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Abstract

Photoplethysmography (PPG) signals have gained prominence in clinical diagnostics
for their non-invasive, cost-effective, and user-friendly applications in detecting cardiovascular
diseases (CVDs). This study leverages machine learning techniques to enhance the accuracy
of CVD detection from PPG data, addressing critical risk factors such as hypertension and
stress, which significantly contribute to elevated blood pressure and, consequently, to
cardiovascular disorders. The use of PPG provides a reliable approach for identifying
cardiovascular anomalies by monitoring essential parameters like blood pressure and heart rate.
In this work, we employ both machine learning and deep learning, specifically neural networks,
to assist clinicians in diagnosing CVD, achieving a high accuracy rate of 98% on the PPG-BP
dataset. The findings demonstrate the potential of PPG signals combined with advanced
algorithms to support early diagnosis and personalized treatment, ultimately reducing mortality
rates associated with cardiovascular diseases.
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Introduction

Photoplethysmography (PPQG) is recognized as an effective tool for the rapid diagnosis of
cardiac-related disorders. PPG works by measuring blood volume fluctuations within tissues,
making it highly effective in the early screening of cardiovascular diseases (CVDs)
(Palanisamy & Rajaguru, 2023). The PPG signal captures the circulation of blood from the
heart to peripheral areas, providing a continuous assessment of cardiovascular function. CVDs
remain a leading cause of death globally; in fact, cardiac abnormalities contributed to 29.6% of
worldwide mortality in 2010, highlighting the urgent need for early and accessible diagnostic
tools (Shabaan et al., 2020).

PPG devices are relatively easy to use and require minimal training, making them accessible
for providing accurate real-time insights (Weng et al., 2023). This study will investigate CVD
prediction using data from the PhysioNet database, which includes comprehensive datasets for
clinical analysis. For example, PhysioNet’s files contain raw signals from electrocardiogram
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(ECG), photoplethysmography (PPG), and arterial blood pressure (ABP) data stored as
matrices within MATLAB files, allowing for in-depth analysis of cardiovascular markers.

The primary goal of this research is to improve classifier performance in detecting
cardiovascular disease through PPG signals. Using the discrete cosine transform (DCT) to
create training and testing sets with K-fold cross-validation, we aim to refine the model’s
predictive capabilities. Various classifiers, including linear regression and neural networks, are
applied to preprocess PPG data. These machine learning and deep learning techniques
significantly enhance the ability of classifiers to detect CVD from PPG signals, advancing the
reliability of non-invasive cardiac health monitoring (Prabhakar, Rajaguru, & Lee, 2019; Ave
et al., 2015).

Photoplethysmography (PPG) is emerging as a promising technique in the early diagnosis of
cardiac disorders. It is non-invasive, simple, and measures blood volume fluctuations within
tissues to detect various cardiovascular diseases (CVDs) (Prabhakar, Rajaguru, & Lee, 2019).
By capturing changes in light absorption that correspond to blood flow dynamics, PPG signals
allow clinicians to assess critical aspects of cardiovascular function, including blood flow, heart
rate, and circulation time. These measurements, when spectrally analyzed, can reveal variations
in heart rate and blood volume levels, enabling the detection of subtle physiological changes
associated with cardiovascular issues (Palanisamy & Rajaguru, 2023).

Blood pressure (BP), as a bio-physiological signal, plays a vital role in health monitoring,
particularly for conditions such as heart disease, stroke, and kidney failure, all of which are
influenced by high BP. Consequently, accurate prediction and continuous monitoring of BP are
essential for effective diagnosis, prevention, and treatment of these conditions (Stojanova,
Koceski, & Koceska, 2019). A high-quality PPG signal can be recorded by placing a finger on
the PPG device, providing a simpler and more accessible alternative to the electrocardiogram
(ECG), which typically requires more complex hardware (Ramachandran, Thangapandian, &
Rajaguru, 2020).

Given that cardiovascular diseases remain one of the leading causes of death globally, early
detection is critical for reducing CVD-related morbidity and mortality (Ave et al., 2015). In
response, various predictive models, such as those using linear regression and neural networks,
have been developed to analyze PPG data and predict cardiovascular events effectively (Li,
2018). The design and functionality of PPG technology are straightforward, yet it allows for
in-depth analysis when paired with large datasets like the PhysioNet database, significantly
aiding CVD detection (Rajaguru, Shankar, Nanthakumar, & Murugan, 2023).

