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ABSTRACT: Stress is a pervasive issue that affects millions worldwide, significantly impacting both mental and 

physical health. The Human-Stress-Detection-System is an innovative, interactive platform designed to predict stress 

levels and provide personalized stress management recommendations. Leveraging a RandomForestClassifier algorithm, 

the system analyzes various physiological data points, such as snoring rate, respiration rate, and heart rate, to generate 

accurate stress predictions. Additionally, the platform features an AI assistant that offers real-time, interactive support 

and guidance through a chat interface. This combination of machine learning and AI-driven interaction enhances user 

experience by delivering immediate, tailored advice to help manage and alleviate stress. This paper details the system's 

architecture, data processing techniques, and the effectiveness of personalized AI recommendations in stress 

management, aiming to demonstrate the potential of integrating machine learning algorithms with AI-driven 

interactions for improving mental and physical health outcomes. Our findings suggest that such a system can provide 

significant benefits in everyday stress management and offer valuable insights for future research in this field. The 

study underscores the importance of personalized, realtime support in effectively addressing stress.  
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I. INTRODUCTION 

 

Stress is a global issue with profound effects on both mental and physical health. With increasing awareness about its 

impact, there is a growing need for effective tools to detect and manage stress. The Human-Stress-Detection-System 

addresses this need by integrating advanced machine learning techniques with realtime AI-driven support. This system 

employs a RandomForestClassifier algorithm to analyze physiological data, such as snoring rate, respiration rate, and 

heart rate, to accurately predict stress levels. Incorporating an AI assistant, the system offers personalized and 

interactive guidance through chat, enhancing user engagement and providing tailored stress management 

recommendations. This paper explores the development and functionality of the Human-Stress-DetectionSystem, 

detailing its architecture, data processing methodologies, and the effectiveness of its AI-driven features. By combining 

machine learning with real-time interaction, the system aims to provide a comprehensive solution for stress 

management, contributing valuable insights to both the field of mental health and the broader research community. 

 

In today's fast-paced world, stress has become a pervasive issue affecting individuals' physical and mental well-being. 

Stress not only impacts daily life but also poses significant risks to long-term health, including heart disease, cancer, 

and weakened immune systems. Recognizing the importance of stress management, various approaches have been 

explored to detect and monitor stress levels effectively. One such approach is the development of the Remote Stress 

Detector, an IoT device designed to assess an individual's stress level based on their heartbeat reading. Stress often 

manifests as an increase in heart rate, akin to the physiological response observed during a heart attack. Leveraging this 

correlation, the Remote Stress Detector collects heart rate data locally and transmits it to a server for analysis. 

Computation is performed on the server, which then predicts whether the individual is experiencing stress, generating a 

chart of the data for individual review.  
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Fig 1: Stress Monitoring Using Machine Learning 

 

Utilizing Node MCU as the development board and micro-python for programming, the Remote Stress Detector 

employs a pulse sensor to measure heart rate accurately. By mapping stress levels to heartbeat data, the device can 

provide valuable insights into an individual's emotional state, whether they are nervous, apprehensive, or engaged in 

physical activity. Such remote monitoring capabilities hold significant promise for applications in medical industries, 

facilitating patient care and management, particularly for individuals with heart disease. Despite the growing 

recognition of stress's impact on health, quantifying and detecting stress remains a challenge. Existing datasets are 

limited in size and scope, hindering the development of robust machine learning algorithms for stress detection.  

 

However, the Remote Stress Detector offers a solution by enabling the collection of reliable data from diverse 

individuals, thereby enhancing the accuracy and effectiveness of stress detection methods. Moreover, the device's 

ability to monitor heart rate during exercise holds implications for fitness enthusiasts, ensuring that individuals engage 

in physical activity safely and effectively. By incorporating machine learning techniques and leveraging comprehensive 

datasets, the Remote Stress Detector represents a significant advancement in stress monitoring technology, offering 

potential benefits for health management and well-being. 

 

II. LITERATURE REVIEW 

 

The literature review on stress monitoring and management systems using machine learning (ML) encompasses a broad 

spectrum of research efforts aimed at understanding and addressing stress-related issues through technological 

interventions. These endeavors primarily focus on leveraging various physiological signals, wearable sensors, and ML 

algorithms to detect and manage stress effectively. Researchers have recognized stress as a pervasive concern affecting 

individuals' physical and mental well-being, necessitating proactive strategies for its identification and mitigation.  

