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ABSTRACT: Stress is mental tension caused by difficult situations, often experienced by hospital workers and IT
professionals who work long hours. It is essential to detect the stress in shift workers to improve their health. However,
existing models measure stress with physiological signals such as PPG, EDA, and blink data, which could not identify
the stress level accurately. Additionally, the works face challenges with limited data, inefficient spatial relationships,
security issues with health data, and long-range temporal dependencies. In this paper, we have developed a federated
learning-based stress detection system for IT and hospital workers, integrating physiological and behavioral indicators
for accurate stress detection. Furthermore, the study introduces a hybrid deep learning classifier called ResTFTNet to
capture spatial features and complex temporal relationships to detect stress effectively. The proposed work involves two
local models and a global model, to develop a federated learning framework to enhance stress detection. The datasets are
pre-processed using the bandpass filter noise removal technique and normalization. The Recursive Feature Elimination
feature selection method improves the model performance. FL aggregates these models using Fed Avg to ensure privacy
by keeping data localized. After evaluating ResTFTNet with existing models, including Convolution Neural Network,
Long-Short-Term-Memory, and Support Vector Machine, the proposed model shows exceptional performance with an
accuracy of 99.3%. This work provides an accurate and privacy-preserving method for detecting stress in hospital and
IT staff.

KEYWORDS: Behavioral and physiological pattern; blockchain; deep learning; federated learning; stress and depres-
sion; worker stress

1 Introduction

Stress is defined as one’s mental, physical, and emotional response to stimuli, often known as a “stressor”.
A stressor is an agent or factor that creates stress. Some stressors occur in family situations, work pressures,
and sounds. It causes several physical and psychological health issues, such as anxiety, melancholy, headache,
and irregular sleep [1]. The human brain plays a significant role in the physical and mental retorts to stress.
It may affect the person’s neurological system and physiological life [2]. The World Health Organization
(WHO) defines work-related stress as a response to work demands and pressures that exceed an individual’s
knowledge and abilities, challenging their ability to cope [3]. Most of them get mental health issues from
work-related stress, which negatively affects employee well-being, especially the shift workers in IT and
healthcare [4]. The high technical expertise required, tight deadlines, and the need for continuous learning
in the IT industry contribute to significant stress among employees. Similarly, hospital staff often face heavy
workloads and extended working hours. As a result, many individuals in the IT and healthcare sectors
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experience high stress levels [5,6]. It is essential to detect the stress in I'T and healthcare employees to prevent a
healthy life globally. In previous studies, the researchers used physiological signals like photoplethysmogram
(PPQG), electrodermal activity (EDA), and blink rate to measure the stress [7].

There is an increasing demand for fast and resourceful stress detection methods to help people manage
their stress levels. For that, various achievements have happened in stress detection in recent years, especially
during COVID-19; stress levels have increased due to online classes, loss of jobs, and financial issues.
The artificial intelligence (AI) system and machine learning techniques have an efficient capability to
predict stress [8,9]. Techniques like Convolutional Neural Networks (CNN) and Long Short-Term Memory
(LSTM) networks have proven useful for predicting psychological stress [10]. Additionally, Artificial Neural
Networks (ANN) have been used to analyze physiological and demographic data from wearable technology
to predict stress levels in working women. Wearable devices such as smartwatches, wristbands, and rings
play a vital role in stress detection and offer innovative approaches to effectively manage stress [11,12].
Although there have been significant advancements, there are still some research gaps in stress detection
in IT and hospital workers. The motivation behind this study arises from the need to develop a more
effective and secure system for stress detection. Firstly, there is a need for a more accurate model that
combines both physiological and behavioral indicators, offering a deeper understanding of stress beyond
isolated physiological measurements. Secondly, data privacy remains a significant issue in health-related
studies, especially when sensitive information is involved. Federated Learning (FL), a decentralized machine
learning approach, offers a promising solution by enabling model training on local devices without sharing
raw data, ensuring privacy while leveraging distributed datasets. Thirdly, existing stress detection models
often struggle with long-range temporal dependencies and inefficient feature extraction methods, which
can hinder performance. To overcome these issues, a more advanced hybrid deep learning classifier is
necessary, one that is capable of capturing both spatial features and temporal relationships efficiently. The
main contributions of this work are summarized as follows:

o Thisresearch proposes ResTFTNet, a hybrid deep learning model that effectively captures spatial features
and long-range temporal dependencies in physiological and behavioral stress indicators to enhance
feature extraction for stress detection with improved accuracy.

« This study develops a privacy-preserving Federated Learning (FL) framework to detect stress in IT and
hospital workers, ensuring sensitive health data remains localized. This addresses the privacy concerns
of sharing health data in traditional centralized machine learning systems.

o This study uses multimodal data by integrating both physiological signals and behavioral indicators to
provide a more comprehensive and accurate stress classification.

o The study employs a bandpass filter noise removal technique to enhance the quality of physiological
signals and Recursive Feature Elimination (RFE) for selecting the most relevant stress-related features,
improving model efficiency and accuracy.

