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Abstract
In regards to the vast amount of work-related injuries in today’s industries, the way
to assess and understand ergonomics as we know it, needs to change. Musculoskele-
tal disorder as a result of bad workplace design and ergonomics is one of the leading
causes of work-related injuries. This is especially true for the manufacturing sector
and the automotive industry. CEVT, China Euro Vehicle Technology, among other
stakeholders in the industry, is taking initiative to reduce the risk of musculoskeletal
disorders and is looking towards simulations and digital tools as a possible solution.

On behalf of CEVT, this thesis elucidates the implementation and validation of
an automated ergonomic assessment within the digital human modeling software
IMMA, Intelligently Moving Manikins. The ergonomic evaluation method KIM III,
Key Indicator Method, was selected as the most appropriate method for implementa-
tion regarding CEVT’s needs. The implementation led to an automated ergonomic
assessment, providing a PDF report based on the manikins’ posture and additional
input data from the user. The implementation was validated against manual KIM
III assessments conducted by a CEVT ergonomist and was proven successful.

The developed methodology of the thesis has been structured to fulfill the aims
of the study and reach an implementation of a full evaluation assessment into the
DHM, Digital Human Modeling, tool IPS, Industrial Path Solutions, IMMA. The fo-
cus has been to verify and obtain high validity of the implemented function, which
could be achieved after undergoing a vast benchmarking and screening process. The
benchmarking and screening process were the result of quantitative and qualitative
data analyses and presented the most suitable ergonomic assessment method to be
implemented in IPS. The method may be adapted to evaluate the relevance and
suitability of ergonomic assessment methods into DHM software.

This thesis further addresses the need of future research within the field of virtual
reality and motion capture as a way of better understanding the motion and be-
haviour of assembly workers. Furthermore, future development of digital twins as a
way of better understanding the reality of the problem as well as the development
of simulation based ergonomic assessment methods is discussed.

Keywords: Automotive, DHM, Ergonomic assessment methods, Ergonomics, IMMA,
IPS, Musculoskeletal disorders, Simulations.

iv





Acknowledgements
This thesis was carried out in collaboration with CEVT during the spring of 2020
in Gothenburg, Sweden, as a final project within the Master’s program Production
Engineering at Chalmers University of Technology. This report is the result of many
hours of dedication, stubbornness, confusion and of course happiness. To work in
close collaboration with the talented people at CEVT, at Chalmers, at Fraunhofer-
Chalmers Centre and all other organisations that has been part of this project, has
been a privilege - and for that we are truly grateful.

We would like to send massive thanks to the people who, during this project, have
supported us or in any other way shown interest in our thesis. A special thanks goes
out to our supervisor and examiner at Chalmers University of Technology, Liang
Gong and Björn Johansson, for their dedication in not only our work with this the-
sis, but also for their dedication in our work during the entire Master’s program.
Their support and their tuition have been priceless to us.

We would also like to send a warm thank you to Anton Berce, our supervisor at
CEVT. Your dedication and time spent in this thesis has created the prerequisites
for a truly successful project and collaboration. It has been a true pleasure and an
honour to work with you for the past couple of months, and your devotion has been
sincerely appreciated.

We hope that our work on simulations of ergonomic assessments will help to avoid
ergonomic risks in manual work at early stages. In times like these, with the current
pandemic situation due to the COVID-19 virus, it has been clear to us that we need
to look after and help each other. Our thoughts go out to the heroes of the society,
the ones who are working daily to ensure that the people are safe and at health.

Thank you,

Leonard Bogojevic, Henrik Söderlund
Gothenburg, May 2020

vi





Contents

List of Figures xi

List of Tables xiii

1 Introduction 1
1.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Aim and purpose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.3 Scope and delimitations . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.4 Problem identification . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.5 Thesis outline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2 Theory 5
2.1 Work-related MSDs . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.2 Anthropometry and Physical loading . . . . . . . . . . . . . . . . . . 5

2.2.1 Methods of measurements . . . . . . . . . . . . . . . . . . . . 7
2.3 Ergonomic assessment methods . . . . . . . . . . . . . . . . . . . . . 9

2.3.1 RULA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.3.2 REBA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.3.3 OWAS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.3.4 EAWS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.3.5 KIM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
2.3.6 HARM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.3.7 RAMP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.3.8 JSI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.3.9 NIOSH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.3.10 SARA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
2.3.11 VCS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
2.3.12 Geely . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.4 Digital Human Modeling . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.4.1 IMMA/IPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.4.2 Ergonomic function in IMMA . . . . . . . . . . . . . . . . . . 20
2.4.3 Scripting in IPS . . . . . . . . . . . . . . . . . . . . . . . . . . 20

3 Methods 22
3.1 Data collection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

3.1.1 Qualitative data . . . . . . . . . . . . . . . . . . . . . . . . . . 23
3.1.2 Quantitative data . . . . . . . . . . . . . . . . . . . . . . . . . 25

viii



Contents

3.2 Benchmarking Process . . . . . . . . . . . . . . . . . . . . . . . . . . 25
3.2.1 Screening process and decision matrices . . . . . . . . . . . . . 25

3.3 Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
3.4 Verification and validation . . . . . . . . . . . . . . . . . . . . . . . . 28

