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Abstract: Ergonomics helps us to predict the problems that may arise in the long term by examining the effects of the
working environment on people and determining the rules for working in the most efficient, safe, and healthy way without
forcing them physically and mentally. Ergonomic analysis evaluates work environments and work processes to optimize
employee safety, health, and performance. In a forward-looking approach, this study seeks to integrate artificial
intelligence (Al) based vision to monitor employees and ensure adherence to ergonomic principles. By leveraging Al
technology, the system can continuously assess an individual's posture and work habits. In instances where deviations
from ergonomic norms are detected, the system intervenes by providing audible and visual warnings. This proactive
mechanism not only aids in real-time correction of posture-related issues but also serves as a preventative measure
against potential long-term health concerns. By merging the insights of ergonomics with cutting-edge Al capabilities, our
aim is to establish a work environment that not only enhances efficiency but also places a high value on employee well-
being, thus advocating for a healthier and more sustainable approach to professional endeavors.
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IVABOT: Yapay Zeka ile Ergonomi Analizi

Ozet: Ergonomi, galisma ortaminin insanlar Gzerindeki etkilerini inceleyerek, onlari fiziksel ve zihinsel olarak
zorlamadan, en verimli, glvenli ve saglikh sekilde ¢alismanin kurallarini belirleyerek, uzun vadede ortaya cikabilecek
sorunlari tahmin etmemize yardimci olur. Ergonomi analizi, ¢alisanlarin givenligini, saghgini ve performansini
optimize etmek igin galisma ortamlarini ve is sireglerini degerlendirir. ileriye déniik bir yaklagimla bu galisma,
calisanlari izlemek ve ergonomi ilkelerine baglhhgi saglamak igin yapay zeka (Al) tabanli gériyl entegre etmeyi
amagclamaktadir. Sistem, yapay zeka teknolojisinden yararlanarak bireyin durusunu ve g¢alisma aligkanliklarini sirekli
olarak degerlendirebilmektedir. Ergonomik normlardan sapmalarin tespit edildigi durumlarda sistem, sesli ve gorsel
uyari vererek midahale etmektedir. Bu proaktif mekanizma yalnizca durusla ilgili sorunlarin gergcek zamanh
dizeltiimesine yardimci olmakla kalmaz, ayni zamanda uzun vadeli olasi sadlk sorunlarina karsi énleyici bir tedbir
olarak da hizmet eder. Bu galisma, ergonomi bilgisi ile son teknoloji yapay zeka yeteneklerini birlestirerek, sadece
verimliligi artirmakla kalmayip ayni zamanda calisanlarin iyi olusunu da énemseyen bir is ortami olusturarak daha
saglikli ve surdurdlebilir bir profesyonel yaklagimi tesvik etmeyi amaglamaktadir.

Anahtar Kelimeler: YZ, ergonomi, asistan robot, gérme, insan hareket tanima
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1 Introduction

Robotic applications are widely used in production lines, and
their scope is expanding day by day. Digitization, automation,
and information networks bring about a rapid pace and a surge
of diversity that can be overwhelming. Robot assistants are
also a result of these technologies and are aimed at supporting
maintenance workers in carrying out the production process.
The IVABOT (Industrial Virtual Assistant roBOT), developed
for industrial applications, offers solutions to employees
working in assembly and manufacturing workshops. It offers
digital support through visualization, enabling the retrieval of
data and information from relevant systems and documents at
any time. Additionally, it enriches the system with new
information and content through bidirectional integration.

An Al-powered system, leveraging artificial intelligence, an loT
framework, and artificial neural networks, optimizes work order
creation based on changes in employee health. IVABOT
actively monitors employees' temperatures, ensures
compliance with social distancing guidelines, and detects
violations of mask-wearing protocols. In case of violations, an
automated audio-visual warning system is activated.
Equipped with a projector, mirror system, camera, and thermal
camera, the system can project screens onto any surface or
onto the ground, enhancing visualization. Additionally,
IVABOT utilizes a user-friendly hand gesture recognition
system for control and interaction (Figure 2). A built-in camera
tracks hand movements, translating them into commands for
the robot, eliminating the need for physical controllers or voice
commands and making it accessible to a wider range of users.
The embedded thermal camera measures object or human
body temperatures, serving various purposes such as
monitoring heat dissipation in critical scenarios. The camera's
position can be precisely adjusted using pan-tilt motors on two
axes, ensuring optimal coverage.

