend i
Bl Health Insights
= Filter G 555 e i 5 W 5% * Excellent Heart Rate Variability!
05 Apr 2026 -« 7 days Your average HRV is 144 ms.

Outstanding! This indicates:
+ Excellent recovery capacity
* Low stress levels

Select Metric
* Good cardiovascular health

* Optimal nervous system function
You're doing everything right!

@ Heart Rate Q HRV ~” Estimated BP

What is HRV?

~;
Heart Rate Variability (ms) 140 61 236 General Health
Avg HRV Lowest Highest Recommendations
N Be active for at least 30 minutes

?
| Whatis it? Ree delly
Heart Rate Variability (HRV) measures the tiny 5

HRV Categories

fluctuations in time between consecutive
heartbeats (in milliseconds). Unlike HR which
counts beats, HRV looks at the rhythm variation

between them. @ O

?1 Reduce salt & avoid heavily
processed foods.

Monitor BP regularly and track

changes.
| Why it matters Very Low HRV Low HRV v
<30ms ) = 50 m
(_) HRV is a window into your autonomic . Manage stress with breathing or
nervous system. A higher HRV means High stress levels, poor Room for improvement. ®  (elaxation,
your body can adapt well to stress, recovery. Prioritize rest Focus on sleep and
recover faster, and handle physical and Snc s
mental demands more effectively, Q Avoid smoking & limit alcohol
v intake.
| Quick Reference ©
x Maintain a healthy weight &
3 lifestyle.
@ Wi e Excellent HRV
<30ms 30-50 ms
>100 ms
Good Excellent Healthy HRV. Continue Outstanding recovery
© 50-100 ms ® >100 ms with regular exercise and capacity and low stress
balanced lifestyle. levels,

(a) (b) (c)
Figure 5.4.33 Heart Rate Variability Analysis in Trends and Analysis Page: (a) to (¢)
Displaying Heart Rate Variability Trends and Analysis
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The estimated BP metric in the Trends and Analysis page also follows a similar structure

to the HR metric as shown in Figure 5.4.34.

Trends & Analysis
= Filter G

05 Apr 2026 -« 7 days

Select Metric

a What is Estimated BP?

Camera-Based Estimation (mmHg)

| Whatis it?

Estimated Blood Pressure is derived from your
camera-based pulse readings using
photoplethysmography (PPG). It analyses subtle
colour changes in your fingertip to estimate
systolic and diastolic pressure.

| Why it matters

Q While not a replacement for a clinical
cuff, estimated BP helps you track
trends over time and notice patterns
especially useful between formal

medical check-ups.

| Quick Reference

Normal Elevated
O om0 A 120-129/<80
A St HIN @ StoeezHIN

130-139/80-89 = 140/90

(@)

Figure 5.4.34 Estimated Blood Pressure Analysis in Trends and Analysis Page: (a) to (c)

BP Estimation Trend

125/74 121 129

Average Lowest Highest

Blood Pressure Categories

(

Hypertensive Crisis

° 2180 /2 120 mmHg

Seek immediate medical attention. This
level is dangerous

Hypertension Stage 2

o 140 /= 90 mmHg

High blood pressure. Medical
consultation is strongly advised.

Hypertension Stage 1

& 130 - 139 / 80 - 89 mmHg

Mild hypertension. Lifestyle changes
are highly recommended

Elevated

BP slightly above normal. Monitar
regularly and adopt healthier habits

Normal

0 <120/ < B0 mmHg

Ideal blood pressure. Keep maintaining
a healthy lifestyle!

(b)

m Health Insights

% Elevated Blood Pressure

Your average BP is 126/73 mmHg
While not yet hypertension, this is
elevated. Take action now.

* Monitor BP regularly

* Reduce salt and processed foods
* Increase physical activity

* Manage stress through meditation
* Maintain healthy weight

General Health
Recommendations

& Be active for at least 30 minutes
daily.

t“ Reduce salt & avoid heavily
processed foods.

Monitor BP regularly and track
changes.

2|

. Manage stress with breathing or
a relaxation.

s Avoid smoking & limit alcohol
\' intake.

x Maintain a healthy weight &
?3  lifestyle.

~

Trends

(©

L 0]

Displaying Estimated Blood Pressure Trends and Analysis
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The manually recorded BP metric in the Trends and Analysis page also follows a similar

structure to the HR metric as shown in Figure 5.4.35.

Trends & Analysis
= Filter <

05 Apr 2026 + 7 days

Select Metric

2 HRV A Estimated BP

What is Recorded BP?
Manual Log — Cuff Reading (mmHg)

=7

| whatisit?

Recorded Blood Pressure is data you manually
enter from a physical blood pressure cuff
(sphygmomanometer). This is the clinical gold
standard for measuring BP — two numbers
Systolic (top) and Diastolic (bottom)

| Why it matters

Q Manual cuff readings are the most
accurate way to monitor blood pressure
at home. Logging them regularly helps
you and your doctor identify
hypertension trends, medication
effectiveness, and lifestyle impact

| Quick Reference

Systolic Diastolic

Bottom number (

\’

Top number (mm

) Healthy Target

) Crisls Level
< 120/80 mmHg = 180/120 mmHg

(@)

Figure 5.4.35 Recorded Blood Pressure Analysis in Trends and Analysis Page: (a) to (c)

Recorded Blood Pressure Trend

m Health Insights

150 80 90 150 200 120
100 50 70 70 90

132/78 80 200

verage owest Highest

A\ High Blood Pressure (Stage 2)
Your average BP is 157/79 mmHg.
This Indicates Stage 2 Hypertension
Please consult your doctor for proper
treatment. Medication may be
necessary along with lifestyle
changes,

General Health

Blood Pressure Categories Recommendations
Hypertensive Crisis & Be active for at least 30 minutes
o 2180/ 2 120 mmHg daily.

Seek immediate medical attention, This
level is dangerous.
?1 Reduce salt & avoid heavily
processed foods.

Hypertension Stage 2

High blood pressure. Medical
consultation is strongly advised.

Monitor BP regularly and track
changes.

2]

( " . Manage stress with breathing or
Hypertension Stage 1 a relaxation
& 130 - 139/ 80 - 89 mmHg
Mild hypertension. Lifestyle changes
L are highly recommended. ¢y Avoid smoking & limit alcohol
\' intake.

x Maintain a healthy weight &
o
BP slightly above normal. Monitor lifestyle.

regularly and adopt healthier habits

Normal
0 <120/ < 80 mmHg

Ideal blood pressure. Keep maintaining A

a healthy lifestyle! ] 9

Trends

(b) (©)

Displaying Recorded Blood Pressure Trends and Analysis

Profile Page

Figure 5.4.36 displays the Profile Page which begins by showing the user’s personal
information such as name, email address, age, gender, weight and height. There are a total of
six functions provided in the Profile Page including edit profile, set reminders, export health

data, clear health data and log out.
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Reminders

Health checks & medicine reminders

Export Data

Jia
chongjiahui2004@gmail.com

Download your health records

18 years + Female
Clear Data

Select and delete health records

Weight: 52.0 kg * Height: 180.0 cm

Settings
E—) Logout
Edit Profile
Update your personal information
CardioCare v1.0.0
Reminders ®
-
a Health checks & medicine reminders ﬁ @ ~ \
Profile
(a) (b)

Figure 5.4.36 Profile Page: (a) to (b) Displaying Profile Page
Edit Profile Page

Figure 5.4.37 shows the Edit Profile Page, which allows users to update their personal
information such as name, age, gender, weight and height. In addition, users can also change
their password which must contain at least eight characters including a special character and a

number.
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< Edit Profile

8 Email
Update your personal information chongjiahui2004@gmail.com

Full Name
o ) a Save Changes
= Jia
Age
[
18
=] @ Change Password P
Update your account password
Gender
@ Current Password ©
Weight (kg)
52.0
@ New Password ©
Height (cm)
1 1800
[ﬁ Confirm New Password ©
E Email @ Password must be at least 8 characters and
chongjiahui2004@gmai|,com include an uppercase letter and a number
£) Update Password
a Save Changes
(a) (b)

Figure 5.4.37 Edit Profile Page: (a) to (b) Displaying Edit Profile Page
Reminders Page

Figure 5.4.38 shows the Reminder Page where the user can add reminders for daily health
measurement tracking or medication by clicking the add icon. After clicking the add icon, a
clock interface pops up as shown in Figure 5.4.39. The user scrolls the clock to the preferred
time and clicks “OK” to set the reminder. For health measurement reminders, the application
provides two options which are daily or weekly reminders. The user can choose either option

based on their preference after setting the time as shown in Figure 5.4.40.
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. Reminders

Health checks & medicine reminders

- Health Record

Reminders i
Get reminded to measure HR,
HRV or BP

Medicine Reminders St
Never miss your BP medication

No medicine reminders yet

Repeat

() Dpaily

m Weekly

Figure 5.4.38 Reminders Figure 5.4.39 Set Reminder ~ Figure 5.4.40 Set Reminder
Page Time Repeat Frequency

Figure 5.4.41 (a) shows that a daily reminder set at 14:09 is successfully created and a

notification pops up at the specified time as displayed in Figure 5.4.41 (b).

Healilh Becord /( cardio_care Just now

Reminders - Time to check your health
Get reminded to measure HR,

HRV or BP

Daily at > -
@ 14:09 4 0 s

Measure your heart rate, HRV or blood pressure

. Health Record

Reminders L
Get reminded to measure HR,

Medicine Reminders 3+ HRV or BP
Never miss your BP medication
No medicine reminders yet =
@ Daily at /. ﬁ
14:09
Health reminder set for 14:09

(a) (b)
Figure 5.4.41 Set Daily Reminder: (a) Daily Reminder Set Successfully; (b) Daily Reminder

is Functioning

To set a weekly health measurement reminder, the same steps are followed which include
clicking the add icon, selecting the preferred time, and choosing the weekly option. The
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application then prompts the user to select the preferred day to receive the notification each
week as shown in Figure 5.4.42 (a). After selecting the day, a confirmation message is
displayed as shown in Figure 5.4.42 (b) indicating that the reminder has been successfully set.
Figure 5.4.42 (c) also demonstrates that the weekly reminder functions correctly by sending

notifications to the user.

Fri at o - 7z .
® ro= V2 0 O % cardio_care Just now

Select day

Just now
Mo Tue Wed Thu Fri 2
Time to check your health
Medicine Reminders
st ) o =+ Measure your heart rate, HRV or blood pressure
Health reminder set for 14:10
(c)
(a)

(b)
Figure 5.4.42 Set Weekly Reminder: (a) Prompt User Select A Day for Weekly Reminder;

(b) Weekly Reminder Set Successfully; (c) Daily Reminder is Functioning

For medication reminders, the process is similar. The user clicks the add icon, sets the
preferred time and is required to enter the medicine name as shown in Figure 5.4.43 (a). After
entering the medicine name, the user clicks the add button. Figure 5.4.43 (b) shows that the
medication reminder is successfully added and Figure 5.4.43 (c) shows the reminder functions

properly by sending notifications to the user.

Health checks & medicine reminders % cardio_care Just now

Time for BP Medication

Don't forget to take your medication

b %
Get reminded to measure HR,
f Health Record KRV 6B
Reminders +
Get reminded to measure HR,
HRV or BP (:, Daily at /' 0 ﬁ
B & 3
Medicine name 14:09
Daily at S 0 e
BP Medicatioi O 1400 4 8]
Fri at o -
O 0 7 O =

concel m

o &
S,
ol

Medicine Reminders 4
Never miss your BP medication

Medicine Reminders L,
Never miss your BP medication ® BP Medic N _
ation Vi o 0

14:11

BP Medication reminder set for 14:11

(a) (b) ()
Figure 5.4.43 Set Medicine Reminder: (a) Prompt User to Enter Medicine Name; (b)
Medicine Reminder Set Successfully; (¢) Medicine Reminder is Functioning
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Besides, edit and delete reminder functions are also provided. The user can click the edit
icon beside the reminder and follow similar steps as when creating a reminder to update it.
After the reminder is successfully updated, a confirmation message is displayed as shown in
Figure 5.4.44. Next, the user can click the delete icon beside the reminder to remove it. A
confirmation message is prompted as shown in Figure 5.4.45 asking the user to confirm the

deletion of the reminder.

( Reminders

Health checks & medicine reminders

. Health Record
'}_ ; Reminders =

Get reminded to measure HR,
HRV or BP

Delete reminder?

(]

@ Daily at s This reminder will be removed.
14114 7

Cancel Delete
Medicine Reminders
Never miss your BP medication

Health reminder updated to 14:14

Figure 5.4.44 Reminder Updated Figure 5.4.45 Delete Reminder
Successfully Message Confirmation Message
Export Data Page

Figure 5.4.46 shows the Export Data Page which includes an export range that allows users
to export all records or select a specific date range. The data can be exported in either Excel or

PDF format and the total number of records is calculated and displayed to the user.
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< Export Data

Choose format and share with your doctor

Export Range

m Select date range

Choose export format

Excel

Best for analysis &
charts

(D 11 HR/HRV - 6BP Estimation + 1BP Log

Figure 5.4.46 Delete Reminder Confirmation Message

The application exports all data records by default. If the user wants to select a specific date
range, click the “Select Date Range” option and a calendar interface will pop up as shown in
Figure 5.4.47 (a). The user can click the edit icon to manually enter the date range or click on
the date fields to select the start and end dates using the calendar interface. If the selected date
range does not contain any records, the application will display a message indicating that no
records were found as shown in Figure 5.4.47 (b). If records are available within the selected
range, the application will indicate accordingly as shown in Figure 5.4.47 (¢) and the user can

proceed with exporting the data.
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Save Choose format and share with your doctor
< Export Data
Select range

Mar 18 - Apr 17 / Choose format and share with your doctor
Export Range
s M 1 w T F 8
i0: Export all records
Export Range
March 2026
[ ™ 11/03/2026 > 18/03/2026 > J i Export all records
1 2 3 4 ] 6 7
4 Novecorils in thisrenge [ (™ 16/04/2026 - 17/04/2026 > ]
8 9 10 1" 12 13 14

Choose export format © 18 records in range
15 16 17 18

Choose export format

April 2026

Excel

Best for analysis &
charts

() 8HR/HRY - 78P Estimation - 1BP Log

(b) (c)
Figure 5.4.47 Set Date Range for Export Data: (a) Prompt User to Select Date Range; (b)

(2)

Displaying No Record Found in the Date Range; (c) Displaying Records Found in the Date
Range

To export the data, the user can click either the Excel or PDF icon to generate the
corresponding file format. Figure 5.4.48 (a) shows the file sharing interface with social media
icons. Figure 5.4.48 (b) demonstrates that the data has been successfully exported and shared
in Excel format while Figure 5.4.48 (c) shows the data successfully exported in PDF format.
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< Export Data

Choose format and share with your doctor

Export Range

LD Export all records (] J

m Select date range

Choose format and share with your doctor

Export Range

[ idi Export all records (V] ]

Share with

m Select date range
Choose export format
‘ CardioTrack_lia_2026-04-17T14-12-35 pdf

Choose export format

a1
e —_——
T] por Excel PDF
My Drive L "
Best foranulVy Easy to view & print
charts
Excel PDF
a Bf“:‘" analysizs Easy to view & print
< M M 3

Quick Share Gmail Gmail Drive

Chat

a Exported and shared as EXCEL

° Exported and shared as PDF

(a) (b) (©)
Figure 5.4.48 Export Data: (a) Displaying File Sharing Interface; (b) Displaying Exported in

Excel Successfully; (c) Displaying Exported in PDF Successfully

Lastly, if the file is not successfully exported, an error message indicating that the file is

not shared as shown in Figure 5.4.49 and Figure 5.4.50.

Export Range Export Range
[ idi Export all records V] ] [ iii Export all records (V] ]
E Select date range > @ Select date range >

Choose export format

Excel

Best for analysis &
charts

=

PDF

Easy to view & print

(D EXCEL file was not shared. Tap the button
again to retry.

Figure 5.4.49 Error Message of Exporting
Excel File
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Choose export format

Excel

Best for analysis &
charts

oo

PDF

Easy to view & print

@ PDF file was not shared. Tap the button again
to retry.

Figure 5.4.50 Error Message of Exporting

PDF File
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Figure 5.4.51 displays the exported health data in PDF format. It includes patient

information such as name, age, height, and weight. The health data includes HR, HRV, BP

estimation, and recorded BP. Each record includes a timestamp.

CardioTrack Health Report BP Estimation
CardioTrack Health Report

Date & Time Systolic Diastolic

22/04/2026 12:52 133 Eed
Patient Information 22104/2026 12:51 126 7
Name: Jia Hui 22004/2026 12:44 125 4
Age: 20
Height: 180.0 cm 22/04/2026 12.33 126 b
Weight: 58.0 kg

22/04/2026 12:23 124 75
Export Range: All Records
port date: 22/04/2026 15:13

Heart Rate & HRV

Date & Time HR (BPM) HRY (ms)

22/04/2026 12:50 87 394

22/04/2026 12:58 93 357

22/0412026 12:51 86 408

22/04/2026 12:50 85 708

Z2004/2026 12:44 89 309
(a)

BP Log (Manual)

Date & Time Systolic Diastolic Notes

22/04/2026 11:11 250 100

(b)

Figure 5.4.51 Exported Data in PDF Format: (a) and (b) Displaying Exported PDF File

Figure 5.4.52 displays the exported health data in Excel format. The Excel file includes

four sheets which are the patient summary, HR and HRV Records, Estimated BP Records, and

Recorded BP Records.

@ Autosave (@ Off) % CardioTrack Health Dz

File Home Insert Draw Pagelayout Formulas Data

() PROTECTED VIEW Be careful—files from the Internet can contain virc

c15 v Jx
A B L
1 Patient Information
2 Name Jia Hui
3 Age 20
4 Height (cm) 180.0
5 Weight (kg) 58.0
6
7 Export Range All Records
8
9
10
11
12
13
14
15 [
16

Summary  HR & HRV  BP Estimation BP Log

(2)

Bachelor of Computer Science (Honours)

@ Autosave @ o) ¥  CardioTrack Health Data Exportxlsx - Protected... «!

File Home Insert Draw Page Layout Formulas Data Review View Automate

() PROTECTED VIEW Be careful—files from the Internet can contain viruses. Unless you need to edit, it's «

c24 vt fx
A B c

1 Date & Time Heart Rate (BPM) HRV (ms)
2 22/04/2026 12:59 87 39.41
3 22/04/2026 12:58 93 35.71
4 22/04/2026 12:51 86 40.84
5 22/04/2026 12:50 85 70.61
6 22/04/2026 12:44 89 30.93
7 22/04/2026 12:43 85 25.25
8 22/04/2026 12:33 83 75.56
9 22/04/2026 12:20 61 464.29
10 22/04/2026 11:54 61 404.06
11 22/04/2026 11:36 73  203.60
12

13

14

15

16

1

Summary HR&HRV  Bp Estimation =~ BP Log

(b)
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G Autosave (@ off) T CardioTrack Health Data B @ Autosave (@ Off) ¥  CardioTrack Health Data Export.xlsx -

File Home Insert Draw Page layout Formulas Data Re File Home Insert Draw Page layout Formulas Data Review Viev

(i) PROTECTED VIEW Be careful—files from the Internet can contain viruses. Unless you n

() PROTECTED VIEW Be careful—files from the Internet can contain viruses.

