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       ABSTRACT:  

      In recent years, the mental well-being of industrial workers has become a critical concern due to 

increasing workloads, hazardous environments, and repetitive tasks. Real-time stress detection using 

machine learning (ML), particularly through emotion recognition, offers a promising solution to 

mitigate these issues. This survey explores recent advancements in real-time emotion-based stress 

detection using ML, focusing on techniques applied in industrial settings. We present a 

comprehensive overview of data acquisition methods, emotion recognition models, stress 

classification algorithms, and real-time deployment strategies. The paper also discusses challenges 

such as data privacy, hardware limitations, and model accuracy, and outlines future research 

directions. We provide comparative analyses of various features for depression detection. Using the 

same quantity, we evaluate how a system built on text-based, audio- based and speech-based system. 

We find that a combination of features drawn from both speech and images to lead the best system 

performance. By taking a survey we have find most efficient algorithms for detection purpose. We 

have used CNN (Convolutional Neural Network) for Face images training; we have used SVM 

(Support Vector Machine) Algorithm. Lastly for Audio input, we have used MFCC for speech 

recognition 

       . 

       Keywords - Depression detection, Machine Learning, Image preprocessing, Face detection, 
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        INTRODUCTION: 

In today’s fast-paced industrial environments, workers are often subjected to physically demanding 

tasks, long working hours, hazardous conditions, and monotonous routines. These factors can 

contribute to elevated levels of psychological and physiological stress, which, if left undetected, may 

result in reduced productivity, compromised safety, and adverse health outcomes. Traditional 

methods of stress assessment—such as surveys, interviews, and clinical evaluations—are often 

intrusive, subjective, and unsuitable for continuous real-time monitoring on the shop floor.Recent 

advances in machine learning and affective computing have made it possible to monitor stress non-

invasively by analyzing emotional states derived from multimodal data such as facial expressions, 

speech, and physiological signals. Emotions like anger, anxiety, frustration, and sadness are often 

closely correlated with stress, making emotion recognition a powerful tool for early stress detection. 

Machine learning models can identify subtle patterns and deviations in these signals to infer stress 

levels with high accuracy, enabling timely intervention. 

Real-time emotion-based stress detection systems have the potential to transform occupational health 

and safety practices in industrial settings. By integrating wearable sensors, smart cameras, and edge 

computing platforms, these systems can continuously monitor workers without disrupting their 

workflow. When elevated stress levels are detected, the system can trigger appropriate responses, 

such as recommending rest breaks, alerting supervisors, or initiating stress reduction protocols. This 

paper presents a comprehensive survey of real-time machine learning approaches for emotion-based 

stress detection in industrial workers. It covers key components including data acquisition methods, 

emotion recognition models, stress classification techniques, and real-time implementation strategies. 
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Additionally, the paper discusses the practical challenges of deploying such systems in industrial 

environments and outlines promising directions for future research. 

Emotion recognition, leveraging physiological and behavioral signals, plays a vital role in identifying 

stress levels in workers. By analyzing facial expressions, speech patterns, and physiological data 

such as heart rate and skin conductance, advanced computational techniques enable the detection of 

emotional states in real time. Integrating these techniques into workplace environments can provide 

early warning signs of stress, allowing for timely interventions and better workforce management. 

The increasing adoption of artificial intelligence (AI), machine learning (ML), and sensor-based 

systems has paved the way for more accurate and real-time emotion recognition systems in 

occupational settings. The importance of real-time emotion recognition in worker stress analysis lies 

in its potential to improve workplace safety, productivity, and employee well-being. Traditional 

stress assessment methods, such as self-reported surveys, suffer from biases, delays in reporting, and 

limited applicability to dynamic work environments. Real-time emotion recognition overcomes these 

limitations by offering continuous, objective, and data-driven insights into worker stress levels. By 

integrating emotion recognition with workplace technologies, organizations can develop adaptive 

work environments that respond to employee emotional states in real time. 

 

LITERATURE SURVEY 

       The research on detecting negative emotional stress based on facial expressions has garnered 

significant attention in recent years. Zhang et al. (2019) proposed a real-time approach for detecting 

negative emotional stress using facial expression analysis. Their study, presented at the IEEE 4th 

International Conference on Signal and Image Processing, employed advanced signal processing 

techniques to identify stress-related facial cues. In a similar vein, Gao et al. 