4 Results 30
4.1 Data collection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

4.1.1 Qualitative data results . . . . . . . . . . . . . . . . . . . . . . 30
4.1.2 Quantitative data results . . . . . . . . . . . . . . . . . . . . . 33

4.2 Benchmarking process . . . . . . . . . . . . . . . . . . . . . . . . . . 34
4.2.1 Comparison matrix . . . . . . . . . . . . . . . . . . . . . . . . 34
4.2.2 Complexity score . . . . . . . . . . . . . . . . . . . . . . . . . 35
4.2.3 Kesselring matrix . . . . . . . . . . . . . . . . . . . . . . . . . 36

4.3 Results of implementation . . . . . . . . . . . . . . . . . . . . . . . . 37
4.3.1 Choice of development strategy . . . . . . . . . . . . . . . . . 38
4.3.2 Data structure of the functionality . . . . . . . . . . . . . . . 38
4.3.3 Interaction with user . . . . . . . . . . . . . . . . . . . . . . . 40

4.4 Verification and validation . . . . . . . . . . . . . . . . . . . . . . . . 45
4.4.1 Validation case 1 . . . . . . . . . . . . . . . . . . . . . . . . . 45
4.4.2 Validation case 2 . . . . . . . . . . . . . . . . . . . . . . . . . 47
4.4.3 Validation case 3 . . . . . . . . . . . . . . . . . . . . . . . . . 48
4.4.4 User testing and feedback . . . . . . . . . . . . . . . . . . . . 49

5 Discussion 50
5.1 Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
5.2 Evaluation method . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
5.3 Digital function . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
5.4 Validation cases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
5.5 Experience for future work . . . . . . . . . . . . . . . . . . . . . . . . 54

6 Conclusion 55

7 Future Work 56
7.1 Motion/Posture simulation . . . . . . . . . . . . . . . . . . . . . . . . 56

7.1.1 VR and Motion Capture solutions . . . . . . . . . . . . . . . . 57
7.2 Ergonomic assessment method for simulations . . . . . . . . . . . . . 57
7.3 Data management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

Bibliography 64

Appendices I

A Appendix - RULA II

B Appendix - REBA III

C Appendix - OWAS IV

ix



Contents

D Appendix - EAWS V

E Appendix - KIM I IX

F Appendix - KIM II XI

G Appendix - KIM III XIII

H Appendix - Digital KIM III with explanation XV

I Appendix - HARM XVII

J Appendix - RAMP XXII

K Appendix - JSI XXV

L Appendix - SARA XXVI

M Appendix - Comparison matrix XXVIII

N Appendix - Constraints and joint names XXX

O Appendix - Guidelines for KIM III function in IPS XXXII

x



List of Figures

2.1 Figure presenting anthropometric data measurements, from IPS soft-
ware. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2.2 Illustration of the relationship between time, posture and force factors
presented in a cube model based on Sperling et al. (1993) modified
by Henrik Söderlund. . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2.3 OWAS score index with representative digit description, adapted from
Loehevaara and Suurnäkki. . . . . . . . . . . . . . . . . . . . . . . . . 11

2.4 The joints and surface mesh of a manikin, provided by Fraunhofer-
Chalmers Centre. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

2.5 Illustration of the inverse kinematics of the IMMA-manikin in IPS,
own picture. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

2.6 Pathfinding solution visualising the shortest collision free route be-
tween point A and B with a clear blue line, own picture. . . . . . . . 19

2.7 Illustration of joint comfort model factors, adapted from Mårdberg. . 19
2.8 Representative grading score of RULA assessment in IPS, screenshot

form IPS software. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
2.9 Illustration of the IMMA and the joints that are available to be called

in JSON, from IPS documentation provided by Fraunhofer-Chalmers
Centre. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

3.1 Framework of the project outline, based on Starr and modified by
Leonard Bogojevic. . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

3.2 PDCA-cycle representing the framework of the iterative implementa-
tion process, adapted from Skhmot by Henrik Söderlund. . . . . . . . 27

4.1 Quantitative data listing the causes of MSD in hands at final assembly
at Volvo Cars, adapted from Lämkull. . . . . . . . . . . . . . . . . . . 34

4.2 Comparison matrix from the benchmarking study including the se-
lected methods and standards and its assessments, own picture. . . . 35

4.3 Quantitative data representing the complexity of each ergonomic as-
sessment method and its implementation in IPS, own picture. . . . . 36

4.4 Kesselring decision matrix of the contested methods, modified by
Leonard Bogojevic and Henrik Söderlund. . . . . . . . . . . . . . . . 37

4.5 A visualisation of the joints positions and formulations considered by
the script, own picture. . . . . . . . . . . . . . . . . . . . . . . . . . . 39

4.6 An example of a KIM III grading constraint and its corresponding
IMMA joint, own picture. . . . . . . . . . . . . . . . . . . . . . . . . 40

xi



List of Figures

4.7 Ergonomic Assessment Button, marked in red, used to trigger the
ergonomic function, modified screenshot from IPS. . . . . . . . . . . . 41

4.8 Illustration of a question’s layout of the implementation in IPS, screen-
shot from IPS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

4.9 Illustration of a question’s layout with its presenting answers of the
implementation in IPS, screenshot from IPS. . . . . . . . . . . . . . 42