The PPG process operates through infrared light sensors that measure cardiovascular signals at
peripheral sites on the body. This technology is widely applied in pulse oximetry and other
healthcare areas, owing to its cost-effectiveness and ease of use. By analyzing PPG signals, it
is possible to achieve up to 98% accuracy in cardiovascular disease predictions, a crucial
benchmark in improving patient outcomes (Prabhakar, Rajaguru, & Kim, 2020). Utilizing
neural networks, which have shown significant promise in healthcare applications, PPG-based
algorithms can capture essential features such as heart rate variability and pulse transit time for
CVD detection. Deep learning models, in particular, are highly effective in analyzing these data
for clinical applications (Weng et al., 2023).
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Critical advancement in PPG technology involves signal denoising, which enhances the
accuracy of CVD predictions. Effective denoising of PPG signals before analysis can improve
performance metrics, making this preprocessing step valuable in clinical settings. Independent
of other clinical analytics, denoising demonstrates the potential to refine physiological signal
data and elevate diagnostic efficacy (Ukil et al., 2016).

Methodology

The methodology of this study involves several key steps as depicted in Figure 1. First, data
collection is carried out, gathering essential information on patients, including gender, age,
height, weight, blood pressure, and heart rate. These variables are instrumental in distinguishing
between normal and abnormal cardiovascular cases. Data preprocessing follows, involving
reshaping the data, noise removal, and signal filtering. These steps are essential for preparing
the data for accurate analysis, ensuring that the PPG signals are free from artifacts and ready
for input into the neural network model. Through this multi-stage approach, the study aims to
develop a robust predictive model for early cardiovascular disease detection based on PPG
signals.

The objective of this study is to utilize various subject features to differentiate between normal
and diseased cardiovascular cases using photoplethysmography (PPG) signal analysis. By
gathering data on demographic and physiological variables, this research aims to develop a
model capable of identifying cardiovascular disease patterns within PPG signals, enhancing
diagnostic accuracy and early detection in clinical settings.

Age plays a significant role in this analysis, as it directly affects vascular stiffness, which in
turn influences the shape and characteristics of PPG signals. As an individual age, changes in
vascular flexibility can alter the PPG waveform, making age a critical factor in assessing
cardiovascular health. Additionally, gender influences various physiological indicators;
research has shown that men and women experience different cardiovascular disease (CVD)
events, such as heart failure, due to gender-specific factors (Regitz-Zagrosek et al., 2006).
Including gender in the data collection provides insights into the diverse CVD manifestations
across populations.

Body metrics, such as height and weight, are used to calculate the Body Mass Index (BMI),
which serves as a general indicator of health and potential cardiovascular risk. Blood pressure
(BP), however, is the primary measure of cardiovascular health, as hypertension or abnormal
BP levels often signal underlying cardiovascular issues. Heart rate also acts as a valuable
indicator; variations in heart rate can reflect abnormalities in heart function, stress levels, and
levels of physical activity, providing further information for assessing cardiovascular risk.

For classification, the study applies machine learning and deep learning techniques, particularly
using a neural network (NN) model. The neural network model is trained on PPG signal
features, employing K-fold cross-validation to ensure robust performance. The model is
designed to predict the likelihood of cardiovascular disease based on observed PPG
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characteristics, utilizing TensorFlow as the primary framework for implementing and
optimizing the neural network.

DATA DATA FEATURE
COLLECTION PREPROCESSING EXTRACTION
MODEL
SELECTION
oo MODEL
PREIICTION TRAINING

Figure 1. Schematic diagram for the implementation

Feature extraction is a vital step in preparing PPG signals for analysis, as it enhances the
relevant information needed for accurate cardiovascular disease predictions. In this study,
cross-correlation techniques are applied to align and synchronize PPG signals, which optimizes
the extraction of essential signal features for the predictive model. Additionally, the Discrete
Cosine Transform (DCT) is employed for signal compression, noise removal, and
dimensionality reduction. By improving the quality of signal representation, DCT facilitates
the isolation of key characteristics within the PPG data, thus supporting the accurate detection
of cardiovascular anomalies.