B13 v Jx D14 ~ i fx
A B C A B C D
1 Date & Time Systolic Diastolic 1 Date & Time Systolic Diastolic Notes
2 22/04/2026 12:52 133 77 2 22/04/2026 11:11 250 100
3 22/04/2026 12:51 126 77 3
4 22/04/2026 12:44 125 74 <
5 22/04/2026 12:33 126 76 5
6 22/04/2026 12:23 124 75 6
7 22/04/2026 12:21 127 76 7
8 22/04/2026 12:21 127 76
9 22/04/2026 11:54 111 64 &
10 22/04/2026 11:36 118 71 9
11 10
12 11
13 ] -
14
15 14 ]
16 15

Summary HR&HRV  BP Estimation =~ BP Log

(d)

Summary  HR &HRv ~ BP Estimation  Bp Log o=

(c)
Figure 5.4.52 Exported Data in Excel Format: (a) to (d) Displaying Exported Excel File

Clear Data Page

Figure 5.4.53 displays the Clear Data Page which shows records including BP estimation,
HR and HRV measurements, and recorded BP. The user can select all records to delete them
or manually select specific records for deletion. A sorting function is also provided where the
user can click the "Newest" or "Oldest" button to sort the records. The list is sorted with the
newest records at the top by default. When the user clicks the sorting button, the list will be
rearranged to display the oldest records first as shown in Figure 5.4.54. In addition, a “Delete
All” button is also provided to the user for delete all records directly without the need to select

them one by one.
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Clear Records X - Clear Records X

Select records to delete
Select records to delete Select records to delete

&l

Select all (14) N Oldes

o)
)

Select all (16) I Newest

® sys:123 « DIA: 74 mmHg HR: 90 BPM + HRV: 124.6 ms

HR: 86 BPM + HRV:177.0 ms ® sys:125 « DIA: 73 mmHg
@ SYS 126 * DIA: 74 mmHg HR: 86 BPM ¢ HRV:183.8 ms
AR: 86 BPM ¢ HRV:175.9 ms HR: 85 BPM ¢ HRV:127.7 ms
HR: 92 BPM ¢ HRV:163.7 ms & SY;: 122 + DIA: 71 mmHg
Figure 5.4.53 Clear Data Page Figure 5.4.54 Records Sorted by Oldest

If the user selects all records, the selected items will be highlighted and the delete button
will appear below as shown in Figure 5.4.55. When the user clicks the delete button, a
confirmation message is then displayed asking the user to confirm the deletion of the records

as shown in Figure 5.4.56. If the user clicks the "Delete" the records will be deleted.
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e Clear Records X
) Select records to delete
Deselect all ¥ Newest B Delete All
y 5.
BP Estimation
®  sYs:126 + DIA: 74 mmHg /\ Delete records?
17/04/2026 14:05
- =4 You are about to permanently delete 14
£ records. This cannot be undone.

HR & HRV
@ HR:86BPM + HRV:175.9 ms

L 17/04/2026 14:04 Cancel Delete
- B
HR & HRV
" HR:92BPM + HRV:163.7ms
L 17/04/2026 14:04 /
& ™\

BP Estimation

&  sys:122 - DIA: 73 mmHg

B Delete 14 selected records

Figure 5.4.55 Select All Records

Figure 5.4.56 Delete Records Confirmation

Message

Logout Page

Figure 5.4.57 shows the Logout Page which appears when the user clicks the "Logout"
button in the Profile Page. A confirmation message is displayed asking the user to confirm the

logout action. After the user confirms, the application redirects to the Login Page.

Logout

Are you sure you want to logout?

Cancel Logout

Figure 5.4.57 Logout Confirmation Message
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5.5 Implementation Issues and Challenges

One major challenge was during the evaluation of the blood pressure (BP) estimation
model using explainable artificial intelligence (XAI) which revealed that it relied heavily on
the user’s demographic information to predict BP values. This behavior was not aligned with
the objective of the project, as the model is expected to prioritize physiological data such as
the photoplethysmography (PPG) signals for BP prediction. This issue created a significant
implementation challenge due to the tight timeline, requiring rapid refinement of the model
and ensuring compliance with the cuff-less BP measurement standards. However, the model
was successfully improved within the given timeframe and due to the use of XAl which proved
the hidden biases in the original model which helped enhance the reliability of the BP

estimation results.

Moreover, several development environment issues also occurred during the
implementation phase due to the limited experience with Flutter and Android Studio. At one
point, the Flutter Software Development Kit (SDK) became corrupted which was likely caused
by accidental modification of the SDK folders and repeated failed builds. This leads to
persistent errors such as Flutter daemon crashes and continuous file build failures. To resolve

this issue, the Flutter SDK was reinstalled and the Android Studio was reconfigured.

Lastly, the challenges that arose were during the integration of the machine learning models
with the Flutter application. First, the PPG signal quality assessment model was placed directly
on the device. But it caused a heavy workload on the mobile hardware and resulted in
noticeable performance drops. Therefore, all computationally intensive signal processing tasks

were moved to the Python backend instead of running them on the mobile device.
5.6  Concluding Remark

In summary, the hardware and software specifications required for the CardioCare
application were outlined. Besides, the software setup had also been shown to run the
application smoothly. A complete installation guide and setup are provided as well. Lastly, the
application is successfully developed according to the system design that was proposed in
Chapter 4 and the application operation is presented according to each module. Although some
problems were encountered during the development of CardioCare but it has been solved. The

application is well prepared and can move to the next evaluation stage.
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Chapter 6

System Evaluation and Discussion

In this chapter, a comprehensive evaluation of the developed application is presented, detailing
the verification and validation strategies employed. It includes functional testing with test cases
evaluated by comparing the expected and actual outputs. The chapter also concludes with an

project objective evaluation and a discussion of the project challenges.
6.1 System Testing and Performance Metrics

This section discusses the testing techniques used in the proposed application along with
the performance metrics defined for each model to ensure the practicality of the application.
These evaluations are conducted to ensure that the developed application not only meets all

functional requirements but also produces reliable results.
6.1.1 System Testing

The system testing technique selected for the CardioCare application is functional testing.
According to [54], functional testing does not evaluate the source code but focuses on verifying
each functionality of the application using appropriate inputs and expected outputs. The actual
outputs are compared with the expected outputs to determine whether the system meets its
intended objectives. Therefore, this section focuses on validating application functionalities

rather than backend services such as API calls or database interactions.
6.1.2 System Performance Metrics

This section outlines the target performance criteria for the proposed application, including
the accuracy of photoplethysmography (PPG) signal quality assessment, heart rate (HR), heart
rate variability (HRV) and blood pressure (BP) estimation. In addition, mobile application
performance is also defined. Table 6.1.2.1 shows the detailed system performance definition
for the project.

Table 6.1.2.1 System Performance Definition

System Component Performance Definition
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Photoplethysmography
(PPG) Signal Quality

Assessment Model

The PPG Signal Quality Assessment model must achieve at least 80%
classification accuracy and a precision of at least 0.90 for identifying
good quality signals. This ensures that the noisy or unreliable segments

are filtered out before physiological analysis.

Blood Pressure (BP)

The BP estimation model aims to comply with standards from the

Estimation Model Association for the Advancement of Medical Instrumentation (AAMI),
International Organization for Standardization (ISO) and British
Hypertension Society (BHS) [24, 25].
AAMI/ISO Requirements:
e Mean Absolute Error (MAE) less than 5 mmHg
e Standard Deviation (SD) at most 8§ mmHg
BHS Protocol:

e Achieve Grade A classification for both systolic and diastolic BP
predictions which is defined as at least 60%, 85% and 95% of
readings within +5, £10 and £15 mmHg respectively.

Heart Rate (HR) | Performance of HR measurement is evaluated by comparing the
Measurement estimated values against reference ground truth data. The evaluation is

performed using error-based and correlation metrics including:
e Mean Absolute Error (MAE): measures the average absolute
difference between the estimated and reference HR values [18].
e Root Mean Square Error (RMSE): Root mean square error
between the estimated and ground truth HR values [19].
e Pearson correlation (r): measures the linear relationship
between the estimated and reference HR values [18].
These metrics are used to assess both the accuracy of heart rate estimation

and the consistency of trends produced by the HeartPy algorithm.

Heart Rate Variability

Performance of HRV measurement is evaluated by comparing the

(HRV) Measurement estimated values against reference ground truth data. The assessment
focuses on statistical agreement and trend consistency using the following
metrics:

e Pearson correlation (r): measures the linear relationship

between the estimated and reference HRV values [55].
Mobile Application | The application should provide smooth interaction, timely data
Performance updates and reliable communication with backend services to ensure

a seamless and responsive user experience.
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6.1.3 System Verification Plan

This section outlines the verification procedures that were carried out during the review
phase of the proposed application and the trained models. The application testing focuses on
validating different types of inputs and evaluating the functional performance of each module.
Model testing focuses on evaluating performance based on the defined metrics to determine

whether the models meet the proposed performance standards.
Input Verification

e Valid Inputs
Valid inputs are used to confirm that the application processes the correct data as expected. For
instance, enter a valid range for blood pressure (BP) records. For model training, missing or
corrupted feature values are handled using appropriate imputation techniques to improve model

robustness.

e Invalid Inputs
Invalid inputs are used to ensure that the application correctly detects, rejects incorrect data
and displays appropriate error messages. For example, invalid BP entries, incorrect personal

information and unrealistic value ranges are tested.
Functional Verification

e Authentication Module

Registration, login, logout, and incorrect credential handling are tested.

e Photoplethysmography (PPG) Signal Quality Assessment Module
The application must capture PPG signals from the smartphone camera and correctly classify

them as good or poor quality. The poor quality signals must trigger a re-measurement prompt.

e Heart Rate (HR) and Heart Rate Variability (HRV) Measurement Module
The application must process valid PPG signals to compute reliable HR and HRV values. The

results must be displayed in the application and stored in the Firestore database.

e Blood Pressure (BP) Estimation Module
The application must process valid PPG signals and generate BP estimation values. These
values must be displayed in the application and stored in the Firestore database.
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e BP Recording Module
Entered BP records must be correctly stored in the Firestore. Automatic BP classification such

as normal, elevated and high must be displayed in the application.

e History Module

The application must display accurate user measurement history.

e Trends and Analysis Module
The application must visualize the user data through charts and summaries. Health insights and

lifestyle recommendations must be generated and displayed in the application.

e Al Cardio Assistant
The application must analyze the user’s past measurements and connect to the Google Gemini

API to generate insights. It should provide meaningful feedback based on the user’s records.

e Profile Management Module

The application must allow users to update their personal information.

e Error Handling and Success Message

The application must display appropriate error and success messages for user actions.
Model Verification Plan
e Photoplethysmography (PPG) Signal Quality Assessment Model

The photoplethysmography (PPG) signal quality assessment model is verified using an external
dataset consisting of 51 fingertip PPG videos [38]. These videos are used to evaluate the
model’s ability to distinguish between good and poor quality signals. The evaluation is
performed based on classification performance with emphasis on accuracy and precision,
particularly for the identification of good quality signals. This ensures that only reliable PPG

segments are passed to subsequent physiological analysis stages.
¢ Blood Pressure (BP) Estimation Model

The blood pressure (BP) estimation model is evaluated using a subject-wise calibration
approach. For each subject, a global PPG-based model first predicts BP values. The first K

samples are used for calibration using a Ridge regression model, while the remaining samples
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are used for testing. Performance is evaluated using Mean Error (ME), Standard Deviation
(SD), Mean Absolute Error (MAE), and BHS grading percentages. The results are compared
against AAMI/ISO and BHS standards to assess clinical acceptability. In addition, the BP
estimation model is integrated into the mobile application and validated using an Ouson arm-

type electronic blood pressure monitor as the reference device for real-world comparison

e Heart Rate (HR) and Heart Rate Variability (HRV) Measurement Model

The heart rate (HR) and heart rate variability (HRV) measurements are implemented using the
open source HeartPy algorithm. The performance of this module is evaluated through both

dataset-based testing and real-world validation.

For HR evaluation, an external dataset that consists of 51 fingertip PPG videos with reference
ground truth values is used [38]. HR is computed using HeartPy and compared against the
reference values. The performance is assessed using Mean Absolute Error (MAE), Root Mean
Square Error (RMSE), and Pearson correlation coefficient (r) as defined in the performance
metrics. In addition, the HR measurement is further validated by comparing the results with

readings from an Apple Watch SE which serves as a reference device in real-world conditions.

For HRV evaluation, ECG recordings [37] are used as the reference ground truth values. R-
peak detection is applied to extract RR intervals and the HRV metrics root mean square of
successive differences (RMSSD) are computed. These reference values are then compared with
the HRV outputs derived from PPG signals using HeartPy. The evaluation is performed using

Pearson correlation to assess statistical agreement with the reference measurements.
6.2 Testing Setup and Result

This section presents the testing setup and corresponding results used to evaluate the
performance of the developed models and the proposed application. It includes evaluation
using datasets as well as real-world validation for each model to assess the reliability and
effectiveness of the system. For the proposed application, each test case is discussed by

comparing the expected output with the actual output.
6.2.1 Model Verification Testing Results

Photoplethysmography (PPG) Signal Quality Assessment Model
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For validation, the trained model was evaluated using a dataset that consisted of 51 fingertip
PPG videos [38]. Each video was processed using the signal quality assessment model to
classify the signals as either good or poor quality. Figure 6.2.1.1 shows the sample outputs

including the predicted class and corresponding confidence scores.

Found 51 videos in 'DatasetVideoFiles’.

1/51] X 1.mp4 -> POOR Quality (Low Conf) (Conf: ©.3774)
2/51] B 16.mp4 -> GOOD Quality (Conf: ©.9354)
3/51] B 11.mp4 -> GOOD Quality (Conf: ©.9236)
4/51] X 12.mp4 -> POOR Quality (Low Conf) (Conf: ©.3774)

5/51] B 13.mp4 -> GOOD Quality (Conf: ©.8875)
6/51] B 14.mp4 -> GOOD Quality (Conf: ©.9326)
7/51] B8 15.mp4 -> GOOD Quality (Conf: ©.8363)
8/51] M@ 16.mp4a -> GOOD Quality (Conf: ©.9402)
9/51] M@ 17.mp4 -> GOOD Quality (Conf: ©.9429)
10/51] X 18.mp4 -> POOR Quality (Low Conf) (Conf: ©.3774)

Figure 6.2.1.1 Display 10 Sample Results on PPG Signal Quality Assessment Validation

Based on Figure 6.2.1.2, out of the 51 videos, 36 were classified as good quality signals
while 15 were identified as poor quality signals. The model achieved an average confidence
score of 90% for good quality signals and 41% for poor quality signals. These results indicate
that the model is capable of reliably identifying usable PPG signals while filtering out low-
quality inputs. This evaluation complements the quantitative performance metrics such as
accuracy, precision, recall, and F1-score that were reported in Chapter 4. As a result, this

demonstrates the model’s effectiveness under real-world signal conditions.

BATCH VALIDATION SUMMARY

Total Videos Processed:
B GooD signals: 36

> POOR Signals: 15
AAERRORS:

P overall Dataset Score: ©.7575
& Avg Confidence (GOOD): ©.90834
® Avg Confidence (POOR): ©.4876

Figure 6.2.1.2 Overall Result on PPG Signal Quality Assessment Validation

Blood Pressure (BP) Estimation Model
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The blood pressure (BP) estimation model is integrated into the proposed application and
further validated using an Ouson arm-type electronic blood pressure monitor as the reference
device. Both the application and the reference device measurements are recorded

simultaneously and the comparison results are shown in Figure 6.2.1.3.

125/72

Elevated

Understanding Blood Pressure
T Systolic (Top Number):
Measures the pressure vour b

HNg Against your arter

Figure 6.2.1.3 Result on Validating XGBoost BP Estimation Model using Ouson arm-type

electronic BP monitor.

The estimated blood pressure values show a close agreement with the reference device
readings indicating the practical reliability of the proposed system. This real-device validation
supports the model-level evaluation that were reported in Chapter 4 where the model achieved
a mean absolute error (MAE) of approximately 4-5 mmHg and satisfied the AAMI/ISO

requirement of a standard deviation below 8 mmHg.
Heart Rate (HR) and Heart Rate Variability (HRV) Measurement Model

The heart rate (HR) measurement is validated using an Apple Watch SE as the reference
device. Both the proposed application and the Apple Watch record HR simultaneously. As
shown in Figure 6.2.1.4, the application records 93 BPM while the Apple Watch records 95
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BPM and resulting in a difference of 2 BPM. This small deviation indicates that the HR

estimation is reasonably accurate and suitable for practical use.

X Heart Rate Results

Current

%

Figure 6.2.1.4 Comparing HR Recorded by Apple Watch SE 3 and Proposed Application

In addition, the HR measurement performance of the HeartPy algorithm is evaluated using
the 50 fingertip PPG videos in the dataset [38] with one video excluded due to signal processing
failure. The evaluation results include Mean Absolute Error (MAE), Root Mean Square Error
(RMSE) and Pearson correlation coefficient as shown in Figure 6.2.1.5. The HeartPy algorithm
achieves a MAE of 7.28 BPM and a RMSE of 11.47 BPM. The mean error of —0.81 + 11.44
BPM indicates the absence of systematic bias. This implies the model does not consistently

overestimate or underestimate heart rate values.

EVALUATION SUMMARY

Total videos processed : 51

Successful : 5@

Failed (HeartPy error) : 1

Mean Error (ME) : -8.81 + 11.44 BPM
MAE : /.28 BPM

RMSE : 11.47 BPM

Pearson r : 8.7467 (p = ©.0000)

Figure 6.2.1.5 Evaluation Summary of HR
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A Pearson correlation coefficient of r = 0.7467 (p < 0.001) demonstrates a statistically
significant moderate-to-strong agreement between the HeartPy-derived HR values and the
ground truth measurements. This indicates that the algorithm is capable of reliably tracking

heart rate trends across different subjects.

The higher RMSE compared to MAE implies the presence of a small number of outliers. It
is likely caused by motion artifacts or low-quality PPG signals. Furthermore, the Bland—
Altman analysis shows wide limits of agreement (—23.25 to +21.62 BPM) as shown in Figure
6.2.1.6 indicating variability in individual measurements. Nevertheless, given the absence of
systematic bias and the moderate-to-strong correlation, the HeartPy HR is considered suitable

for general wellness and cardiac monitoring applications.