4.10 Snapshot of structure in Excel, with [a] presenting the customized
button to update sheet with ergonomic information and [b] presenting
the button to save the sheet in pdf.-format. . . . . . . . . . . . . . . 43

4.11 Reporting structure of hand/arm position and movement, where the
red colour box represents an example of a resulted score, from printed
PDF of the Excel sheet. . . . . . . . . . . . . . . . . . . . . . . . . . 43

4.12 Display from the report presenting exemplified results of a KIM III
ergonomic assessment. . . . . . . . . . . . . . . . . . . . . . . . . . . 44

4.13 Snapshot of structure in Excel, with [c] presenting the customized
button to update sheet with new manikin. . . . . . . . . . . . . . . . 45

4.14 Digital illustration of how the assembly of the sunroof was performed,
from IPS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

4.15 Validation case 1 results of KIM III assessment done by ergonomist
at CEVT (left) and through implemented function in IPS (right),
screenshot from KIM III digital assessment. . . . . . . . . . . . . . . 46

4.16 Digital illustration of how the assembly of a part into a wheelhouse
was performed, from IPS. . . . . . . . . . . . . . . . . . . . . . . . . 47

4.17 Validation case 2 results of KIM III assessment done by ergonomist
at CEVT (left) and through implemented function in IPS (right),
screenshot from KIM III digital assessment. . . . . . . . . . . . . . . 47

4.18 Digital illustration of how the assembly of the fuel line clip was per-
formed, from IPS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

4.19 Validation case 3 results of KIM III assessment done by ergonomist
at CEVT (left) and through implemented function in IPS (right),
screenshot from KIM III digital assessment. . . . . . . . . . . . . . . 49

xii



List of Tables

1.1 Table of the thesis outline with a brief chapter description. . . . . . . 4

2.1 Table of posture measurement examples. . . . . . . . . . . . . . . . . 8
2.2 Table of time measurements. . . . . . . . . . . . . . . . . . . . . . . . 9
2.3 Table of ergonomic assessment methods. . . . . . . . . . . . . . . . . 10

4.1 Table of the ergonomic assessment methods and standards evaluated
in the benchmarking process. . . . . . . . . . . . . . . . . . . . . . . 30

4.2 Table of interview results. . . . . . . . . . . . . . . . . . . . . . . . . 31
4.3 Table of reported injuries during final assembly at Volvo Cars, Tors-

landa. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
4.4 Table of representation of the matrix created by the LUA-script in IPS 39

xiii



Nomenclature

General Abbreviations
CEVT China Euro Vehicle Technology
FCC Fraunhofer-Chalmers Centre
ME Manufacturing Engineering
MSD Musculoskeletal disorder
MTM Methods-time measurement

Ergonomic assessments
EAWS Ergonomic Assessment Worksheet
HARM Hand Arm Risk Assessment Method
JSI Job Strain Index
KIM Key Indicator Method
OWAS Ovako Working Posture Analysing System
RAMP Risk management Assessment tool for

Manual handling Proactively
REBA Rapid Entire Body Assessment
RULA Rapid Upper Limb Assessment
SARA Samlad Riskbedömningar Arbetsplatser

[Collected risk assessment for workplaces]
VCS Volvo Cars Standard

Information Technology
API Application Programming Interface
CSV Comma-separated Values
DHM Digital Human Modeling
GUI Graphical User Interface
IMMA Intelligently Moving Manikin
IPS Industrial Path Solutions
JSON JavaScript Object Notation
TCP Tool Center Point
VBA Visual Basic for Applications
VR Virtual Reality

xiv



1
Introduction

This chapter presents the theoretical and practical background of the thesis by ex-
plaining the context of the study and its relevance. Problem identification, purpose,
aim, scope and delimitation and a thesis outline are also presented in the current
chapter to describe the focus of the thesis along with presenting the structure of the
report.

1.1 Background
Every year, millions of people report taking time off from work to recover from their
MSDs, Musculoskeletal Disorder, ultimately costing the society hundreds of billions
of dollars annually [1][2]. MSD causes many humans to feel pain in their muscles
and joints, which limits their ability to move and withstand loads for a longer period
of time. These factors can be the direct consequence of bad ergonomics at a work-
place, and could result in even more serious injuries if not treated properly [3]. A
lot of the work-related MSDs are reported to originate from the automotive indus-
try [4]. Moreover, bad ergonomics has shown to not only affect the musculoskeletal
system, but also has big impact on production quality as well. On average, studies
has shown that 80% of medium or high ergonomic loads in automotive productions
results in quality problems [5][6].

The automotive market and its high-technology production systems have undergone
rapid development in recent years towards a more efficient and more automated pro-
duction system [7]. This trend has accelerated the development of new, innovative
and smarter technology solutions which has improved the production and planning
systems greatly [7]. In order to stay competitive on the market, automotive com-
panies need to stand at the forefront of any new innovations and solutions as they
aim to gain marketing shares by improving their production.

To ensure a sustainable production and obtain high quality of products while at the
same time reduce lead times, automotive industries can gain great advantages by
considering their production virtually before making real-world implementations [8].
By using such methods, companies can foresee challenges and prevent them from
happening, even before they occur [8]. An example of such a challenge is manual
assembly work which is strictly related to the ergonomics of the operators. In to-
day’s automotive industry, and most likely in the future, human assembly workers
are considered as one of the most valuable resources. Therefore, making assembly

1



1. Introduction

operations ergonomically sound is crucial in order to ensure both human well-being
and high product quality [9].

