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Abstract— 

Cognitive burnout and chronic stress pose significant threats to long-term 

health and productivity, creating an urgent need for continuous, non-

invasive physiological monitoring. This paper presents the design and 

implementation of an intelligent, edge-computed cyber-physical wearable 

system engineered for real-time stress tracking and burnout prediction. The 

hardware architecture leverages an ESP32-S3 microcontroller to interface 

with a physical sensing layer comprising a MAX30102 pulse oximeter and 

a Galvanic Skin Response (GSR) sensor. Raw photoplethysmography 

(PPG) and skin conductance metrics are sampled, conditioned, and 

subjected to localized feature extraction on the device. To eliminate latency, 

bandwidth constraints, and privacy vulnerabilities associated with 

continuous cloud reliance, a lightweight hybrid machine learning model 

consisting of Long Short-Term Memory (LSTM) networks and Graph 

Convolutional Networks (GCN) is deployed directly on the microcontroller 

using TensorFlow Lite Micro. 

 The LSTM layers isolate temporal, time-series trends in the biometric data, 

while the GCN captures the complex, interconnected Rachitha A.B 

Department of Electronics and Communication Engineering KS School of 

Engineering and Management Bengaluru, India E-mail: 

abrachitha4@gmail.com progressively rather than overnight, early detection 

is critical. Traditional methods of assessment heavily rely on periodic, 

subjective self-report questionnaires (such as the Maslach Burnout Inventory), which are inherently retrospective, 

prone to user bias, and incapable of providing timely, preventative interventions. To address these limitations, 

contemporary research has pivoted toward continuous, objective physiological monitoring.The human body’s 

autonomous nervous system reacts dynamically to cognitive strain, leaving distinct biometric signatures. Two of the 

most reliable and non invasive indicators physiological dependencies between cardiovascular and electrodermal 

responses. Experimental framework evaluations indicate that the system successfully identifies cognitive strain 

thresholds on-device, dispatching instantaneous "Burnout Alerts" to a user-facing mobile application dashboard while 

asynchronously syncing historical telemetry to the cloud for longitudinal health analytics. The proposed solution offers 

a highly scalable, secure, and energy efficient paradigm for pervasive health monitoring and early burnout 

intervention. of psychological stress are cardiovascular dynamics—tracked via heart rate variability (HRV) derived 

from photoplethysmography (PPG)—and electrodermal activity (EDA), measured through skin conductance. 

Capturing these signals simultaneously offers a multi-modal window into a user’s physiological state. Historically, 

processing such complex biomedical data required transmitting raw telemetry to resource-heavy cloud servers, 

introducing severe bottlenecks regarding data privacy, latency, and continuous power consumption. 
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I. INTRODUCTION 

In the modern, fast-paced professional and academic 

landscape, chronic stress and psychological burnout 

have emerged as pervasive global crises. Prolonged 

exposure to high-pressure environments without 

adequate recovery significantly impairs cognitive 

function, diminishes productivity, and leads to severe 

long-term mental and physical health complications, 

including cardiovascular diseases and anxiety 

disorders. Because burnout develops progressively 

rather than overnight, early detection is critical. 

Traditional methods of assessment heavily rely on 

periodic, subjective self-report questionnaires (such as 

the Maslach Burnout Inventory), which are inherently 

retrospective, prone to user bias, and incapable of 

providing timely, preventative interventions. 

To address these limitations, contemporary research 

has pivoted toward continuous, objective physiological 

monitoring. The human body’s autonomous nervous 

system reacts dynamically to cognitive strain, leaving 

distinct biometric signatures. Two of the most reliable 

and non-invasive indicators of psychological stress are 

cardiovascular dynamics. To address these limitations, 

contemporary research has pivoted toward continuous, 

objective physiological monitoring.  

The human body’s autonomous nervous system reacts 

dynamically to cognitive strain, leaving distinct 

biometric signatures. Two of the most reliable and 

non-invasive indicators of psychological stress are  

cardiovascular dynamics—tracked via heart rate 

variability (HRV) derived from photoplethysmography 

(PPG)—and electrodermal activity (EDA), measured 

through skin conductance. Capturing these signals 

simultaneously offers a multi-modal window into a 

user’s physiological state. Historically, processing such 

complex biomedical data required transmitting raw 

telemetry to resource-heavy cloud servers, introducing 

severe bottlenecks regarding data privacy, latency, and 

continuous power consumption.  