Fig. 1 IVABOT Industrial virtual assistant robot.

ntmbu
[
<31 e 314

IXaltinay

10:24:23

Xaltinay

Fig. 2 IVABOT Human-machine interface.

The Graphical User Interface (GUI) is designed for intuitive and
effortless navigation through hand gestures. IVABOT offers
numerous applications, including White Board, Social Distance
Alert System, Voice Command, Face Tracking, Temperature
Measurement, Body Height Measurement, Scientific Calculator,
RAL Code Detector, Chronometer, Voice Recorder, Meeting
Recorder with Speech-to-Text conversion, Magnifier, PDF
Viewer, Assembly Assistant, and, of course, Ergonomic
Analyser.

This study outlines the development of an artificial intelligence-
driven ergonomics module capable of analysing operator
movements and interpreting posture errors. Ergonomic comes
from the Greek word which means “work law”, it is also described
as “the effort to fit the system to the human” which means that to
fit the unique human limitation and abilities by selecting and
designing the informed decision, tasks. Ergonomics is a
multifaceted discipline concerned with the interaction between
humans and other elements of a system. It considers several key
dimensions to optimize this interaction:

Physical: This focuses on the physical aspects of the work
environment, including equipment design, workstation layout,
and lighting to prevent musculoskeletal disorders (MSD).
Cognitive: This dimension considers the mental workload,
information  processing demands, and decision-making
processes associated with tasks.

Organizational: This aspect focuses on work design, job
demands, communication, and management practices to
improve worker well-being and productivity.

Social: This dimension considers the social interactions,
teamwork, and communication needs within the work
environment.
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Environmental: This aspect focuses on the physical
environment, including temperature, noise, vibration, and air
quality, to create a safe and comfortable workspace [1].

The most important aspect of ergonomic assessment of
industrial environments is to reduce the risks for workers [2].
These assessments help to reduce the number of first-aid
incidents, injuries, and work accident recordings. Unsuitable
ergonomics can cause a series of adverse health problems.
These problems can range from musculoskeletal pain or
discomfort caused by poor posture to diseases such as carpal
tunnel syndrome caused by overused body parts and to
permanent effects for the rest of a person's life [3]. Designing
a workspace with ergonomic principles increases comfort and
satisfaction for employees in a company. When workers are
more comfortable and happier in their environment, it often
results in higher productivity and efficiency levels. For
example, if a worker is forced to maintain an awkward position
throughout their workday, their productivity can significantly
decrease due to the resulting pain and discomfort. If this
employee is provided with an ergonomic workstation that
allows them to work in a neutral posture, their satisfaction and
productivity will increase [4]. Applying ergonomic principles in
the workplace offers numerous benefits. These include
increased productivity, enhanced health and safety for
employees, reduced workers' compensation claims,
adherence to government regulations such as OSHA
standards, increased job satisfaction, elevated work quality,
decreased worker turnover, minimized lost time at work,
improved morale among workers, and a notable decrease in
absenteeism rates [5].

There are various ergonomic assessment methods that can
be used in workplaces [6], such as REBA (Rapid Entire Body
Assessment) [7] for assessing the whole body, RULA (Rapid
Upper Limb Assessment) [8] for evaluating the upper limbs,
OWAS (Ovako Working Posture Analysis System) [9] for
analysing working posture, and EAWS (Ergonomic
Assessment Work-Sheet) for assessing ergonomic risks
related to biomechanical overload. With EAWS analysis,
detailed ergonomic assessments can be conducted on body
postures, applied forces, lifting tasks with and without the aid
of equipment, and repetitive upper body movements. Studies
have found that RULA is particularly suitable for assessing
postural loads [10]. Knee and Karwovski [11] compared
samples collected from industrial environments using different
methods and concluded that RULA and REBA are more
appropriate for these environments. Jeong and Kook [12]
introduces an automated REBA system, CREBA, using
MediaPipe's body detection and posture tracking models to
evaluate working postures.