Bland-Altman Plot: HeartPy HR vs Ground Truth

50 -
® -—- Mean diff: -0.81 BPM
+1.96 SD: 21.62 BPM
401 -1.96 SD: -23.25 BPM
= 301
o
— @
5 201
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Figure 6.2.1.6 Bland-Altman Plot on HeartPy HR vs Ground Truth

The heart rate variability (HRV) measurement is validated using the electrocardiography
(ECG)-based reference datasets [37]. The evaluation is performed by comparing RMSSD
values derived from PPG signals with reference root mean square of successive differences
(RMSSD) values obtained from ECG recordings. Statistical agreement is assessed using

Pearson correlation coefficient and Figure 6.2.1.7 shows the sample codes on HRV validation.
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wfdb.rdrecord (ppg_path)

wfdb.rdann(ppg_path.replace('_PPG"', "'

_raw = rec.p_signal[:, 1].astype(float) if rec.p_signal.ndim > 1 else rec.p_signal.flatten().astype(float)

if len(ppg_raw) < MIN_POINTS or np.std(ppg_raw) == @:
continue

ecg_rr = np.diff(ann.sample) * (10€0.8 / 1000.8)
ref_rmssd = np.sqrt(np.mean(np.diff(ecg_rr)**2))

ppg_clean, fs_new = preprocess_ppg(ppg_raw, original_fs=FS_PPG, target_fs=TARGET_FS)
if ppg_clean is None: continue

working_data, measures = hp.process(ppg_clean, sample_rate=fs_new,
report_time=False)

ppg_bpm = measures[ 'bpm’]
ppg_rmssd = measures['rmssd’]

Figure 6.2.1.7 Sample Codes on HRV Validation

The evaluation results show in Figure 6.2.1.8, which a low correlation (r = 0.0846) between
PPG-derived and ECG-derived RMSSD values. This indicates that HRV estimation from
smartphone-based PPG signals remains challenging due to sensitivity to noise, motion artifacts
and sampling limitations. In this project, HRV results are interpreted based on trend
consistency rather than absolute accuracy. The HRV measurement is used primarily as a

supportive physiological indicator rather than a clinically precise diagnostic metric.

Validated 1491e8: ECG RMSSD 12.2 | PPG RMSSD 19.4

Final Correlation (r): ©.0846

Figure 6.2.1.8 HRV Validation Results
6.2.2 Functional Testing Results on Proposed Application

This section presents the test cases for each module in the proposed application. The actual
results are compared with the expected results to determine the test outcomes and evaluate
whether each function behaves as intended. Table 6.2.2.1 and Appendix A, A.4.1 to A.4.18

display all the test cases for each module.
Welcome Page and Onboarding Page Module

Table 6.2.2.1 Functional Test Cases for Welcome Page and Onboarding Page Module
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Activity: Welcome Page and Onboarding Page

ID Test Case Expected Results Actual Results Status

TCO1 | User launches the | Display the Welcome | The Welcome Page is | Pass

proposed application. Page within 5 seconds. | displayed within 5 seconds.
TCO02 | User swipes through the | Display each | The Onboarding Pages are | Pass
Onboarding Page. OnBoarding Page. displayed sequentially.

TCO03 | User clicks the “Skip” | Display the Login | The Login Page is| Pass
button at the top right of | Page. displayed.
the Onboarding Page.

TCO04 | User clicks the “Get | Display the Login | The Login Page is| Pass
Started” button on the last | Page. displayed.
Onboarding Page.

6.3  Project Challenges

Two main challenges and limitations were identified throughout the development and
testing stages. The first challenge involves the heart rate (HR), heart rate variability (HRV),
and blood pressure (BP) model services deployed on the Render cloud platform. Since the
application is registered under Render’s free-tier plan, the model services automatically enter
a sleep state when they are not in use to conserve resources. As a result, the application attempts
to wake up the model services when the user launches it. However, the wake-up process is not
instantaneous. The user may need to wait approximately two minutes after launching the
application before the model services become available. If the services fail to wake up within
the expected time, an alert dialog is displayed to notify the user of a connection error and

prompt them to retry the measurement.

The second challenge is related to the BP estimation model which combines an XGBoost
model with a personal calibration layer using Ridge Regression . As the Ridge Regression
enhances personalization by incorporating more user’s recorded BP samples over time, the
accuracy of the BP estimation improves with each subsequent measurement. Therefore, the
initial BP estimation may be less accurate than the later attempts as the personalization layer

requires sufficient historical data to refine its predictions.
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6.4 Objectives Evaluation

A total of three project objectives were defined in Chapter 1.4. In this section, these
objectives are evaluated to determine whether the project has achieved the predefined

objectives.
i. To develop a computer vision—based model for cardiac monitoring.

This project utilizes fingertip photoplethysmography (PPG) signals as the primary source for
cardiac monitoring. A computer vision—based approach is employed which a smartphone
camera with flash is used to capture fingertip PPG signals and perform heart rate (HR), heart
rate variability (HRV) and blood pressure (BP) estimation. Moreover, a PPG signal quality
assessment model is implemented to ensure a reliable PPG signal extraction and allows only

high quality signals to be used for cardiac monitoring.

ii. To implement a smartphone-based application integrating HR, HRV and BP

monitoring pipeline for preventive hypertension management.

A mobile application named CardioCare has been developed using Flutter. A full scan
measurement feature has been implemented, enabling users to measure heart rate (HR), heart
rate variability (HRV) and blood pressure (BP) with a single tap by capturing fingertip PPG
signals. Each health measurement is automatically classified into categories such as low,
elevated and high. Additional features including trend analysis, personalized health insights, a
chatbot-based Al assistant, reminders for hypertension management and data export for further
consultation have been successfully implemented in CardioCare to support the early prevention

and monitoring of hypertension.

1. To integrate explainable artificial intelligence (XAI) as a transparency and

evaluation component within the hypertension monitoring pipeline.

Explainable Artificial Intelligence (XAI) has been applied to interpret and evaluate the BP
estimation model. The global permutation importance technique is used to identify the most
influential factors affecting the BP estimation. The analysis reveals that the previous XGBoost

models tended to over-rely on demographic features when predicting BP.

To address this limitation, a PPG-based XGBoost model combined with a personal calibration

layer using Ridge Regression is adopted. The PPG-based XGBoost model focuses on
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physiological signal features for BP estimation while the Ridge Regression calibration
incorporates user demographics to improve personalization and align with the requirements of

a cuffless BP estimation system.

Furthermore, the PPG-based XGBoost model is validated using the Tree SHapley Additive
exPlanations (TreeSHAP) to analyze how the PPG-derived features contribute to the BP
prediction outcomes. This enables feature-level validation against established cardiovascular
knowledge, ensuring that the model predictions are primarily driven by meaningful
physiological signals rather than unrelated factors. Overall, the XAl techniques enhance the

reliability, interpretability and trustworthiness of the BP estimation model.
6.5  Concluding Remark

In summary, the system performance metrics were defined together with the system
verification plan. The trained models, including the photoplethysmography (PPG) signal
quality assessment model, heart rate (HR) and heart rate variability (HRV) measurement
model, and blood pressure (BP) estimation model were evaluated based on the verification plan
and compared against the defined performance metrics. The results showed that the PPG signal
quality model using Logistic Regression with physiological checks achieved 81% accuracy and
92% precision and was able to function effectively using real-time PPG data. Meanwhile, the
BP estimation model integrated into the proposed application showed a good agreement with
measurements obtained from the Ouson arm-type electronic blood pressure monitor. The HR
estimation using the HeartPy algorithm also demonstrated good agreement with the reference
measurements, while HRV showed low correlation with ECG and was therefore used only as
a trend indicator. In addition, the developed mobile application, CardioCare, was evaluated
using functional testing techniques. The results demonstrated that the application operated as
expected, as the actual outputs matched the expected outputs. CardioCare was further assessed
against the project objectives, confirming that the system successfully achieved them. Lastly,

the project challenges were also discussed.

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR

127



Chapter 7

Conclusion and Recommendation

This section concludes the report by summarizing the key achievements of the project,
reflecting on its limitations, and identifying opportunities for future improvements. It
highlights the practical contributions of the system and discusses potential future enhancements

to enable the application to be used in real-world environments.
71 Conclusion

In conclusion, an accessible and affordable smartphone-based application named
CardioCare has been developed to support preventive hypertension management. CardioCare
successfully achieved the project objectives by integrating a computer vision—based technique
that uses a smartphone camera with flash to capture fingertip photoplethysmography (PPG)
signals. These signals are then processed to generate heart rate (HR), heart rate variability

(HRV), and blood pressure (BP) estimation results.

A robust machine learning pipeline is implemented by incorporating a Logistic Regression-
based signal quality assessment mechanism and reliable fingertip positioning using real-time
RGB value analysis to ensure accurate and trustworthy fingertip PPG signal acquisition.
Meanwhile, HR and HRV measurements are performed using the open-source HeartPy
algorithm and the BP estimation is carried out using an XGBoost model with personal
calibration via Ridge Regression to incorporate users' demographics. The BP estimation model
is validated using explainable artificial intelligence (XAI) techniques including Permutation
Importance and Tree SHapley Additive exPlanations (TreeSHAP) to confirm that the model
predictions are primarily driven by meaningful physiological signals rather than unrelated

factors.

Additional functionalities include BP recording for daily monitoring, personalized trend
analysis, and lifestyle recommendations based on individual health patterns. A chatbot-based
Al assistant is also integrated to answer user queries while analyzing the health records.
Furthermore, reminder features for daily measurements and data export functions for medical
consultation are provided. Through testing and evaluation, the proposed application was found

to function effectively support users in managing hypertension and maintaining cardiac health.
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7.2 Recommendation

Despite the current application meeting its primary objectives, several improvements can
still be made. One key consideration is improving the blood pressure (BP) estimation accuracy.
For instance, a more diverse user dataset can be collected and used to enhance the reliability of
the BP estimation model as the current dataset does not exceed 4000 of datas. Therefore, a
more diverse user group should be included in the future to further improve the model’s

generalization performance.

Another important recommendation is enhancing the real-time performance and reliability
of the application. As the application currently depends on the Render cloud platform and may
experience a cold start when the health measurement services are not in use. Therefore, a future
enhancement is to introduce an offline fallback mode for essential services. This would reduce

dependency on the cloud platform and improve the overall user experience.

Lastly, a potential improvement to the application is the integration of a location-based
navigation feature that allows users to search for the nearest clinics or healthcare facilities. This
feature would be particularly useful when abnormal health readings are detected or when users
feel unwell and users can quickly locate a medical assistance when needed. By integrating a
map-based service, the application can further enhance user support in preventive healthcare

and encourage timely medical consultation.

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR

129



REFERENCES

[1] G. A. Roth et al., “Global Burden of Cardiovascular Diseases and Risk Factors, 1990—
2019,” Journal of the American College of Cardiology, vol. 76, no. 25, pp. 2982-3021, Dec.
2020, doi: 10.1016/j.jacc.2020.11.010.

[2] World Health Organization: WHO and World Health Organization: WHO, “Hypertension,”
Mar. 16, 2023. [Online] Available:https://www.who.int/news-room/fact-
sheets/detail/hypertension. Accessed: Sep. 17, 2025.

[3] S. Fatima and S. Mahmood, “Combatting a silent killer - the importance of self-screening

of blood pressure from an early age.”, PubMed, Jan. 2021, doi: 10.17179/excli2021-4140.

[4] K. S. Alam, “A smartphone-based cardiac health monitoring system for hypertension,”
Ph.D. dissertation, Marquette Univ., Milwaukee, WI, USA, 2024. [Online]. Available:
https://epublications.marquette.edu/dissertations_ mu/3257/. Accessed: Sep. 17, 2025.

[5]L. B. T. Yugar et al., “The Role of Heart Rate Variability (HRV) in Different Hypertensive
Syndromes,” Diagnostics, vol. 13, no. 4, p. 785, Jan. 2023, doi:10.3390/diagnostics13040785.

[6] D. Qiao, A. H. Ayesha, F. Zulkernine, R. Masroor and N. Jaffar, “REVISE: Remote Vital
Signs measurement using smartphone camera,” arXiv.org, Jun. 13, 2022. [Online]. Available:

https://arxiv.org/abs/2206.08748. Accessed: Sep. 17, 2025.

[7] M. A. Almarshad, M. S. Islam, S. Al-Ahmadi and A. S. BaHammam, “Diagnostic Features
and Potential Applications of PPG Signal in Healthcare: A Systematic Review,” Healthcare,
vol. 10, no. 3, p. 547, Mar. 2022, doi:10.3390/healthcare10030547.

[8] A. Schéfer and J. Vagedes, “How accurate is pulse rate variability as an estimate of heart
rate variability?,” International Journal of Cardiology, vol. 166, no. 1, pp. 15-29, Jun. 2013,
doi:10.1016/j.ijcard.2012.03.119.

[9] Chen, G., Zou, L., & Ji, Z. (2024). A review: Blood pressure monitoring based on PPG and
circadian rhythm. APL Bioengineering, 8(3). https://doi.org/10.1063/5.0206980

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR

130



[10] O. M. Ahmad et al., “Role of mobile health and Wearable Devices in Cardiovascular
Disease  Prevention. A  Comprehensive review,” Cureus, May 2025, doi:

10.7759/cureus.83673.

[11] K. H. C. Li et al., “The current state of mobile phone apps for monitoring heart rate, heart
rate variability and atrial fibrillation: Narrative review,” JMIR Mhealth and Uhealth, vol. 7, no.
2, p. 11606, Nov. 2018, doi: 10.2196/11606.

[12] J. A. Staessen, E. T. O’Brien, L. Thijs and R. H. Fagard, “Modern approaches to blood
pressure measurement,” Occupational and Environmental Medicine, vol. 57, no. 8, pp. 510—

520, Aug. 2000, doi: 10.1136/0em.57.8.510.

[13] T. Desquins, F. Bousefsaf, A. Pruski and C. Maaoui, “A Survey of Photoplethysmography
and Imaging Photoplethysmography Quality Assessment Methods,” Applied Sciences, vol. 12,
no. 19, p. 9582, Sep. 2022, doi:10.3390/app12199582.

[14] J. Park, H. S. Seok, S.-S. Kim and H. Shin, “Photoplethysmogram Analysis and
Applications: An Integrative Review,” Frontiers in Physiology, vol. 12, Mar. 2022, doi:
10.3389/fphys.2021.808451.

[15] S. Mehta, N. Kwatra, M. Jain and D. McDuff, “Examining the challenges of blood
pressure estimation via photoplethysmogram,” Scientific Reports, vol. 14, no. 1, Aug. 2024,

doi: 10.1038/541598-024-68862-1.

[16] T. Curran et al., “Estimating Blood Pressure with a Camera: An Exploratory Study of
Ambulatory Patients with Cardiovascular Disease,” arXiv.org, Mar. 2025. [Online]. Available:
https://arxiv.org/abs/2503.00890. Accessed: Sep. 17, 2025.

[17] P. van Gent, H. Farah, N. van Nes and B. van Arem, “HeartPy: A novel heart rate
algorithm for the analysis of noisy signals,” Transportation Research Part F: Traffic

Psychology and Behaviour, vol. 66, pp. 368-378, Oct. 2019, doi:10.1016/j.tr£.2019.09.015.

[18] M. A. Goda, P. H. Charlton and J. A. Behar, “pyPPG: a Python toolbox for comprehensive
photoplethysmography signal analysis,” Physiological Measurement, vol. 45, no. 4, p. 045001,
Mar. 2024, doi: 10.1088/1361-6579/ad33a2.

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR

131



[19] P. A. Kirk, A. D. Bryan, S. N. Garfinkel and O. J. Robinson, “RapidHRV: an open-source
toolbox for extracting heart rate and heart rate variability,” Peer], vol. 10, p. e13147, Mar.
2022, doi: 10.7717/peerj.13147.

[20] Chen, G., Zou, L., & Ji, Z. (2024). A review: Blood pressure monitoring based on PPG
and circadian rhythm. APL Bioengineering, 8(3). https://doi.org/10.1063/5.0206980

[21] Elgendi, M. (2016). Optimal Signal Quality Index for Photoplethysmogram Signals.
Bioengineering, 3(4), 21. https://doi.org/10.3390/bioengineering3040021

[22] Orphanidou, C., Bonnici, T., Charlton, P., Clifton, D., Vallance, D., & Tarassenko, L.
(2014). Signal Quality Indices for the Electrocardiogram and Photoplethysmogram: Derivation

and Applications to Wireless Monitoring. IEEE Journal of Biomedical and Health Informatics,

19(3), 1-1. https://doi.org/10.1109/jbhi.2014.2338351

[23] Liu, S.-H., Wang, J.-J., Chen, W., Pan, K.-L., & Su, C.-H. (2020). Classification of
Photoplethysmographic Signal Quality with Fuzzy Neural Network for Improvement of Stroke
Volume Measurement. Applied Sciences, 10(4), 1476. https://doi.org/10.3390/app10041476

[24] Roh, D., & Shin, H. (2021). Recurrence Plot and Machine Learning for Signal Quality
Assessment of Photoplethysmogram in Mobile Environment. Sensors, 21(6), 2188.

https://doi.org/10.3390/5s21062188

[25] Khalid, S. G., Zhang, J., Chen, F., & Zheng, D. (2018). Blood Pressure Estimation Using
Photoplethysmography Only: Comparison between Different Machine Learning Approaches.
Journal of Healthcare Engineering, 2018, 1-13. https://doi.org/10.1155/2018/1548647

[26] Hu, Q., Deng, X., Wang, A., & Yang, C. (2020). A novel method for continuous blood
pressure estimation based on a single-channel photoplethysmogram signal. Physiological

Measurement, 41(12), 125009-1250009. https://doi.org/10.1088/1361-6579/abc8dd

[27] J. Dey, A. Gaurav and V. N. Tiwari, "InstaBP: Cuff-less Blood Pressure Monitoring on
Smartphone using Single PPG Sensor," 2018 40th Annual International Conference of the
IEEE Engineering in Medicine and Biology Society (EMBC), Honolulu, HI, USA, 2018, pp.
5002-5005, doi: 10.1109/EMBC.2018.8513189.

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR

132



[28] D. Minh, H. X. Wang, Y. F. Li, and T. N. Nguyen, “Explainable artificial intelligence: a
comprehensive review,” Artificial Intelligence Review, vol. 55, Nov. 2021, doi:

https://doi.org/10.1007/s10462-021-10088-y.

[29] M. Nagy and R. Molontay, “Interpretable dropout prediction: towards XAI-Based
Personalized intervention,” International Journal of Artificial Intelligence in Education, vol.

34, no. 2, pp. 274-300, Mar. 2023, doi: 10.1007/s40593-023-00331-8.

[30] Azumio Inc., “Instant Heart Rate: Overview.” [Online]. Available:

https://www.instantheartrate.com/. Accessed: Sep. 17, 2025.

[31] A. Dubey, “My top picks: The 10 best heart rate monitor apps I’ve tested,”
MobileAppDaily, Aug. 12, 2025. [Online]. Available:
https://www.mobileappdaily.com/products/best-heart-rate-monitor-apps. Accessed: Sep. 17,

2025.

[32] “InPulse reviews: Check if app is safe or legit,” JustUseApp. [Online]. Available:
https://justuseapp.com/en/app/1489944782/inpulse-heart-rate-monitor/reviews. Accessed:
Sep. 17, 2025.

[33] “InPulse Reviews (2025) | Check if app 1s safe or legit,” JustUseApp.
https://justuseapp.com/en/app/1489944782/inpulse-heart-rate-monitor/reviews

[34] App Store, “Heart rate Monitor - Pulse App App - App Store,” App Store, Aug. 20, 2023.
https://apps.apple.com/us/app/heart-rate-monitor-pulse-app/id1609021075

[35] App Store, “Blood Pressure App-BP Tracker App - App Store,” App Store, Oct. 09, 2025.
https://apps.apple.com/us/app/blood-pressure-app-bp-tracker/id6474598021

[36] B. Sanja, “How Agile methods work in mechanical engineering,” DiveCAE, 2022.
[Online]. Available: https://www.divecae.com/resources/how-agile-methods-work-in-

mechanical-engineering. Accessed: Sep. 17, 2025.

