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Abstract: The necessity for sophisticated and scalable ergonomic evaluation methods is highlighted by the rise in posture-related musculoskeletal problems brought on by a growing emphasis on computing-driven work. Conventional methods of evaluation, which rely on checklist-derived analysis and manual observations, are unable to provide ongoing, impartial assessment. Automation methods for postural detection and ergonomic risk assessment have drawn a lot of consideration due to advancements in artificial intelligence, especially in deep learning and computer vision. Recent techniques, such as sensor-based methods, vision-based strategies, and advanced algorithms for deep learning, including convolutional, recurrent, and transformer models, are all thoroughly covered in this review. Additionally, it examines current advancements in adaptive learning and multimodal interface that improve real-time functionality and customization. According to the investigation, issues with interpretability, robustness, and deployment in real-world settings continue to exist even as deep learning outcomes increase accuracy and scalability. Additionally, the article outlines implied research directions, including as privacy-aware learning frameworks, multimodal data fusion, and resolution-based AI methods, and indicates investigation gaps. All things considered, this analysis provides invaluable insight into current developments and encourages the creation of intelligent ergonomic solutions targeted at enhancing workplace happiness and proactive medical care.
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Introduction
The widespread adoption of digital technologies has revolutionized modern working environments, resulting in a substantial increase in tasks involving computers and extended times of inactivity [1]. While employee efficiency and sense of belonging have increased as a consequence of this change, office workers, students, and remote users have seen an apparent spike in muscular ailments associated with a postural. Early detection and avoidance are vital since these medical issues usually develop gradually as a result of persistent bad postures, repeated motions, and the lack of prompt remedial action [2].

The emotive and stationary character inherent in conventional ergonomics examination techniques, such as manual observations and checklist-based assessments, limitations their practicality. These methods are ineffective in constantly tracking attitude or recording its dynamical fluctuations while carrying out tasks in the real world [3]. Computerized postural identification has been made feasible by contemporary innovations in computer vision and deep learning, but numerous current methods still struggle with real-time execution, a user-specific flexibility, and the capacity to offer intelligible ergonomic recommendations.
[image: ]
Figure 1 illustrates the General Architecture Model
The present study offers a novel deep learning-driven framework for continuous posture monitoring and real-time ergonomic risk prediction using standard webcam input in order to overcome these challenges. The suggested system analyzes changing postural variations and detects possible hazards by combining pose estimation, temporal modeling, and adaptive incremental learning [4]. It also has an accessible grading system that utilizes well-established ergonomic norms, which enables posture abnormalities to be converted into reactive risk factors. The recommended strategy seeks to improve preventive healthcare in contemporary computer-based work environments by combining adaptability, real-time analysis, and interpretability [5].
Related work                                                                                                                                                                    
During the last couple of decades, ergonomic posture evaluation has undergone substantial transformation, moving from conventional methods of observation to smart, automated approaches. The majority of early methods depended on manual inspection instruments like RULA and REBA, which offered a standardized review of posture-related hazards but had limitations due to subjectivity and lack of real-time applicability [6]. As recognizing technology advanced, investigators developed wearable sensor-based systems that improved accuracy but frequently lacked adaptability and were noticeable [7]. Emerging advances in computer vision and machine learning have made it possible to use standard images and filmed footage for minimally invasive ergonomic assessment [8]. A thorough analysis reveals that AI and human posture estimate have emerged as an established technique for ergonomic risk management, allowing for automated and scalable solutions. Webcam-based systems that utilize vision have shown that ongoing postural analysis is feasible in real-life environments, providing minimal implementation costs and accessible.
Deep learning techniques have improved posture detection even more by incorporating intricate temporal and spatial characteristics. To avoid musculoskeletal diseases associated with working remotely, for example, a deep learning-driven posture detection system was presented, proving the performance of neural networks in detecting posture anomalies [9]. In current studies, deep learning has been used with ergonomic assessment methods to quantify postural concerns in simulated and conventional workplaces using measures inspired by RULA/REBA.
Furthermore, new study investigates smart and adaptable postural identification methods. The use of adaptive deep learning models has improved customized user assessment and seating position detection. In order to enable computerized and accessible risk analysis methodologies, methodical research studies also highlight the increasing trend of merging computer vision, deep learning, and ergonomic assessment frameworks [10]. Nevertheless, these advances, current studies continue to contend with issues that include constrained standardization, deficient understanding, lack of real-time adaptability, and reliance on regulated conditions. The advancement of advanced, versatile, and immediate ergonomic assessment techniques is driven by these restrictions.
Table 1. Existing Methodology, Technology used, Key contribution and Limitations 

	Ref No
	Techniques
	Technique Employed
	Important Service
	Restrictions

	[11] 
	Postural recognition for remote work
	Deep Learning - CNN
	Automated posture recognition system
	Minimal adaptability and insufficient temporal simulation

