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Abstract: Prolonged sedentary behavior in suboptimal postures is a primary catalyst for work-related
musculoskeletal disorders (WMSDs), leading to chronic cervical and lumbar pain. Existing interventions
often rely on invasive wearable sensors or high-cost specialized furniture. This paper presents a non-
intrusive, software-only methodology for real-time sitting posture recognition using standard 2D
webcams. Utilizing the MediaPipe Pose framework and a decoupled service-oriented architecture, the
system extracts 33 anatomical landmarks to calculate biomechanical vectors. We introduce an advanced
algorithmic layer featuring dynamic baseline calibration, Exponential Moving Average (EMA) noise
reduction, and a finite state machine for intelligent alert management. Experimental results indicate a
93.1% landmark detection rate and an overall classification accuracy of 85.3%. This prototype functions
as a behavioral training tool, bridging clinical biomechanics with daily digital workflows to foster long-
term postural health...
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I. INTRODUCTION
1.1 Context and Motivation: The Public Health Challenge of Sedentary Behavior
The massive adoption of digital technology and the shift towards knowledge-based economies have fundamentally
altered modern lifestyle patterns, resulting in a surge of sedentary behavior. Academic and professional environments
now necessitate long hours of desk-bound activity, which is strongly associated with chronic back pain, spinal
deformities, and reduced lung capacity. These musculoskeletal disorders (MSDs) do not just impact physical health;
they significantly lower professional productivity and long-term well-being.
Beyond the clinical implications, the issue is deeply personal. User testimonials reveal a significant "awareness gap":
individuals acknowledge physical discomfort after long hours at a desk but find it nearly impossible to maintain the
constant self-monitoring required for correction. There is a persistent fear among users that they are causing irreversible
damage to their spines, yet they lack the tools to build sustainable muscle memory.

1.2 Problem Definition and Scope

The core problem addressed by this research is the lack of a non-invasive, continuous, and accessible tool for
monitoring sitting posture. Traditional methods, such as ergonomic consultations or physical therapy, are often
prohibitively expensive and infrequent. Furthermore, commercial "physical enforcement” models like posture braces
can be counterproductive; by mechanically forcing the body into alignment, they risk weakening the very muscles
intended to support the spine, leading to device dependency rather than habit formation.

This project proposes a "behavioral training" system that utilizes existing computer hardware to transform a standard
webcam into a real-time monitor. By providing instantaneous visual feedback, the system acts as an educational tool
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rather than a physical aid. This approach eliminates the need for costly sensors or wearable devices that require
charging and skin contact, offering a universally accessible solution for anyone with a computer.

1.3 Objectives

The primary objective is to develop a functional software prototype capable of accurately isolating specific
biomechanical defects—including Kyphosis (hunching), lateral lean, and lumbar slouching—using standard 2D
webcam feeds. The system must be able to differentiate between these states without triggering overlapping false
positives, ensuring that natural movements like head-turning are not misclassified as severe postural failures.

A secondary objective involves the technical optimization of the underlying architecture. The goal is to expose
analytical metrics via robust backend API endpoints to power a responsive, cross-platform web interface. By achieving
a high-frequency telemetry pipeline (30 FPS), the system aims to provide a seamless user experience that can be
integrated into a user's daily digital workflow without specialized hardware installations.

II. LITERATURE REVIEW
An exhaustive examination of the prior research is necessary to position this endeavour in the modern tech world, to
provide the rationale for the choice of its main methods, and to pinpoint the exact research gap that it intends to
address. This review delves into three main aspects: the fundamental pose estimation models, the methods for posture
classification, and the range of current posture correction products.

2.1 Vision-Based Pose Estimation Frameworks: A Comparative Analysis

Markerless human pose estimation has reached a high level of maturity, offering various solutions for extracting
skeletal data from video feeds. Frameworks such as OpenPose and DeepLabCut have established benchmarks for
accuracy; however, they often require significant computational resources, such as dedicated GPUs, making them less
suitable for lightweight, universally accessible applications.

MediaPipe Pose, developed by Google, was selected for this study because it utilizes the BlazePose machine learning
model, which is optimized for real-time performance on consumer-grade CPUs. MediaPipe identifies 33 3D body
landmarks with high precision, providing the high-density keypoint data necessary for in-depth biomechanical analysis.
This efficiency allows for a smooth real-time feedback loop even on standard hardware configurations.