Conventional analysis in workplaces is done by recording
videos. During production, video recordings are taken for each
process, these recordings are stopped at appropriate intervals
and body posture scorings are recorded, and hand-calculated
posture scores are obtained [4]. Advanced methods based on
image processing aiming at automating this process have
found solutions by using wearable technologies and two- or
three-dimensional cameras. Murugan et al. [13] aimed to find
the best camera position and monocular 3D pose model for
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accurate and efficient ergonomic assessments.

In our project, the footage is analysed using artificial intelligence
with the ergonomics software system we developed. Our study
makes the following key contributions to the field of ergonomic
analysis:

Multi-person Ergonomic Assessment. We demonstrate the
application of ergonomic analysis software for evaluating risk
factors in industrial settings with multiple workers.

Combined RULA/REBA Risk Assessment: The software utilizes
both RULA and REBA methodologies to identify potential
ergonomic hazards for workers.

YOLOvV5 and MediaPipe Integration: We leverage the object
detection capabilities of YOLOV5 to locate workers within the
scene. Subsequently, MediaPipe is employed to accurately
pinpoint key skeletal points of each worker.

Posture Analysis Based on Keypoints: By analysing these key
skeletal positions extracted by MediaPipe, the software performs
a comprehensive ergonomic assessment of worker postures.

2 Ergonomic analysis using skeleton
keypoint recognition

Using recordings from the IVABOT camera, individuals and
their skeletal key points are recognized and body angles
are calculated.

2.1 Skeleton keypoint recognition

MediaPipe, an open-source multimedia framework
developed by Google, was first introduced in early 2019.
Designed to cater to a wide range of multimedia applications,
including video and audio processing, image analysis, and
machine learning, MediaPipe serves as a versatile and
robust platform. Developers harness the power of this
framework to accelerate the creation of applications related
to image and video processing, object detection, face
recognition, hand tracking, and various other multimedia
functionalities.

In June 2019, MediaPipe expanded its capabilities to
support mobile devices running on Android and iOS
operating systems. The release of "MediaPipe Objectron” in
October 2020, utilizing deep learning models, marked a
significant advancement. Subsequently, in March 2021,
"MediaPipe Holistic" was introduced, offering precise
tracking and classification of the human body. The
"MediaPipe Pose" component, also known as PoseNet,
plays a pivotal role in real-time detection and tracking of
human bodies. Utilizing a CNN-based deep learning model,
PoseNet accurately estimates the positions, orientations,
and movements of various body parts, with a specific focus
on major joint points such as shoulders, elbows, wrists, hips,
knees, and ankles within a video stream or live camera feed.

2.2 Ergonomic analysis

Ergonomic analysis methods are common tools used to
identify ergonomic issues in work environments and develop
corrective actions. Each method focuses on different
ergonomic factors, contributing to measures taken for the
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health and safety of workers. REBA and RULA are
preferred for their simplicity, speed, and effectiveness in
identifying ergonomic risks, making them valuable tools for
conducting quick assessments in diverse work
environments.

2.2.1 REBA method

The REBA method is a tool that analyses both dynamic
and static postures of workers [7]. The REBA score is
determined depending on the flexion and bending that
occurs in the trunk, neck, legs, upper arms, lower arms,
and wrists during a working posture. To determine the
REBA score, body parts are first divided into two groups,
labeled as groups A and B.

Group A: The score is calculated based on the positions
of the trunk, neck, and legs as shown in Figure 3 and
detailed in Table 1.

AYNAVS

Trunk Score

1 2 2 3 3 4
Trunk Angle(degree)

0 -20-0 0-20 20-60 <-20 >60
ad b

1 2 2
Neck Angle(degree)

0 0-20

\

>20

{ \

~

Leg Position Score |Knee Bending Score

1 2 1 2

Knee Bending Angle(degree)

30-60 >60

Fig. 3 REBA Group A, postures, and scores.