       (2014) explored the detection of emotional stress from facial expressions specifically for driving 

safety applications. Their work, presented at the IEEE International Conference on Image 

Processing, focused on leveraging facial expression recognition to enhance driving behavior 

monitoring systems. Giannakakis et al.  

(2020) contributed to the field by evaluating models of facial action units for automatic stress 

detection. Their study, presented at the IEEE International Conference on Automatic Face and 

Gesture Recognition, highlighted the importance of incorporating facial action units into stress 

detection algorithms.Almeida and Rodrigues (2021) proposed a facial expression recognition system 

for stress detection using deep learning techniques. Their research, presented at ICEIS, demonstrated 

the efficacy of deep learning models in accurately identifying stress-related facial expressions.Viegas 

et al. 

       (2018) presented a dependent model for stress detection based on facial action units, aiming 

towards independent stress detection systems. Their study, presented at the International Conference 

on Content-Based Multimedia Indexing, emphasized the role of facial cues in stress 

detection.Giannakakis et al.  

       (2017) investigated stress and anxiety detection using facial cues extracted from videos. 

      Their study, published in Biomedical Signal Processing and Control, highlighted the potential of 

video-based analysis for detecting stress-related facial expressions. Zhang et al. 

       (2020) proposed a video-based stress detection approach using deep learning techniques. Their 

research, published in Sensors, demonstrated the effectiveness of deep learning models in analyzing 

facial expressions to detect stress in real-time video data.Dinges et al. 

       (2005) pioneered the use of optical computer recognition of facial expressions associated with 

stress induced by performance demands. Their study, published in Aviation, Space, and 

Environmental Medicine, laid the groundwork for subsequent research in stress detection from facial 

expressions.Giannakakis et al. 

       (2022) further advanced stress analysis from facial videos by employing deep facial action units 
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recognition. Their research, published in Pattern Analysis and Applications, showcased the potential 

of deep learning models in accurately detecting stress-related facial cues. Chickerur and 

Hunashimore  

       (2020) conducted a comprehensive study on detecting stress using facial expressions, emotions, 

and body parameters. Their research, presented at the International Conference on Computational 

Intelligence and Communication Networks, highlighted the multi-modal approach towards stress 

detection and emphasized the integration of various physiological signals for improved accuracy. 

       Hindu and Angalakuditi (2022) proposed an IoT-enabled stress detection scheme utilizing facial 

expressions. Their work highlights the integration of Internet of Things (IoT) technologies with 

facial expression analysis to enable real-time monitoring of stress levels. By capturing and analyzing 

facial expressions, their scheme offers a non-intrusive and convenient method for stress 

assessment.Sinha and Sharma (2023) introduced a Stress 

       Alarm Raiser based on Facial Expressions, emphasizing the development of a system that 

detects stress levels based on facial cues. Their approach involves the utilization of computer vision 

techniques to recognize patterns in facial expressions indicative of stress. The system serves as an 

early warning mechanism, alerting individuals to elevated stress levels and prompting proactive 

interventions 

      Baldacci and Gokcay (2016) investigated stress detection in human-computer interaction settings 

by fusing pupil dilation and facial temperature features. Their study highlights the potential of 

multimodal biometric signals in enhancing stress detection accuracy. By integrating physiological 

signals with facial expressions, their approach offers a more comprehensive understanding of stress 

dynamics during human-computer interaction.Pediaditis et al 

(2015) focused on the extraction of facial features as indicators of stress and anxiety. Their research 

delves into the identification of specific facial cues associated with stress, such as changes in facial 

muscle activity and expression intensity. By extracting and analyzing these features, their work 

contributes to the development of robust stress detection algorithms.Giannakakis et al.  

(2019) conducted a comprehensive review on psychological stress detection using bio signals, 

including facial expressions. Their review synthesizes existing literature on the use of various bio 

signals, such as heart rate variability, electro dermal activity, and facial expressions, for stress 

assessment. They provide insights into the challenges and opportunities in the field of psychological 

stress detection, highlighting the importance of interdisciplinary approaches and advanced signal 

processing techniques. Collectively, these studies underscore the significance of leveraging facial 

expressions and physiological signals for stress detection. By integrating machine learning 

algorithms, computer vision techniques, and IoT technologies, researchers aim to develop innovative 

solutions for real-time stress monitoring and intervention, ultimately promoting mental well-being 

and resilience. In summary, the literature survey demonstrates a growing interest in leveraging facial 

expressions for stress detection, with advancements ranging from real-time analysis to deep learning-

based approaches. These studies collectively contribute to the development of robust and effective 

stress detection systems with potential applications in various domains, including healthcare, safety, 

and performance monitoring. 