Today, most ergonomic assessments are carried out manually in an already existing
production environment, using observational methods. This in turn could result in
subjective evaluations and faulty measurements, as the data is interpreted by the
person who is conducting the assessment [10]. The method takes a long time to
complete and is also not as accurate as it could be. Therefore, in order to elevate
the ergonomic validation process, one should consider the possibilities of implement-
ing ergonomic evaluations in simulations and/or virtual reality systems. With the
rise of simulations and DHM-software and its capabilities, the potential of analysing
digital manikins in an automated way has increased. [11]. An example of such
software is IPS and its DHM-function IMMA.

As simulations are carried out more and more frequently in the automotive indus-
try in order to prepare and plan production, the use of DHM-software as IMMA
has also increased drastically [11]. Digital manikins are used to verify reachability
and accessibility of the workers at assembly stations [12]. Some companies have
also started to add ergonomic evaluation tools to their DHM-simulations, with the
aim of getting a more efficient and objective validation of the operators’ work [12].
Consequently, workers at the ME/R&D department can make changes to improve
the assembly workflow and thus prevent hazardous ergonomic assembly work from
happening.

1.2 Aim and purpose
This master thesis maps how merging ergonomic assessment methods with virtual
simulations can improve anthropocentric ergonomics, leverage performance and gen-
erate economic value in process development, product development and production
technology at CEVT.

As part of the thesis project, a literature and interview study shall be held in order
to analyse different ergonomic methods available as well as cross-linking them to the
needs of CEVT. The result of the study shall later be merged into CEVT’s existing
DHM simulation tool IPS, with the aim of virtual reality compatibility. Cases
of virtual simulations shall be defined to validate the results of the implemented
ergonomic method as well as the capabilities of DHM simulation.

1.3 Scope and delimitations
The delimitations of the project are set in regards to data collection, project time
and project resources. As the project will be conducted with CEVT, any other vir-
tual simulation tools apart from IPS IMMA (version 3.8.2 and 3.9), their current
DHM-simulation software, will not be considered in this thesis. Further limitations
regarding the number of considered ergonomic standard methods will also be re-

2



1. Introduction

stricted by the relevance to the subject as well as the current time frame. The
project is completed and limited to 20 weeks and with a group size of two.

For the sake of this thesis work the delimitation has been made to only address the
physical loading part of ergonomics, thus excluding any cognitive aspect of the term
such as psychological and social factors.

The implementation has been developed to primarily be used at the ME, Manu-
facturing Engineering, department for trim and final assembly as well as Body in
White operations. Thus, any other cases that does not concern nor regard the ME
department at CEVT, will be delimited, if not agreed otherwise.

1.4 Problem identification
The issue of concern regards to investigate further in the following statements:

• Identify the potential in merging ergonomic assessments in a digital human
modeling tool.

• Perform a vast research study that implies and supports what ergonomic as-
sessments methods are suitable to be implemented in the virtual simulation
tool IPS IMMA.

• Define and implement ergonomic assessment method(s) into IPS IMMA.
• Gather qualitative input from the industry to validate and verify the method-

ology and the results.
• Perform an evaluation of how the developed ergonomic assessment method(s)

could be used in the future.

By adopting the presented specification of issue, the aim is to find an elaborate
answer to the following research question:

• How could ergonomic assessment of assembly work be automated using Intel-
ligently Moving Manikins (IMMA) in a virtual simulation system?

1.5 Thesis outline
The following table presents an overview of the sections that are used in this doc-
ument, see table 1.1. The thesis consists of seven sections, starting with the intro-
duction, and are recommended to be read accordingly.

3



1. Introduction

Table 1.1: Table of the thesis outline with a brief chapter description.

Chapter Title Description
Chapter 1 Introduction Introduces the issue of concern and

relevant background information.
Chapter 2 Theory Includes information and facts about the

issue of interest that constitutes the
fundamental knowledge of this thesis.

Chapter 3 Methodology Explains how the project was structured
and performed.

Chapter 4 Results Consists of the most relevant results achieved
from the performed methodology.

Chapter 5 Discussion Highlights interesting discussion points
regarding the methodology, results and the
scope.

Chapter 6 Conclusion Summarizes the most important achievements.
Chapter 7 Future work Presents subjects that recommends to be

followed up for future studies.

4



2
Theory

In the following chapter, relevant theory regarding DHM, IMMA and ergonomics
based on a literature and interview study will be presented with structured sections
and subheadings.

2.1 Work-related MSDs
Work-related MSDs are one of the highest contributors to work-absences due to
illness [12]. In 2017, MSD represented 23% of all cases of long-term sick leave in
Sweden, resulting in huge cost for both employers and society [13]. The European
Union estimates a total cost of total €240 billion a year, due to work-related MSDs
[12]. Considering that work-related MSDs could be the result of bad ergonomics in
the workplace, engineers and designers have the ability to prevent them from ap-
pearing as long as one is aware of the problem and its origin [12]. Examples of such
origins and causes at faults could be; static working posture, too high load weight,
repetitive work tasks, stress, lack of recovery time, bad working techniques etc. [12].