II. LITERATURE REVIEW 

In [1], Huang et al. (2026), proposed a graph-theoretic 

framework designed to correct severe data distortion in 

photoplethysmography signals during intensive 

physical exercise. The system was developed to 

maintain physiological data integrity in consumer 

fitness trackers, minimize motion artifact corruption, 

and provide reliable cardiovascular tracking. The 

framework combines multichannel optical sensor 

configurations, an algorithmic node-mapping network, 

and real-time path extraction. Physiological parameters 

such as interbit intervals, continuous pulse wave 

variations, and heart rate variability metrics were 

continuously evaluated. The collected structural data 

were refined using preprocessing techniques including 

graph-based node pruning and multichannel dynamic 

path optimization to eliminate motion noise. 

Experimental results demonstrated high tracking 

accuracy across varying physical workloads with low 

computational latency. The authors concluded that the 

method enhances diagnostic tracking during vigorous 

exercise, optimizes wearable signal-processing 

pipelines, and secures the reliability of mobile health 

metrics. 

 

In [2], Vancurik and Callahan (2026), proposed a multi 

modal athletic monitoring system designed to identify 

cognitive choking under pressure during competitive 

sports. The system was engineered to study acute 

performance degradation in high-stress athletic 

environments, minimize performance drops, and 

provide objective mental metrics for coaches. The 

proposed model utilized wearable spatial tracking units 

paired with an integrated optical pulse-sensor array. 

The tracking architecture continuously processed 

footwork precision metrics, sudden lateral velocity 

shifts, and acute heart rate jumps during live match 

play. The collected dataset was preprocessed using 

statistical correlation models and temporal alignment 

filters to link physical changes to competitive stressors.  

Automated anomaly indicators were flagged whenever 

heart rates spiked concurrently with a drop in 

movement precision during critical game points. 

Experimental evaluation demonstrated a clear 

correlation between elevated autonomic nervous 

system stress and structural motor control failure, 
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validating its efficacy as a psychological monitoring 

asset. 

In [3], Lapsa et al. (2025), proposed a comparative 

bioimpedance sensing configuration optimized for 

continuous heart rate monitoring through advanced 

material engineering. The research focused on 

establishing the most resilient physical interface for 

wearable physiological devices while maximizing 

signal-to-noise ratios. The system integrates diverse 

electrode geometries, an array of unique conductive 

materials, and an active bioimpedance measurement 

motherboard. Physiological parameters including high-

frequency tissue impedance variations, micro-voltage 

shifts, and motion-induced impedance noise were 

continuously recorded. Communication channels and 

signal baselines were managed via a specialized analog 

front-end processor to mitigate structural skin-contact 

resistance. Anomaly detection workflows were applied 

to test how different physical configurations perform 

under heavy movement. Experimental testing proved 

that specific electrode dimensions dramatically reduce 

movement artifacts, providing a clear blueprint for 

constructing clean hardware data-collection interfaces. 

In [4], Patra et al. (2024), proposed a clinical 

diagnostic framework utilizing a feed-forward neural 

network for the early identification of Alzheimer's 

disease. The system was designed to interpret complex 

medical profiles, lower the financial barriers of 

neurological screening, and provide accessible 

diagnostic paths. It utilized patient cognitive testing 

matrices, multi-modal clinical markers, and a 

backpropagation-optimized training framework. 

 

 The network processed continuous biofeedback 

patterns, structural historical indicators, and target 

diagnostic classes. Alocalized software hub was 

implemented to run the multi layered feed-forward 

architecture and adjust internal weights during training. 

Threshold-based intelligent algorithms were 

implemented to evaluate the impact of hidden-layer 

node densities on classification accuracy. Experimental 

results over validation datasets demonstrated a high 

success rate in isolating early cognitive impairment 

without relying on costly neuroimaging infrastructure. 

The authors concluded that the network layout 

optimizes clinical prediction workflows and offers an 

accessible alternative for early neurological 

monitoring.  