[37] Nemcova, A., Smisek, R., Vargova, E., MarSanova, L., Vitek, M., Smital, L., Filipenska,
M., Sikorova, P., & Galik, P. (2024). Brno University of Technology Smartphone PPG
Database (BUT PPG) (version 2.0.0). PhysioNet.
RRID:SCR_007345. https://doi.org/10.13026/tn53-8153

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR

133



[38] Amtul Haq Ayesha. (2021). Fingertip Videos for Heart Rate estimation. Figshare.
https://doi.org/10.6084/m9.figshare.17052410.

[39] GeeksforGeeks, “Difference between Random Forest and XGBoost,” GeeksforGeeks, Jul.
23, 2025. https://www.geeksforgeeks.org/machine-learning/difference-between-random-

forest-vs-xgboost/.

[40] “5.2. Permutation feature importance,” Scikit-learn. https://scikit-

learn.org/stable/modules/permutation_importance.html#permutation-importance.

[41] “3.4. Metrics and scoring: quantifying the quality of predictions,” Scikit-learn.

https://scikit-learn.org/stable/modules/model evaluation.html#mean-absolute-error.

[42] S. M. Lundberg et al., “From local explanations to global understanding with explainable
Al for trees,” Nature Machine Intelligence, vol. 2, no. 1, pp. 5667, Jan. 2020, doi:
https://doi.org/10.1038/542256-019-0138-9.

[43] H. Sinkovec, G. Heinze, R. Blagus, and A. Geroldinger, “To tune or not to tune, a case
study of ridge logistic regression in small or sparse datasets,” BMC Medical Research

Methodology, vol. 21, no. 1, p. 199, Sep. 2021, doi: 10.1186/s12874-021-01374-y.

[44] T. Hastie, “Ridge regularization: an essential concept in data science,” Technometrics,

vol. 62, no. 4, pp. 426433, Jul. 2020, doi: 10.1080/00401706.2020.1791959.

[45] S. S. Mousavi, M. Firouzmand, M. Charmi, M. Hemmati, M. Moghadam, and Y.
Ghorbani, “Blood pressure estimation from appropriate and inappropriate PPG signals using A
whole-based method,” Biomedical Signal Processing and Control, vol. 47, pp. 196-206, Jan.
2019, doi: https://doi.org/10.1016/j.bspc.2018.08.022.

[46] Lumen Learning, “Blood Flow, Blood Pressure, and Resistance ,” Lumenlearning.com,
2012.  https://courses.lumenlearning.com/suny-ap2/chapter/blood-flow-blood-pressure-and-

resistance-no-content/

[47] P. Karimpour, J. M. May, and P. A. Kyriacou, “Photoplethysmography for the assessment
of arterial stiffness,” Sensors, vol. 23, no. 24, p. 9882, Dec. 2023, doi: 10.3390/523249882.

[48] H. Mohammadi, B. Tarvirdizadeh, K. Alipour, and M. Ghamari, “Cuff-less blood pressure
monitoring via PPG signals using a hybrid CNN-BiLSTM deep learning model with attention

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR

134



mechanism,” Scientific Reports, vol. 15, no. 1, p. 22229, Jul. 2025, doi: 10.1038/s41598-025-
07087-2.

[49] E. Mejia-Mejia et al., “Photoplethysmography Signal Processing and Synthesis,” 2021.
Available:

https://peterhcharlton.github.io/publication/ppg_sig proc chapter/PPG sig proc Chapter 20
210612.pdf

[50] K. Natarajan et al., “Photoplethysmography fast upstroke time intervals can be useful
features for Cuff-Less measurement of blood pressure changes in humans,” IEEE Transactions
on Biomedical Engineering, vol. 69, no. 1, pp. 53-62, Jun. 2021, doi:
10.1109/tbme.2021.3087105.

[51] W. A. Brzezinski, “Blood pressure,” Clinical Methods - NCBI Bookshelf, 1990.
https://www.ncbi.nlm.nih.gov/books/NBK268/

[52] C.-N. Lin, C.-P. Chang, J.-J. Lin, J.-N. Chang, Y.-C. Hung, and P.-Y. Ko, “Clinical
validation of comprehensive time- and frequency-domain photoplethysmography features from
a single-sensor system for non-invasive assessment of vascular load and systolic blood
pressure,”  Fromtiers in Physiology, vol. 16, p. 1695391, Oct. 2025, doi:
10.3389/fphys.2025.1695391.

[53] T. Tamura, “Current progress of photoplethysmography and SPO2 for health monitoring,”
Biomedical Engineering Letters, vol. 9, no. 1, pp. 21-36, Feb. 2019, doi: 10.1007/s13534-019-
00097-w.

[54] GeeksforGeeks, “Functional testing software testing,” GeeksforGeeks, Jul. 23, 2025.

https://www.geeksforgeeks.org/software-testing/software-testing-functional-testing/

[55] A. Gupta, S. R. Devasahayam, and B. N. Subudhi, “Heart Rate and HRV Estimation
Using PPG Based on Superlet Transform and LSTM Network,” IEEE Transactions on

Instrumentation and  Measurement, vol. 74, pp- 1-11, 2025, doi:
https://doi.org/10.1109/tim.2025.3606047.

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR

135



APPENDIX

A.1 Use Case Description
UCO2 - Login Account

Table A.1.1 Use Case Description of Login Account

Use Case Name: Login Account ID: UC02 | Importance Level: High

Primary Actor: User Use Case Type: Detail, Essential

Stakeholders and Interests:

User - wants to log in to the system.

Brief Description:
This use case describes how the registered user logs in to the system using email and

password.

Trigger: The new user selects the “Login” option on the application login page.

Type: External

Relationships:
Association: User
Include: None
Extend: Login Account Using Google Account

Generalization: None

Normal Flow of Events:

—_—

The system displays the login form.
The user enters their registered email and password.

The user submits the login form.

Sl

The system checks whether all required fields are completed.
If any field is empty,
The S-1: Empty Field Alert is performed.
5. The system validates the format of the entered information.
If any input format is invalid,
The S-2: Invalid Format Alert is performed.
6. The system checks whether the user credentials match the records in the database.

If the credentials are not found,

The S-3: Invalid Credential Alert is performed.
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7. Upon successful authentication, the system redirects the user to the application

home page.

SubFlows:
S-1: Empty Field Alert
1. The system displays an error message requesting the user to complete all required
fields.

2. The user re-enters the missing information and resubmits the form.

S-2: Invalid Format Alert

1. The system displays an error message for the invalid input format in the respective
fields.

2. The user re-enters the correct input and resubmits the form.

S-3: Invalid Credentials Alert
1. The system displays an error message for email or password is incorrect.

2. The user re-enters the correct credentials and resubmits the form.

Alternate/Exceptional Flows:
6a. If a network failure occurs during the authentication, the system displays an error
message “Network error. Please check your internet connection and try again.” User

reconnects to the internet and resubmits the login form.

UCO03 - Login Account Using Google Account

Table A.1.2 Use Case Description of Login Account

Use Case Name: Login Account Using Google | ID: UC03 | Importance Level: High

Account

Primary Actor: User Use Case Type: Detail, Essential

Stakeholders and Interests:

User - wants to log in to the system using a Google Account.

Brief Description:

This use case describes how the user logs in to the system using a Google account.

Trigger: The new user selects the “Login using Google Account” option on the application
login page.
Type: External
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Relationships:

Association: User
Include: None
Extend: None

Generalization: None

A o

Normal Flow of Events:

1.

The user clicks the “Login using Google Account” option on the application login
page.

The system prompts the user to select a Google account.

The user selects a Google account.

The system authenticates the user via Google and verifies the authentication.

The system logs the user into the application.

The system redirects the user to the application home page.

The system checks whether the user has completed their profile.

If the profile is incomplete,

The S-1: Incomplete Profile Handling is performed.

A O e

SubFlows:
S-1: Incomplete Profile Handling
1.

The system prompts the user to complete their profile.

The user clicks the “Update Profile” button.

The system redirects the user to the Edit Profile page.

The user enters the personal information and clicks “Save”.
The system updates the user information to the database.

The system redirects the user to the application home page with a success message.

Alternate/Exceptional Flows:
4a. If a network failure occurs during the authentication, the system displays an error
message “Network error. Please check your internet connection and try again.” User
reconnects to the internet and clicks the “Login using Google Account” option on the
application login page.
4b. If Google authentication fails, the system displays an error message “Google login

failed.” The user returns to the login page.
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S-1, 1a. The user clicks the “Later” button, the system allows the user access to the
application home page. The system prompts the user to complete their profile whenever

the user accesses the home page until the profile is completed.

UC04 — Reset Password

Table A.1.3 Use Case Description of Reset Password

Use Case Name: Reset Password ID: UC04 | Importance Level: High

Primary Actor: User Use Case Type: Detail, Essential

Stakeholders and Interests:

User - wants to reset their password to regain access to the application.

Brief Description:
This use case describes how the registered user resets their password through the “Forgot

Password” option.

Trigger: The user selects the “Forgot Password” option on the application login page.

Type: External

Relationships:
Association: User
Include: None
Extend: None

Generalization: None

Normal Flow of Events:

1. The user selects the “Forgot Password” option on the login page.
The system prompts the user to enter their registered email address.
The user enters their email address.

The user clicks “Submit”.

wok wN

The system checks whether the required fields are completed.
If the field is empty,
The S-1: Empty Field Alert is performed.
6. The system validates the format of the entered email address.
If the email format is invalid,
The S-2: Invalid Format Alert is performed.
7. The system sends a password reset link to the registered email address.

8. The system displays “A password reset link has been sent to your email address”.
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9. The user accesses their email and clicks the password reset link.

10. The system prompts the user to enter a new password.

11. The user enters and confirms the new password.

12. The system updates the password in the database and displays a confirmation

message “Password successfully changed”.

SubFlows:
S-1: Empty Field Alert
1. The system displays an error message requesting the user to enter the required email
address.

2. The user re-enters the email address and resubmits the request.

S-2: Invalid Format Alert
1. The system displays an error message that the email format is invalid.

2. The user re-enters the correct email address and resubmits the request.

Alternate/Exceptional Flows:
4a. If a network failure occurs during the reset password process, the system displays an
error message ‘“Network error. Please check your internet connection and try again.” User

reconnects to the internet and resubmits the request.

UCO05 — Full Scan Measurement

Table A.1.4 Use Case Description of Full Scan Measurement

Use Case Name: Full Scan Measurement ID: UCO5 | Importance Level: High

Primary Actor: User Use Case Type: Detail, Essential

Stakeholders and Interests:
User - wants to measure their heart rate (HR), heart rate variability (HRV) and blood pressure

(BP) simultaneously.

Brief Description:
This use case describes how the user measures their HR, HRV and BP using fingertip-based

Photoplethysmography (PPG) signal capture.

Trigger: The user selects the “Full Scan” option on the application home page.

Type: External

Relationships:

Association: User
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Include: None
Extend: None

Generalization: None

Normal Flow of Events:

1. The user selects the “Full Scan” option on the home page.

2. The system displays the fingertip placement guide message for positioning the
fingertip on the phone camera lens.

3. The user clicks the “Got it” button and places their fingertip on the camera lens.

4. The system checks whether the user’s fingertip fully covers the camera lens.
If not fully covered,

The S-1: Fingertip Placement Guide is performed.

5. The system starts a 20 second countdown timer and captures the user’s PPG signal
data.

6. The system evaluates the quality of the captured PPG signals via the backend
service.
If the signal does not pass the quality assessment,

The S-2: Insufficient PPG Signal Alert is performed.

7. The system analyses the PPG signal and performs HR, HRV and BP measurements
via the backend service.

8. The backend service returns the HR, HRV and BP values to the application.

9. The system stores the measured results in the database.

10. The system displays the measurement results with automatic categorization.

11. The user can view the categorized results, view the definitions of the measurements
with normal category range and view health recommendations based on the

measurement results.

SubFlows:
S-1: Fingertip Placement Guide
1. The system displays the fingertip placement guide screen and instructs the user to
cover the camera lens fully.
2. The user adjusts their fingertip position until the camera lens is fully covered.
3. The system evaluates whether the camera lens is completely covered. If the coverage

is sufficient, the system proceeds to the measurement process.
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S-2: Insufficient PPG Signal Alert
1. The backend service returns a failed response to the application.
2. The system displays an error message that the captured PPG signal quality is
insufficient and prompts the user to try again.
3. The user selects the “OK” button.
4. The system redisplays the fingertip placement guide and prompts the user to retry the

measurement.

Alternate/Exceptional Flows:

6a. If the system or network error occurs during signal analysis, the system displays an

error message and prompts the user to retry the measurement.

UCO06 — Heart Rate and Heart Rate Variability Measurement

Table A.1.5 Use Case Description of Heart Rate and Heart Rate Variability Measurement

Use Case Name: Heart Rate and Heart Rate | ID: UC06 | Importance Level: High

Variability Measurement

Primary Actor: User Use Case Type: Detail, Essential

Stakeholders and Interests:

User - wants to measure their heart rate (HR) and heart rate variability (HRV).

Brief Description:
This use case describes how the user measures their HR and HRV using fingertip-based

photoplethysmography (PPG) signal capture.

Trigger: The user selects the “Heart Rate Monitor” option on the application home page.

Type: External

Relationships:
Association: User
Include: None
Extend: None

Generalization: None

Normal Flow of Events:
1. The user selects the “Heart Rate Monitor” option on the home page.
2. The system displays the fingertip placement guide for positioning the fingertip on the
phone camera lens.

3. The user clicks the “Got it” button and places their fingertip on the camera lens.
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1.

l.
2.

4. The system checks whether the user’s fingertip fully covers the camera lens.

If not fully covered,
The S-1: Fingertip Placement Guide is performed.

5. The system starts a 20 second countdown timer and captures the user’s PPG signal
data.

6. The system evaluates the quality of the captured PPG signals via the backend
service.

If the signal does not pass the quality assessment,
The S-2: Insufficient PPG Signal Alert is performed.

7. The system analyses the PPG signal and performs HR and HRV measurements via
the backend service.

8. The backend service returns the HR and HRV values to the application.

9. The system stores the measured results in the database.

10. The system displays the measurement results with automatic categorization.

11. The user can view the categorized results, view the definitions of the measurements
with normal category range and view health recommendations based on the
measurement results.

SubFlows:

S-1: Fingertip Placement Guide

The system displays the fingertip placement guide screen and instructs the user to
cover the camera lens fully.

The user adjusts their fingertip position until the camera lens is fully covered.

The system evaluates whether the camera lens is completely covered. If the coverage

1s sufficient, the system proceeds to the measurement process.

S-2: Insufficient PPG Signal Alert

The backend service returns a failed response to the application.

The system displays an error message that the captured PPG signal quality is
insufficient and prompts the user to try again.

The user selects the “OK” button.

The system redisplays the fingertip placement guide and prompts the user to retry the

measurement.

Alternate/Exceptional Flows:
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6a. If the system or network error occurs during signal analysis, the system displays an

error message and prompts the user to retry the measurement.

UCO07 — Blood Pressure Estimation

Table A.1.6 Use Case Description of Blood Pressure Estimation

Use Case Name: Blood Pressure Estimation ID: UCO7 | Importance Level: High

Primary Actor: User Use Case Type: Detail, Essential

Stakeholders and Interests:

User - wants to estimate their blood pressure (BP).

Brief Description:
This use case describes how the user estimates their BP using fingertip-based

Photoplethysmography (PPG) signal capture.

Trigger: The user selects the “Blood Pressure Estimation” option on the application home

page.
Type: External

Relationships:
Association: User
Include: None
Extend: None

Generalization: None

Normal Flow of Events:

1. The user selects the “Blood Pressure Estimation” option on the home page.

2. The system displays the fingertip placement guide for positioning the fingertip on the
phone camera lens.

3. The user clicks the “Got it” button and places their fingertip on the camera lens.

4. The system checks whether the user’s fingertip fully covers the camera lens.
If not fully covered,

The S-1: Fingertip Placement Guide is performed.

5. The system starts a 20 second countdown timer and captures the user’s PPG signal
data.

6. The system evaluates the quality of the captured PPG signals via the backend
service.

If the signal does not pass the quality assessment,
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The S-2: Insufficient PPG Signal Alert is performed.

1.

1.
2.

7. The system analyses the PPG signal and performs BP estimation via the backend
service.

8. The backend service returns the estimated systolic and diastolic BP values to the
application.

9. The system stores the estimation results in the database.

10. The system displays the estimation results with automatic categorization.

11. The user can view the categorized results, view the definitions of the BP, view the
BP normal category range and view health recommendations based on the
estimation results.

SubFlows:

S-1: Fingertip Placement Guide

The system displays the fingertip placement guide screen and instructs the user to
cover the camera lens fully.

The user adjusts their fingertip position until the camera lens is fully covered.

The system evaluates whether the camera lens is completely covered. If the coverage

is sufficient, the system proceeds to the measurement process.

S-2: Insufficient PPG Signal Alert

The backend service returns a failed response to the application.

The system displays an error message that the captured PPG signal quality is
insufficient and prompts the user to try again.

The user selects the “OK” button.

The system redisplays the fingertip placement guide and prompts the user to retry the

measurement.

Alternate/Exceptional Flows:
6a. If the system or network error occurs during signal analysis, the system displays an

error message and prompts the user to retry the measurement.

UCO08 — Record Blood Pressure
Table A.1.7 Use Case Description of Record Blood Pressure
Use Case Name: Record Blood Pressure ID: UCO08 | Importance Level: High
Primary Actor: User Use Case Type: Detail, Essential
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Stakeholders and Interests:

User - wants to record their actual blood pressure (BP) values manually.

Brief Description:
This use case describes how the user manually records their measured systolic and diastolic

BP using the application.

Trigger: The user selects the “Record Blood Pressure” option on the application home page.

Type: External

Relationships:
Association: User
Include: None
Extend: None

Generalization: None

Normal Flow of Events:
The user selects the “Record Blood Pressure” option on the home page.
The system displays the input fields for systolic BP, diastolic BP and an optional notes field.
The user enters their measured systolic and diastolic BP values and may optionally enter
additional notes.
The user clicks the “Save” button.
The system checks whether the required fields are completed.
If the required field is empty,
The S-1: Empty Field Alert is performed.
The system validates the range of the entered BP values.
If the value range is invalid,
The S-2: Invalid Value Range Alert is performed.
The system stores the BP record in the database.
The system displays the categorized BP result along with the health recommendations.
The user clicks the “OK” button.
D. The system displays a confirmation message indicating that the BP record has been

successfully saved and redirects the user to the home page.

SubFlows:
S-1: Empty Field Alert
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1. The system displays an error message requesting the user to complete all required
fields.

2. The user re-enters the missing information and resubmits the form.

S-2: Invalid Value Range Alert
1. The system displays an error message requesting the user to enter the valid systolic
and diastolic BP values.

2. The user re-enters the valid BP values and resubmits the form.

Alternate/Exceptional Flows:
4a. If the network error occurs during saving, the system displays an error message and

prompts the user to retry.