The research structure is organized as follows: Section 2 investigates the related work of stress detection
using various DL and ML models with multimodal data. Section 3 explains the proposed methodol-
ogy. Section 4 portrays the results and discussion, and Section 5 gives the conclusion.
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2 Literature Survey
2.1 Integration of Multi-Modal Physiological Data for Stress Detection

Kuttala et al. [13] proposed the multi-modal hierarchical CNN to detect stress using the ECG and EDA
physiological signals. Furthermore, the study should incorporate hierarchical feature fusion and various
multi-modal fusion techniques to obtain the hierarchical features efficiently. Zou et al. [14] applied the four
types of physiological signals to classify the stress and human emotion states with a hybrid neural network
classifier model. It includes two kinds of attention modules to enhance classification accuracy. Henceforth,
additional signals were needed and integrated to improve the classification accuracy. Upadhya et al. [15]
introduced a framework for stress detection using physiological and facial expressions. It utilized advanced
ML models such as Long-Short-Term Memory (LSTM) networks, Support Vector Machines (SVM), and
Convolutional Neural Networks (CNNs) for stress classification. The imbalanced data in the physiological
data affected the model’s performance. Bodaghi et al. [16] improved the stress detection accuracy by the
Multi-Dimensional Scaling (MDS) manifold method. It required various fusion levels (early, late, and
intermediate) in multimodal learning networks. Xu et al. [17] presented the deep stress tracing method DST,
which is used to trace human stress based on physiological signals collected by a noncontact ultra-wideband
radar. Yet this study did not consider the performance of the user while completing the task, which reduces
the detection accuracy.

2.2 Stress Detection with Machine Learning and Deep Learning Approaches

Mane et al. [18] introduced the new model by combining the two-dimensional CNN and LSTM network
StressNet to detect stress using an electroencephalogram (EEG) signal. The study faced issues with the limited
samples, and EEG data was time-consuming and expensive. The study [19] developed a supervised learning
algorithm to detect and classify stress and relaxation states with heart rate variability. The study faced issues
with the limited samples in the dataset, and feature selection caused an overfitting problem. Gedam et al. [20]
investigated an advanced mental stress detection model to classify stress levels in Indian housewives using
wearable physiological sensors and DL techniques. It used the SelectKBest and advanced feature selection
model to improve the model’s performance. They suggested future work with a larger and more diverse
dataset to improve the accuracy and advance the DL classifier for better performance. Ziaratnia et al. [21] pre-
sented a video-based stress detection and classification method using the multimodal classification model.
This work integrated the two deep learning models, Compact Convolutional Transformer (CCT) and Long
Short-Term Memory (LSTM), to form a CCT-LSTM for efficient feature extraction and temporal pattern
recognition. However, the study faced issues with limited data size and computational requirements. Amin
et al. [22] addressed the issues of driver’s stress detection using the advanced deep transfer learning model
Xception pre-trained neural networks. This study is also classifying stress levels through electrocardiogram
(ECQ), heart rate (HR), galvanic skin response (GSR), electromyogram (EMG), and respiration (RESP)
signals. Henceforth, the work needs to expand its stress performances by directly applying signals to deep
neural networks for feature extraction and classification.

2.3 Federated Learning for Privacy-Preserving Stress Detection Systems

The authors of [23] proposed the federated learning (FL) based deep neural network (DNN) to
preserve the privacy of patient data while classifying and monitoring the stress using physiological factors.
Furthermore, the study needs to explore advanced deep-learning algorithms with multiple datasets to
ensure the quality of the proposed model. Wang et al. [24] introduced a differential privacy-based federated
transfer learning framework for monitoring mental health. The work especially focused on stress detection.
Unfortunately, it struggled with the limited data availability in real-time applications, and it is important
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to provide a compromise on data security. Gupta et al. [25] designed the communication-efficient and
privacy-preserving hybrid federated learning (HFL) paradigm to address the challenges in mental healthcare
applications. This study proposed the two federated learning-based model for classification. The study needs
improvement in the global model and reduces the computational overhead. Alahmadi et al. [26] proposed
a novel framework for detecting mental stress using the Internet of Medical Things (IoMT) combined with
federated learning (FL). In the future, this study will develop more advanced ML algorithms to improve
the accuracy and efficiency of stress detection and implement real-time data processing and stress detection
to provide immediate feedback and interventions. Gahlan et al. [27] proposed a Federated Learning-
based Multi-modal Emotion Recognition System (F-MERS) framework to provide privacy. It integrates the
physiological signals such as EEG, GSR, ECG, and RESP. Furthermore, the study focused on combining the

physiological indicators with other physical indicators.

The above-mentioned related works faced problems with limited data, which is inherently sensitive to
a variety of external factors, data security, and complex handling of spatial relationships and long-range
temporal. To overcome these problems, we propose an integrated physiological and behavioral signal analysis
for stress detection using ResTFTNet and FL models.