Statistics shows that around 45% of all work-related MSDs are the result of manual
handling of material, involving lifting, carrying and assembling [14]. Meanwhile,
another 22% is the result of awkward and static work posture [14].

2.2 Anthropometry and Physical loading
Anthropometry is the study of human measurements and is used in order to under-
stand human physical variation. The physical variations among humans is evident
as the variations in body measures varies from one person to the next with clear
tendencies and patters visible between nationalities, gender and populations [12].
Hence, our bodies’ ability to take up physical loads vary with the same deviation,
as there is a strong correlation between the measurements of the human body, the
measurements of the musculoskeletal system and the load it can endure [15]. In
order to create products and workplaces suitable for everyone, anthropometric data
needs to be consulted and a relevant percentage of the populace needs to be taken
into consideration [15].

5



2. Theory

Anthropometry is calculated by measuring the length and thicknesses of the human
body parts. Figure 2.1 illustrates some anthropometric measurements [16].

Figure 2.1: Figure presenting anthropometric data measurements, from IPS soft-
ware.

Besides the measurements and anatomy of the human body, there is also a number
of factors that interplay in its ability to take up load in a harmless way. Posture,
force and time are the three most important factors to consider. The interaction
between these factors will determine the risk and severity of potential injuries (e.g.
MSD) connected to a specific physical load situation [12]. The relationship of these
factors can in a simplified way be described by the cube model [17], see figure 2.2.

Figure 2.2: Illustration of the relationship between time, posture and force factors
presented in a cube model based on Sperling et al. (1993) modified by Henrik
Söderlund.

The cube model shows how the combination of posture, time and force may increase
or decrease the risk of harmful loading. The model categorizes the severity of the
three factors into three risk levels; low risk, moderate risk and high risk, each as-
signed a value from one to three. By multiplying the scores from all three factors
a total risk level is obtained. Risk levels below six is considered as low risk, a risk
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level between six and eight is considered as a moderate risk and a risk level of nine
or above is considered as high risk [17]. Thus, scoring a high risk (three) on only one
of the three factors may be an acceptable while a moderate risk on all three factors
may be unacceptable and a subject for re-evaluation [12].

2.2.1 Methods of measurements
Physical loads can affect and impact the human body in different ways depending
on the anthropometric variations, posture, time, force and more [12]. It is thereby
important to measure these in a systematic way to ensure that the assessment of
the loads’ effect on the human body is accurate. Examples of how these factors,
also illustrated in figure 2.2, can be measured follows in the below sections.

Posture is commonly approached by measuring the angular and distance deviations
from an "optimal" posture, which provides insights in how the posture is positioned,
bent and twisted. The optimal posture, also called neutral body position, has been
determined in and compiled in standards (ISO 9241-400:2007) to be the condition
where the human body experiences the least tensions and stresses on muscles, ten-
dons, joints and bones [18][19]. The neutral posture is achieved as a symmetrical
standing position with arms hanging alongside of the body and head faced straight
forward [12]. Examples of body parts and measurements of their deviation against
an optimal position have been extracted and formulated accordingly, see table 2.1.
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Table 2.1: Table of posture measurement examples.

Examples of body parts and measurements
Body part Measurement Illustration Measurement Illustration

Flexion/ Lateral
Trunk Extension Bending

Abduction/ Flexion/
Shoulder Adduction Extension

Supination/ Ulnar/Radial
Wrist Pronation deviation

Flexion/ Axial
Neck Extension Rotation

Stance

8
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There are two main aspects of force to be considered in a physical loading situation
of an assembly task. The first and most obvious being mass of a carried or manip-
ulated object by an operator. This aspect of force is typically measured in a rather
simple and straight forward manner using ordinary weight scales measured in [kg]
[12]. The second aspect is the force applied by the operator in order to perform the
assembly task, often related to hand or finger forces, such as tightening a zip-tie,
entering a bolt or operating a tool [20]. These forces are more complex to measure
and estimate. Unless specified force gauges could be used.

The time aspect consists of various exposure factors that can have both a negative
and positive impact on the total risk level. In general, these could either increase
the physical loading by extending the duration of exposure of the load or decrease
the physical loading by allowing for rest and recovery of a particular muscle group
[21]. See table 2.2 for an extensive list of the time measurements to be considered
in a physical loading situation [21].

Table 2.2: Table of time measurements.

Type Description
Repetitiveness Measured as the number of posture

changes per shift or time unit.
Frequency Measured as the number of times a

specific muscle group has been
activated per time unit.

Cycle time Measured as the time duration per
motion or task.

Recovery time Measured as the time in between two
active stages of a specific muscle group.

2.3 Ergonomic assessment methods
There are multiple ergonomic methods used to assess different scenarios and dif-
ferent kinds of movements. The following subsection presents a few, of which this
study has been based on. The ergonomic methods presented below have been based
on the literature by Berlin and Adam [12], with a few additional standards that
are more industry and company related. However, company standards are normally
not scientifically proven [22]. The methods presented in this section originates from
different industries and geographical regions, which provides a holistic and diverse
view on ergonomic assessments.

