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Sitting Posture Detection and Prevention of Office Syndrome Using
MediaPipe Technology

Panadda Solod! Napaphat Kongrit! Thapanic Teerapan' Wasu Suksuwan? and
Wannadear Nawae!

Faculty of Industrial and Education and Technology, Rajamangala University of Technology Srivijaya, Thailand
%Faculty of Engineeting, Rajamangala University of Technology Srivijaya, Thailand

* Corresponding author: panadda.s@rmutsv.ac.th

Abstract. With the increasing prevalence of office syndrome caused by prolonged sitting and poor posture, this paper proposes a real-time
posture detection system aimed at improving ergonomic practices in the workplace. The system leverages the MediaPipe Framework, an advanced
deep learning-based tool for human pose estimation, to monitor and assess upper body posture. The proposed system continuously tracks posture
throughout work hours, thereby reducing the likelihood of developing musculoskeletal pain. Through an experiment with 10 volunteers, the
system's accuracy was evaluated by comparing the calculated angles with the actual angles in three key positions: neutral, left side tilt, and right-
side tilt. The results showed that the system performed with high accuracy in the neutral position, with a Mean Absolute Error (MAE) close to
0%, but had a higher MAE of approximately 20% in the tilted positions. The system demonstrated an average processing time of 0.20 seconds
per frame, which corresponds to approximately 5 frames per second, indicating its potential for real-time posture monitoring. This study
contributes to the development of efficient workplace health technologies that promote better posture and reduce the risk of office syndrome.

Keywords: Posture Detection, Human Pose Estimation, MediaPipe Framework, Office Syndrome

1. INTRODUCTION

The rapid advancement of digital technologies in the workplace has greatly transformed the nature of office-based work. Tools
for data storage, accounting, procurement, and other essential business functions are now predominantly computer-based, offering
significant convenience and efficiency to office employees. However, this technological shift has also introduced unintended health
consequences, particularly as employees increasingly spend over seven hours a day interacting with computers and other digital
devices. While technology has enhanced productivity, it has inadvertently contributed to a rising concern: musculoskeletal pain
among office workers.
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Figure 1 MediaPipe Pose Landmarks [6]
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Figure 2 Posture Detection Process Flow

Recent studies have highlighted the widespread occurrence of musculoskeletal disorders among office employees, especially
those engaged in sedentary work. Research by [1] indicates that 44.2% of female office employees report experiencing wrist pain
(radiocarpal), 40.4% suffer from neck pain, and 38.5% do not report pain, suggesting a significant issue with workplace
ergonomics. This pain is often attributed to factors such as prolonged sitting, incorrect posture, and insufficient physical activity
throughout the workday. Musculoskeletal pain, resulting from poor ergonomic practices, is a key contributor to what is increasingly
recognized as "office syndrome” a collection of conditions that affect the musculoskeletal and nervous systems due to long periods
of poor posture and sedentary behavior.

The rise in the office syndrome has led to significant concerns not only about the well-being of employees but also about the
long-term impact on productivity. The root causes of these disorders include prolonged sitting, lack of movement, poor ergonomics,
and inadequate posture. A lack of proper ergonomic practices, such as sitting with poor posture or without appropriate breaks, can
lead to pain in the wrist, neck, shoulders, and back, which, in turn, can escalate into more severe conditions like chronic pain or
repetitive strain injuries (RSI). As such, addressing these issues has become a key challenge in improving workplace health and
preventing long-term physical harm to employees.
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Figure 3 Pre-processing Flow
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Several technological solutions have been proposed to address this growing problem. [2] introduced a novel approach for
preventing office syndrome by detecting prolonged sitting using a model that utilizes Kinect cameras and data mining
classification. The Kinect camera can monitor body posture and movements, alerting employees to the need to adjust their positions
or take breaks. Similarly, [3] developed an application that uses augmented reality (AR) to provide personalized treatment programs
for office syndrome. The AR system uses a user questionnaire to propose therapy programs tailored to individual needs, such as
specific exercises or stretches to alleviate pain and prevent further injury.

In another approach, [4] examined the effectiveness of an app-based neck exercise program grounded in the McKenzie protocol,
which was shown to reduce pain intensity by 46%. This program offers six neck movements designed to help relieve tension and
reduce discomfort. Likewise, [5] proposed a series of stretching exercises aimed at reducing neck and shoulder pain, demonstrating
the positive impact of such routines when practiced consistently over four weeks.