3 Proposed Methodology

The proposed real-time stress detection and monitoring framework using DL and FL to develop the
accuracy of the stress detection system in I'T and hospital settings is shown in Fig. 1. The hybrid DL model is
used to train the two local models; one is the I'T worker’s stress dataset, and another one is the hospital workers
dataset. The multimodal approach provides a holistic view of stress and improves accuracy and reliability
in diverse and high-pressure environments. To ensure tamper-proof, we stored our multimodal dataset in
IPES storage space, which establishes a secure, transparent data management system and a decentralized
platform. Then, the data is processed in the pre-processing steps to improve data integrity. After that, the
preprocessed data is extracted using the wavelet transform method to capture the stress-related data signals.
To select the significant features, we used the recursive feature elimination (RFE). The ResTFTNet classifier
model combines to capture both spatial features and Transformers for temporal relationships to enhance
accuracy and better decision-making. FL then aggregates their outputs to create a global model.
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Figure 1: Diagrammatic representation of the proposed methodology

3.1 Dataset Collection

The study involved 78 participants from a hospital setting and 50 participants from the IT industry. Data
was collected over six months, from February 2024 to July 2024, with a total of 128 participants. During our
study, the participants were equipped with sensors to gather various physiological information, including
HR, EDA, ST, and blood volume pulse (BVP). Additionally, eye-tracking devices are used to measure
the blink ratio throughout the experiment. We collected both IT and hospital employees’ comprehensive
information regarding our study’s objectives, data usage, and privacy measures. Informed consent was
obtained from each individual, clearly outlining their participation and rights regarding the data being
collected. All these data are anonymized before storage and analysis. We removed personal identifiers, and
the data was processed to prevent re-identification of any individuals. Due to the strong anonymization
process, no sensitive information such as names, addresses, or contact information is included. After the
initial data collection phase, the dataset size was increased from 128 participants to 11,600 data points to
further enhance the model’s robustness and accuracy. The expansion of the dataset involved several strategies
to augment the data while maintaining its authenticity and relevance for stress prediction. Data augmentation
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techniques including Noise Injection, Time Warping, Time Shifting, and Windowing and Slicing were
applied to create additional samples from the existing data. These methods aimed to generate more diverse
data without requiring the collection of new raw data, making the models more adaptable to variations in
stress responses. To ensure privacy and data security, the study utilized Federated Learning to process data
from both the IT and hospital sectors. The data collected from IT employees was sent to Local Model 1, while
the data from hospital employees was sent to Local Model 2. Both models were trained separately on the local
devices, and only the aggregated model updates were shared, ensuring that sensitive personal information
remained private and secure.

3.2 Data Pre-Processing

Data preprocessing is the initial step that applies to the raw data from the dataset to prepare it for
further analysis. It includes various techniques such as cleaning, transforming, rescaling, etc. The data set
contains irrelevant features, noise, and inconsistencies. It is essential to clean and prepare model training. As
a preprocessing step, we use the bandpass filter technique for noise removal and normalization techniques.

3.2.1 Noise Removal Using the Bandpass Filter Technique

Noise removal is a crucial step in multiple bio-signals data. Filtering is the most commonly used method
to remove noise in physiological signals such as PPG, EDA, HRYV, and so forth. This removes the low-
frequency noise with a high-pass filter and high-frequency with a low-pass filter, but it may remove some
EEG signals from the data. However, the Band-pass filter eliminates high and low-frequency noise [28].
Here, we applied the bandpass filter to expand the data quality and ensure the subsequent analysis of the raw
data signal containing low and high frequencies. It allows only the frequencies within a specific range. The
bandwidth (p) of the filter is given in Eq. (1):

=N
pP= 1.

where, f;, and f, represents the low and high cut-off frequencies and f, is a center frequency.

@

3.2.2 Normalization

Normalization is an essential data preprocessing step that can improve the precision and effectiveness
of the classification model. It is a procedure for rescaling the numerical values to a common range between
0 and 1 [29]. After denoising, the physiological data undergo normalization because they contain different
ranges of baseline. Normalization is performed to prevent irrelevant data in the dataset.

3.2.3 Labeling to Assign Stress Level

In deep learning, the data label is essential for training the classifier. Here, we labeled the data to indicate
the corresponding stress levels, such as “low stress,” “moderate stress,” and “high stress.” This can be done
by the workers self-reporting or with the help of other sensors. The data is labeled to guide the model in

knowing the difference in stress levels.

3.2.4 Label Encoder

A label encoder encodes the categorial value into numerical value [30]. The columns “stress levels” and
“distressed” are in categorical values. It is essential to convert both columns into numerical values. A Label
Encoder object was created for each column to transform categorical data into numeric representations.
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The Label Encoder fitted and transformed the data in stress levels are categorized as “low” encoded as 0,
“medium” as 1, and “high” encoded as 2. This ensures compatibility with machine learning algorithms. This
step is necessary for most ML-based models requiring input numerical values.

3.3 Feature Extraction Using Wavelet Transform

Feature extraction is a critical process that effectively transforms raw data into numerical features,
enabling efficient processing while maintaining the integrity of the original data set. Wavelet transform is a
signal analysis tool that handles signal inconsistencies and non-stationary challenges [31]. Our work uses the
wavelet transform (WT) as a feature extraction technique to extract the important features associated with
stress at different signal scales and frequencies. The wavelet transform decomposes the signals into a set of
wavelet function ¢ (t) is given in Eq. (2).

1 2
ek2ﬂwote wp (2)
VW,
where, the w, represents the central frequency of the wavelet and w,, is a bandwidth. There are two translated
versions of the transform one is continuous WT and another one is discrete WT. The continuous WT of the
signal y (¢) is given in Eq. (3).

p(t)=

o d-t

CWT(c,d):f y(t)(p*( )dt 3)
—0oc0 C

where, the (¢, d) are the scale and translation of the wavelet coefficient. ¢ is a complex conjugate of the WT.

it is widely used for non-stationary signal analysis. The discrete WT gives the detail coefficients at different

scales. The discrete WT of a signal y () at level ] is given in Eq. (4).