Table 1 REBA Table A

NECK
>3
w 1 2 3
@
MILleg|1 2 3 4]1 2 3 4[1 2 3 4
1 [1]2[3[4a|1]2[3[4|3]3[5]6
2 [2|3]4a]5|3|a]5]6|4a|5]6]7
Tunk 3 |2|4]5|6|4a|5]6][7[5]6]7]8
4 [3]5|6|7[5|6|7]8]6|7][8]09
5 [ale|7]8]6|7[8]9]7|8]9]09

In Figure 3, trunk scores ranging from 1 to 4 are illustrated
for various body angles. Moreover, an additional +1 score
should be applied for trunk twisting or side-bending.
Consequently, the overall trunk score in REBA Table A
ranges from 1 to 5. Similarly, neck scores vary from 1 to 2,
as shown in Figure 3. An additional +1 should be added for
twisted or side-bent necks. Leg scores are derived by
combining knee bending and leg position scores.

Group B: The score is calculated based on the positions of the
upper arm, lower arm, and wrists are shown in Figure 5 and
detailed in Table 2.

Upper Arm Score

1 2 2 3 4

Upper Arm Angle(degree)
20-45 45-90

1 2 2
Lower Arm Angle(degree)

0-20 -20-0 >90

60-100 0-60 >100
1 1 2 2
Wrist Angle(degree)
0 -15-15 >15 <15

Fig. 4 REBA Group B: Upper arm scoring if shoulders are raised
+1, if upper arm is extended +1, if arm is supported -1 is added.

Table 2 REBA Table B

® 5 LOWER ARM
@ 1 2

m Wrist [1 2 3[1 2 3

UPPER 1 |1]2]2|1]2]3

ARM 2 [1(2[3]2(3]|4

3 [3[4]5]4|5]5

4 [4[5(5(5(6]|7

5 [6|7]8|7|8]|8

6 [7]8|8|8|9]9
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In the REBA Group B table, each row represents a unique
combination of body postures and activities observed
during ergonomic assessments. The upper arm scores
range from 1 to 4, indicating different angles. Additional
points should be added for raised shoulders and abducted
arms, resulting in an overall upper arm score spanning
from 1 to 6. The lower arm and wrist scores range from 1
to 2 for different arm and wrist angles. Additional points
should be added if the wrist is bent from the midline or
exhibits an abducted wrist bend.

Group C: Total score Table C is the combination of A and
B scores is obtained (Table 3). The algorithm for finding
the C score is as follows: locate the row in Table C
corresponding to Score A, then find the column in that row
that matches Score B. The value at the intersection of this
row and column represents the final REBA score.

The REBA score outlines the different risk levels:

e 1-4 Negligible: The posture and activity are
generally acceptable.

e 5-6 Medium risk: Some adjustments or further
investigation are needed.

e 7-9 High risk: risk factors indicate a high potential
for MSDs.

e 09-12: Very high risk: Urgent
required.

intervention is

Table 3 REBA Table C
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2.2.2 RULA Method

RULA is a widely recognized tool for identifying potential
ergonomic risks in workplaces [8]. It has been developed for
the rapid assessment of workers’ exposure to ergonomic risk
factors associated with the upper limb. RULA may be
preferable over REBA in specific situations where the focus is
primarily on upper limb postures and movements. For tasks
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involving minimal whole-body movements or where the lower
body is not significantly involved, such as those requiring
prolonged periods of sitting and computer use or tasks
performed within a confined workspace, RULA may be more
appropriate.

When determining the RULA score, the wrist, arm, neck, trunk,
and leg scores are evaluated in two groups.

Group A: The RULA score is calculated by combining
various parameters related to upper limb posture. Upper arm,
lower arm, and wrist scores are determined based on posture
angles as outlined in Figure 5. The corresponding scores for
Group A are shown in Table 4.

To begin the assessment, the upper arm position is identified,
with a scoring system based on angle measurements (Figure 5).
An additional score point should be added for a raised shoulder
and another for an abducted upper arm. Subsequently, the lower
arm score is determined based on its posture and angle. Next,
the wrist position is evaluated, and additional score points are
added if the wrist is bent from the midline or twisted.