UCO09 — View Health History

Table A.1.8 Use Case Description of View Health History

Use Case Name: View Health History ID: UC09 | Importance Level: High

Primary Actor: User Use Case Type: Detail, Essential

Stakeholders and Interests:

User - wants to view the recorded health history.

Brief Description:

This use case describes how the user views the recorded health history in the application.

Trigger: The user selects the “History” option on the application navigation bar.

Type: External

Relationships:
Association: User
Include: None
Extend: None

Generalization: None

Normal Flow of Events:
1. The user selects the “History” option on the application navigation bar.
2. The system displays the past HR, HRV, estimated BP and recorded BP records.
3. The user selects the respective category and views all the records with the

corresponding timestamp.

If the user wants to view HR and HRV records,
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The S-1: Display HR and HRV Records is performed.
If the user wants to view BP estimation records,

The S-2: Display BP Estimation Records is performed.
If the user wants to view recorded BP records,

The S-3: Display Recorded BP Records is performed.

SubFlows:

S-1: Display HR and HRV Records
1. The user selects the “HR & HRV Records” option on the History page.
2. The system displays the user’s past HR and HRV records.

S-2: Display BP estimation Records
1. The user selects the “BP Estimation Records” option on the History page.
2. The system displays the user’s past estimated BP records.

S-3: Display Recorded BP Records
1. The user selects the “Recorded BP Records™ option on the History page.
2. The system displays the user’s past recorded BP records.

Alternate/Exceptional Flows: None

UC10 - View Trends and Analysis

Table A.1.9 Use Case Description of View Trends and Analysis

Use Case Name: View Trends and Analysis ID: UC10 | Importance Level: High

Primary Actor: User Use Case Type: Detail, Essential

Stakeholders and Interests:
User - wants to monitor the health measurement trends and receive insights and

recommendations.

Brief Description:
This use case describes how the user views their health measurement trends and related

analysis in the application.

Trigger: The user selects the “Trends” option on the application navigation bar.

Type: External

Relationships:

Association: User
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Include: None
Extend: None

Generalization: None

Normal Flow of Events:

1. The user selects the “Trends” option on the application navigation bar.
The system displays the trends page with a date selector and range options.
By default, the system displays the latest 7 day trend in bar chart format.

The user clicks “Filter option™.

w»ok wN

The user may select a specific date from the date selector and select either a 7 day or
30 day range to view the health measurement trends.
6. The system checks the user’s health records in the database

If the health records are insufficient,

The S-1: Insufficient Records Alert is performed.

7. The system retrieves the corresponding health records for the selected period in the

database.
8. The user clicks the corresponding measurement metrics to view each trend record.
9. The system displays the measurement definitions, health measurement trends on the
selected period, the measurement category guide, the user’s health information

summary and the general recommendations.

SubFlows:
S-1: Insufficient Records Alert
1. The system displays the meaning of each measurement.
2. The system displays“Insufficient records to provide insights”.

3. The trend analysis and recommendations are not displayed.

Alternate/Exceptional Flows: None

UC11 - Update Profile Information

Table A.1.10 Use Case Description of Update Profile Information

Use Case Name: Update Profile Information ID: UC11 | Importance Level: High

Primary Actor: User Use Case Type: Detail, Essential

Stakeholders and Interests:

User - wants to update the profile information.

Brief Description:

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR

A-14



This use case describes how the user updates the profile information.

Trigger: The user selects the “Edit Profile” option on the profile page.
Type: External

Relationships:
Association: User
Include: None
Extend: Update Password

Generalization: None

Normal Flow of Events:

1. The user selects the “Edit Profile” option on the profile page.
The system displays the information of the user profile.
The user edits the information that they want to update.

The user clicks the “Save Changes” button.

wokk »w N

The system checks whether all required fields are completed.
If any field is empty,

The S-1: Empty Field Alert is performed.
6. The system validates the format of the entered information.

If any input format is invalid,

The S-2: Invalid Format Alert is performed.

7. The system updates the profile information in the database.
8. The system displays a confirmation message indicating that the profile details are

updated and redirects the user to the profile page.

SubFlows:
S-1: Empty Field Alert
1. The system displays an error message requesting the user to complete the required
field.
2. The user completes the required field and resubmits the form.
S-2: Invalid Format Alert
1. The system displays an error message that the input format is invalid.

2. The user re-enters the valid format and resubmits the form.

Alternate/Exceptional Flows:

Sa. If the network error occurs during saving, the system displays an error message and

prompts the user to retry.
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UC12 - Update Password

Table A.1.11 Use Case Description of Update Password

Use Case Name: Update Password ID: UC12 | Importance Level: High

Primary Actor: User Use Case Type: Detail, Essential

Stakeholders and Interests:

User - wants to update their password within the application.

Brief Description:

This use case describes how a user updates their password after logging into the application.

Trigger: The user selects the “Edit Profile” option on the profile page and clicks the “Change
Password” button.

Type: External

Relationships:
Association: User
Include: None
Extend: None

Generalization: None

Normal Flow of Events:
1. The user selects the “Edit Profile” option on the profile page.
The user clicks the “Change Password” button.
The system prompts users to enter the current password and the new password.
The user enters the current password and the new password.

The user clicks the “Save” button.

A O i

The system checks whether all the required fields are completed.
If any field is empty,
The S-1: Empty Field Alert is performed.
7. The system checks that the current password matches the stored password in the
database.
If the password does not match the stored password,
The S-2: Authentication Failed is performed.
8. The system validates the new password format.
If the new password format is invalid,
The S-3: Invalid Format Alert is performed.
9. The system updates the password in the database.
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10. The system displays a confirmation message indicating that the password has been

updated and redirects the user to the profile page.

SubFlows:
S-1: Empty Field Alert
1. The system displays an error message requesting the user to complete the required
field.
2. The user completes the required field and resubmits the form.
S-2: Authentication Failed Alert
1. The system displays “Authentication failed” and prompts the user to re-enter a valid
current password.
2. The user re-enters the valid current password and resubmits the form.
S-3: Invalid Format Alert
1. The system displays an error message that the input password format is invalid.

2. The user re-enters the valid password format and resubmits the form.

Alternate/Exceptional Flows:
9a. If the network error occurs during updating the password, the system displays an error

message and prompts the user to retry.

UC13 — Set Reminder

Table A.1.12 Use Case Description of Set Reminder

Use Case Name: Set Reminder ID: UC13 | Importance Level: High

Primary Actor: User Use Case Type: Detail, Essential

Stakeholders and Interests:

User - wants to set reminders to receive notifications in the application.

Brief Description:

This use case describes how the user sets reminders in the profile page.

Trigger: The user selects the “Reminders” option on the profile page.

Type: External

Relationships:
Association: User
Include: None
Extend: Edit Reminder

Delete Reminder
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Generalization: None

Normal Flow of Events:

1.
2.

o ® N kW

The user selects the “Reminders” option on the profile page.
The system displays the health record reminders and medicine reminders options.
If the user selects medicine reminders,
The S-1: Medicine Reminders Function is performed.
The user clicks “+” icon in the Health Record Reminders section.
The system displays the reminder time.
The user sets the reminder by scrolling through the reminder time.
The user clicks “OK”.
The system prompts for the repeating option which is either daily or weekly.
The user selects the preferred receive notification time.
The system displays a confirmation message that the reminder is set.
If the user wants to deactivate the reminder,

The S-2: Deactivate Reminder Function is performed.

SubFlows:

S-1: Medicine Reminder Function

1.

A o

The user clicks the edit icon in the selected medicine reminder.
The system displays the reminder time for editing.

The user sets the reminder time by scrolling through the time.
The user clicks “OK”.

The system prompts the user to enter the medicine name.

The user enters the medicine name.

The user clicks “Add”.

The system displays a confirmation message that the reminder is updated.

S-2: Deactivate Reminder Function

l.
2.

The user clicks the slicer icon to deactivate the reminder.

The system deactivates the reminder.

Alternate/Exceptional Flows: None

UC14 - Edit Reminder
Table A.1.13 Use Case Description of Edit Reminder
Use Case Name: Edit Reminder ID: UC14 | Importance Level: High
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Primary Actor: User Use Case Type: Detail, Essential

Stakeholders and Interests:

User - wants to edit the reminders in the application.

Brief Description:

This use case describes how the user edits reminders in the profile page.

Trigger: The user selects the “Reminders” option on the profile page and wants to edit the
reminders.

Type: External

Relationships:
Association: User
Include: None
Extend: None

Generalization: None

Normal Flow of Events:
1. The user selects the “Reminders” option on the profile page.
2. The user wants to edit the reminders.
If the user selects medicine reminders,
The S-1: Edit Medicine Reminders Function is performed.
3. The user clicks the edit icon beside the reminder in the Health Record Reminder list
that they want to edit.
4. The system displays the reminder time for editing.
5. The user reset the reminder time by scrolling through the time.
6. The user clicks “OK”.
7. The system prompts for the repeating option which is either daily or weekly.
8. The user selects the preferred notification time.

9. The system displays a confirmation message that the reminder is updated.

SubFlows:

S-1: Edit Medicine Reminder Function
8. The user clicks the edit icon in the selected medicine reminder.
9. The system displays the reminder time for editing.

10. The user sets the reminder time by scrolling through the time.

11. The user clicks “OK”.

12. The system prompts the user to enter the medicine name.
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13. The user enters the updated medicine name.
14. The user clicks “Save”.

15. The system displays a confirmation message that the reminder is updated.

Alternate/Exceptional Flows: None

UC15 — Delete Reminder

Table A.1.14 Use Case Description of Delete Reminder

Use Case Name: Delete Reminder ID: UC15 | Importance Level: High

Primary Actor: User Use Case Type: Detail, Essential

Stakeholders and Interests:

User - wants to delete the reminders in the application.

Brief Description:

This use case describes how the user deletes reminders in the profile page.

Trigger: The user selects the “Reminders” option on the profile page and wants to delete the
reminders.

Type: External

Relationships:
Association: User
Include: None
Extend: None

Generalization: None

Normal Flow of Events:
1. The user selects the “Reminders” option on the profile page.
2. The user clicks the delete icon beside the reminder.
3. The system displays the confirmation message asking the user to confirm the deletion
of the reminder.
4. The user clicks “Delete”.

5. The system deletes the reminder.

SubFlows: None

Alternate/Exceptional Flows: None

UC16 — Export Health Record

Table A.1.15 Use Case Description of Export Health Record
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Use Case Name: Export Health Record ID: UC16 | Importance Level: High

Primary Actor: User Use Case Type: Detail, Essential

Stakeholders and Interests:

User - wants to export the health measurements records.

Brief Description:

This use case describes how the user exports their health data from the system.

Trigger: The user selects the “Export Data” option on the profile page.
Type: External

Relationships:
Association: User
Include: None
Extend: None

Generalization: None

Normal Flow of Events:
1. The user selects the “Export Data” option on the profile page.
2. The system displays the export option which can export all records or select a specific
date range to export data.
If the user selects a specific date range,
The S-1: Select Date Range is performed.
The user selects “Export all records”.
The user can select the export format which is either Excel or PDF format.
The user clicks the selected format button.
The system displays the available social media sharing options on the page.

The user selects the preferred social media platform to share the exported file.

® N kW

The system displays a confirmation message indicating that the health records have

been successfully exported and shared.

SubFlows:
S-1: Select Date Range
1. The system displays a calendar interface.
2. The user selects the start date and end date which either by typing them manually or
selecting them from the calendar.

3. The user clicks the “Save” button.
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4. The system redirects the user to the export data page to continue the export process.

Alternate/Exceptional Flows:
7a. If the user does not share the exported file and clicks elsewhere in the application, the
system displays an error message indicating that the file has not been shared.
S-1, 4a. If there are no records within the selected date range, the system displays a

message indicating that “No records in the selected date range”.

UC17 — Delete Health Record

Table A.1.16 Use Case Description of Delete Health Record

Use Case Name: Delete Health Record ID: UC17 | Importance Level: High

Primary Actor: User Use Case Type: Detail, Essential

Stakeholders and Interests:

User - wants to delete their health measurements records.

Brief Description:

This use case describes how the user deletes health records using the application.

Trigger: The user selects the “Clear Data” option on the profile page.
Type: External

Relationships:
Association: User
Include: Select Record
Extend: None

Generalization: None

Normal Flow of Events:
1. The user selects the “Clear Data” option on the profile page.
2. The system displays the list of all health records with a sorting button.
If the user clicks the “Delete All” button,
The S-1: Delete All Records is performed.
If the user clicks on the sorting function,
The S-2: Sort Record is performed.
3. The user selects the preferred records and clicks the “Delete” button.
4. The system prompts an alert notifying that the records will be permanetly delete and
asks for confirmation.

5. The user clicks the “Delete” button.
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6. The system displays a confirmation message indicating that the health records have

been successfully deleted.

SubFlows:
S-1: Delete All Records
1. The user clicks the “Delete All” option.
2. The system prompts an alert notifying that the records will be permanently deleted
and asks for confirmation.
3. The user clicks the “Delete” button.
4. The system displays a confirmation message indicating that the health records have
been successfully deleted.
S-2: Sort Record
1. The system initially displays the records sorted by “Newest”.
2. The user clicks the “Newest” label.
3. The system updates the list and sorts the records by oldest which updates the lable to

“Oldest” to indicate the current sorting order.

Alternate/Exceptional Flows: None

UC18 - Logout Account

Table A.1.17 Use Case Description of Logout Account

Use Case Name: Logout Account ID: UC18 | Importance Level: High

Primary Actor: User Use Case Type: Detail, Essential

Stakeholders and Interests:

User - wants to log out of the application.

Brief Description:

This use case describes how the user logs out of the application.

Trigger: The user selects the “Logout” option on the profile page.
Type: External

Relationships:
Association: User
Include: None
Extend: None

Generalization: None
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Normal Flow of Events:

1. The user selects the “Logout” option on the profile page.

N

The system displays the Logout alert and asks for user confirmation.

(O8]

If the user clicks the “Cancel” button,
The S-1: Cancel Logout is performed.
4. The user clicks the “Logout” button.

5. The system logs the user out and redirects the user to the login page.

SubFlows:
S-1: Cancel Logout
1. The system closes the logout alert.

2. The user remains on the profile page.

Alternate/Exceptional Flows: None

UC19 — Consult AI Assistant

Table A.1.18 Use Case Description of Consult Al Assistant

Use Case Name: Consult Al Assistant ID: UC19 | Importance Level: High

Primary Actor: User Use Case Type: Detail, Essential

Stakeholders and Interests:
User - wants to gain health management insights or ask questions regarding cardiac health

management.

Brief Description:
This use case describes how the user interacts with the Al assistant to obtain personalised

cardiac health insights based on their health scores.

Trigger: The user selects the “Health Insights” option on top of the home page or clicks the
floating heart icon at the bottom right of the home page.
Type: External

Relationships:
Association: User
Include: None
Extend: None

Generalization: None

Normal Flow of Events:
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1. The user selects the “Health Insights” option on top of the home page or clicks the
floating heart icon at the bottom right of the home page.

2. The system initialises the Gemini Al model with a system instruction to respond as
a cardiac health monitoring assistant and to avoid providing any medical diagnoses
or advice.

3. The system retrieves the user’s chat history from the database and displays the
chatbot interface.

4. The system retrieves the user’s health records from the database and computes a
personalized health summary.

5. The system sends the computed health summary to the Gemini Al model and
displays the Al-generated greeting message summarizing the user’s current cardiac
health along with suggested questions.

If the user clicks a suggested question,
The S-1: Send Suggested Question is performed.

6. The user types a question regarding cardiac health management and clicks the send
icon.

7. The system sends the user’s question together with the computed health summary
to the Gemini Al model via the Internet.

8. The system waits for the response from the Gemini Al model.

9. Upon receiving the response, the system displays the Al response in the chatbot
interface.

10. The system saves the user’s question and the Al response to the database.

If the user clicks the delete icon at the top right,
The S-2: Delete Chat History is performed.

SubFlows:
S-1: Send Suggested Question
1. The system sends the selected suggested question together with the computed
health summary to the Gemini Al model.
2. The system waits for the response from the Gemini Al model.
3. Upon receiving the response, the system displays the Al response in the chatbot
interface.

4. The system saves the suggested question and the Al response to the database.
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S-2: Delete Chat History
1. The user clicks the delete icon on the top right on the page.
2. The system displays a confirmation message asking the user to confirm the deletion
of the chat history.
3. The user confirms the deletion.
4. The system clears the chat history from the database and clears the chatbot interface.
5. The system reinitialises the Gemini Al model and sends the health summary to

generate a new greeting message with the suggested questions.

Alternate/Exceptional Flows:

Sa. If a network error occurs while sending the health summary for the greeting message,
the system displays an error message indicating that the AI assistant is currently
unavailable and prompts the user to try again later.

8a. If the primary Gemini Al model is unavailable due to quota limits or server overload,
the system automatically retries the request using an alternative Al model.

8b. If all available Al models are exhausted and no response is received, the system
displays an error message indicating that the Al assistant is currently busy and prompts

the user to try again later.
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A.2 Activity Diagram
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UCO03 — Login using Google Account

UCO03 Login Using Google Account
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UC04 — Reset Password
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UCO05 — Full Scan Measurement

UCO5 Full Scan Measurement
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UCO06 — Heart Rate and Heart Rate Variability Measurement

UC06 Heart Rate and Heart Rate Variability Measurement

User

Cardiac Health Application

Backend Service

]

Display fingertip

[ Click "Heart Rate Monitor"

J

Click "Got it"

placement guide message

Place fingertip covering

Verify fingertip coverage

the camera lens

on camera lens

[Is Fully Covered]

|

Start 20 second countdown timer and

[Not Fully Coverad]

(

capture user's PPG signal

|

Recerve the output of PPG signal ]‘
quality aszessment

Send the PPG signal to backend
services for quality assessment

}7

Network Error?

[

» Compute PPG signal quality assessment ]

L

[Insufficient PPG Signal] [Sufficient PPG Signal]
Return an error message for Retumn the filtered PPG
insufficient PPG signal signal for further analyse

Display network error and

()

Click "OK"

prompts user to retry

[Ne] /K

[Ne] -
Sufficient PPG
Signal?

[Yes]

v

{

v

Send the filtered PPG signal to backend
services for HR. and HRV measurement

Display an error message indicating
insufficient PPG signal quality
and prompts user ry again

J H

Return to fingertip

Q‘

View categorized HR.

placement guide page

Network Error?

[Yez]
[Me]
Store results
in database

Display t results

and HRV results

with automatic categorization

ﬁ Analyze the filtered PPG signal ]

{Ccmpute HE. znd HRV measwement]

Return HR. and HRV
values

Figure A.2.5 UC06 Heart Rate and Heart Rate Variability Measurement Activity Diagram
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UCO07 — Blood Pressure Estimation

UCO7 Blood Pressure Estimation

User Cardiac Health Application Backend Service

[Chck "Blood Pressure Estimation” |

J

Dusplay fingertip
placement guide message

Click "Got it"

Place fingertip covering
the camera lens

Verify fingertip coverage
on camera lens

[Is Fully Covered]

l

[Not Fully Covered]

Start 20 second countdown timer and 4>[ Compute PPG signal quality assessment J
capture user's PPG signal i
Send the PPG =ignal to backend [Insufficient PPG Signal] [Sufficient PPG Signal]

services for quality assessment

Receive the output of PPG signal L
quality assessment

Return an error message for Retumn the filtered PPG
insufficient PPG =ignal signal for further analyse

[Ne]
Sufficient PPG
Signal?