Y (1) = (Aje; () + B;9;(1)) (4)

where, A; and B; are the approximation and detail coefficient at the level j. ¢; is a detail of the wavelet
function and V; is a scaling function at level j.

3.4 Feature Selection via Recursive Feature Elimination (RFE)

RFE [32] is a wrapper-based feature selection method that uses a backward elimination approach to
identify the most essential features. Initially, a prediction model is trained using all available features, and
the consequence of each feature is assessed. Next, RFE ranks the features based on their status and iteratively
removes the least relevant ones, using model performance metrics to guide the process. This remains until the
chosen number of features is retained, resulting in an optimal subset of features for the model. The pseudo-
code of the feature selection using RFE is given in Algorithm 1.

Algorithm 1: Pseudocode of feature selection using recursive feature elimination (RFE)

Objective: To select important features
Input: Extracted Features y (t)

Output: Final ranking R

1: Input: perform RFE and select n features
2: Training set (T)

(Continued)
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Algorithm 1 (continued)

3: Set of features y ()

4: Number of features to select (N)
5: output: Final Ranked Features (R)
6: Steps:

7: Repeat for i in {l:n}

8: Rank set y () using N

9: F < last ranked feature in y (¢)
10: R (n-1+1) «

3.5 Classification Using ResTFTNet

This study proposes an advanced hybrid classification approach using ResTFTNet, a deep learning
model that effectively captures both spatial features and long-range temporal dependencies in stress-related
signals. This step uses the deep learning-based classifier to classify the stress levels using extracted and
selected features. For effective classification, we use the CNN-based classifier. The convolutional neural
network (CNN) captures the longitudinal features from the signal data. For that, we use the ResNet-101
classifier. ResNet-101 effectively extracts spatial features that are used for detecting patterns associated with
stress. ResNet-101 [33] is a residual network that contains 101 deep layers. Deeper networks often encounter
degradation problems during the convergence process, which can lead to a rapid decline in accuracy. ResNet
addresses this degradation issue by utilizing a deep residual learning framework. The architecture generally
follows a convolutional neural network (CNN) structure but with residual blocks replacing traditional
stacked convolutional layers. In this study, we integrated the two models to introduce the hybrid DL classifier
for accurate stress detection. Fig. 2 shows the architecture diagram of the proposed ResTFTNet model.
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Figure 2: Architecture diagram of proposed CNN-based TFT model

The network starts with an input layer that takes the input features and passes them to the convolutional
layer to perform feature extraction. This extracts the low-level features using small filters to capture basic
patterns. Next, the residual block is one of the core innovations of ResNet-101. It skips one or more layers
common in every block, which helps avoid the degradation problem. The extracted features are given to TFT
to handle the complex temporal pattern.

The Temporal Fusion Transformer (TFT) is a cutting-edge architecture that uses attention mechanisms
specifically crafted for interpretable multi-horizon time series forecasting. The TFT integrates deep learning
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capabilities with a focus on interpretability by employing recurrent layers to process local sequences and
self-attention mechanisms to capture long-term dependencies. This combination enables the TFT to learn
temporal relationships across multiple scales effectively [34]. The gated residual network (GRN) is used
throughout TFT to capture the complex temporal pattern and dependencies. The architecture of GRN is
given in Fig. 3. The variable @ is the primary input for the Gated Residual Network (GRN). It first passes
through a dense layer with an Exponential Linear Unit (ELU) activation, followed by a linear layer with
dropout. The output is then fed into a Gated Linear Unit (GLU). Finally, the GRN output is obtained by
normalizing the sum of @ and the GLU output, incorporating a residual connection. Finally, the fully
connected (FC) layer is passed to softmax activation for classification tasks.

., _.-" Primary Input

Figure 3: Gated Residual Network (GRN) architecture

The ResTFTNet approach in this study captures spatial features and complex temporal relationships,
which is very useful for accurately detecting and classifying worker stress. It can process both spatial context
and dynamic, time-dependent data, allowing it to make more accurate and context-aware predictions,
improving the overall performance of stress detection systems.

3.6 Federated Learning

The FL model is a combined global machine-learning method that trains selected models across several
clients or devices while ensuring user data privacy [35]. This work uses the FL to report the problem of
stress detection. It allows local preprocessing, synchronization, and personalization on individual devices,
reducing central server load and ensuring privacy by sharing only model updates.

Aggregation into the Global Model
We use federated averaging (FedAvg) to aggregate the two local models into the global model. FedAvg is
one of the premier methods utilized in FL, making it an essential choice for effective decentralized training.
This is used to aggregate the local model into the global model. The FedAvg is given in Eq. (5).
m .
dlob < Qier, i (5)
where, i € R; represents the selected group of participating clients; the weight factor = reflects the ratio of

client i data volume to the total data volume. After local training x!*! is an updated model of client k and

X ;}7 , represents the aggregated global model.
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4 Results and Discussion

This section explains the results of the experiments conducted on the IT worker’s stress dataset and
hospital worker’s stress dataset using the hybrid DL and FL models. The performance of the proposed model
is evaluated by discussing the performance of each local model and FL as separate states. First, we evaluate
the software and hardware setups used in the training process, as given in Section 4.1. In Section 4.2, the
statistical analysis of the performance evaluation is given. The performance evaluation of the proposed DL
and FL model is given in Section 4.3. Section 4.4 provides the validation result of the proposed model with
another external dataset. We also created a web application for predicting worker stress in low devices (mobile
phones). The experimental result is shown in Section 4.5. Additionally, the ablation study experiment is
explained in Section 4.6. The comparative analysis of the proposed stress detection model with existing works
is shown in Section 4.7, and the result of the proposed model is discussed in Section 4.8.