P4l

Upper Arm Score

1 2 2 3 4
Upper Arm Angle(degree)
0-20 -20-0 20-45 45-90 >90

1 2 2
Lower Arm Angle(degree)

60-100 0-60 >100

1 2 3

WristAngle(degree)
0 -15+15 >15
<-15

Fig. 5 RULA Group A: Upper arm positioning scoring.
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Table 4 RULA Table A

TABLE A WRIST
1 | 2 \ 3 \ 4
UPPER Lower Wrist twist
ARM Arm Trunk Score
1 2|1 2|1 2|1 2 1 2 3 4
1 1 1121 2122 3|3]|3 Trunk Angle(degree)
D) 2121 2121313133 0-20 20-60 >60
3 2131 3[3|3|3|4]4
2 1 2131 3|3|3|4|4] 4
2 33/ 3[3|3(|4|4]4
3 34| 4| 4|4|4|5]|5
3 1 (3|3 4| 4]4]4]5]5 | NeckScore |
2 3|4 4| 4] 44|55 1 2 3 4
s (44| al4]4]5]5]5 -
4 1 44| 4| 4| 4|5|5]|5 0 0-20 >2
2 44| 41414 5|5]|5
3 414| 4| 5|5|5|6]|6 ,
5 1 5|5/ 5|5|5|6|6]|7
2 5/(6| 6|6|6|7|7]|7
3 6(6| 6|7|7|7|7]|8
6 1 7171 7171718l 8] 9 Leg Position Score
2 |88l 888|999 1 2
3 9191 9191919919 Fig. 6 RULA Group B: Neck, Torso, Leg posture scoring.
Group C: Total score is the combination of A and B scores.
Table 5 RULA Table B The final score gets a value between 1-7 as shown in Table
@ TRUNK 6. The RULA score outlines the following risk levels:
E 1 2 8 4 5 6
m Leg e Lows risk: Scores below 3
NECK 1 211 211 211 271 211 2 e Moderate risk: Scores between 3 and 4
1 173127313 21515 6l6l 717 e Highrisk: Scores typically between 5 and 7
2 213123455567\ 7|7 Table 6 RULA Table C
3 3(3(3(4|4|5|5(|6|6|7|7|7 TABLE C
4 5(5|5(6|6|7|7|7|7|7|8|38 A SCORE B score
5 7\7(7(7|7|8|8|8|8|7|8]|38 1 2 3 4 5 6 7
6 8|18(8|8|8|8(8[9[9(9[9]9 1 1 2 3 3 4 5 5
2 2 | 23| 4| 4|55
Group B: Neck, trunk, and leg scores are determined 3 3 13|13 |4]4]5 6
based on the guidelines and parameters demonsrated in 4 3 3 3 4 5 6 6
Figure 6. These scores reflect the ergonomic risks associated 5 21 a4 |5 6177
with var?ous postures. Additioqal p'oints are addeq to these 5
scores if the neck or trunk is side-bent or twisted. The 4 145|166 |7 |7
combined scores for Group B are presented in Table 5. 7 5 5 6 6 7 7 7
8 5 |5 |6 |7 |7 |7]|7
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3 Al-powered ergonomic risk assessment
This work utilizes advanced pose estimation and tracking
algorithms to analyse human posture in images and videos.
This functionality enables three key modules for
comprehensive ergonomic risk assessment. This section
details the software's core modules responsible for
comprehensive ergonomic risk assessment:

3.1 Multi-person detection :YOLOvV5

Since the objective of this study is to conduct ergonomic
posture detection and scoring on multiple human bodies
within a single frame, it was determined that Google's
MediaPipe framework, which can predict only one body per
frame, would not suffice. Therefore, person detection was
performed using YOLOV5 (Fig. 7) [14] on the pre-processed
image to identify individuals, followed by separate keypoint
detection for each detected person. YOLOvV5s was selected
for its balance between accuracy and processing speed,
making it suitable for real-time applications.

> 2= = B

Small Medium Large XLarge
YOLOvSs  YOLOvS5m YOLOVSI YOLOvV5x
14MB_ 41MB_,, 90 MB__, 168 MB__, .
2.2ms 29ms, . 38ms, 6.0ms,,
36.8 MAP_ 44.5mAP__ 48.1 mAP__ 50.1 mAP__

Fig. 7 Different size models of YOLOV5. Here, V100 indicates
the processing time incurred with Nvidia V100 GPU, and mAP
indicates the average precision criterion.