In [5], Sivan et al. (2025), proposed an unsupervised 

anomaly detection framework utilizing contractive 

autoencoders for continuous smartwatch-based cardiac 

monitoring. The system was engineered to identify 

cardiovascular irregularities on low-power wearable 

devices, minimize false alarm rates, and provide highly 

individualized health tracking. The proposed model 

utilized consumer-grade wristband sensors connected 

to an onboard machine learning processing core. The 

tracking architecture continuously processed 

waveforms, time-domain raw photoplethysmography 

pulse sequences, and environmental motion noise. The 

collected dataset was preprocessed using a contractive 

mathematical penalty loop within the autoencoder to 

strip away movement artifacts from the underlying 

signal. Automated system alerts were initiated 

whenever a user's real-time pulse profile drifted 

significantly away from their learned healthy baseline. 

Experimental evaluation demonstrated that the system 

isolates genuine cardiac anomalies while conserving 

device power, proving its usability for long-term health 

surveillance. 

In [6], Ul Mushtaq et al. (2024), proposed a deep 

learning based agricultural vision model optimized for 

the early detection of plant pathogens in orchards. The 

research focused on identifying microscopic blights, 

rots, and lesions across foliage and fruit surfaces 

before crop yields are severely damaged. The system 

integrates deep convolutional neural networks, a 

specialized data augmentation pipeline, and a mobile-

ready edge computing deployment module. 

Environmental and structural parameters including 

color channel shifts, geometric lesion margins, and 

multi-stage infection progression markers were 

continuously recorded. Data pipelines and image 

balances were managed via an automated 

preprocessing script to ensure resilient feature 

recognition across varying orchard lighting. Anomaly 

detection models were trained to isolate rare crop 

diseases from healthy vegetative structures. 

Experimental testing proved the model can catch early-

stage pathogens with high structural precision, 

allowing farmers to deploy targeted agricultural 

treatments and minimize pesticide overhead. 

 In [7], Kalashetty et al. (2024), proposed an AI-

powered neuroimaging segmentation model designed 

for the early detection of progressive 

neurodegenerative disorders. The system was 

developed to improve automated radiologist 
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workflows, minimize manual scan-reading variations, 

and provide highly transparent diagnostic decisions. 

The framework combines advanced image-

segmentation tools, deep convolutional feature layers, 

and pixel-level explainability maps. Structural 

parameters such as localized tissue atrophy volume, 

ventricular expansion rates, and grey matter density 

shifts were continuously evaluated. The collected 

imaging data were refined using preprocessing 

techniques including spatial normalization and voxel 

intensity filtering to eliminate scanner artifact noise. 

Experimental results demonstrated a major 

improvement in tracking subtle brain tissue variations 

with high alignment reliability. The authors concluded 

that the device enhances diagnostic confidence, 

optimizes non-invasive neurological tracking, and 

accelerates early therapeutic planning for chronic brain 

diseases. 

In [8], Afifi et al. (2023), proposed a mobile-optimized 

deep learning system designed for the decentralized 

screening of early-stage skin cancer. The system was 

engineered to bring diagnostic tools to underserved 

populations, minimize clinical processing delays, and 

provide immediate skin health evaluations. The 

proposed model utilized a smartphone application 

paired with a heavily compressed convolutional neural 

network. The tracking architecture continuously 

processed macroscopic lesion photographs, color 

distribution variations, and structural margin 

irregularities from live camera capture. The collected 

image dataset was preprocessed using lighting 

normalization and edge-sharpening filters to ensure 

consistent assessment across diverse hardware types. 

Automated risk alerts were initiated whenever lesion 

features crossed established malignancy thresholds. 

Experimental evaluation demonstrated high validation 

accuracy directly on mobile edge processors without 

draining phone battery capacity, validating its clinical 

viability.  