4.1 Implementation Details

The experimental setting for stress detection using the DL model was implemented on the Windows
10 system. The specification and configuration of the system are given in Table 1. The models are built using
Python 3.12 with Tensorflow version 2.17 as a deep learning framework. Intel Core i5 6500 CPU @ 3.20 GHz,
8.0 GB DDR3, Graphics = Intel(R) HD Graphics 530Software.

Table 1: Hardware requirements and training time

Factor Values
Hardware CPU (no GPU acceleration)
Epochs 50
Batch size 32
Training time (Local models) 12 h (CPU)
Total training time (FedAvg) 25h
Inference time 600 ms per model
Memory usage 6 GB RAM per model
Deployment feasibility Challenging on CPU
Scalability Low to medium

The training of DL and FL models is conducted on a CPU-based system without GPU acceleration,
which results in relatively slow training and inference times. The models are trained for 50 epochs with a
batch size of 32, requiring approximately 12 h for local training and 25 h for federated learning (FedAvg),
which includes additional overhead from model synchronization and communication across multiple nodes.
The inference time per model is 600 ms, which is slower than desired for real-time applications, and the
memory usage is around 6 GB per model. Deployment on the CPU is challenging due to these limitations,
making it difficult to scale the system efficiently. The scalability of the system is considered low to medium,
primarily due to CPU constraints.

4.2 Statistical Analysis of Evaluation Metrics

Performance evaluation of the stress detection DL and FL model requires several evaluation metrics
to assess its performance. These metrics ensure the model’s robustness, reliability, and generalizability.
Performance metrics include accuracy, precision, recall, F1 score, Matthew’s correlation coeflicient (MCC),
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specificity, false negative rate (FNR), and false positive rate (FPR). These metrics provide unique insights into
the model’s strengths and weaknesses.

Accuracy: Accuracy refers to the proportion of correctly classified instances compared to the evaluated
instances. It is one of the simplest metrics used to assess model performance. Accuracy provides a general
idea of how well the model performs across all classes and can be calculated using the formula presented
in Eq. (6).

TP+TN

accuracy = (6)
TP+ TN+ FP+FN

Precision: Precision, also known as positive predictive value, measures the accuracy of positive
predictions made by a classifier. High precision indicates a low false positive rate for the model. Eq. (7) shows
the formula used to calculate precision.

TP

precision = T“‘FP (7)

Recall: Recall, which is also referred to as sensitivity or the true positive rate, measures a classifier’s
ability to identify all relevant instances (true positives). It is calculated using the formula provided in Eq. (8).
A high recall indicates that the model effectively identifies most of the positive instances.

TP
recall = ———— (8)
TP + FP

F1 score: The F1 score is the harmonic mean of precision and recall, providing a single metric that

balances both. It can be calculated using the formula given in Eq. (9).

precision x recall
X

)

Flscore =2

precision + recall

Matthew’s correlation coefficient (MCC): The MCC calculates the discrepancy between the actual and
predicted value. The MCC is calculated using Eq. (10).

) (TP.TN) - (FP.FN)
~ /(TP+FP) (TP + FN) (TN + FP) (IN + FN)

MCC (10)

Specificity: The specificity (true negative) is the number of correctly predicted negative cases divided

by the number of all negative cases calculated by Eq. (11).
TN

ificity = ———— 11
specificity TN+ FP (11)

FNR and FPR: The false-positive rate (FPR) is the chance that the null hypothesis is true. For a result
that is not significant, the false-negative rate (FNR) is the chance that the alternative hypothesis is true. The
FNR and FPR are calculated using Eqs. (12) and (13):

FP
FPR= —— (12)
FP+ TN
FN
FNR= — (13)

FN+TP
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From Egs. (6)-(13), TP, TN, FP, and EN represent true positive, true negative, false positive, and
false negative.

4.3 Performance Analysis of Local Models

The performance of the stress detection model was evaluated through metrics of accuracy, precision,
recall, F1 score, Matthew’s correlation coefficient (MCC), specificity, false negative rate (FNR), and false
positive rate (FPR). The accuracy implies the model’s ability to detect the data precisely. Precision made
a number of correct positive observations. The MCC calculates the discrepancy between the actual and
predicted value. The model’s capacity to predict genuine positive and true adverse outcomes is indicated by
recall and specificity.

The performance of the proposed model is assessed by evaluating the performance of local models 1,
2, and the global model in accurate stress detection. Table 2 shows the incomparable performance of local
models 1 and 2 on the IT workers dataset and hospital worker datasets across various metrics, including
accuracy, precision, recall, F1 score, Matthews Correlation Coefficient (MCC), specificity, False Positive
Rate (FPR), and False Negative Rate (FNR). Figs. 4 and 5 show the bar graph of the local models 1 and 2
performance metrics.