3.2 3D keypoint detection: MediaPipe
The "Pose Landmark Detection" feature of the MediaPipe
framework, which is offered to developers as open source
by Google, was applied to the cropped photographs by
finding the keypoints on the body from the 2D photograph
and estimating their points in 3D [15].

321 455
e

R
7¢ v 08 0. nose 17. right pinky knuckle #1
9‘ 1’0 1. right eyeinner 18. left pinky knuckle #1
19 2 1 12 22 420 2. righteye 19. right index knuclke #1
— ﬂ 3. right eye outer 20. leftindex knuckle #1
13/ \ J’ 14 _ 4. lefteyeinner 21. right thumb knuckle #2
7 15 \ | o 16 18 5. lefteye 22. left thumb knuckle #2
\ | 6. left eye outer 23. right hip
\ / 7. right ear 24. lefthip
2333 '024 8. leftear 25, right knee
/ 9. mouth right 26. leftknee
/ \ 10. mouth left 27. right ankle
/ \ 11. right shoulder 28. left ankle
254 926 12. left shoulder 29, right heel
\ / 13. right elbow 30. leftheel
14. left elbow 31. right foot index
\‘ " 15. right wrist 32. left foot index
274 28 16. left wrist

3 29 30 32
Fig. 8 MediaPipe output of the 33 key points detected in the
human body.

This module utilizes MediaPipe's Pose Landmark
Detection to identify 33 key points on the human body
within the input image (Fig. 8). The software then outputs
the 3D coordinates for each detected keypoints.

ITU

3.3 Ergonomicrisk calculation: REBA and RULA scores
By analysing the detected keypoints and their relative
positions, the software calculates potential ergonomic risks
associated with each worker's posture.

Calculating Posture Angles for Risk Assessment: By
analysing the detected keypoints and their relative
positions, the software calculates potential ergonomic risks
associated with each worker's posture. A crucial step in this
process involves calculating the angles between different
body segments.

Joint Angles: To achieve this, the software utilizes the 3D
coordinates of the keypoints. For example, the upper arm
angle, a key factor in RULA calculations, is determined by
the angle formed between three specific points:

Load YOLOvS and Mediapipe
models

l

Identify first human body
with YOLOvS
and crop

Detect the key poinis /
with MediaPipe
and save /

Calculate
RULA ve REBA scores

Check if score
is higher than 5

Cutout image
belongs to next human

A

Give warning

Check if another
person in the frame

Fig. 9 RULA, REBA score calculation algorithm for multiple
humans’ case.
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Right arm: points 11, 13, and 15 (Fig. 8).
Left arm: points 12, 14, and 16(Fig. 8).

By applying the cosine rule to the known lengths of two
sides (a and b), the angle (B) between them can be
calculated, as illustrated in Eq.1.
— -1ab
6 = cos Tl Q)

In simpler terms, the software calculates the angle (8)
formed by the two vectors connecting points 11-13(a)
and 13-15(b) on the right arm. The calculated angles and
their corresponding scores are kept as a variable.
Afterwards, the overall score was calculated from the
calculation tables kept in ".csv" format and presented as
output. The methodology for calculating RULA and
REBA scores is illustrated in Fig.9.

4 The experimental study

The software's algorithms were evaluated using images
and video segments from diverse sources:

Internet Images: A subset of images, including the one
shown in Figure 10, was obtained from the internet for
testing purposes. This specific image [16] depicts a scene
where the software calculated a RULA score of 3 and a
REBA score of 4.

|

Fig. 10 RULA and REBA analyses for an individual.

To evaluate the software's performance in analysing
posture with multiple people, a test image depicting a
warehouse scene was used (Fig. 11) [17]. The calculated
scores for the workers in the image are:
e Person on the left: RULA and REBA scores are 3.
e Person on the right: RULA score is 3, while the
REBA score is 4.

For comparison purposes, the scores for showcase shown
in Fig.11 are obtained when the same procedure is
manually carried out are presented in Table 7.