A

Display network error and
prompts user to retry

[No] A [Yez]
Display an error message indicating .
Click "OK” «[ insufficient PPG signal quality J [ Send the filtered PG signal to ]»ﬁp[ Analyze the filtered PPG signal ]

®

i backend services for BP eztimation
and prompts user try again

Petumn to fingertip

Compute BP estimation

Feturn systolic and
diastolic BP values

placement guide page

Network Error?

!

A

Display network error and
prompts user to retry

©, )

[Ne]
Store results
in database

Display results
‘with automatic categorization

View categorized BP results

Figure A.2.6 UCO07 Blood Pressure Estimation Activity Diagram
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UCO08 — Record Blood Pressure

v

UCO8 Record Blood Pressure
User Cardiac Health Application
[ Click "Record Blood Pressure” } .'f Display input fields for svstolic BP,

L diastolic BP and optional notes field

Enter their measured systolic and
diastolic BP values with additional notes J‘

v

1
[ Click "Save" J

Yy

fields are completed

Check whether all required ‘

‘

[Has Empty Fields]

[No Emplty Fields]

[Complete all required ﬁelds]diﬁ

Display an error message requesting the Validate the range of the
user to complete all required fields entered BP values
‘[ Click "Save" ] [nvalid Value Range] [Valid Vzlue Range]
¥
Be-enter a vahd L f Display an error messape for mvalid [ ) ]
[ EP values N sz'itﬂlic and diastolic BP values range Save the BP record in the database
¥ v
—[ Chick "Save" } « [ Network Ermmor? ]
Display network error and L [Tes] A [No]
promptsusertoretry | ¢
[ Click "OK" }4 | Display the categorized BP result

l with the health recommendations

|

Display a confirmation message indicating that
the BP record has been successfully saved

ol
"

I—)I Navigate to application home page J

A

®

Figure A.2.7 UCO08 Record Blood Pressure Activity Diagram
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UC09 — View Health History

UCO9 View Health History

User

Cardiac Health Application

v

[ Clicks the respective category to view all the

records with the corresponding timestamp

v

[‘Jiew HE & HEV Reu:nrds'?J

[Ne] }\ [Yes]

N

Click "History” on the
application navigation bar

Display the past HE, HRV, estimated BP
and recorded BP records

Click "HE. & HEV
Fecords”

)

¥
[T.."iew Estimated BP REecords? ]

[MNo] /K [ez]

N v

Click "BP Estimation
Fecords”

)

4
[ View Recorded BF Records }

Chck "Recorded

4>[ Dizplay the past HE. and HRV records ]7

4)[ Dizplay the past estimated BP records ]—

BP Records”

.E[ Dizplay the past recorded BP records ]

Y

%

()

Figure A.2.8 UC09 View Health History Activity Diagram

Bachelor of Computer Science (Honours)

Faculty of Information and Communication Technology (Kampar Campus), UTAR

A-34




UC10 - View Trends and Analysis

UC10 View Trends and Analysis

User Cardiac Health Application
Click "Trendz" on the ] __| Display trends page with a date
application navigation bar | rl selector and range options.
[ Click "Filter" }:.."

Select a specific date from the date selector | ,_[( Check the user's health

and select erther a 7 day or 30 day range J 'L records mn the databaze
[Sufficient Health Records] [Insufficient Health Records]

¥ v

Click the corresponding measurement Retrieves the comresponding health records Display the meaning
metrics o view each trend records for the selected period in the database of each measurement

v

15play msufficient records to
provide insights

Trend analysis and
recommendation are not displayed

(Displa}' the measurement definitions, health measurment
‘;L trends on the selected period, the measurement category

guide and the general recommendations

@

Figure A.2.9 UC10 View Trends and Analysis Activity Diagram
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UC11 - Update Profile Information

UC11 Update Profile Information

User Cardiac Health Application

Click "Edit Profile" on
the profile page J

of the user profile

- | Display the mformation
il

™
[ Enter the new information J‘

v

[ Click "Save Changes" }

[ Check whether all required
'L fields are completed

[Has Empty Fields] [Mo Emplty Fields]
. | Dizplay an emror message requesting the Venify the fomat of the
[Complete all required fields user to complete all required fields entered information
_| Click "Save Changes" ] [Invalid Input Format] [Valid Input Format]

Re-enter a vahd L ' Display an error message ) Upda_tes 1_‘.he profile
input format N for invalid input format information in the database
¥

. 1 y
Chek "Save Changes N [ Wetwork Error? ]

[¥es] )\ [Ne]
v

Display network error and h 4
prompts user to retry Dizplay "Profile Page
Updated Successfully”

©= Navigate to profile page

Figure A.2.10 UC11 Update Profile Information Activity Diagram

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR

A-36




UC12 - Update Password

UC12 Update Password

User Cardiac Health Application

‘ Click "Edit Profile” on ‘

the profile page
¥
. " Prompts users to enter the current

[ Click "Change Password -.[ paszword and the new passwod ]
[ Enter current 1.

password and new password |

-
g ! Check whether all required
[ Click "Save J > fields are completed

[Has Empty Fields] )\ [No Emplty Fields]

v v

Complete all required fields [ Display an eror message requesting e | | SHec e AR P
P =g user to complete all required fields P

the databaze
v

4[ Click "Save" ] [Dioes Mot Match] A [Match]
| |

Re-enter a valid Display an error message for authentication S ) 3
current password failed and prompts user to re-enter valid Venfy the new password format

+ current pazsword

| . 1 m " [Tovalid [Valid Pazsword
Click "Save ] Pazsword Format] A Format]

e

Re-enter a valid ] < |D|'gp|a§- an error message for [ Updahgs the new password ]
password format _J L invalid password format in the iatﬂbse
—[ Click "Save" ]4 [ Network Emror? ]

Y
el N )
v

| Display network error and
| prompts user to retry

Dizplay "Password
Updated Successfully”

MNavigate to profile
page

@~

Figure A.2.11 UC12 Update Password Activity Diagram
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UC13 — Set Reminder

UC13 Set Reminder

User

Cardiac Health Application

_I Display health record reminders and

Click "Reminders” on the |
profile page

-

medicine remimders options

F

[ Set Medicine Reminders?

[No] /+\ [Yes]
ANy

Clicks the "+" icon in
Medicine Feminder section

—)[ Display the reminder time
|

v

Scroll the time
to zet the reminder time

Click "OK"

Prompts user to enter
medicine name

Click "Add"

Clicks the "+" icon in Health
Fecord Reminders section

Scroll the reminder time |

Display a confirmation message
that the reminder is set

—)[ Display the reminder time

to zet the reminder J""

Click "OK”

<

Prompts user to chooze
repeat daily or weekly

Clicks the preferred |,
recerve notification time J‘

J Display a confirmation message
'L that the reminder i3 set

[ Deactivate Feminder? I{

—b[ Deactivate reminder ]

Figure A.2.12 UC13 Set Reminder Activity Diagram
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UC14 - Edit Reminder

UC14 Edit Eeminder

User

Cardiac Health Application

Click "Feminders" on the
profile page

[ Edit ldedicine Reminder?

le

Display health record reminders and
medicine reminders opticns

—f

J"

[No]

!
/\ [tes]

N

¥

Click the edit icon in the
selected medicine reminder

Scroll the reminder
time to rezet the fime

Click "OE"

Enter the updated
medicine name

[ Click "Save”

]_

v

Clicks the edit icon in the selected
health record reminders

Display a confirmation mezsage
that the reminder iz updated

—)[ Display the reminder time ]

to reset the time

v

[Scm]l the reminder time

)

<

[ Click "OK”" ]

repeat daily or weekly

d

Prompts user to choose ]

recelve notification fime

{ Clicks the preferred

)

_[ Display a confirmation message

rL that the reminder is updated

@:

Figure A.2.13 UC14 Edit Reminder Activity Diagram
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UC15 — Delete Reminder

UC15 Delete Reminder
User Cardiac Health Application
Click "Reminders" on the
profile page

Click the delete icon ] Display a confirmation message asking user
beside the reminder J to confirm the deletion of the reminder

| Click "Delete” |«

)[ Delete the remimder

Figure A.2.14 UCI15 Delete Reminder Activity Diagram
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UC16 — Export Health Record

UC16 Export Health Record

User

Cardiac Health Application

Click "Export Data"
profile page

" —

le

—)[ Display the export range option ]

[ Export All Records? <

[Yez]

[No]
| Select "Select date range” ]—

Clicks the start and end date on the

—)[ Dizplay a calendar interface ]

|

calender o1 type the date manually

Click "Save"

—bl Select "Export all records” ]
v

—){ Retum to export data page ]

4,[

Have records within
the selected date range?

|

'
AN B9

[es]

AA

[ Export m Excel Format?

[Wo]

[ez]

[ Click "Excel” 1con ]—
—)-[ Click "PDF" icon ]—

Select the preferred social

Ny

Display no records in the
zelected date range

Dizplay the availakle social
media sharing option

|

)

media platform to share the file

d

Display a confirmation message of the
file successfully exported and shared

|

%

T
>

®

Figure A.2.15 UC16 Export Health Record Activity Diagram
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UC17 — Delete Health Record

UC17 Delete Health Record

User Cardiac Health Application
Click "Clear Diata" on the _‘[ J Dnzplay the list of all health records
profile page )| 'L with a sorting button

[Delete All Records? L

[MNo] [ez]
ek " . ) ‘ Display an alert notifving the records
[ Chick "Delete ALl will be permanently deleted ]
I Click "Delete”
Display "All health records have
¥ been succeszfully deleted”
| sortRecoras? |
[INe] [Tes]
Y ¥
Click the "Newest" button Updates the list and sorts the
to change the sorting order records by the olderst
A
¥

( Select the preferred

records to delete
- . 1 Dizplay an alert notifying the records
Click "Delete .[ will be permanently deleted ]

Click "Delete” -

| Display "All hezlth records have
been successfully deleted”

Figure A.2.16 UC17 Delete Health Record Activity Diagram
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UC18 - Logout Account

UC12 Logout Account

Uszer

Cardiac Health Application

[ Click "Logout” onthe |
profile page |

Display the logout alert and azk
user for confirmation

[ Logout? ]—.-r.

[No] [Yes]

NS

| Click "Logout™ ]—

4>[ Redirect to login page }—

e

| Chick "Cancel” ]

>

Close the logout alert

'

L

v

@~

Femain on profile page

Figure A.2.17 UC18 Logout Account Activity Diagram
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UC19 — Consult AI Assistant

TUC19 Consult AT Assistant

User Cardiac Health Application Gemini AT Model

Click "Health Insights” on top of the
'home page o click the floating heart icon
at the bottom right of the home page

Send a system instruction
to Gemini AT model

r“] Receive system instruction

Retrieve user's chat
history from database

Has chat history in
database?

Display the chatbox
interface

Display the chatbox interface
with user chat history

Retrieve user's health records from database
and compute health summary

Send the computed helath
summary to Gemini AT

Display an error message
indicating the Al assistant is
current unavailable

[Ne]

Primary Model Busy?

Retries the request using
alternative Gemini Al model

{Genemm greeting message and summanzing
the user’s current cardiac health

Receive the Al-generated greeting

with user's health summary

Display the Al-generated greeting text with
computed health summary and the suggested

question in the chatbox interface

The system sends the question together with Receive the question together with the
the computed health summary to Gemini AI computed health summary

[ Receive the Al-g d response } Generate the response

[Yes]

Click A Suggested Question?

Click the suggested
question

Type a question and
click the send icon

Display an error message
dicating the Al assistant

is current busyand try

again later

[Ne]

chatbox interface

v

Save the question and the Al-generated ]

Delete Chat History?

[Ne]

[Display the Al-generated response in the

response to database

[Yez]
Click the delete icon on the Display a confirmation message asking user
top right on the page to confirm the deletion of the chat history
Click "Confirm" ’-_“ |

—D{ Delete the chat history from the database }

v

[ Delete the chat history in the chatbox interface ]

v

[ Reinitialise Gemini and send health J

summary for new greeting

@ |

Figure A.2.18 UC19 Consult Al Assistant Activity Diagram
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A.3 Application Interface Design

Hi, User Al Insights

Health Score

Based on your health

100 gom

Current Status

v e

Heart Rate Elood Pressure

88 BPM 115/70 mmHg

Quick Actions

Full Scan
Q Lorem ipsum dolor sit amet et 9

delectus accommodare his

Heart Rate Monitor
m Lorem ipsum dolor sit amet et 9

delectus accommodare his

Blood Pressure Estimation

M Lorem ipsum dolor sit amet et
delectus accommodare his

Record Blood Pressure

»
, Lorem ipsum dolar sit amet et
delectus accommodare his

Al Insights

fr O ~ 2

Figure A.3.1 Home Page Prototype
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History

HR & HRV Records

Lorem ipsum dolor sit amet et
delectus accommodare his consul

BP Estimation Records

Lorem ipsum dolor sit amet et
delectus accommodare his consul

,‘ Recorded BP Records

Lorem ipsum dolor sit amet et
delectus accommodare his consul

i D ~ 2

Figure A.3.2 History Page Prototype

User
user@email.com

Lorem ipsum dolor sit amet et delectus
accommodare his consul copiosae legendos
at vix ad putent

Settings

@ Edit Profile
Lorem ipsum dolor sit amet el delectus >
accommodare his consul copiosae legendos

A
Reminders
Lorem ipsum dolor sit amet et delectus >

accommodars his consul copiosae legendos

Export Data

sum dolor sit amet et delectus >
dare his consul copiosae legendos

Lowerm i
accomm

=== (Clear Data
. Lorem ipsum dolor sit amet et delectus >
accommodane his consul copiosae legendos

Logout

A O M &

Figure A.3.3 Profile Page Prototype
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Trends & Analysis

Filter

Current Date

Ll

Select Metric

Estimated BP | Recorded BP

What is Heart Rate?

Beats Per Minute (BFM)

Why is it?

Lorem ipsum dolor sit amet et delectus accommodare his
consul copiosae legendos at vix ad putent delectus delicata
usu. Vidit dissentiet eos cu eum an brute copiosae

Why it matters?

Lorem ipsum dolor sit amet et delectus accommodare his
consul copiosae legendos at vix ad putent delectus delicata
usu. Vidit dissentiet eos cu eum an brute copiosae

Quick Reference

\I/ Bradycardia g Mormal Range

< 60 BPM 60-100 BPM
Elevated A Tachycardia
100-120 BPM > 120 BPM

Heart Rate Trend

100 80 120
Avg HR Lowest Highest

Heart Rate Categories

\l/ Bradycardia Normal Range

< 60 BPM 60-100 EFM
Lorem ipsum dolor sit amet et Lorem ipsum dolor sit amet et
delectus accommodare his consul delectus accommodare his consul

copiosae legendos at vix ad putent copiosae legendos at vix ad putent

Elevated pe. Tachycardia
100-120 BPM > 120 EPM
Lorem ipsum dolor sit amet et Lorem ipsum dolor sit amet et
delectus accommodare his consul delectus accommodare his consul

copiosae legendos at vix ad putent copiosae legendos at vix ad putent

Health Insights

Lorem ipsum dolor sit amet et delectus accommodare
his consul copiosae legendos at vix ad putent delectus
delicata Lorem ipsum dolor sit amet et delectus
accommodare his consul copiosae legendos at vix ad
putent delectus delicata

General Health
Recommendations

Lorem ipsum dolor sit amet et delectus accommodare
his consul copiosae legendos at vix ad putent delectus

Lorem ipsum dolor sit amet et delectus accommodare
his consul copiosae legendos at vix ad putent delectus

fr O

A~ 2

Figure A.3.4 Trends Page Prototype

Faculty of Information and Communication Technology (Kampar Campus), UTAR

A-46




£ Position Your Finger £ Position Your Finger

Place Finger
Place Your Finger Here
o Lorem ipsum dolor sit amet et delectus
accommodare his consul 3 : s
o copiosae legendos at vix ad putent delectus +/ Cover camera with your fingertip
delicata usu.
o Vidit dissentiet eos cu eum an brute copiosae 1. Lorem ipsum dolor sit amet et delectus
hendrerit. accommodare his consul copiosae
o Eos erant dolorum an. Per facer affert ut. Mei 2. legendos at vix ad putent delectus delicata
lisque mentitum moderatius cu. usu.

w

Vidit dissentiet eos cu eum an brute

. copiosae hendrerit.
Got it

Figure A.3.5 Fingertip Positioning Guidance Figure A.3.6 Fingertip Positioning Page
Prototype Prototype

( Full Scan Measurement

20

seconds left

Analyzing your signal...

Keep your fingertip firmly on the This may take up to 30 seconds.
Please keep the app open.
camera

e 200 samples recorded | Target: 20 seconds

(a) (b)
Figure A.3.7 Full Scan Measurement Page Prototype (a)Start Measurement; (b)Computing
Result
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X

N/

Full Scan Results

4 N

Heart Rate

84 BPM

Normal

N/
AN

e

Heart Rate Variability

160 ..

Excellent

/
\

Blood Pressure

120 [ 70 g

Elevated

o J

-

@ Heart Rate (HR):

~* Heart Rate Variability (HRV):

~

Understanding HR & HRV

Lorem ipsum dolor sit amet et delectus accommodare his
consul copiosae legendos at vix ad putent delectus usu.

Lorem ipsum dolor sit amet et delectus accommodare his
consul copiosae legendos at vix ad putent delectus usu.

/N Systolic (Top Number):

- Diastolic (Bottom Number):

/
\

Understanding Blood Pressure

Lorem ipsum dolor sit amet et delectus accommodare his
consul copiosae legendos at vix ad putent delectus usu

Lorem ipsum dolor sit amet et delectus accommodare his
consul copiosae legendos at vix ad putent delectus usu.

Blood Pressure Category Guide »

\/ Normal A
<120/ < 80 mmHg

Lorem ipsum dolor sit amet et delectus
accommadare his consul copiosae
legendos at vix ad putent delectus usu.

\/ Elevated A
120 - 129 / < 80 mmHg

Lorem ipsum dolor sit amet et delectus
accommadare his consul copiosae
legendos at vix ad putent delectus usu.

\/ Hypertension Stage 1 A

130-139/80 - 89 mmHg

Lorem ipsum dolor sit amet et delectus
accommodare his consul copiosae
legendos at vix ad putent delectus usu.

\/ Hypertension Stage 2 A

> 140/ > 90 mmHg

Lorem ipsum dolor sit amet et delectus
accommodare his consul copiosae
legendos at vix ad putent delectus usu.

\/ Hypertensive Crisis
>180 /> 120 mmHg

Lorem ipsum dolor sit amet et delectus
accommodare his consul copiosae
legendos at vix ad putent delectus usu.

A

consul copiosae legendos at vix ad putent delectus usu.
Lorem ipsum dolor sit amet et delectus accommodare his
consul copiosae legendos at vix ad putent delectus usu.

Recommendation
Lorem ipsum dolor sit amet et delectus accommodare his

(2)

(b)

Figure A.3.8 Full Scan Measurement Result Page Prototype (a) Result Page; (b) Continuation

of the Result Page (a)
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£ Blood Pressure Measurement X BP Results

4

p
20 A\ FElevated BP

seconds left : ;
Lorem ipsum dolor sit amet et delectus

accommodare his consul copiosae
legendos at vix ad putent delectus
delicata usu.