Table 2: Evaluation metrics of the proposed local models

Metrics Local modell Local model 2

Accuracy 99% 99%
Precision 97% 98%
Recall 98% 99%
F1 score 99% 98%
MCC 98% 99%
Specificity 1% 1%
FNR 0.13 0.112
FPR 0.06 0.05

1.0 Performance Metrics

0.8

0.6

Score

0.4

0.2

0.0

AccuracyPrecision Recall F1 Score MCC Specificity FNR FPR
Metrics

Figure 4: Performance metrics of local model 1



Intell Autom Soft Comput. 2025;40 247

1.0 Performance Metrics
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Figure 5: Performance metrics of local model 2

4.3.1 Performance Analysis of Local Model 1

Fig. 6 displays the accuracy and loss curves for local model 1, presenting insights into its performance
during training. The training and validation curves converge smoothly from the first to the last epoch,
exhibiting negligible fluctuations. The curves help estimate local model I's performance and its capability

to adapt to the IT worker dataset. The gap between the curves indicates that overfitting did not occur
during training.

Accuracy Curve Loss Curve
1.00
—— Training Loss
0.75 idati
> 0.98 Validation Loss
g
3 0.96
< -
—— Training Accuracy
0.94 Validation Accuracy
0 20 40 0 20 40
Epochs Epochs

Figure 6: Accuracy and loss curve of local model 1

Fig. 7 shows the confusion matrix used to evaluate local model 1, detecting stress. The true labels are

represented by each column and the forecast labels are denoted by each row. The matrix provides insight into
the accuracy of stress detection.

1000

Not Stressed 0 800

600

True label

400

Stressed 9 46
200

Not Stressed Stressed
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Figure 7: Assessment of local model 1 with the confusion matrix
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4.3.2 Performance Analysis of Local Model 2

Fig. 8 displays the accuracy and loss curves of local model 2 for 30 epochs. The training and validation
curves converge smoothly, indicating local model 2’s ability to adapt to the hospital workers’ Dataset. Fig. 9
shows the confusion matrix used to evaluate local model 2, detecting stress.
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Figure 8: Accuracy and loss curve of local model 2
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Figure 9: Assessment of local model 2 with the confusion matrix

4.3.3 Performance Analysis of Global Model

Fig. 10 demonstrates the precision and loss curve of the global model for stress detection. This curve is
a tool for estimating the model’s improvement and adaptation to the integrated dataset used. The accuracy
curve shows the effectiveness of the FL in improving the challenges in stress detection, and the loss curve
reduces the prediction errors in the classification performances. Table 3 shows the performance metrics of

the global model.
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Figure 10: Accuracy and loss curve of global model

Table 3: Performance metrics of the federated learning

Metrics Accuracy Precision Recall Flscore Specificity FNR FPR
Global model 99.3% 98.22% 100%  95.28% 95.23% 0.047 0.017

4.3.4 Error Performance Metrics of Two Local Models and FL Global Model

This study also evaluates the performances of the local models and FL global models through several
error metrics, such as Mean Square Error (MSE), Mean Absolute Error (MAE), and Mean Absolute
Percentage Error (MAPE).

Table 4 presents the performance metrics for three models: two local models and one federated learning
(FL) global model. It shows that the FL Global Model outperforms the others with the lowest Mean Squared
Error (MSE) of 0.001987, Mean Absolute Error (MAE) of 0.04432, and a Mean Absolute Percentage Error
(MAPE) of 6.33%. Local Model 1 has an MAE of 0.0489 and a MAPE of 6.99%, while Local Model 2 shows

significantly higher errors with an MAE of 0.14567 and a MAPE of 20.81%. Overall, the FL Global Model is
the best choice based on these metrics.

Table 4: Error performance metrics of the proposed models and FL model

Models Mean square error Mean absolute Mean absolute percentage
(MSE) error (MAE) error (MAPE)
Local model 1 0.002345 0.0489 6.985714%
Local model 2 0.021876 0.14567 20.810233%
FL global model 0.001987 0.04432 6.331428%

4.3.5 ROC-AUC Curve for Federated Learning

A ROC-AUC curve is useful for visualizing the trade-off between correctly identifying stress (True
Positives) and incorrectly flagging non-stressful states as stressful (False Positives) at various classification
thresholds. Additionally, a detailed breakdown of False Positives and False Negatives offers valuable insights
into the specific errors the model makes when identifying stress states.

Fig. 11 demonstrates the ROC-ACU curve for FL model stress detection. In the graph, the ROC curve
reaches the top-left corner, indicating a TPR of 1 and an FPR of 0. The provided graph shows that the
suggested model has achieved perfect accuracy in stress evaluation.
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ROC Curve for Federated Learning
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Figure 11: ROC-AUC curve for FL model

4.3.6 Experiment on Non-1ID Data Setup

The performance of Federated Learning (FL) under Independent and Identically Distributed (IID) and
Non-IID. It plots accuracy against communication rounds, comparing the convergence and stability of the
FL model. The blue dashed line represents the performance of FL when the data across different clients is IID.
The red solid line shows the performance of FL under non-IID data distribution. Non-IID data means that
the data distribution varies significantly across clients, which is more representative of real-world scenarios.
This graph indicates that FL with non-IID data converges more slowly compared to the IID scenario.