In [9], Wang (2024), proposed a real-time security 

tracking and safety monitoring framework driven by 

smart bracelet positioning equipment for remote 

outdoor training. The system was designed to 

safeguard athletes during high-risk adventure racing, 

minimize emergency response delays, and provide 

centralized location logistics. It utilized integrated GPS 

satellite receivers, multi-channel cellular transmitters, 

and low-power wearable wristbands. The sensors 

collected continuous telemetry data related to spatial 

coordinates, instantaneous movement velocity, and 

basic user vital signs. A centralized monitoring hub 

was implemented to process regional location maps 

and analyze geographic boundary lines. Threshold-

based intelligent algorithms were implemented to 

trigger automated emergency responses whenever an 

athlete crossed  safety boundaries or displayed erratic 

vital drops. Experimental results over field trials 

proved the system maintains active connections across 

challenging terrains, achieving immediate location 

tracking during crisis events.In [10], Biró et al. (2023), 

proposed a real-time natural language processing 

framework designed to identify psychological burnout 

syndromes in high-performance athletes. The system 

was developed to monitor athlete mental health 

without intrusive physical testing, minimize cognitive 

exhaustion risks, and provide automated stress 

tracking. The framework combines sentiment analysis 

engines, semantic tokenization models, and 

longitudinal language feature tracking. Behavioral 

parameters such as emotional tone shifts, vocabulary 

fatigue markers, and motivation decline indicators 

were continuously evaluated from digital journals and 

transcripts. The collected textual data were refined 

using preprocessing techniques including linguistic 

filtering and word-embedding normalization to 

eliminate context noise. Experimental results 

demonstrated high precision in catching psychological 

strain long before it manifested as physical 

performance drops. The authors concluded that the 

system optimizes athletic mental care, enhances 

training balance compliance, and provides team 

psychologists with an objective behavioral analytics 

tool.  

In [11], Senior et al. (2022), proposed an AI-driven 

wearable predictive architecture designed to analyze 

and forecast occupational burnout dimensions before 

clinical exhaustion occurs. The system was developed 

to transform workplace wellness tracking, minimize 

corporate burnout overhead, and provide continuous 

personal risk profiling. The framework combines 

continuous multi-modal physiological sensing, an 

optimization protocol for time window aggregation, 

and a multi-class machine learning classifier. 

Physiological parameters such as sleep architecture 

efficiency, nocturnal stress indices, and heart rate 

variability metrics were continuously evaluated. The 

collected longitudinal  data were refined using 

preprocessing techniques including temporal feature 

smoothing and data density normalization to eliminate 
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device noise. Experimental results demonstrated that 

the model effectively predicts physical and cognitive 

fatigue risks with high reliability. The authors 

concluded that the system shifts health analytics 

fromretrospective surveys to proactive bio 

surveillance,optimizes personal energy management, 

and enhances occupational health infrastructure. 

 In [12], Mazher Iqbal et al. (2022), proposed a 

machine learning prognostic framework designed for 

the early detection and risk modeling of long-term 

chronic diseases. The system was engineered to 

optimize preventive clinical interventions, minimize 

hospital readmission rates, and provide automated 

resource forecasting. The proposed model utilized an 

expansive medical classification pipeline trained on 

heterogeneous electronic health records. The tracking 

architecture continuously processed patient 

demographics, historical clinical event strings, and 

multi variable lifestyle trend profiles. The collected 

dataset was preprocessed using advanced data 

cleansing and variance normalization to transform 

unorganized hospital entries into structured feature 

vectors. Automated risk scoring was initiated to 

evaluate long-term disease vulnerability across diverse 

patient demographics. Experimental evaluation 

demonstrated that the prognostic framework balances 

high sensitivity and specificity, validating its use as an 

administrative decision-support asset in modern 

healthcare networks. 

In [13], Valli et al. (2022), proposed a real-time stress 

detection architecture utilizing deep learning and video 

stream processing for high-pressure corporate 

environments. The research focused on monitoring 

workforce cognitive exhaustion non-invasively while 

protecting employee anonymity during active work 

hours. The system integrates computer vision tracking 

packages, deep convolutional neural networks, and 

standard workplace camera feeds. 

 

 Behavioral parameters including micro-facial muscle 

strain, blink frequency variations, and eyebrow 

contraction indices were continuously recorded. Video 

streams and feature extraction steps were managed via 

an automated face tracking pipeline to isolate target 

structural regions without manual intervention. 

Anomaly detection workflows were applied to 

categorize facial tension into distinct cognitive strain 

levels. Experimental testing proved the system runs 

with ultra-low latency, providing corporate human 

resource teams with a data-driven tool to optimize 

workplace wellness programs without workflow 

interruption.  

In [14], Sivaprakash et al. (2021), proposed a hybrid 

machine learning system utilizing genetic algorithms 

for optimized feature extraction in physiological stress 

classification. The system was designed to eliminate 

high dimensional noise from wearable biometric 

streams, minimize processing overhead, and provide 

high-accuracy state diagnostics. It utilized multi-

layered artificial neural networks, evolutionary search 

algorithms, and continuous bio-signal feature pools. 