 

PROPOSED SYSTEM: 

We propose a modified speech emotion recognition method which uses deep neural networks for 

training. The method uses Mel-frequency cepstral coefficients (MFCC), Chromogram, Mel scaled 

spectrogram in conjunction with Spectral contrast and Tonal Centroid features to extract details 

about an audio file. The features are used to train DNN model in a 5 layer deep neural network. The 

dataset used here is the Ryerson Audio-Visual Database of Emotional Speech and Song 

(RAVDESS). We have only chosen the speech part which consists of 24 actors (gender balanced) 

with 1440 audio files. The model classifies the speech audio in 8 different emotions namely neutral, 



 

 

 

 

Industrial Engineering Journal 

ISSN: 0970-2555   

Volume : 54, Issue 8, No.2, August : 2025 
 

UGC CARE Group-1                                                                                                                       142 

calm, happy, sad, angry, fearful, disgust, surprised. 

 

Outline of System 

 
Data Sources: 

-Face: Captures facial expressions to analyze emotional states. 

-Audio: Analyzes vocal tone, pitch, and speech patterns for emotional cues. 

 

Preprocessing: 

-Removes noise, standardizes input data, and extracts relevant information from raw inputs. 

-Techniques may include image normalization, text tokenization, and audio filtering. 

 

Feature Selection and Extraction: 

Identifies key features from each data type: 

-Face: Facial landmarks, micro-expressions, eye movement. 

-Audio: Pitch variation, speech rate, prosodic features. 

 

Dividing into Training and Testing: 

-Splits the dataset into training (for model learning) and testing (for evaluation). 

-Ensures a balanced dataset to avoid bias. 

 

Classification using ML Algorithm: 

-Utilizes machine learning models (CNN, LSTM, SVM, etc.) for pattern recognition. 

-Models are trained to distinguish depressive vs. non-depressive behavior. 

 

Depression Detection; 

-Final output identifies potential signs of depression based on multimodal analysis. 

-Can be used in clinical applications or workplace mental health monitoring. 

 

         METHODOLOGY  

      The stress analysis system developed in this research leverages facial expression recognition 

techniques to detect and analyze emotional states indicative of stress levels. The system comprises 

two main components: stress prediction and stress analysis. Data Collection and Pre-processing: • 

A dataset of facial images annotated with corresponding emotional states was collected for model 

training. These images were pre-processed to ensure uniformity in size (48x48 pixels) and 

converted to gray scale format to reduce computational complexity. The dataset was divided into 

training and validation sets using holdout validation. Stress Prediction: • The stress prediction 

component utilizes a convolutional neural network (CNN) model trained to recognize facial 

expressions associated with different emotional states, including stress. The CNN architecture 

consists of multiple convolutional layers followed by max-pooling, batch normalization, dropout, 

and dense layers. The model was trained using the training dataset, with the Adam optimizer and 
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categorical crossentropy loss function. Stress Analysis: • The stress analysis component utilizes 

the trained stress prediction model to analyze real-time facial expressions captured through a 

camera feed. The OpenCV library is used for face detection, and the predicted emotional states 

are logged along with timestamps into a CSV file for further analysis. Emotion labels such as 

'Bursted,' 'Irritated,' 'Anxious,' 'Relaxed,' 'Neutral,' 'Broked,' and 'Shocked' are assigned based on 

the model predictions. Analysis and Visualization: • The logged emotional data is analyzed to 

generate various visualizations, including emotion trends over time, emotion distribution over 

time, average stress level every 20 seconds, and daily average stress level. Matplotlib and Pandas 

libraries are employed to create these visualizations, which provide insights into the user's 

emotional state fluctuations and stress levels. Recommendation System: • Based on the analysis 

results, personalized recommendations are generated to help users manage their stress levels 

effectively. These recommendations include relaxation techniques, mindfulness exercises, 

physical activities, and social interactions tailored to the user's current emotional state and stress 

level. Deployment and Integration: • The stress analysis system is deployed as a web-based 

application using the Flask framework, allowing users to access it via a web browser. The 

system's user interface provides functionalities for stress prediction, real-time analysis, 

visualization, and recommendation display. Integration with existing software systems or 

standalone usage is facilitated, enabling seamless incorporation into various applications for stress 

management and well-being monitoring. 
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