2.2 Methodologies for Posture Classification

Once skeletal data is extracted, it must be interpreted to classify the user's posture. Research indicates two primary
methods: geometric (rule-based) analysis and Machine Learning (ML) classifiers. ML models, such as Support Vector
Machines (SVM) or Convolutional Neural Networks (CNN), can recognize intricate variations but often act as "black
boxes," making it difficult for users to understand the logic behind their classification.For this prototype, a
deterministic rule-based approach was chosen to ensure transparency and real-time efficiency. By measuring specific
angles—such as the neck inclination between the ear, shoulder, and hip—the system can provide clear, explainable
feedback. This method does not require large labeled datasets for initial training and remains highly effective for a real-
time monitoring environment.

2.3 Existing Posture Correction Solutions: Wearable vs. Ambient

The commercial market for posture correction is currently dominated by wearable devices, such as the Upright Go 2,
which provide haptic feedback via vibrations. While these promote active muscle engagement, they are limited by their
cost, the need for frequent charging, and potential skin irritation from adhesive patches. Passive braces, another
common solution, are often criticized for contributing to muscle atrophy over time.

Ambient solutions represent an alternative that monitors the environment without requiring a worn device. These
typically involve specialized furniture, such as chairs with embedded pressure sensor arrays. Our proposed system falls
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into the ambient category but distinguishes itself by utilizing universally available webcam hardware, thus presenting a
software-only solution that overcomes the cost and intrusiveness barriers of current market offerings.

III. METHODOLOGY
The system continuously analyzes sitting posture using a webcam, identifies incorrect positions through geometric
calculations, and provides instant on-screen feedback. The workflow is divided into:

Baseline Calibration Matrix

To accommodate diverse user anthropometry and varying desk setups, the methodology includes a dynamic
"Calibration" state. The user triggers this state while sitting in an optimal posture, allowing the system to cache a
Baseline Matrix. This matrix records spatial midpoints for the eyes, shoulders, and hips, establishing the vertical axis of
symmetry and the primary Z-axis (depth) offset.

By establishing these personalized reference points, the system can more accurately detect deviations specific to the
individual. This calibration ensures that the geometric logic remains valid regardless of the user's height or the distance
between the camera and the workspace, providing a tailored monitoring experience that forms the mathematical basis
for all subsequent analysis.

Biochemical Defect Isolation

The system identifies defects through specific geometric vector derivations. Kyphosis (hunching) is detected when the
shoulder midpoint shifts significantly toward the camera's Z-plane (negative depth) while dropping along the Y-axis. In
contrast, Lumbar Slouch (hip sliding) is detected when the shoulder midpoint moves away from the camera (positive
depth) while dropping. These conditions are mathematically gated to be mutually exclusive based on the vector
direction of the Z-axis shift.

Lateral Torso Lean is monitored via X-axis derivations. To prevent natural head movements from being flagged as a
torso lean, a unique logic gate is applied: an extreme lean is only confirmed if both ears cross the vertical axis boundary
established by the calibrated eye midpoint. This methodology ensures high specificity in defect identification,
distinguishing intentional movement from postural failure.

Signal Smoothing and State Management

To eliminate the inherent "jitter" and depth inference noise typical of single-lens computer vision models, raw severity
scores are filtered through an Exponential Moving Average (EMA). The formula ensures that the system only reacts to
deliberate, sustained user movements rather than momentary sensor errors.

Posture states are managed via a Finite State Machine (FSM) that transitions between 'GOOD' and 'BAD' based on
normalized EMA values. To manage alert fatigue, the system incorporates a physiological tolerance hysteresis timer.
An alert is only fired if the user remains beyond the acceptable threshold for a sustained duration—typically 5
seconds—ensuring that brief postural adjustments are ignored.

IV. SYSTEM ARCHITECTURE

The system follows a modular, client-side design where computations are performed locally.

Architecture Pipeline

The system is constructed using a decoupled, service-oriented architecture designed to separate intensive mathematical
inference from the user experience layer. This architecture emphasizes scalability and real-time responsiveness. It
consists of five key modules that interact sequentially: the Input Module, Pose Estimation Engine, Feature
Extraction/Angle Calculator, Posture Classification Engine, and the Feedback/Visualization Module.The transport layer
utilizes the Flask framework to manage stateful session connections via WebSockets. This allows the backend to
asynchronously stream high-frequency JSON telemetry including scores and defect labels to a modern reactive
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frontend designed with React. This separation allows the ML engine to be scaled independently or deployed on edge
servers while keeping frame processing and matrix evaluation in volatile memory for privacy.

Module Descriptions

Each module in the architecture operates independently, enabling future upgrades without altering the existing
structure. The Input Module captures continuous video frames using OpenCV, converting them from BGR to RGB
format for compatibility with the estimation engine. The Pose Estimation Engine then processes these frames to
identify and track 33 3D landmarks, outputting normalized coordinates and visibility scores to ensure robustness
against lighting variations.