The sensors collected continuous feedback data related 

to physiological stress responses, skin conductance, 

and pulse profiles. An optimized software pipeline was 

implemented to run the genetic algorithm, searching 

the variable space to isolate the most impactful 

biometric features. Threshold-based classification 

models were implemented to sort the filtered datasets 

into highly distinct psychological stress categories. 

Experimental results proved that pairing genetic 

pruning with neural networks achieves a major 

reduction in data redundancy while preventing model 

overfitting during real-time processing.  

In [15], Sivakumar and Madhumita (2021), proposed 

an AI based decision support system designed for 

workplace stress reduction and organizational harmony 

in educational institutions. The system was developed 

to mitigate professional burnout among educators, 

minimize scheduling conflicts, and provide 

administrative strategy optimization. The framework 

combines organizational psychology metrics, 

predictive workload modeling, and automated 

management dashboards. Institutional parameters such 

as task distribution maps, course schedule density, and 

anonymous self-reported morale trends were 

continuously evaluated.  

III. METHODOLOGY 

The implementation framework initiates with 

synchronous data acquisition, where the ESP32-S3 

captures multi-modal physiological signals from the 

hardware layer. Cardiovascular metrics are sampled at 

100hz via the physical I2C protocol from the 

MAX30102 pulse oximeter, while electrodermal 

activity is collected concurrently through an analog-to-

digital converter (ADC) channel connected to the GSR 

sensor electrodes. Once captured, the raw biomedical 

https://ijcope.org/


International Journal of Creative and Open Research in Engineering and Management    

ISSN: 3108-1754 (Online) 

Volume 02 Issue 08 Augustl-2026 | Impact Factor: 3.5 

 

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/                                                                                                              6 

 

data is passed through digital filtering primitives—

specifically a bandpass filter (0.5HZ to 5HZ) to clean 

photoplethysmography (PPG) artifacts and a moving 

average low-pass filter to smooth out sweat gland 

conductance noise. From these conditioned signals, 

localized time-domain and frequency-domain features 

(such as Root Mean Square of Successive Differences 

for heart rate variability and tonic skin conductance 

levels) are extracted within a 30-second rolling 

window. The structured feature matrices are then fed 

directly into the on-device AI core for localized 

cognitive load evaluation. The intelligence layer 

executes an ITN8-quantized hybrid machine learning 

model consisting of Long Short-Term Memory 

(LSTM) networks and Graph Convolutional Networks 

(GCN) running natively via TensorFlow Lite Micro. 

The LSTM blocks evaluate the progressive, 

chronological variations in stress over time, while the 

GCN treats the physiological subsystems as 

interconnected nodes to map their structural 

dependencies. If the model's inference calculation 

outputs a confidence score that exceeds a pre-defined 

stress threshold, a conditional decision logic bypasses 

standard data loops to fire an immediate "Burnout 

Alert" over Wi-Fi or Bluetooth Low Energy to a user-

facing mobile application dashboard, while 

asynchronously syncing historical telemetry records to 

cloud storage. The structured feature matrices are then 

fed directly into the on-device AI core for localized 

cognitive load evaluation. The intelligence layer 

executes an ITN8-quantized hybrid machine learning 

model consisting of Long Short-Term Memory 

(LSTM) networks and Graph Convolutional Networks 

(GCN) running natively via TensorFlow Lite Micro. 

BLOCK DIAGRAM 

 

FLOW DIAGRAM 

 

IV. CONCLUSION 

This paper presents an intelligent, edge-computed 

cyber-physical wearable system designed for real-time 

stress tracking and early predictive burnout 

intervention. By integrating multi-modal biometric 

sensors—specifically photoplethysmography (PPG) 

via a MAX30102 pulse oximeter and electrodermal 

activity (EDA) via a Galvanic Skin Response (GSR) 

sensor—with an ESP32-S3 microcontroller, the 

framework continuously captures critical 

cardiovascular and skin conductance metrics. 

Deploying an INT8-quantized hybrid machine learning 

model (combining Long Short-Term Memory 

networks and Graph Convolutional Networks) directly 

on-device via TensorFlow Lite Micro eliminates cloud 

reliance, thereby drastically reducing latency, 

bandwidth requirements, and privacy vulnerabilities. 

Future research will focus on extending battery 

longevity through adaptive sampling algorithms, 

miniaturizing the physical enclosure for enhanced 

ergonomics, and conducting longitudinal clinical trials 

across larger, diverse populations to refine threshold 

personalizations 
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