Additionally, [6] leveraged deep learning models such as MediaPipe to optimize human pose detection for applications that
monitor the movements of individuals, providing real-time alerts in cases of falls or injuries at home. MediaPipe, a tool developed
for accurate pose tracking, uses pre-trained deep-learning models to monitor and analyze human movements, providing valuable
insights for both injury detection and prevention.

Despite these promising advancements, most solutions still focus on postural correction in specific instances, rather than
providing a comprehensive, real-time solution that proactively helps employees avoid developing musculoskeletal pain in the first
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Figure 4 Linear Interpolation [7]
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place. There is a growing need for an integrated system that combines the principles of ergonomics with real-time feedback to
detect and correct sitting posture before it leads to discomfort or injury.

This research aims to fill that gap by developing and testing a real-time sitting posture detection system based on MediaPipe, an

advanced deep learning-based tool that specializes in human pose detection. The proposed system will provide continuous feedback
to office workers, allowing them to adjust their posture during work hours and reduce the likelihood of developing office syndrome.
By incorporating ergonomic principles into the detection and analysis of sitting posture, this system will help promote healthier
work habits and minimize the risk of musculoskeletal pain. In doing so, this research contributes to the growing body of work in
workplace health technology, offering a proactive approach to managing and preventing office syndrome.
Furthermore, this paper will explore the theoretical underpinnings of ergonomic design in office work, the specific role of posture
in preventing musculoskeletal disorders, and the potential benefits of integrating deep learning technologies like MediaPipe into
real-time posture detection systems. The study will also evaluate the effectiveness of such a system in a workplace setting,
examining both the technological feasibility and the potential for widespread adoption to improve employee health and
productivity.

2. METHODOLOGY

In this work, the proposed system leverages the MediaPipe Framework, an open-source solution developed by Google, to
efficiently detect and analyze upper body posture. MediaPipe offers advanced functionalities for hand tracking, face detection, and
human pose estimation, allowing for the detection of 33 landmarks across the human body following Figure 1. The methodology

>

==

Figure 5 Pose Estimation and Angle Calculation

is divided into four key steps following Figure 2: Pre-processing, Posture Detection, Vector Calculation, and Angle Calculation.
The pre-processing step prepares the input image by resizing it to standard dimensions, converting the image from BGR to RGB
format, and normalizing the pixel values to ensure consistency across images. During Posture Detection, the MediaPipe framework
is applied to identify key landmarks such as the nose (landmark 0), right shoulder (landmark 12), and left shoulder (landmark 11),
which serve as reference points for analyzing the upper body posture. The 3D coordinates (x, y, z) of these landmarks are extracted,
representing the horizontal position (x), vertical position (y), and depth (z). The Vector Calculation step involves computing vectors
between these key landmarks to understand their relative spatial relationships, which is crucial for posture analysis. Finally, in the
Angle Calculation step, the angles between the vectors are calculated to classify the posture based on predefined thresholds, such
as whether the subject is standing, sitting, or performing specific movements. These coordinates are normalized relative to the
input image dimensions to ensure uniformity in posture detection, regardless of image resolution. By applying the MediaPipe

A

Figure 6 Comresponding Vector
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framework for real-time pose estimation, this methodology provides an efficient and accurate approach to upper body posture
detection.

To ensure the proposed ergonomic tracking system operates efficiently in real-time, the image resolution is optimized by resizing
it to 640x480 pixels. This step is essential for minimizing computational resource consumption and reducing processing time,
which is critical for maintaining system performance. The resizing is achieved using the Bilinear interpolation method, which
balances the preservation of image quality with the need for improved processing efficiency. Bilinear interpolation works by
considering four neighboring pixels surrounding the target point. These four pixels, typically arranged in a rectangle, are selected
based on their proximity to the target point. The algorithm then performs linear interpolation first along one axis (typically the x-
axis) and then along the second axis (typically the y-axis). This approach ensures that the resizing process is computationally
efficient while maintaining an acceptable level of image detail, thereby allowing for smooth and timely ergonomic tracking
according to Figure 3.