The Backend engine focuses explicitly on a curated subset of nodes to define the torso block: Nose, Eyes, Ears,
Shoulders, and Hips. This selective processing reduces computational load while retaining the precision necessary for
ergonomic analysis. Finally, the Feedback and Visualization Module renders the live feed with overlaid skeletal
structures and color-coded text alerts directly on the user's interface.

Security and Privacy Considerations

All computation is performed locally, and no raw images or videos are stored externally. Only posture-related
numerical data is temporarily processed in memory, ensuring complete data privacy. The system’s design eliminates
the need for cloud services or user authentication, aligning with privacy-by-design principles.

System Integration
The modular architecture allows seamless integration with other tools or extensions.

V. RESULTS AND DISCUSSION

Pose Detection Performance
The system evaluated over 14,400 frames of data collected over an eight-hour period. The MediaPipe Pose model
demonstrated high reliability, achieving a landmark detection rate of 98% in bright indoor lighting and 96% in normal
conditions. These results validate the choice of MediaPipe for maintaining a robust skeletal track in typical office and
home environments.
However, performance degradation was noted in challenging environmental conditions. In backlighting scenarios,
where silhouette effects obscured facial and shoulder landmarks, the detection rate dropped to 73%. In extremely dim
environments, contrast was insufficient for robust detection, leading to an 87% success rate. These findings suggest that
users should ensure adequate frontal lighting for optimal results.

TABLE I: POSE LANDMARK DETECTION PERFORMANCE

Environment Condition Frames Detection Rate (%)
Bright Indoor Lighting 4800 98.0

Normal Indoor Lighting 4800 96.0

Dim Lighting 2400 87.0

Backlighting Conditions 2400 73.0

Overall Average 14400 93.1
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Posture Classification Accuracy
Classification accuracy was measured across 150 structured test cases across five users. The system achieved an overall
accuracy of 85.3%. It was particularly effective at distinguishing extreme postural states, such as upright sitting versus
severe slouching, where accuracy for "Good Posture" reached 90%.
Misclassifications primarily occurred in boundary cases where the user's posture marginally crossed a threshold or
during transitional movements between postures. Despite these minor overlaps, the calibration-based scoring system
successfully provided a reliable representation of the user’s postural health, demonstrating higher accuracy for extreme
states compared to intermediate ones.

TABLE 2: Posture Classification Accuracy Results

Posture Category Test Cases Correct Predictions Accuracy (%)
Good Posture 50 45 90.0
Kyphosis (Hunching) 30 25 83.3
Lumbar Slouch 30 25 83.3
Lateral Lean 40 33 82.5
Overall 150 128 85.3

Alert System Evaluation
The alert mechanism was tested during natural 30-minute work sessions. With the 5-second debounce timer, the system
effectively prevented alert fatigue, resulting in only 2.3 false positives per hour. Most false positives were triggered by
position adjustments that temporarily resembled slouching.
Participant feedback was overwhelmingly positive, with 4 out of 5 users reporting increased posture awareness
following the prompts. Alerts were described as appropriately timed and non-intrusive. This indicates that the
combination of EMA smoothing and the hysteresis timer is successful in creating a tool that encourages self-correction
without being disruptive to deep work.

TABLE 3: Alert System Performance Metrics

Metric Value

Average Alerts per Hour 6.8

False Positives per Hour 23

Detection Delay (Hysteresis) 5 sec

User Awareness Improvement 80% (4/5 users)
Alert Intrusiveness Low

VI. CONCLUSION AND FUTURE WORK
This modular framework successfully demonstrates the potential of ambient computer vision as a tool for preventative
healthcare. By utilizing existing webcam hardware and sophisticated geometric analysis, the system provides a zero-
cost, non-invasive solution to a widespread public health issue. The integration of "behavioral training" concepts—

Copyright to IJARSCT 479
www.ijarsct.co.in

DOI: 10.48175/IJARSCT-34367

| 2581-9429 |1
R\ 1JARSCT /3
& <




.(I IJARSCT

Xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal FiEp 0O
ISSN: 2581-9429 Volume 6, Issue 18, April 2026 Impact Factor: 8.2

providing immediate visual feedback to encourage habit formation—offers a sustainable alternative to hardware-
dependent posture correctors. Future work can focus on improving the system’s scalability and real-world applicability.
This includes enabling multi-user support to allow simultaneous posture detection for multiple individuals in shared
environments like classrooms and offices. The system can also be extended to analyze standing posture in addition to
sitting, broadening its range of use. Further enhancements may involve improving performance under varying lighting
conditions and camera angles, as well as optimizing the system for smooth operation on low-end devices. Expanding
the solution to cross-platform environments such as web and mobile, along with potential cloud integration for data
storage and remote access, can further increase accessibility and usability..
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