Fig. 12 demonstrates the impact of data distribution on the performance of FL. IID data leads to faster
convergence, while non-IID data poses challenges, resulting in slower convergence. Each client trains a local
model and the models are aggregated using the Federated Averaging (FedAvg) algorithm. The global model
is evaluated after each round to track accuracy. Finally, the results of IID and non-IID training are plotted to
analyze the impact of data distribution on FL performance.
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Figure 12: Experimental result of IID and non-IID data in FL

4.4 Results of the Proposed Model’s Performance across Different Datasets

To further validate the model’s generalizability, we validate our proposed model using a worker stress
detection database from another center that was not part of the training dataset. For that, we use the stress
detection dataset, which captures various psychological, behavioral, and physiological attributes of each
participant. It is a CSV file format dataset. Our proposed method evaluates the model’s performance metrics
on the external validation dataset. The proposed model evaluates the model’s performance metrics of hospital
and IT workers dataset. The performance metrics of our proposed model with the dataset used for training,
with the external stress detection dataset to obtain the model’s generalizability, are analyzed.
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Table 5 demonstrates that the model’s performance on the stress detection dataset was not significantly
different from the proposed training dataset. It shows that our proposed model is better generalized across
various stress detection datasets. The successful validation of our model using the stress detection dataset
highlights its potential as a reliable tool for decision-making.

Table 5: Performance comparison of the proposed model across various dataset

Metrics Dataset used for training Dataset used for validation proving
proposed model model generalizability

Accuracy 99.3% 97%
Precision 98.22% 98%
Recall 100% 96%
F1 score 95.28% 97%
Specificity 95.23% 98%
FNR 0.047 0.011
FPR 0.017 0.019

4.5 Result of the Web App Testing to Predict Worker Stress

This section analyses the results of the web app testing for worker stress detection based on stress levels.
We created a stress-detect web application for displaying the stress level of the hospital and TT workers based
on their physiological and psychological details. The app page includes the details of blink rate, RR, HRV, ST,
motion, voice stress, and cortisol levels. We fill in the obtainable details in the appropriate blanks and then
click the Predict button. Then the application automatically generates the message representing whether the
person is stressed or not, the stress score, and the stress levels of the worker or a person shown in Figs. 13
and 14.

4.6 Ablation Study

The ablation study evaluates the model’s presentation with and without the RFE feature selection
method. It removes or eliminates the least important one to select the significant one to improve the model’s
efficiency. Figs. 15 and 16 indicate the performance of local models 1 and 2 with and without the feature
selection component (RFE) based on the accuracy metric. The result highlights the significant impact of RFE
on improving model performance and detection accuracy.

4.7 Comparative Analysis

In this part, we compare the performance of the proposed models with existing stress detection
methods. We evaluate existing deep learning and federated learning models to demonstrate our proposed
model’s adaptability and efficiency. Additionally, we also provide a comparison of other standard transformer
models to ensure the scalability of the model.

4.7.1 Comparison Analysis of ResTFTNet and Existing Models

The comparative analysis of the proposed ResTFTNet model with other DL models shows the efficiency
and robustness of the proposed model in accurate stress detection.
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Fig. 17 demonstrates the comparison evaluation of our proposed model, ResTFTNet, with existing
models. It shows that the proposed classifier achieves 99% accuracy, surpassing other models CNN, SVM,
and CNN [14], CNN-LSTM [15], MDS [16], and StressNet [19], which achieved accuracies of 83.88%, 87%,

96%, and 97.8%, respectively.
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Figure 17: Comparison of performance metrics for ResTFTNet and existing models

4.7.2 Comparison Analysis of the ResTFTNet Model with Other Standard Transformer Models

The comparison analysis of the ResTFTNet model over other standard transformer-based models
highlights the superiority of the proposed model. Here, we used the vanilla transformer as a standard
transformer-based model to compare with our proposed ResTFTNet model.

Table 6 compares the proposed transformer model with the baseline transformer model. As evident
from Table 6, our ResTFTNet model outperforms the baseline model (vanilla transformer) across all three
error metrics (MSE, MAE, and MAPE). Notably, the proposed transformer model achieves 0.001987 of MSE,
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0.04432 of MAE, and 6.33% of MAPE compared to the baseline model achieves 0.0021 of MSE, 0.05 of MAE,
and 710% of MAPE, respectively. This indicates that the proposed transformer model performs better in
minimizing prediction errors than the vanilla transformer model and provides better and more accurate
stress detection.

Table 6: Comparison analysis of the proposed transformer model with standard transformer models

Transformer models MSE MAE MAPE

ResTFTNet (ours) 0.001987 0.04432 6.33%
Vanilla Transformer model (baseline model)  0.0021 0.05 7.10%

4.7.3 Comparative Analysis of FedAvg Aggregation Model with Other FL Aggregation Models

The comparison performances of the proposed federated learning aggregation model fed Avg with other
baseline federated learning models such as FedProx, FedNova, and FedOpt.