ITU -

Table 7 Hand-computed results for Figure 9

The person on the left The person on the right
Neck 2 Neck 1
Trunk 2 rable A 4 Trunk 2 rableA 3
Leg 2 Leg 3
Upper arm Upper arm 2
Lower arm TableB | 1 Lower arm TableB 2
Wrist 1 Wrist = 2
REBA 4 REBA 3
Upper arm 2 Upper arm 2
Lower arm 1 Table A 2 Lowerarm 1 Table A 3
Wrist 1 Wrist 2
Neck 2 Neck 1
e TableB 3 US| [ TableB 3
Leg 2 Leg 2
3

Fig. 11 Testing on two people.

Real-World Scenarios: A significant portion of the images
used for testing were captured by IVABOT directly at Altinay
facilities. This approach ensures the software is evaluated in
real-world work settings, reflecting the actual postures and
movements of workers. The video used for this purpose
depicts workers assembling conveyors, providing a practical
example of the software's application. The software
successfully analysed postures within video frames captured
at Altinay facilities. A summary of these results, including
identification of potentially unergonomic postures (marked in
red), is provided in Table 8 for further reference.

Some RULA scores could not be calculated for Figures 13
and 16 due to missing data. In Figure 13, the complete
keypoint measurements could not be performed because
the worker's arms were obstructed by the tool they were
using. Similarly, in Figure 16, one worker was obscured by
others and the conveyor, preventing a complete RULA
assessment.
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Fig. 12 The frame at 7 seconds of video recorded at Altinay
facilities.

\person0 &
£

Fig. 15 The frame from 20 seconds of the video.
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Fig. 16 The frame from 25 seconds of the video.

Table 8 Conveyor assembly video ergonomic analysis
Person 0 Personl Person2 Person3

Fig.12
RULA 4 4 4
REBA 6 6 4
Fig.13
RULA 4 3 4 NULL
REBA 6 6 4 4
Fig.14
RULA 4 3 4 4
REBA 4 7
Fig.15
RULA 4 3 3 4
REBA 6 4
Fig.16
RULA 5 3 NULL
REBA 7 5 4

5 Conclusion

This research aims to enhance workplace efficiency and
productivity while reducing the risk of occupational diseases.
Within this scope, a software tool for ergonomic assessment
has been developed that can directly analyse real-time video
streams. The system's core strength lies in its capability to
conduct Al-based keypoint detection and human posture
analysis by extracting critical joint angles essential for
ergonomic risk assessment for more than one worker at the
same time. Integrating REBA and RULA score calculation
methods enables proactive identification of posture-related
risks, potentially aiding in the reduction of work-related
musculoskeletal disorders. The methodology is also
applicable for factories where people move around and work
together in teams. Further research is required to validate
the system's impact on work efficiency and prevention of
musculoskeletal disorders by implementing it in factories
over an extended period.

Ozdemir, Tiikel

57



ITU Computer Science, Al and Robotics

Author Contributions

Omer Cahit Ozdemir and Dilek (Bilgin) Tiikel contributed
equally as the main contributor of this paper. All authors
read and approved the final paper.

Acknowledgements

This project is a part of the "Industrial virtual assistant”
project numbered 3201066 supported by the Scientific and
Technological Research Council of Turkiye within the
scope of Industrial R&D. We thank TUBITAK for their
support.

References

(1]

(2]

(3]

(4]

(5]

(6]

S. R. Kamat, N. E. N. Md Zula, N. S. Rayme, S.
Shamsuddin, K. Husain, “The ergonomics body
posture on repetitive and heavy lifting activities of
workers in aerospace manufacturing warehouse”,
IOP Conf. Series: Materials Science and
Engineering, 210 (2017), DOI: 10.1088/1757-
899X/210/1/012079

S. Aytag, A.F. Ozok, N. Yamankaradeniz, A.
Gokege, G. Akalp, O. Cankaya, U. Tufekci, “Metal
sanayiinde c¢alisan kadinlarin ergonomik risk
algisi: bir arastirma (Turkish) [Ergonomic risk
perception of women working in the metal
industry: a research],” Ergonomi, vol. 1, no. 1, pp.
29-38, 2018, DOI:
https://doi.org/10.33439/ergonomi.473023