In the preprocessing phase, the image is converted from BGR (Blue-Green-Red) format, which is the default color format used
by OpenCV, to RGB (Red-Green-Blue) format, which is required by the MediaPipe framework. This conversion ensures
compatibility between the image data and the MediaPipe model, allowing for accurate pose detection and analysis

After converting the image from BGR to RGB, the pixel values are normalized to a range of [0, 1]. This normalization is achieved
by dividing each pixel value by 255, the maximum possible intensity. Normalization ensures that all input images, regardless of
their original scale, are standardized for compatibility with the MediaPipe framework. This preprocessing step is essential for
improving the performance and accuracy of the pose detection system by providing consistent data input.

u= 150°

~%angle: 56

Figure 7 Angle Tracking Result

In the Posture Detection step, the MediaPipe framework is employed to detect key landmarks, and the positions of these landmarks
are represented as pixel coordinates (%, y) within the image. The corresponding angles between key body segments are then
calculated using the dot product and the magnitudes of two vectors. As illustrated in Figure 1, A represents the landmark of the
nose, B represents the landmark of the left shoulder, and C represents the landmark of the right shoulder. The angle is calculated
by first computing the dot product of the vectors (AB) and (BC), which are illustrated in Figure 4 and 5, as described in Equation
(1). The magnitudes of the vectors (AB) and (BC) are determined using Equation (2) and Equation (3), respectively. These
calculations provide a precise measure of the angle between the two vectors, which is crucial for accurate posture analysis. Then
We use dot product formula to compute the angle between vector AB and BC following equation (4) and (5)
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3. RESULTS AND DISCUSSION

For the evaluation of the proposed system, an experimental setup was established in a controlled environment with a lighting
level of approximately 300 LUX to simulate typical office conditions. The experiment involved 10 volunteers, comprising 6
females and 4 males, to assess the system's effectiveness in real-world scenarios. The volunteers were asked to perform standard
office tasks while their posture was continuously monitored by the system. The data collected from these tests were used to evaluate
the accuracy, responsiveness, and usability of the posture detection system, as well as its impact on promoting ergonomic practices.

To evaluate the accuracy of the proposed system, an experiment was conducted by comparing the actual angles with the
calculated angles derived by the system. The experiment was divided into three parts: the first part involved measuring the angle
in the neutral position, where the volunteer maintained a neutral head posture facing directly forward. The second part assessed
the system's performance in detecting the angle during a left side tilt, where the volunteer tilted their head to the left. The final part
measured the angle with the right-side tilt, where the volunteer tilted their head to the right. Each part of the experiment was
conducted 20 times by 10 volunteers (6 females and 4 males) to ensure robust data collection. The calculated angles for each tilt
position were compared with the actual angles to determine the system's accuracy and its ability to detect head movements in

different directions. The results were analyzed to assess the precision of the system in accurately detecting and calculating head
posture.

Mean Absolute Error (MAE)

[ I )
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Figure 8 Mean Absolute Error (MAE) for Different Head Positions

The results of the Mean Absolute Error (MAE) analysis are presented in Figure 8, which shows the error percentages for three
different head positions: Neutral Position, Left Side Tilt, and Right-Side Tilt. In the Neutral Position, the system demonstrated a
very low MAE, close to 0%, indicating that the calculated angles closely match the actual angles when the head is in a neutral,
straight-forward posture. This suggests that the system is highly accurate in detecting the posture in this position. However, as the
head tilts to the left or right, the MAE increases, with both the Left Side Tilt and Right-Side Tilt showing an error of approximately
20%. These higher error values suggest that the system's accuracy decreases as the head tilts away from the neutral position. The
increased MAE in tilted positions may be attributed to challenges in detecting and differentiating smaller changes in posture, or
potential variations in individual head movements during tilting. Overall, while the system performs optimally in the neutral
position, further refinement may be needed to improve accuracy in detecting head tilts.

Additionally, the processing time for the proposed system, executed on an 11* Gen Intel® Core™ i7-1165G?7 processor at 2.80

GHz, was evaluated. The system processed each frame with an average time of 0.20 seconds per frame, corresponding to
approximately 5 frames per second (fps). This processing time demonstrates the system's capabhility to perform real-time posture
detection efficiently, providing timely feedback for posture correction during typical office tasks.

4. CONCLUSION

In this work, a real-time posture detection system based on the MediaPipe Framework was developed to help address the rising
concern of office syndrome caused by poor posture and prolonged sitting. The system's ability to accurately detect head posture
was tested in various positions, showing exceptional performance in neutral postures, while minor inaccuracies were observed in
head tilts. Despite these challenges, the system’s accuracy in the neutral position and its real-time processing capabilities make it
a promising tool for improving workplace ergonomics. The results also highlight the need for further refinement, especially in
detecting more nuanced postural changes during tilts. The proposed system offers an innovative approach to enhancing office
workers' health by providing real-time feedback, thus preventing musculoskeletal pain and contributing to long-term workplace
well-being. Future work will focus on improving detection accuracy during head tilts and expanding the system's capabilities to
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other aspects of posture and movement, aiming for broader implementation in office environments.
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INNOVATION AND CREATIVE TECHNDLOGV ASSOCIATION
& RAJAMANGALA UNIVERSITY OF TECHNOLOGY