In general terms, most of these ergonomic methods can be categorized into one or
more out of three categories; Posture-based, Biomechanics-based or a combination of
environmental factor-based [12]. Posture-based methods focuses on joint angels and
positions while Biomechanical-based methods considers the forces and torques ex-
erted on the body and its joints. Finally, a combination of environment factor-based
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methods takes into consideration additional factors such as duration, pace, temper-
ature, vibrations etc. In table 2.3, the ergonomic methods chosen for evaluation in
this report has been categorized into the three above mentioned categories.

Table 2.3: Table of ergonomic assessment methods.

Methods Posture-based Biomecanics-based Environment-based
RULA x
REBA x
OWAS x x
EAWS x x x
KIM x x x

HARM x x
RAMP x x x
JSI x x

NIOSH x
SARA
VCS

2.3.1 RULA
RULA, Rapid Upper Limb Assessment, was developed in 1993 by researchers at the
University of Nottingham as an ergonomic scoring tool for hand intensive work [12].
The assessment tool provides rapid evaluations of the load on the musculoskeletal
system of an operator taking in account the posture, muscle function and exerted
forces [23].

Gestures and postures that frequently occur, involve large forces or in other ways
are identified as extremes are typically selected for evaluation. Using a "neutral"
harmless position of a joint or body part as the benchmark, penalty points are
added for the posture deviating for its neutral position on a graded scale, taking in
to account legs, trunk, neck, upper arms, lower arms and wrists [23], see Appendix
A. Because of the simplicity and rapidness of RULA, it has become a widely used
tool as it quickly identifies harmful posturing as well as it is easy to communicate
and understand on all levels.

2.3.2 REBA
Following, RULA researchers in Nottingham continued to further develop the method
and to create a tool focusing on whole-body intensive work. The result of which
came to be REBA, Rapid Entire Body Assessment. Developed by researchers at
the city hospital of Nottingham its main purpose was for use within the healthcare
industry [24]. The REBA method considers the same six body regions as RULA
but in greater depth, bringing a larger focus to the lower body regions as well as
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introducing coupling and griping score [12], see Appendix B.

2.3.3 OWAS
OWAS,Ovako Working-Posture Analysis System, as an ergonomic assessment method
was developed in the late 1970s, by the former industry steel workers Osmo Karhu
and Björn Trappe [25]. The method is based on a simple and systematic assessment
of work postures in combination with the present musculoskeletal load. The easily
identifiable work postures that are covered in the method concerns the back, arms
and the legs [25]. The assessment generates a four-digit index score, where each digit
correlates to a posture or load classification [12], see figure 2.3. The index score in-
dicates in what areas the most harmful positions appear, by addressing these with
a high score. For the full OWAS assessment sheet, see Appendix C.

Figure 2.3: OWAS score index with representative digit description, adapted from
Loehevaara and Suurnäkki.

The ergonomic assessment method should preferably be performed by the use of
equal interval system of either 30 or 60 seconds to observe the operator [25]. The
frequencies of the work postures can thereby be calculated from the observation as
their relative proportions (%) in relation to the entire working time. The method
does hence put a lot of strain on the observer who needs to make validated and
accurate assessments during the full observation period [26].

2.3.4 EAWS
Created in the late 00s by the International MTM, Methods-Time Measurement,
Directorate, the EAWS, Ergonomic Assessment Worksheet, standard gives a holis-
tic ergonomic assessment compliant with international workplace standards such as
ISO, International Organisations for Standardization, and CEN, European Commit-
tee for Standardization [12]. Postures covered by the tool includes neck, trunk, legs,
arms, wrists and hands. In addition to posture and force-analyses, the tool also
extends to screen the risks of biomechanical overload as the result of workplace de-
sign, production plan and work organization. This is done by considering product
variant mix, breaks, working hours and protective gear etc. as a decisive factor in
biomechanical overload [27]. Based on a cumulative score of the EAWS assessment
sheet, a rating of the evaluated task is presented on a green-yellow-red acceptance
scale [12]. A complete EAWS assessment sheet can be seen in Appendix D.
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EAWS was created with the automotive industry especially in mind taking advan-
tage of the MTM-study commonly used in the industry. The tool ties each posture
and movement to its measured MTM-time, taking the exact consecutive time of
exposure into consideration when determining the biomechanical load [27]. Worth
mentioning is that the EAWS method should not be considered unless MTM is thor-
oughly implemented in the organization and an MTM-certificate is obtained by an
official MTM Association approved by the International MTM Directorate [22].

2.3.5 KIM
Created by the German Federal Institute for Occupation Safety and Health (BAuA),
KIM, Key Indicator Method, is designed to assess most cases of manual handling
of loads. The assessment is done by observing a workstation and a certain task.
The executor of the KIM analysis then grades the perceived posture and work sit-
uation by benchmarking the observed task against a predetermined scale defined
in the KIM worksheet. It is therefore vital that the observer has good knowledge
and insight in the workstation in order to make a fair evaluation [28]. The tool is
divided into six independent variants, all covering different type of loads situations
occurring in the workplace [28]. Today, the three main variants of KIM used in the
industry includes KIM-LHC/PP/MHO, also referred as KIM I, II and III.