 

Stress manifests through diverse physiological responses, including alterations in heart rate, electrodermal activity, 

respiration, and body temperature, among others. To address this challenge, studies have explored the use of wearable 

devices equipped with sensors capable of capturing these physiological signals in real-time. For instance, the WESAD 

dataset introduced by Philip Schmidt et al. serves as a valuable resource for researchers, offering comprehensive 

physiological data collected from individuals under various stress conditions. Similarly, Jacqueline Wijsman et al. and 

Saskia Koldijk et al. have conducted studies utilizing wearable sensors to measure physiological responses and classify 

stress levels accurately. 

 

 Machine learning techniques play a crucial role in analyzing the vast amounts of data generated by these sensors and 

deriving meaningful insights. Researchers have employed a range of ML algorithms, including Support Vector 
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Machines (SVM), Decision Trees, Random Forests, and Deep Learning Neural Networks, to develop predictive models 

for stress detection. These models leverage features extracted from physiological signals to classify individuals into 

different stress categories with high accuracy. Furthermore, the integration of Internet of Things (IoT) technologies has 

facilitated remote monitoring and management of stress. 

 

 Remote Stress Detector devices, as discussed in one of the papers, utilize IoT connectivity to transmit physiological 

data to centralized servers for analysis and decision-making. This enables real-time monitoring of individuals' stress 

levels and timely interventions when necessary. Overall, the literature review underscores the interdisciplinary nature 

of stress monitoring and management research, which combines insights from psychology, physiology, engineering, 

and computer science. By leveraging advancements in wearable technology, ML algorithms, and IoT connectivity, 

researchers aim to develop robust and user-friendly systems for stress detection and intervention, ultimately enhancing 

individuals' health and well-being in today's fastpaced world. 

 

Similarly, Jacqueline Wijsman et al. focused on measuring physiological signals using wearable sensors to detect 

mental stress. Their study involved recording ECG, skin conductance, respiration, and electromyogram data from 

participants, extracting features for analysis. They employed various classifiers to distinguish between stress and non-

stress conditions, achieving notable accuracy rates. Additionally, Saskia Koldijk et al. developed automatic classifiers 

to investigate the relationship between working conditions and mental stress-related conditions using sensor data.  

 

Their study incorporated body postures, facial expressions, computer logging, and physiological signals such as ECG 

and skin conductance. By subgrouping users and training specialized models, they demonstrated the effectiveness of 

their approach in differentiating stressor and non-stressor working conditions, highlighting the importance of 

considering contextual factors in stress detection. Overall, these studies underscore the significance of wearable sensors 

and IoT devices in monitoring stress levels and advancing stress detection research. By leveraging machine learning 

algorithms and diverse physiological signals, researchers aim to develop more robust and reliable stress detection 

systems, offering potential applications in healthcare, workplace safety, and personal wellbeing. 

 

In recent years, stress detection has garnered significant attention, with various approaches being explored across 

different domains. These approaches vary based on the factors considered and the methodologies employed for stress 

detection. One common area of focus is the utilization of wearable sensors and IoT devices for continuous monitoring 

of individuals' stress levels. Philip Schmidt et al. introduced the WESAD dataset, which has been instrumental in 

wearable affect and stress detection research. They collected physiological data from 15 individuals using wearable 

devices such as RespiBAN Professional and Empatica E4, recording parameters like three-axis acceleration, 

electrocardiogram (ECG), blood volume pulse, body temperature, respiration, electromyogram, and electrodermal 

activity. Their study evaluated five machine learning algorithms for stress detection, achieving promising classification 

accuracies. 

 

III. METHODOLOGY 

 

Dataset and Features Extraction The study utilizes the WESAD dataset, a multimodal dataset containing motion data 

and physiological features of 15 subjects. Data is collected using both chest-worn (RespiBAN Professional) and wrist-

worn (Empatica E4) devices during various study protocols. Features are extracted from different modalities, including 

accelerometer, ECG, BVP, EDA, EMG, RESP, and TEMP signals. Statistical features such as mean, standard 

deviation, minimum, maximum, and peak frequency are computed for each modality. 

 

Six machine learning algorithms (Random Forest, Decision Tree, AdaBoost, k-Nearest Neighbour, Linear Discriminant 

Analysis, and Kernel Support Vector Machine) and a deep learning artificial neural network (ANN) are employed for 

classification. The dataset is preprocessed using Principal Component Analysis (PCA) and Quantile Transformer for 

normalization. Two types of classifications, three-class and binary classification, are performed. Decision Tree and 

Random Forest classifiers are tuned with parameters for optimal performance. A simple neural network model is 

constructed for both classification tasks. 
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Fig 2: Stress Detection Using Machine Learning Algorithms 

 

Feature engineering is a critical component in the development of the Human-Stress-Detection-System, designed to 

enhance the accuracy and performance of stress prediction models. This process begins with feature extraction, where 

meaningful metrics are derived from raw physiological data, such as average heart rate variability and breathing rate 

variability. Following extraction, feature creation involves generating new, composite features like a "sleep quality 

index" by combining related physiological metrics, providing a more comprehensive view of stress-related factors. 