~ o

Keep your fingertip firmly on the /_\ ™
camera Understanding Blood Pressure

e 200 samples recorded | Target: 20 seconds A Systolic (Top Number):

Lorem ipsum dolor sit amet et delectus accommodare his
consul copiosae legendos at vix ad putent delectus usu

J, Diastolic (Bottom Number):

Lorem ipsum dolor sit amet et delectus accommodare his
consul copiosae legendos at vix ad putent delectus usu

N /

Figure A.3.9 Blood Pressure Measurement Figure A.3.10 Blood Pressure
Page Prototype Classification Alert Prototype

( Heart Rate & HRV Measurement

20

seconds left

Keep your fingertip firmly on the
camera

e 200 samples recorded | Target: 20 seconds

Figure A.3.11 Heart Rate and Heart Rate Variability Measurement Page Prototype
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>< BP Results

4 N

120/ 70

mmHg

Elevated

- /

Understanding Blood Pressure

N Systolic (Top Number):

Lorem ipsum dolor sit amet et delectus accommodare his
consul copiosae legendos at vix ad putent delectus usu.

< Diastolic (Bottom Number):

Lorem ipsum dolor sit amet et delectus accommodare his
consul copiosae legendos at vix ad putent delectus usu.

Blood Pressure Category Guide ~

\/ Normal A
< 120/ < 80 mmHg

Lorem ipsum dolor sit amet et delectus
accommodare his consul copiosae
legendos at vix ad putent delectus usu

\/ Elevated A
120 - 129 / < 80 mmHg

Lorem ipsum dolor sit amet et delectus
accommodare his consul copiosae
legendos at vix ad putent delectus usu

\/ Hypertension Stage 1
130 - 139/ 80 - 89 mmHg

Lorem ipsum dolor sit amet et delectus
accommodare his consul copiosae
legendos at vix ad putent delectus usu

~

\/ Hypertension Stage 2
> 140/ > 90 mmHg

Lorem ipsum dolor sit amet et delectus
accommodare his consul copiosae
legendos at vix ad putent delectus usu.

~

\/ Hypertensive Crisis
> 180/ > 120 mmHg

Lorem ipsum dolor sit amet et delectus
accommodare his consul copiosae
legendos at vix ad putent delectus usu.

- /

~

Recommendation

Lorem ipsum dolor sit amet et delectus accommodare his
consul copiosae legendos at vix ad putent delectus usu
Lorem ipsum dolor sit amet et delectus accommodare his
consul copiosae legendos at vix ad putent delectus usu.

Figure A.3.12 Blood Pressure

Measurement Result Page Prototype

X HR & HRV Results

4 a

Heart Rate

84 BPM

Normal

N
N\

N

Heart Rate Variability

160 ..

Excellent
- /
\

Understanding HR & HRV

@ Heart Rate (HR):

Lorem ipsum dolor sit amet et delectus accommodare his
consul copiosae legendos at vix ad putent delectus usu.
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A.4 Functional Testing of Proposed Application Modules

Login Module

Table A.4.1 Functional Test Cases for Login Module

Activity: Login

during the sign-in process.

in using a stable

Internet connection.

internet connection. Please

ID Test Case Expected Results Actual Results Status
TCO1 | User does not enter the | Prompt the wuser to | The error message “Please | Pass
email address or password | enter  their  email | enter your email and
and clicks the “Sign In” | address and password. | password.” is displayed.

button.

TCO02 | User enters an invalid | Prompt the wuser to | The error message “Please | Pass
email address and clicks | enter a valid email | enter a valid email
the “Sign In” button. address. address.” is displayed.

TCO03 | User entered an invalid | Prompt the user to | The error message | Pass
password with less than 6 | enter a valid password. | “Password must be at least
characters and clicks the 6 characters.” is displayed.

“Sign In” button.

TCO04 | User enters a valid email | Prompt the user to | The error message “The | Pass
address and password | register first before | supplied credential is
without registering an | logging in. incorrect. Please register an
account and clicks the account before login.” is
“Sign In” button. displayed.

TCO5 | User enters a registered | Display the account is | The error message “The | Pass
email address and clicks | already registered. account already exists for
the “Sign Up” button. that email.” is displayed.

TCO06 | User clicks the eye icons in | Display the password | The passwords are shown | Pass
the password fields. in visible form or | or hidden.

hidden form.
TCO07 | No internet connection | Prompt the user to log | The error message ‘“No | Pass
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check your network and try

again.” is displayed.

TCO8 | User clicks the “Forget | Display the Reset | The Reset Password Pageis | Pass
Password?” button. Password Page. displayed.

TCO09 | User clicks the “Sign up” | Display the Sign Up | The Sign Up Page is| Pass
button. Page. displayed.

Login Using Google Account Module
Table A.4.2 Functional Test Cases for Login Using Google Account Module
Activity: Login Using Google Account Module
ID Test Case Expected Results Actual Results Status

TCO1 | User clicks the “Sign in | Display a dialog box to prompt | The dialog box is | Pass

with Google” button. the user to select an existing | displayed.
Google Account to continue.
An account will be
automatically created for a
non-existent account.

TCO02 | User clicks the “Sign in | Prompt the user to log in using | The error message | Pass
with  Google” button | a stable Internet connection. “No internet
without an  Internet connection. Please
connection. check your network

and try again.” is
displayed.

TCO03 | User signed in using a | Display a dialog box to prompt | The dialog box is | Pass
Google account without | the user to complete the profile. | displayed.
completing their profile.

TCO04 | User clicks the “Update | Display the Edit Profile Page. | The Edit Profile | Pass
Profile” button. Page is displayed.

TCO5 | User clicks the “Later” | Display the Home Page. The Home Page is | Pass
button. displayed.

TCO06 | User clicks the Home | Display a dialog box to prompt | The dialog box is | Pass

Page button in the

the user to complete the profile.

displayed.
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navigation bar without

completing their profile.

Reset Password Module

Table A.4.3 Functional Test Cases for Reset Password Module

Activity: Reset Password

been changed.

new password” is

displayed.

ID Test Case Expected Results Actual Results Status
TCO01 | User does not enter the email | Prompt the user to | The error message “Please | Pass
address and clicks the “Send | enter their email | enter your email address.”

Reset Link” button. address. is displayed.

TCO02 | User enters an invalid email | Prompt the user to | The error message “Please | Pass
address and clicks the “Send | enter a valid email | enter a valid email
Reset Link” button. address. address.” is displayed.

TCO03 | User enters a valid email | Display a successful | The successful message | Pass
address and clicks the “Send | message. “Password reset link sent to
Reset Link” button. your email! Check your

inbox!” is displayed.

TCO04 | No internet connection | Prompt the user to | The error message ‘“No | Pass
during the password reset | reset their password | internet connection. Please
process. using a  stable | check your network and try

Internet connection. | again.“ is displayed.

TCO05 | User enters a new password | Display a success | The success message | Pass
and clicks the “Save” button. | message indicating | “Password changed. You

that the password has | can now sign in with your
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Register Account Module

Table A.4.4 Functional Test Cases for Register Account Module

Activity: Register Account

less than 6 characters and

clicks the “Sign Up” button.

enter a valid

password.

password provided is too
weak. Password must be at
least 6 characters.” 1is

displayed.

ID Test Case Expected Results Actual Results Status
TCO1 | User does not fill in all fields | Prompt the user to | The error message “Please | Pass
and clicks the “Sign Up” | fill in all fields. fill all fields.” is displayed.

button.

TCO02 | User enters an invalid email | Prompt the user to | The error message “Please | Pass
address and clicks the “Sign | enter a valid email | enter a valid email
Up” button. address. address.” is displayed.

TCO03 | User enters special | Prompt the user to | The error message “Full | Pass
characters or digits in the | enter a Full Name | Name must contain only
Full Name field and clicks | that contains only | letters and spaces.” is
the Sign Up” button. letters and spaces. displayed.

TCO04 | User enters an invalid age | Prompt the user to | The error message “Please | Pass
and clicks the Sign Up” | enter a valid age. enter a realistic age
button. between 5 and 100.” is

displayed.

TCO05 | User enters an invalid weight | Prompt the user to | The error message “Please | Pass
and clicks the Sign Up” | enter a valid weight. | enter a realistic weight
button. between 50 and 200kg.” is

displayed.

TCO06 | User enters an invalid height | Prompt the user to | The error message “Please | Pass
and clicks the Sign Up” | enter a valid height. | enter a realistic height
button. between 50 and 200 cm.” is

displayed.

TCO07 | User enters a password with | Prompt the user to | The error message “The | Pass
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TCO08 | User enters a password and a | Prompt the user to | The error message | Pass
confirmation password that | enter the matching | “Passwords do not match!”
do not match and clicks the | password. is displayed.
Sign Up” button.
TCO09 | User clicks the eye icons in | Display the | The passwords are shown | Pass
the password fields. password in visible | or hidden.
form or hidden form.
TC10 | User enters a registered | Display the account | The error message “The | Pass
email address and clicks the | is already registered. | account already exists for
“Sign Up” button. that email.” is displayed.
TC11 | No internet  connection | Prompt the user to | The error message ‘“No | Pass
during the sign up process. sign up using a stable | internet connection. Please
Internet connection. | check your network and try
again.” is displayed.
Home Page Module
Table A.4.5 Functional Test Cases for Home Page Module
Activity: Home Page
ID Test Case Expected Results Actual Results | Status
TCO1 | User clicks the “Home” | Display the Home Page. The Home Page | Pass
icon button in  the is displayed.
navigation bar.
TCO02 | User clicks the “Health | Display a dialog box containing | The dialog box is | Pass
Score” button. the current health scores, latest | displayed.
measurement records and the
“Got it” button.
TCO03 | User clicks the “Got it” | Redirect the user to the Home | The Home Page | Pass
button. Page. is displayed.
TCO04 | User clicks the “Al | Display the Al Cardio Assistant | The Al Cardio | Pass

Insights” button at the top
right of the Home Page or

Page with a welcome message,

chat history, a delete button,

Assistant Page is

displayed.
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the floating button at the

suggested questions, an input

bottom right. field and a send button.
TCOS | User clicks the “Full Scan” | Display  the  Full  Scan | The Full Scan | Pass
button in the Quick Actions | Measurement Page. Measurement
section. Page is
displayed.
TCO06 | User clicks the “Heart Rate | Display the Heart Rate Monitor | The Heart Rate | Pass
Monitor” button in the | Page. Monitor Page is
Quick Actions section. displayed.
TCO7 | User clicks the “Blood | Display the Blood Pressure | The Blood | Pass
Pressure Estimation” button | Estimation Page. Pressure
in the Quick Actions Estimation Page
section. is displayed.
TCO8 | User clicks the “Record | Display the Record Blood | The Record | Pass
Blood Pressure” button in | Pressure Page. Blood Pressure
the Quick Actions section. Page is
displayed.
Al Cardio Assistant Module
Table A.4.6 Functional Test Cases for Al Cardio Assistant Module
Activity: Al Cardio Assistant Page
ID Test Case Expected Results Actual Results Status
TCO1 | User clicks the delete | Display a confirmation | The confirmation dialog | Pass
button at the top right of | message asking whether | box is displayed.
the Al Cardio Assistant | to clear the chat.
Page.
TCO02 | User clicks the “Clear” | Clear the chat history | The chat history is deleted, | Pass

button in the confirmation
message for deleting the

chat history.

and refresh the Al

Cardio Assistant Page.

and the page displays a
welcome  message, a
delete button, suggested
questions, an input field

and a send button.
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TCO03 | User clicks the “Cancel” | Redirect the user to the | The Al Cardio Assistant | Pass
button in the confirmation | Al Cardio Assistant | Page with the previous
message for deleting the | Page. chat history is displayed.
chat history.

TCO04 | User clicks a suggested | Send the suggested | The suggested question is | Pass
question. question to the chat. sent to the chat.

TCOS | User enters the cardio- | The Al assistant | The Al assistant's | Pass
related question in the | provides the answer | response is displayed.
input field and clicks the | with the user’s health
send button. measurement summary.

TCO06 | No internet connection | Prompt the user to use a | The error message “A | Pass
during the Al assistant | stable Internet | network error occurred.
consultation process. connection. Please try again with a

stable network
connection.” is displayed.
Full Scan Measurement Module
Table A.4.7 Functional Test Cases for Full Scan Measurement Module
Activity: Full Scan Measurement Page
ID Test Case Expected Results Actual Results Status

TCO01 | User clicks the “Full Scan” | Display a dialog guiding | The guidance dialog box | Pass
button in the Quick | the user on where to | is displayed.
Actions section of the | place their finger to
Home Page. cover the camera lens.

TCO02 | User clicks the “Got it” | Display the Fingertip | The Fingertip Positioning | Pass
button. Positioning Page. Page is displayed.

TCO03 | User places the fingertip | Display the three states | The three  fingertip | Pass
over the camera lens. of the fingertip | positioning states are

positioning and navigate

to the Full Scan

Measurement Page.

displayed. The Full Scan
Measurement Page is

also displayed.
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TCO04 | User places their fingertip | Display a loading page | The loading page is | Pass
over the camera lens and | indicating  that  the | displayed.
holds still for 20 seconds. | captured signals are

being processed.

TCOS | User places their fingertip | Display an error message | The  error  message | Pass
over the camera lens but | indicating that the finger | “Finger removed. Please
removes it during the | was  removed  and | place finger again.” is
measurement. redirect the user to the | displayed and the user is

Fingertip Positioning | redirected to the
Page. Fingertip Positioning
Page.

TCO06 | User has a sufficient PPG | Display the Full Scan | The Full Scan results | Pass
signal. results page. page is displayed.

TCO7 | User has an insufficient | Display an alert dialog | The alert dialog “Poor | Pass
PPG signal. indicating  that  the | Fingertip Signal Quality.

captured  signal  is | Tips: keep finger flat and
insufficient for | still, avoid pressing too
measurement. hard.” is displayed.

TCO8 | A connection error or | Display an alert dialog | The alert dialog | Pass
server error occurs during | indicating that an error | “Connection  Timeout,
the signal processing. occurred while | Server response timeout.

communicating with the | Please try again.” is
server. displayed.

Heart Rate and Heart Rate Variability Measurement Module

Table A.4.8 Functional Test Cases for Heart Rate and Heart Rate Variability Measurement

Monitor” button in the
Quick Actions section of

the Home Page.

the user on where to

place their finger to

cover the camera lens.

is displayed.

Module
Activity: Heart Rate Monitor Page
ID Test Case Expected Results Actual Results Status
TCO01 | User clicks the “Heart Rate | Display a dialog guiding | The guidance dialog box | Pass
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the signal processing.

occurred while
communicating with the

SCrver.

Server response timeout.
Please try again.” is

displayed.

TCO02 | User clicks the “Got it” | Display the Fingertip | The Fingertip Positioning | Pass
button. Positioning Page. Page is displayed.

TCO03 | User places the fingertip | Display the three states | The  three  fingertip | Pass
over the camera lens. of the fingertip | positioning states are

positioning and navigate | displayed. The Heart
to the Heart Rate | Rate Monitor Page is also
Monitor Page. displayed.

TCO04 | User places their fingertip | Display a loading page | The loading page is | Pass
over the camera lens and | indicating  that  the | displayed.
holds still for 20 seconds. | captured signals are

being processed.

TCO05 | User places their fingertip | Display an error message | The  error  message | Pass
over the camera lens but | indicating that the finger | “Finger removed. Please
removes it during the | was  removed  and | place finger again.” is
measurement. redirect the user to the | displayed and the user is

Fingertip Positioning | redirected to the
Page. Fingertip Positioning
Page.

TCO06 | User has a sufficient PPG | Display the Heart Rate | The Heart Rate Monitor | Pass
signal. Monitor results page. results page is displayed.

TCO07 | User has an insufficient | Display an alert dialog | The alert dialog “Poor | Pass
PPG signal. indicating  that  the | Fingertip Signal Quality.

captured  signal is | Tips: keep finger flat and
insufficient for | still, avoid pressing too
measurement. hard.” is displayed.

TCO8 | A connection error or | Display an alert dialog | The alert dialog | Pass
server error occurs during | indicating that an error | “Connection  Timeout,
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Blood Pressure Estimation Module

Table A.4.9 Functional Test Cases for Blood Pressure Estimation Module

Activity: Blood Pressure Estimation Page
ID Test Case Expected Results Actual Results Status

TCO1 | User clicks the “Blood | Display a dialog guiding | The guidance dialog box | Pass
Pressure Estimation” | the user on where to | is displayed.
button in the Quick place their finger to
Actions section of the | cover the camera lens.

Home Page.

TCO02 | User clicks the “Got it” | Display the Fingertip | The Fingertip Positioning | Pass
button. Positioning Page. Page is displayed.

TCO03 | User places the fingertip | Display the three states | The  three  fingertip | Pass
over the camera lens. of the fingertip | positioning states are

positioning and navigate | displayed. The Blood
to the Blood Pressure | Pressure Estimation
Estimation Page. Page is also displayed.

TCO04 | User places their fingertip | Display a loading page | The loading page is | Pass
over the camera lens and | indicating  that  the | displayed.
holds still for 20 seconds. | captured signals are

being processed.

TCO05 | User places their fingertip | Display an error message | The  error  message | Pass
over the camera lens but | indicating that the finger | “Finger removed. Please
removes it during the | was  removed  and | place finger again.” is
measurement. redirect the user to the | displayed and the user is

Fingertip Positioning | redirected to the
Page. Fingertip Positioning
Page.

TCO06 | User has a sufficient PPG | Display the Blood | The Blood Pressure | Pass
signal. Pressure  Estimation | Estimation results page

results page. is displayed.

TCO7 | User has an insufficient | Display an alert dialog | The alert dialog “Poor | Pass
PPG signal. indicating  that  the | Fingertip Signal Quality.
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captured  signal is | Tips: keep finger flat and
insufficient for | still, avoid pressing too
measurement. hard.” is displayed.
TCO08 | A connection error or | Display an alert dialog | The alert dialog | Pass
server error occurs during | indicating that an error | “Connection  Timeout,
the signal processing. occurred while | Server response timeout.
communicating with the | Please try again.” is
server. displayed.
Record Blood Pressure Module
Table A.4.10 Functional Test Cases for Record Blood Pressure Module
Activity: Record Blood Pressure Page
ID Test Case Expected Results Actual Results Status
TCO1 | User clicks the “Save | Prompt the user to enter | The error message “Please | Pass
Reading” button. both  systolic and | enter both systolic and
diastolic values. diastolic ~ values.” is
displayed.
TCO02 | User enters invalid systolic | Prompt the user to enter | The error message | Pass
or diastolic values and | a valid systolic and | “Readings out of range.
clicks the "Save Reading" | diastolic value. Systolic must be 60-250
button. mmHg, Diastolic 30-150
mmHg, and Diastolic must
be lower than Systolic.” is
displayed.
TCO03 | User enters valid systolic | Display a dialog box | The dialog box is| Pass
and diastolic values with | notifying the user of | displayed.
additional notes and clicks | automatic classification
the “Save Reading” button. | based on the input
values, along with
general
recommendations.
TCO04 | User clicks the “Got it” | Redirect the user to the | The Home Page is| Pass

button on the dialog box.