Z. Kirzioglu, C.C. Yetis, “Dis hekimligi kliniklerinde
ergonomik  dizenlemeler  bolim  1:  dis
hekimliginde ergonominin gelisimi ve ergonomik
olmayan caligsmalar sonucu olusan
muskuloskeletal bozukluklar (Turkish) [Ergonomic
regulations in dentistry clinics part 1: development
of ergonomics in dentistry and musculoskeletal
disorders resulting from non-ergonomic work],”
Atatiirk Universitesi Dis Hek. Fak. Derg, vol. 23,
no. 3, pp. 414-420, 2013

B. Y Dogan, K. Arslan, S. Kilig, G.S. Arpaci, “Ofis
tasariminda ergonomik kosullari
saglanmasi-nin 6énemi (Turkish)[The importance
of ergonomy in office design],” Ergonomi, vol. 5,
no. 2, pp. 84-97, 2022, DOI:

https://doi.org/10.33439/ergonomi.1111957

J.E. Fernandez, "Ergonomics in the workplace",
Facilities, Vol. 13 Iss 4 pp. 20 — 27, 1995

H. Bas, F. Yapicl, “Iis istasyonlarinda
calisanlarda zorlanmaya neden olan duruslarin
ergonomik acidan irdelenmesi: érnek uygulama
(turkish) [ Ergonomic examination of postures that
cause difficulty in workers at workstations: sample
application],” Ergonomi, vol. 3, no. 3, pp. 128-137,
2020, DOI:

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

ITU

https://doi.org/10.33439/ergonomi.789307

S. Hignett, L. McAtamney, “Rapid entire body
assessment (REBA),” Applied Ergonomics, vol.31,
pp. 201-205, 2000. DOI:

DOI: 10.1016/s0003-6870(99)00039-3

L. McAtamney, E. N. Corlett, “Rula: a survey method
for the investigation of work-related upper limb
disorders,” Applied ergonomics, vol. 24, pp. 91-99,
1993.

E. N. Corlett, R. Bishop, “A technique for assessing
postural discomfort,” Ergonomics, vol. 19, no.2, pp.
175-182, 1976.

D. Knee, “Systematic comparison of OWAS, RULA,
and REBA based on a literature review,” Int. J.
Environ. Res. Public Health, vol. 19, no.595, pp. 1-
23, 2022

D. Kee, W. Karwowski, “A comparison of three
observational techniques for assessing postural
loads in industry,” Int. Journal of occupational safety
and ergonomics, vol: 13, no.1, pp: 3-14, 2007.

S.-0 Jeong, J. Kook, “CREBAS: Computer-Based
REBA Evaluation System for Wood Manufacturers
Using MediaPipe,” Appl. Sci. 2023, vol.13, no.938.
DOI:

https://doi.org/10.3390/app13020938

A. S. Murugan, G. Noh, H. Jung, E. Kim, K. Kim, H.
You, B. Boufama, “Optimising computer vision-
based ergonomic assessments: sensitivity to
camera position and monocular 3D pose model,”
Ergonomics 2024, pp.1-18, DOI:

https://doi.org/10.1080/00140139.2024.2304578

D. Dluznevskij, P. Stefanovic ve S. Ramanauskaite,
S. “Investigation of YOLOvVS efficiency in iPhone
supported systems,” Baltic Journal of Modern
Computing, vol. 9, no.3, pp. 333-344, 2021.

J.-W. Kim, J.-Y. Choi, E.-J. Ha, J.-H. Choi, “Human
pose estimation using MediaPipe pose and
optimization method based on a humanoid model,”
Applied Sciences, vol. 13, no. 4, pp. 2700, 2023

Ulugbey Tip Merkezi Physical Therapy Unit Exercise
Videos [Online]. Available:

https://lwww.youtube.com/watch?v=in00XpxKfuM.(acc
essed: 15.04.2024).

Asseco CEIT Workshop - Ergonomics [Online].
Available:
https://www.asseco-ceit.com/sk/workshop-ergonomia-
ako-nastroj-na-zvysenie-produktivity/.(accessed:
15.04.2024).

Ozdemir, Tiikel