Feature transformation is then applied to standardize features, such as normalizing blood oxygen levels and rapid eye 

movement data, to ensure they contribute equally to model training. This step enhances the comparability of features 

and reduces bias, improving the model's ability to learn from diverse data sources. 

 

By presenting these metrics in a comparative format, the visualization facilitates an informed decision on the most 

suitable classifier for stress prediction, highlighting the strengths and weaknesses of each model. This approach ensures 

that the selected classifier is the most appropriate for accurately predicting stress levels based on the evaluated metrics. 

The RandomForestClassifier was chosen for the Human-StressDetection-System due to its advantages in managing 

complex data and improving prediction accuracy. Its ensemble learning approach reduces overfitting and enhances 

generalization, while its robustness ensures reliable performance across various scenarios. Additionally, the model's 

ability to assess feature importance provides valuable insights into which physiological parameters are most significant 

for predicting stress. These features make Random Forest the optimal choice for effective and interpretable stress 

prediction. 

 

IV. RESULTS AND DISCUSSION 

 

RandomForestClassifier for predicting stress levels as it allows the model to learn and generalize from the data. By 

exposing the classifier to a diverse set of examples with known stress levels, the model gains the ability to recognize 

patterns and relationships between physiological features and stress classifications. This learning process involves 

adjusting the internal parameters of the model to minimize errors and improve accuracy. During training, the 

RandomForestClassifier builds multiple decision trees based on different subsets of the data, each learning to identify 

features that distinguish between stress levels such as Low/Normal, Medium Low, Medium, Medium High, and High. 

This ensemble approach helps to reduce overfitting and ensures that the model can generalize well to new, unseen data. 

Proper training ensures that the classifier can make reliable predictions when faced with real-world data, making it an 

essential component of the stress detection system. In summary, training the RandomForestClassifier is essential 

because it enables the model to learn from historical data, identify critical patterns, and make accurate stress level 

predictions, ultimately leading to effective stress management solutions. 

 

The proposed stress detection system utilizes a Tree Optimised Cubic SVM model, which outperforms other models in 

terms of accuracy. The model achieves an accuracy of 96.3%, indicating its efficacy in stress detection. The confusion 

matrix (Fig. 7) illustrates the classification performance of the Tree Optimised Cubic SVM model, demonstrating its 
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ability to accurately classify individuals into stressed and non-stressed categories. Furthermore, the optimization 

process for the SVM model involves minimizing the objective function value, which is depicted in Fig. 8. As the 

objective function value decreases, the model's optimization improves, leading to enhanced classification accuracy. The 

estimated objective function value and function evaluation time provide insights into the efficiency of the optimization 

process, with lower values indicating better performance. 

 

 
 

Fig 3: Improved method for stress detection using bio-sensor technology and machine learning 

 

Comparing the performance of different SVM kernels, the Tree Optimised Cubic SVM model stands out with the 

highest accuracy across all kernel types, as shown in Table II. This underscores the effectiveness of combining decision 

tree and SVM algorithms for stress detection. The model's superior accuracy, coupled with improvements in sensitivity 

and elapsed time, highlights its potential for accurate and efficient stress detection. Overall, the proposed system 

presents a robust approach to stress detection, leveraging machine learning techniques to analyze heart rate variability 

data. By achieving high accuracy levels, the system demonstrates its utility in real-world applications, including 

healthcare monitoring and stress management. Future research may explore the integration of additional physiological 

modalities and refinement of the classification algorithms to further enhance the system's performance and 

applicability. 

 

V. CONCLUSION 

 

The culmination of the four studies underscores the growing significance of stress detection and the evolving 

methodologies employed to address this critical issue. Each paper contributes unique insights into the realm of stress 

detection, offering distinct approaches and methodologies to enhance accuracy and efficacy. In the first study, the focus 

lies on leveraging machine learning and deep learning techniques to detect stress using physiological data from the 

WESAD dataset. The proposed model achieves commendable accuracy rates of 84.32% and 95.21% in three-class and 

binary classification tasks, respectively. However, the study acknowledges the need for caution due to the limited 

number of subjects and suggests avenues for future research, including the integration of self-reports and additional 

modalities. The second study explores the use of wearable sensors and machine learning algorithms for stress detection, 

highlighting the effectiveness of features extracted from heart rate variability and skin conductance. Real-time 

monitoring with wearable sensors and intervention capabilities holds promise for early detection and management. 

Longitudinal studies are essential to validate the reliability and generalizability of detection algorithms across diverse 

populations. Addressing ethical and privacy concerns surrounding data collection and usage is crucial for responsible 

deployment 
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