KIM I

KIM I, Lifting/Holding/Carrying, mainly analyses load situations that involves dif-
ferent types of manual lifting operations, which includes e.g. picking operations
and/or manual transportation of goods [29]. Factors such as exposure time, repet-
itiveness, load and postures are being assessed in combination with the working
conditions, to result in a final evaluation [29]. The final evaluation is the result of
adding the score of each assessed factor, which forms a final risk score. The risk score
can thereafter be read out from a table which categories the risk from 1 (green) to 4
(red) [12]. The full ergonomic assessment sheet for KIM I can be read in Appendix E.

KIM II

KIM II, Pushing/Pulling, mainly analyses load situations that involves different
types of manual pushing and pulling operations, which includes e.g. pushing a trolley
and/or pulling a pallet jack [30]. Factors such as exposure time, repetitiveness, load
and postures are being assessed in combination with the working conditions, to
result in a final evaluation [30]. The final evaluation is the result of adding the score
of each assessed factor, which forms a final risk score. The risk score can thereafter
be read out from a table which categories the risk from 1 (green) to 4 (red) [12].
The full ergonomic assessment sheet for KIM II can be read in Appendix F.
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KIM III

KIM III, Manual Handling Operation, mainly analyses load situations of manual
handling, which includes e.g. assembling packages and/or other hand intensive tasks
[31]. Factors such as exposure time, repetitiveness, load and postures are being as-
sessed in combination with the working conditions, to result in a final evaluation
[31]. The final evaluation is the result of adding the score of each assessed factor,
which forms a final risk score. The risk score can thereafter be read out from a
table which categories the risk from 1 (green) to 4 (red) [12]. The full ergonomic
assessment sheet for KIM III can be read in Appendix G.

2.3.6 HARM
As an initiative to promote and maintain public health in in Holland the Dutch min-
ister of Ministry of Social Affairs and Employment launched in 2007 an initiative to
develop a set of free risk assessment tool for its companies nationwide, one of these
tools made available in 2009 is HARM, Hand Arm Risk Assessment Method [32].
The HARM tool is especially designed to evaluate work tasks prone to cause neck-,
arm-, and shoulder pain as a result of hand intensive tasks such as assembly or pick-
ing operations [32]. The assessment is made by observations and interviews with
the operator and takes into consideration the posture, exerted forces and duration
of exposure in combination with organizational and environmental aspects such as
brakes and temperature. A cumulative score of the work tasks risk score is presented
on a on a green-yellow-red acceptance scale. See Appendix I for a complete HARM
assessment sheet.

2.3.7 RAMP
Developed by researchers at KTH Royal Institute of Technology in Sweden, RAMP,
Risk management Assessment tool for Manual handling Proactively, as an ergonomic
assessment method aims to evaluate and manage MSD risks in manual handling op-
erations [33]. The tool is a compilation of knowledge obtained from research studies,
experiences, legislation and other ergonomic methods and standards, and was digi-
tally launched in 2017 [34]. Developers has in RAMP implemented the functionality
of providing the users of the method with examples of improvements based on the
ergonomic assessment. The assessment can be done at two stages, RAMP I and
RAMP II, and is made by completing a digital evaluation sheet, which analyses
postures, movements, frequency, loads, type of work, together with other influenc-
ing factors [12][35]. The first stage is more of a screening assessment whilst the
second stage is more in-depth analysis [12]. After making evaluations of these pa-
rameters, an accumulative score will result in an overall risk score, which presents
the risk assessment at three levels; red (high risk), yellow (medium risk) and green
(low risk) [35]. The full ergonomic method of RAMP II is presented in Appendix J.
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2.3.8 JSI
The JSI, Job Strain Index, standard was developed by researchers at Cornell Uni-
versity in 1995 and is a paper-based assessment sheet designed to evaluate the risk
of MSDs as a result of hand intensive work tasks [36]. The standard takes into
consideration six aspects; the intensity of exertion (IE), duration of exertion (DE),
efforts/minutes (EM), speed of work (SW), duration per day (DD) and hand/wrist
posture (HWP). Some of the above mentioned factors need to be subjectively anal-
ysed by the observer thus the standard might be prone to bias [36]. The final scoring
is obtained by multiplying the six factors and is presented on a green-yellow-red ac-
ceptance scale [12]. See Appendix K for the complete JSI assessment sheet.

2.3.9 NIOSH
The National Institute of Occupational Safety and Health (NIOSH) Lifting Equation
was initially introduced in America 1981, revised in 1994, and has since then as
a tool been frequently used by ergonomists to assess lifting tasks [37][38]. The
method considers a number of parameters which concerns load constant, horizontal
and vertical multiplier, distance, etc., to calculate the Recommended Lifting Weight
(RWL) by multiplying the factors together [12].