Home Page with a

displayed with a success
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success message
indicating that the blood
been

pressure  has

recorded.

message “Blood Pressure

is recorded successfully.”.

History Page Module

Table A.4.11 Functional Test Cases for History Page Module

Activity: History Page

BP Records” button when

records are already

expanded.

records.

are hidden.

ID Test Case Expected Results Actual Results Status
TCO1 | User clicks the “History” | Display the History The History Page is Pass
icon button in the Page. displayed.
navigation bar.
TCO02 | User clicks the “HR & | Display past HR and | The HR and HRV records | Pass
HRYV Records” button. HRV records with a | are displayed.
timestamp.
TCO03 | User clicks the “HR & | Hide the HR and HRV | The HR and HRV records | Pass
HRV Records” button | records. are hidden.
when records are already
expanded.
TCO04 | User clicks the “BP | Display past estimated | The BP estimation records | Pass
Estimation Records” | BP  records with a | are displayed.
button. timestamp.
TCO5 | User clicks the “BP | Hide the estimated BP | The BP estimation records | Pass
Estimation Records” | records. are hidden.
button when records are
already expanded.
TCO06 | User clicks the “Recorded | Display past recorded | The recorded BP records | Pass
BP Records” button. BP records with a | are displayed.
timestamp.
TCO07 | User clicks the “Recorded | Hide the recorded BP | The recorded BP records | Pass
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Trends and Analysis Page Module

Table A.4.12 Functional Test Cases for Trends and Analysis Page Module

Activity: Trends and Analysis Page

navigation arrows above

the 7 day date range.

forward or backward

accordingly.

correctly.

ID Test Case Expected Results Actual Results Status
TCO1 | User clicks the “Trends” | Display the Trends and The Trends and Pass
icon button in the Analysis Page. Analysis Page is
navigation bar. displayed.
TCO02 | User clicks the “Filter” | Expand the filter panel | Filter panel displays | Pass
button. shows the current month | the current date, month,
and year, 7 day date range | and year correctly with
and both “7 days” and “30 | 7 day range selected.
days” buttons.
TCO03 | User clicks the “Filter” | Hide the filter panel. The filter panel is | Pass
button when it is already hidden.
expanded.
TCO04 | User clicks the calendar | Display the month and year | The month and year | Pass
icon or the current month | selection interface. selection interface is
and year button in the displayed.
Filter section.
TCO05 | User clicks the “+” or “-” | Increase or decrease the | The year is updated | Pass
icon in the year section. year value accordingly. correctly based on user
action.
TCO06 | User selects a month in | Highlight the selected | The selected month is | Pass
the month section. month. highlighted correctly.
TCO07 | User clicks the “Apply” | Redirect the user to the filter | The date is updated | Pass
button. panel and update the | correctly based on
selected month and year. selected values.
TCO08 | User clicks the “>” or “<” | Update the 7 day date range | The date range updates | Pass
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TCO09 | User clicks the “7 days” | Display the updated trends | The trends and analysis | Pass
or “30 days” button. and analysis based on the | is updated based on the
selected time range. selected date range.
TC10 | User clicks the “Heart | Display the HR analysis | The HR trends and | Pass
Rate” button on the Select | including the definition, HR | analysis are displayed.
Metric Section. trend chart, HR categories,
insights and
recommendations.
TC11 | User clicks the “HRV” | Display the HRV analysis | The HRV trends and | Pass
button on the Select | including the definition, | analysis are displayed.
Metric Section. HRV trend chart, HRV
categories, insights and
recommendations.
TC12 | User clicks the | Display the estimated BP | The estimated BP | Pass
“Estimated BP” button on | analysis  including the | trends and analysis are
the Select Metric Section. | definition, estimated BP | displayed.
trend chart, BP categories,
insights and
recommendations.
TC13 | User clicks the “Recorded | Display the recorded BP | The recorded BP trends | Pass
BP” button on the Select | analysis  including the | and  analysis  are
Metric Section. definition, recorded BP | displayed.
trend chart, BP categories,
insights and
recommendations.
Profile Page Module
Table A.4.13 Functional Test Cases for Profile Page Module
Activity: Profile Page Page
ID Test Case Expected Results Actual Results Status
TCO1 | User clicks the “Profile” | Display the Profile Page. The Profile Page is| Pass

icon button in the

navigation bar.

displayed.
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TCO02 | User clicks the “Edit | Display the Edit Profile | The Edit Profile Pageis | Pass
Profile” button. Page. displayed.

TCO03 | User clicks the | Display the Reminders | The Reminders Page is | Pass
“Reminders” button. Page. displayed.

TCO04 | User clicks the “Export | Display the Export Data | The Export Data Page | Pass
Data” button. Page. is displayed.

TCOS | User clicks the “Clear | Display the Clear Data | The Clear Data Page is | Pass
Data” button. Page. displayed.

TCO06 | User clicks the “Logout” | Display the logout | The logout | Pass
button. confirmation dialog box. confirmation  dialog

box is displayed.
Edit Profile Page Module
Table A.4.14 Functional Test Cases for Edit Profile Page Module
Activity: Edit Profile Page
ID Test Case Expected Results Actual Results Status

TCO01 | User enters an empty | Prompt the user to enter a | The error message | Pass
name and clicks the “Save | name. “Name is required.” is
Changes” button. displayed.

TCO02 | User enters an invalid full | Prompt the user to enter a | The error message | Pass
name containing special | valid name that contains | “Name can only contain
characters or digits and | only letters and spaces. letters and spaces.” is
clicks the “Save displayed.

Changes” button.

TCO03 | User enters an invalid full | Prompt the user to enter a | The error message | Pass
name with less than 2 | valid name with at least 2 | “Name must be at least
characters and clicks the | characters. 2 characters.” is
“Save Changes” button. displayed.

TCO04 | User enters an empty age | Prompt the user to enter | The error message “Age | Pass
and clicks the “Save | an age. is required.” is
Changes” button. displayed.
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TCO05 | User enters an invalid age | Prompt the user to enter a | The error message | Pass
and clicks the “Save | valid age. “Enter a valid age (1-
Changes” button. 100)” is displayed.

TCO06 | User clicks the “Male” or | Highlight the selected | The selected gender | Pass
“Female” button. gender button. button is highlighted

based on user selection.

TCO7 | User enters an empty | Prompt the user to enter a | The error message | Pass
weight and clicks the | weight. “Weight is required.” is
“Save Changes” button. displayed.

TCO08 | User enters an invalid | Prompt the user to enter a | The error message | Pass
weight and clicks the | valid weight. “Enter a valid weight
“Save Changes” button. (50-250kg)” is

displayed.

TCO09 | User enters an empty | Prompt the user to enter a | The error message | Pass
height and clicks the | height. “Height is required.” is
“Save Changes” button. displayed.

TC10 | User enters an invalid | Prompt the user to enter a | The error message | Pass
height and clicks the | valid height. “Enter a valid height
“Save Changes” button. (50-250cm)” is

displayed.

TC11 | User clicks the “Save | Display a success | The success message | Pass
Changes” button. message indicating that | “Profile updated

the profile has been | successfully!” is
updated. displayed

TC12 | User clicks the “Change | Expand  the  change | The change password | Pass
Password” button. password panel, display | panel is expanded.

the current password, new
password and confirm
new password fields.

TC13 | User clicks the “Change | Hide the change password | The change password | Pass
Password” button when it | panel. panel is hidden.
is already expanded.
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password the same as the
new password and the
confirmation  password
and clicks the “Update

Password” button.

different new password.

“New password must
differ from the current”

is displayed.

TC14 | User does not fill in all | Prompt the user to fill in | The error message | Pass
fields and clicks the | all fields. “Current password, new
“Update Password” password and confirm
button your new password is

required.” is displayed.

TC15 | User enters a new | Prompt the user to enter a | The error message | Pass
password with less than 8 | password containing at | “Password must be at
characters and clicks the | least 8 characters. least 8 characters and
“Update Password” include an uppercase
button. character and a digit.” is

displayed.

TC16 | User enters a new | Promptthe user to include | The error message | Pass
password without an |at least 1 uppercase | “Include at least one
uppercase character and | character. uppercase character” is
clicks the  “Update displayed.

Password” button.

TC17 | User enters a new | Promptthe user to include | The error message | Pass
password without a digit | at least 1 digit. “Include at least one
and clicks the “Update digit” is displayed.

Password” button.

TC18 | User enters a password | Prompt the user to enter | The error message | Pass
and a  confirmation | the matching password. “Passwords do not
password that do not match!” is displayed.
match and clicks the
“Update Password”
button.

TC19 | User enters the current | Prompt the user to enter a | The error message | Pass

Bachelor of Computer Science (Honours)

Faculty of Information and Communication Technology (Kampar Campus), UTAR

A-69




TC20 | User enters an invalid | Prompt the user to enter “ Pass
The error message “The
current password with a | the correct current srpplied] gt Ersdeniel
valid new password and | password. % Ao, e e
confirmation  password C i
or has expired.” 1s
and clicks the “Update X
P displayed.
Password” button.
TC21 | User clicks the “<” button | Redirect the user to the | The Profile Page is| Pass
at the top left of the Edit | Profile Page. displayed.
Profile Page.
Reminders Page Module
Table A.4.15 Functional Test Cases for Reminders Page Module
Activity: Reminders Page
ID Test Case Expected Results Actual Results Status
TCO1 | User clicks the “+” icon in | Display reminder time | The  reminder time | Pass
the Health Record | interface. interface is displayed.
Reminders or Medicine
Reminders section.
TCO02 | User scrolls the reminder | Increase or decrease the | The reminder time is | Pass
time interface to set the hour | reminder time | updated based on user
and minutes. accordingly. selection.
TCO03 | User clicks “OK” after | Prompt the user to select | The repeating frequency | Pass
selecting the reminder time | a repeat frequency with | including the “Daily” and
in the Health Record | the “Daily” and | “Weekly” buttons is
Reminders section. “Weekly” buttons. displayed.
TCO04 | User clicks the “Daily” | Display a  success | The success message | Pass
button to set a daily health | message indicating the | “Health reminder set for
record reminder. reminder is set. the selected time” is
displayed.
TCO5 | User clicks the “Weekly” | Prompt the userto select | The list of days is| Pass
button to set a weekly health | the day to receive the | displayed.

record reminder.

reminder.
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in a health record reminder

or medicine reminder.

message asking the user

to confirm deletion.

message is displayed.

TCO06 | User selects the preferred | Display a  success | The success message | Pass
days in the day selection | message indicating the | “Health reminder set for
section. reminder is set. the selected time” is

displayed.

TCO07 | User clicks “OK” after | Prompt the user to enter | The medicine name input | Pass
selecting the reminder time | the medicine name. field is displayed.
in the Medicine Reminders
section.

TCO8 | User enters a medicine | Display a  success | The success message | Pass
name and clicks “Add”. message indicating the | “Medicine Reminder set

reminder is set. for the selected time” is
displayed.

TCO09 | User clicks “Cancel” in the | Redirect the user to the | The Reminders Page is | Pass
medicine name input. Reminders Page. displayed.

TC10 | After the wuser sets a | Display the reminder | The reminder notification | Pass
reminder. notification at the | is displayed at the

scheduled time. scheduled time.

TC11 | User clicks the toggle icon | Activate or deactivate | The reminder is activated | Pass
in a health record reminder | the reminder. or deactivated.
or medicine reminder.

TC12 | User clicks the editiconin a | Update the reminder by | The reminder is updated. | Pass
health record reminder or | repeating the reminder
medicine reminder. creation steps.

TC13 | After the user successfully | Display a  success | The success message | Pass
updates the reminder. message indicating the | “Health reminder

reminder is updated. updated to the selected
time” or “Medicine
reminder updated to the
selected time” is
displayed.

TC14 | User clicks the delete icon | Display a confirmation | The confirmation | Pass
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TC15 | User clicks the “Delete” | Delete the reminder | The reminder is deleted | Pass
button in the confirmation | from the Reminders | from the Reminder Page.
message. Page.

TC16 | User clicks the “Cancel” | Redirect the user to the | The Reminders Page is | Pass
button in the confirmation | Reminder Page. displayed.
message.

TC17 | User clicks the “<” button at | Redirect the user to the | The Profile Page is| Pass
the top left of the Reminders | Profile Page. displayed.

Page.
Export Data Page Module
Table A.4.16 Functional Test Cases for Export Data Page Module
Activity: Export Data Page
ID Test Case Expected Results Actual Results Status

TCO1 | User clicks the “Select date | Prompt the user to select or | The calendar | Pass
range” button. enter the date on the calendar | interface is

interface. displayed.

TCO02 | User scrolls the calendar | Update the calendar based on | The calendar is | Pass
interface. user interaction. updated accordingly.

TCO03 | User selects the start date | Highlight the selected date | The selected date | Pass
and end date on range in the calendar | range is highlighted.
calendar interface. interface.

TCO04 | User selects a date range | Redirect the user to the | The statement is | Pass
and clicks “Save”. Export Date Page and display | displayed.

a statement indicating the
total number of records found
or that no records were found
within the selected range.

TCO05 | User clicks the edit icon in | Prompt the user to manually | The input fields are | Pass
the calendar interface. enter the start and end dates. | displayed.
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sharing option in the file

Export Data Page and display

“Exported and shared

TCO06 | User enters an invalid start | Display an error message | The error message | Pass
or end date and clicks | indicating an invalid date | “Invalid format” is
“OK”. format. displayed.

TCO07 | User enters a valid start or | Redirect the wuser to the | The statement is | Pass
end date and clicks “OK”. | Export Date Page and display | displayed.

a statement indicating the
total number of records found
or that no records were found
in the range.

TCO08 | User clicks the calendar | Redirect the user to the | The calendar | Pass
icon above the input field. | calendar interface. interface is

displayed.

TCO09 | User clicks the “Cancel” | Redirect the user to the | The Export Data | Pass
button when entering the | Export Data Page. Page is displayed.
start and end dates.

TC10 | User selects a date range | Display an error message | The error message | Pass
with no records and clicks | indicating no records are | “No records found in
the “Excel” or “PDF” | available for export. the selected date
button. range.” is displayed.

TC11 | User selects a date range | Display the file sharing | The file sharing | Pass
with records and clicks the | interface. interface is
“Excel” or “PDF” button. displayed.

TC12 | User clicks the “Export all | Display the file sharing | The file sharing | Pass
records” button and clicks | interface. interface is
the “Excel” or “PDFE” displayed.
button.

TC13 | User selects a sharing | Redirect the user to the | The success message | Pass
option and shares the file. | Export Data Page and display | “Exported and shared

a success message indicating | as  EXCEL.” or
the file has been exported. “Exported and shared
as PDF” is displayed.
TC14 | User does not select a | Redirect the user to the | The success message | Pass
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sharing  interface

and

an error message indicating | as EXCEL.” or

clicks elsewhere in the | the file has not been | “Exported and shared

application. exported. as PDF” is displayed.

TC15 | User clicks the “<” button | Redirect the user to the | The Profile Page is | Pass
at the top left of the Export | Profile Page. displayed.
Data Page.

Clear Data Module
Table A.4.17 Functional Test Cases for Clear Data Module
Activity: Clear Data
ID Test Case Expected Results Actual Results Status

TCO01 | User selects the record | Tick the selected record and | The selected record is | Pass
from the record list by | display the “Delete selected | ticked and the “Delete
ticking the checkbox | record” button. selected record” button is
beside it. displayed.

TCO02 | User clicks the “Delete | Display a  confirmation | The confirmation | Pass
selected record” | message asking the user to | message is displayed.
button. confirm the deletion.

TCO03 | User clicks the | Delete the selected record | The record is deleted | Pass
“Delete” button. from the record lists. from the record lists.

TCO04 | User clicks the | Redirect the user to the | The record list 1is| Pass
“Cancel” button. record lists. displayed.

TCO05 | User clicks the “Select | Tick all records in the record | All records in the record | Pass
all” button. list. list are ticked.

TCO06 | User clicks the | Untick all records in the | All records in the record | Pass
“Deselect all” button. | record list. lists are unticked.

TCO07 | User clicks the | Sort the record list from | Therecord listissortedin | Pass

“Newest” button.

newest to oldest and update

the button label to “Oldest”.

descending order and the
“Oldest”  button  is

displayed.

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR

A-74




TCO8 | User  clicks the | Sort the record list from | The record listis sortedin | Pass
“Oldest” button. oldest to newest and updates | ascending order and the
the button label to “Newest”. | “Newest”  button is
displayed.
TCO09 | User clicks the “Delete | Display a  confirmation | A confirmation message | Pass
All” button. message asking the user to | is displayed.
confirm the deletion of all
records.
TC10 | User clicks the “X” | Redirect the user to the | The Profile Page is| Pass
button at the top right | Profile Page. displayed.
of the Clear Data Page.
Logout Module
Table A.4.18 Functional Test Cases for Logout Module
Activity: Logout Page
ID Test Case Expected Results Actual Results Status
TCO1 | User clicks the “Logout” | Redirect the usertothe | The Login Page is| Pass
button on the confirmation | Login Page. displayed.
dialog box.
TCO02 | User clicks the “Cancel” | Redirect the user to the | The Profile Page is| Pass
button on the confirmation | Profile Page. displayed.

dialog box.
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APPENDIX B

Poster

UNIVERSITI TUNKU ABDUL RAHMAN

A SMARTPHONE-BASED CARDIAC MONITORING
APP USING COMPUTER VISION FOR
HYPERTENSION MANAGEMENT
Developed By: Chong Jia Hui 22ACB02949 Supervised By: Ts Dr Chang Jing Jing
INTRODUCTION * AN~
* Hypertension shows no symptoms and requires regular monitoring. -~
* Most apps only track heart rate (HR) or manually record blood pressure (BP) and
lack heart rate variability (HRV), providing limited insight into heart health.
=,
OBJECTIVE 7/
1. Develop a photoplethysmography (PPG)-based computer vision model for cardiac monitoring.
2. Integrate HR, HRV and BP estimation into a mobile app.
3. Apply Explainable Al (XAl) to verify the BP estimation model and improve model transparency.
PROPOSED METHOD © ‘W MAIN FEATURES h
‘Model |« HR,HRV, and BP Estimation
¢ PPG Signal Quality Assessment: Logistic Regression « Manual BP Recording
+ Physiological Check « Health History
* HR & HRV Measurement: HeartPy Algorithm Trends and Analvsie
¢ BP Estimation: XGBoost + Ridge Regression on . Y
Personal Calibration * Al Cardio Chatbot
+ Reminders
- Mobile App ) « Health Record Export
* Flutter (Dart) + Firebase (Storage, Authentication) + « Health Record Management
~ Server (Render + FastAPI)
A/ PROPOSED SOLUTION

& Position Your Finger € Rl Besn Mot X Full Scan Results

26 ‘ N = |I'G

@ :
-
RESULTS AND CONCLUSION
PPG Signal Quality Assessment BP Estimation:

¢ Classification Accuracy (80%) e Meets Cuffless BP Standards: AAMI, ISO, BHS

« Precision (92%) « Validated by XAl: Permuation Importance, TreeSHAP

HeartPy for HR Measurement: HeartPy for HRV Measurement:

« Suitable for HR Monitoring + Shows low correlation serve as a supportive indicator
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