	[12] 
	Evaluation of ergonomics using webcams
	Computer Vision + Deep Learning
	Inexpensive webcam-based postural tracking
	Evaluation that is stationary and not very flexible

	[13] 
	In intelligent production, risk related to ergonomics
	CNN + RULA or REBA
	Combining deep learning with ergonomic evaluation
	centered on industrial deployment rather than instant use for personal purposes

	[14] 
	Adapted postural identification
	Deep Learning
	Better identification of resting postures
	Restricted installation assessment in actual time

	[15] 
	Ergonomic analysis using machine learning
	Machine Learning + Computer Vision
	Synthesis of automated ergonomic systems
	draws awareness of a shortage of customized and continuous systems



Table 2. Existing Work of Ergonomics Risk Assessment
	The data set and Setting
	Approach/Models
	Measures
	Performances and Results
	Restrictions

	COCO Keypoints
	CNN with LSTM
	Accuracy
	85%
	Minimal customization, just still images

	MPII Human Pose
	OpenPose with SVM
	Precision  & Recall
	82%  & 80%
	Retroactive assessment without temporal simulation

	Human3.6M
	3D CNN Network
	F1-Score
	88%
	needs a big dataset and has restricted real-time deployments

	UW IOM Ergonomics
	Hybrid CNN-LSTM Model
	AUC
	0.91
	Low the data set processing expense

	Custom Webcam Dataset
	Transformer-based PoseNet Model
	Accuracy
	87%
	A low risk score and poor clarity of interpretation




Key Contribution
· Economical Technology for Real-Time Ergonomic Intelligence: Specifically created a non-intrusive posture monitoring system that uses common cameras to function in real time without a requirement for specialist equipment or regulated conditions.
· Adaptive Incremental Learning for Customization: developed a pervasive learning approach that allows for tailored risk analysis without requiring complete reconfiguration by gradually updating the model with user-specific posture variations.
· Temporal-Based Risk Architecture: Sequence-based simulation (LSTM/Transformer) was used to record recurring straining tendencies and postural development, allowing for early recognition of escalating ergonomic concerns as opposed to single postural images.
· The incorporation of Explicit Ergonomic Risk Assessment Scoring: To convert deep learning outputs into comprehensible and useful levels of danger, a norm-informed scoring approach influenced by ergonomic standards was incorporated.
· Minimal and Portable Framework: To ensure practical implementation in regular work situations, an effective pipeline optimized for low-latency inference on conventional computing devices was implemented.
· Bridging the Gap Between Theory and Real-World Application: By combining immediate systems, traditional ergonomics, and deep learning onto a single standard framework, recent research is advanced from prototypes and experiments to scaled industry applications.
Conclusions
Problem Statement / Motivation Addressed:
This work addresses the lack of continuous, real-time ergonomic monitoring and early risk detection in current approaches, tackling the increasing number of posture-associated muscular disorders brought on by extended reliance on computers.
Methods can be Used:
Webcam-based pose estimation, temporal sequence modeling, adaptable progressive training, and an understandable ergonomic risk evaluation methodology were all integrated into a deep learning-based classification system.
Key Findings:
The suggested method showed good real-time performance and excellent predicted reliability.
Adaptive learning improved user customization, while temporal modeling facilitated the identification of progressive postural abnormalities.
For practical application, the technology effectively converted postural data into significant ergonomic risk levels.
Limitations and Future Work:
Illumination and camera orientation are two examples of environmental elements that may affect the system's functionality.
The next research will concentrate on increasing dataset variation, strengthening resilience under various circumstances, and investigating cutting-edge models like multimodal fusion and federated learning for improved sustainability and anonymity.

The development of ergonomic posture evaluation from traditional manual techniques to contemporary AI-based technologies is described in this paper. The preciseness and adaptability of postural assessment have been significantly improved by the integration of deep learning and computer vision, and visual-based and multimodal approaches have enormous possibilities for continual, minimally invasive assessment in real-world scenarios. Nevertheless, there continue to be a number of issues that need to be resolved, which include such things as the level of comprehension of the conventional model, its responsiveness to changes in the real world, and the difficulty of obtaining reliable results in real time. Furthermore, the efficiency of many present approaches in customized apps is limited by their inability to adjust to the distinctive habits exhibited by particular users. Further investigations should focus on using XAI methodologies, privacy-aware learning frameworks, and multimodal sources of data to create more dependable and adaptive technologies. In order to move ergonomic evaluation toward proactive and intelligent healthcare responses, these developments are critical. In general, this study contributes to the development of next-generation ergonomic monitoring systems targeted at enhancing well-being and security at work by providing an in-depth assessment of recent developments, identifying significant study deficiencies, and suggesting prospective approaches.
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