CALL JULY 22 - éd, 2025
FOR PAPERS

¥ The 14" Rajamangala University of Technology National Conference (14 RMUTNC})
The 13" Rajamangata University of Technology International Conference (13% RMUTIC)
and 6" RMUT Innovation Awards 2025

9 RMUT : briving social Innovation Towards Sustainable Development

Session 1

Humanities and Social Sciences

Session 2
Agricultural and Food Innovation
Session 3
Science and Engineering Technology

Session 4

Architecture and Creative Works

Session 5

Business and Economics

INTERNATIONAL

CONFERENCE

IMPORTANT O ;

Full Paper Submission

Deadline for Full Paper Submission April 30, 2025
Notification of Acceptance May 31, 2025
Deadline for authors to submit revised papers June 15, 2025
Conference Date July 22 - 24, 2025

Contact US :

Institute of Research and Development

Rajamengala University of Technology Phra Nakhon (]
399 Samsen Rd., Vachira Phayaban, Dusit, Bangkok 10300
Tel : +66 {0) 2665-3777 Ext.6646 and 8027 2025

E-maill : rmutcon2025@rmutp.ac.th 14™ RMUTNC 8 13™ RMUTIC / 6" RMUT INNOVATION AWARDS 2025
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RMUTCON 2025

AGENDA

ALEMSASUNSUSSINIIINISSSAUZNRIIRELNLINGE (145

RMUTNC 1IRe 13" RMUTIC)

sgezIan flanssy
15 dlquiey 2568 HAIWANITADITAUIUNAITY
25 diquneu 2568 nuARsUUnAMRtuaNysal

25 figuipu - 10 nsngnAN 2568 dszAtawnsilaudnaveunanu (GnsiAnawedeudlmi)

10 - 20 nsngA 2568 drszaamedouninauaunanu (FrsAamsdouialy)
1-15n3ng1Au 2568 delwidunauaninussene (Oral Presentation)
22 - 24 nsnfAll 2568 nudszguivIn1s RMUTCON 2025

AMAUANISANIASUMSUSENARNUSLAUIREUINNSSNSIBRIAR A5

06 (Sth RMUT Innovation Awards) IR RMUT Startup Award

https://rMmutcon2025.mmutp.ac.th/agenda/ 172
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ssusa1 flanssu

15 fiqu1egu 2568 UsznAran1sialsanTouAnienuasdelssivguasuinnssy waz
Startup

25 figu1au -10 nsngIAY grseAameilou @naAtameidoudim)

2568

11 - 20 AsngIAN 2568 FrszAarameiou @asraramzdounily)

21 nINIAN 2568 AnRINAIUAIUTERYE WInNTIY WAy Startup

22 - 24 n3ng1Au 2568 muﬂszq:ﬁmmi RMUTCON 2025

A0NUUIDY UAZWU
yvinagnaawvaluladsivusna
WIZUAS
£ 399 a.ATMLAY BAIIIVIWYTUIA LR
RMUTC 2@25 AR NF9LWE 10300
TnsAwg - 02-665-3777, 02-665-3888
fia 6646 LAz 8027

8Lua: rmutcon2025@rmutp.ac.th

Copyright © 2025 RMUTCON 2025

hitps://mMmutcon2025.mutp.ac.th/agenda/ 22



ans1AIamsileu

Early Bird Regular
drszAramesiiioy 1 - 20 fiqugu 2568 21 fiqu1eu - 10 nIngIAN 2568
1 - 20 June 2025 21 June - 10 July 2025
ansAtameilou (Registration fee)
318013 UnAnw* yanavialy Foreigner
Early Bird | Regular | Early Bird Regular Early Bird | Regular
1. szAue1@ (National)
1.1 anAussene 2,500 3,000 3,500 4,000
(Oral Presentation)
1.2 maldamas 2,500 3,000 3,500 4,000
(Poster Presentation)
2. SEAUUIUIYIRA (International)
2.1 a1PUTTene 3,000 3,500 5,000 5,500 5,500 6,500
(Oral Presentation)
2.2 malldmes 3,000 3,500 5,000 5,500 5,500 6,500
(Poster Presentation)
3. msUssn‘mﬁ'aﬂszﬁué 2,000 2,500 2,500 3,000
wazuInNITIY
4, MIUTENIAHAIY 2,000 2,500 2,500 3,000
RMUT Startup
4. wWsalsiinaua/ 1,000 1,000 2,000 3,000 3,500 4,500
gAnAm