Table 7 illustrates the comparison performances of the Fed Avg aggregation model with other FL aggre-
gation models. Among the FL aggregation models proposed FedAvg outperforms all other FL aggregation
models for the basic metrics (accuracy, precision, recall, and F1_score) due to its simplicity and computa-
tional efficiency. It exhibits superior performance by achieving metrics of 99.3 %, 98.22 %, 100%, and 95.28%
surpassing other FL aggregation models such as FedProx ( 98.8%, 97.9 %, 99.7 %, and 95.7%), FedNova
(99%, 98%, 99.8%, and 95.5%), and FedOpt (99.2%, 98.2%, 99%, and 96%), respectively. It proves that the
other FL aggregation models face slow convergence and complexity issues. However, the Fed Avg maintains a
straightforward averaging technique that ensures stable learning and achieving strong convergence without
the added computational overhead of alternative methods.

Table 7: Comparison analysis of the proposed FedAvg aggregation model with other FL model

FL Aggregation model Accuracy (%) Precision (%) Recall (%) F1score (%)

FedAvg (ours) 99.3 98.22 100 95.28
FedProx 98.8 97.9 99.7 95.7
FedNova 99 98 99.8 95.5

FedOpt 99.2 98.2 99 96

4.8 Discussion

The proposed hybrid DL model aims to improve stress detection in real-world scenarios by integrating
DL and FL. This model combines the physiological and behavioral signals of IT and hospital workers to
provide more accurate stress detection than the traditional methods. The two local models are integrated
into the global model using federated learning. The performance metrics of local models 1 and 2 show that
the ResTFTNet model effectively addresses class imbalance, overfitting, and limited data availability. We
selected the ResTFTNet classifier for IT and hospital data to classify worker stress. This model combines
residual connections with temporal and spatial components, enhancing feature extraction and gradient
handling. ResTFTNet employs CNN-based spatial feature extraction alongside the self-attention mechanism
of Transformers, effectively capturing long-range temporal dependencies and fine-grained spatial features.
Our comparison with standard Transformer models demonstrates that ResTFTNet outperforms them in
accuracy, robustness, and scalability, as illustrated in Table 6. The training and validation loss curves for the
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two local models show the best performance during the training process, effectively avoiding overfitting.
Moreover, the network depth analysis is also performed by increasing and decreasing the layer of the
ResTFTNet model, it shows with 6 layers, the model achieves low accuracy. Increasing the depth to 12 layers
improves accuracy further, suggesting the model is better at capturing more complex patterns. The confusion
matrix showed the model’s ability to correctly identify stress levels. The ROC-AUC curve strengthens the
stress detection model which accurately detects stress in the workers as given in Fig. 11. Additionally, we
also tested our FL models to perform non-IID settings and compared them with IID data given in Fig. 12.
The stress detection application for predicting the stress using the signals is also created in the create-react
app and the results are shown in Figs. 13 and 14. An ablation study is also conducted by removing the
feature selection component in Figs. 15 and 16. Fig. 17 and Table 7 compare the proposed model with the
existing Deep Learning models and FL aggregation model to ensure robust stress detection in hospitals and
IT workers. Additionally, we compare our proposed transformer model with the baseline model (vanilla
transformer). It proves the proposed model’s effectiveness which has fewer performance errors leading to
accurate stress detection.

Our innovative stress detection model is highly applicable in real-world environments such as hospital
staff, IT workers, public safety workers, educational Institutes, and manufacturing fields. They are the most
stressed persons and our model detects the stress more accurately and helps to make early treatment for
stress reduction. In hospitals, the model supports emergency and intensive care staff, preventing burnout
and ensuring good patient care. In IT, it helps developers and network teams work more effectively and avoid
burnout. Public safety workers, like firefighters and police, use real-time stress monitoring to make better
decisions. In call centers, the model improves employee well-being and customer satisfaction. For air traffic
controllers, it reduces mental strain. In manufacturing, it checks for fatigue and stress-related mistakes to
keep workers safe. Overall, this model boosts worker well-being and performance in demanding jobs.

The proposed worker stress detection model has great potential but it has several limitations that can
affect its reliability and predictivity of the model. Inconsistent and insufficient data cause inaccurate stress
prediction in high-stress situations. Additionally, ensuring privacy may also lead to challenges related to
data heterogeneity and synchronization between different nodes, potentially affecting the model’s accuracy.
The future work is expanded to overcome these issues. The proposed model provides superior accuracy and
robustness in detecting stress among IT and hospital workers, effectively addressing challenges like class
imbalance and overfitting. Despite data inconsistencies and privacy concerns, this model holds significant
potential for real-time, personalized stress management and intervention in high-pressure environments,
paving the way for improved worker well-being and performance.

5 Conclusion

We developed an effective approach for stress detection systems for IT and hospital workers that
enhances health and work performance through the federated learning (FL) model. It integrates physiolog-
ical and behavioral data to present a promising solution to improve workplace well-being. By combining
physiological and psychological signals, our system provides real-time assessments of stress levels, enabling
personalized interventions. The hybrid DL classifier model comprising a CNN with a Temporal Fusion
Transformer (TFT) effectively captured the spatial features and long-range temporal dependencies of stress
data. The study achieved an impressive accuracy of 99.3% in stress detection, outperforming traditional
models like CNN, LSTM, and SVM while ensuring data privacy by keeping sensitive information localized.
We further enhanced stress detection performance through Recursive Feature Elimination (RFE) for feature
selection, alongside bandpass filtering and normalization during pre-processing. This creates a reliable
solution for real-time stress monitoring in high-stress environments, with the potential for adaption in other
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high-risk professions. Future work will focus on increasing the transparency of the model’s execution to
facilitate its adoption in healthcare settings.
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