Model selection is conducted using K-fold cross-validation, a method that divides the data into
K subsets, training and validating the model iteratively on each subset. This technique ensures
that the chosen model performs well on average across all K iterations, thereby enhancing
reliability and reducing the likelihood of overfitting. Through this process, the neural network
model selected is highly optimized for detecting cardiovascular disease based on PPG signal
features. This neural network model, specifically trained on relevant data, predicts the
likelihood of cardiovascular disease by recognizing the characteristic patterns observed in PPG
data.

The model training phase involves using a subset of the data rows to accelerate the training
process while maintaining accuracy. This subset approach allows for efficient training,
particularly for large datasets, without sacrificing performance. The neural network model,
implemented within TensorFlow, is iteratively trained to identify patterns that correlate with
cardiovascular disease, refining its accuracy with each iteration.

In the final step, prediction, the trained neural network model is applied to new data, enabling
it to make predictions about cardiovascular health. By visualizing the model’s predicted results,
an accuracy rate of 98% is achieved, demonstrating the effectiveness of using PPG data
combined with deep learning techniques. This high accuracy highlights the potential of PPG
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signals and machine learning to aid in the early detection of cardiovascular diseases, offering a
powerful, non-invasive solution for clinical practice.

Results

The graph in Figure 2 illustrates the comparison between true blood pressure (BP) values and
the predicted BP values over a series of 100 samples. The blue line represents the actual BP
values, while the orange line shows the predicted BP values generated by a machine-learning
model. From the visual representation, it is evident that the predicted BP values closely follow
the general trend of the true BP values, although there are occasional deviations, particularly
during peaks and troughs in the true BP data.

This alignment indicates that the model has achieved a reasonable level of accuracy in
estimating BP values, albeit with some limitations in tracking rapid fluctuations or extreme
values accurately. Such results suggest that the model may be effective in capturing average BP
trends, but further optimization may be required to improve its performance during abrupt
changes. Overall, this comparison highlights the potential of predictive models in estimating
BP values non-invasively using alternative methods such as PPG signals, which can support
continuous monitoring of cardiovascular health. This can be seen in the figure 2.
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Figure 2. Visualization of predicted values using linear regression
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Figure 3. Visualization of Predicted BP and the true BP of Neural Network

The graph in Figure 3 depicts the comparison between true blood pressure (BP) values and
predicted BP values across 100 samples, with the blue line representing the true BP values and
the orange line indicating the predicted BP values generated by a model. The alignment between
the true and predicted values is relatively consistent, suggesting that the model can capture
general BP trends. However, it also shows some noticeable discrepancies, especially during
sudden spikes and drops, where the predicted values do not fully capture the intensity of these
fluctuations.

This pattern suggests that while the model performs well in following the average trend of BP
changes, it may struggle to accurately track rapid variations in BP. This could be due to
limitations in the model's sensitivity to extreme or abrupt changes, which are challenging to
predict precisely. Despite these challenges, the overall alignment between the two lines
indicates that this model could be beneficial for monitoring BP patterns, potentially assisting
in continuous cardiovascular monitoring through non-invasive methods like PPG signals.
Further refinement may enhance its accuracy, especially in capturing rapid BP fluctuations.

Conclusion

PPG signals hold significant promise for the early detection and prevention of cardiovascular
disease (CVD) by continuously monitoring vital signs and identifying abnormal patterns. By
incorporating machine learning algorithms, PPG-based systems have the potential to transform
cardiovascular healthcare, enabling timely interventions and enhancing patient outcomes. This
project focused on detecting CVD using PPG signals, leveraging datasets processed through
classifiers to achieve high classification accuracy with minimal false positives. While linear
regression classifiers were less effective across all five dimensionality reduction techniques, a
more targeted approach—using one-minute segments of raw PPG signals—proved successful.
The optimized neural network model achieved an impressive classification accuracy of 98%,
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underscoring the effectiveness of advanced machine learning techniques in supporting non-
invasive CVD diagnostics.
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