RWL = LC × HM × V M × DM × AM × FM × CM (2.1)

RWL = Recommended Weight Limit , LC = Load Constant
HM = Hor i zonta l Mu l t i p l i e r , VM = Ve r t i c a l Mu l t i p l i e r
DM = Distance Mu l t i p l i e r , AM = Assymetric Mu l t i p l i e r
FM = Frequncy Mul t i p l i e r , CM = Coupling Mu l t i p l i e r
L = Load Weight ( proposed ) , LI = L i f t i n g Index

Thereafter, a Lifting Index (LI) can be calculated from the products of the RWL
equation, as follows:

LI = L

RWL
(2.2)

The result from the tool assessment can be interpreted as a risk analysis, where
the risk is defined as a combination of the probability of occurrence and harm [39].
The RWL is defined as the weight which can be handled by the majority of healthy
people during the working day [12]. If a weight were to exceed the recommended
weight limit, the work task needs to be further investigated and changed as it can
cause anthropometric and ergonomic injuries.
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2.3.10 SARA
Originally developed at SAAB automotive in 2002 the SARA, Samlad Riskbedömningar
Arbetsplatser, standard provides an overall risk evaluation of the work environment
considering seven aspects; Noise, Lightning, Thermal conditions, Fire hazards, Risk
of Accidents, Machine safety and Ergonomics [40]. The tool is excel-based and made
up of a number of yes and no questions to be answered based on observations of
the workstation and task, generating a score on a green-yellow-red acceptance scale
[40]. The ergonomic aspect of the SARA standard handles both full body posture as
well exerted forces and duration of exposure. Being developed as the main standard
within SAAB automotive the ergonomic component in SARA takes on a holistic
perspective as it is to be used in all parts of SAAB’s operation. Thus, it treats
ergonomics in a general way without emphasize on a particular area of harm [40].
See Appendix L for the complete SARA ergonomic assessment sheet.

2.3.11 VCS
Known for their devotion towards safety, Volvo Cars developed their own ergonomic
guidelines with the same intent, VCS, Volvo Cars Standard. The company specific
ergonomic standard for physical loading is designed with Swedish and European
directives in mind as well as giving a holistic view on the entire operation, covering
both assembly and logistics [41]. The standard takes in account the workplace and
product design, such as work posture, exerted forces, aids and vibrations as well as
organizational factors such as work rotation and workload etc. [41]. Being a general
standard applied on most parts of the operation, it could be argued that it does not
put any deeper emphasize and clarification on particular areas. As for posturing,
the standard fails to recognize all parts of the body, leaving some areas exposed to
harm. It is also unclear how the standard deals with different anthropometric data
as some of its measurements and guidelines are only given based on the average
measurements of an adult male and female. Furthermore, the standard does not
provide any grading system or final result of the workplace as it is rather used as a
guideline of how not to design the workplace or task. This leaves the standard prone
for bias as well as creates difficulties when communicating or arguing for the sake
of ergonomics. Hence the standard is often used as a complement to some of the
other standards used in the industry e.g. KIM. See Volvo Car Corporation standard
(VCS 8003,29) for the complete VCS document.

2.3.12 Geely
The ergonomic standard conducted by the Manufacturing Engineering Department
at Zhejiang Geely Holding (Group) Co., Ltd., was both issued and applied dur-
ing 2019. The standard specifies four types of plants; stamping, welding, coating
and final assembly [42]. Depending on what plant is assessed, the standard has
predetermined a number of settings that affects the overall evaluation score. By
addressing 13 different dimensions, including e.g. visibility, environmental factors,
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posture, installation space, force, and repetitiveness, the method will result in an
accumulated evaluation score between 0 and 300 [42]. However, depending on what
plant is specified, all the 13 dimensions may or may not be assessed. For instance, by
evaluating work in a weldshop, the standard does not consider repeated operations
of the operator’s wrists, as it would if another workshop were to be evaluated. The
reason for this could be that the operator is ought to not have any repetitiveness
in the wrists for such an operation. How well this correlate to reality, is not issued
by the standard. The final score of the standard will result in the total ergonomic
status accordingly:

• Score < 100 pts: Good ergonomics
• 100 < Score > 200 pts: General ergonomics
• Score > 200 pts: Poor ergonomics

As the method concerns multiple criteria, the standard provides a holistic grasp of
the ergonomic situation at the workstation. Although, by having the score system
of the 13 different dimensions in an accumulated fashion, in theory, the assessment
could be good for the majority of criteria and unacceptable for a few - and still result
in a positive ergonomic outcome. Furthermore, it is unclear how the anthropometric
and demographic data are covered in the standard, as some guidelines are based on
average measurements. For instance, the criteria regarding finger installation space
does not include the size of a person’s finger, rather than solely the size of the space
[42].

2.4 Digital Human Modeling
DHM-software are tools for analyzing, simulating and evaluating human movement
and interactions with products and processes in a digital environment. By working
with virtual human models or manikins representing anthropometric data of a par-
ticular demographic, and exposing these to objects and tasks, parameters such as
reachability, accessibility and ergonomics can be assessed at an early stage [12].

2.4.1 IMMA/IPS
IMMA is one of many DHM-applications used by the industry worldwide. Devel-
oped by Fraunhofer-Chalmers Center, it is the result of a collaboration between
major Swedish manufacturers and academia [43]. IMMA aims to reduce simulation
and analysing time as well as minimizing biomechanical load in the workplace by
introducing intelligent path planning and movements of its manikins [43]. IMMA
has been introduced as a part of the simulation software IPS.

In IPS, the IMMA can be imported either as a single manikin or as a member of a
family representing an anthropocentric data set. The size of each family then varies
depending on the preferred percentile or demands determined by the user.
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Kinematics

The kinematic model of IMMA is built to mimic the human skeleton in an accurate,
yet simple way. The 207 human bones structures have been narrowed down to a
kinematic model composing of 82 bones, providing the IMMA manikins with a rigid
structure capable of taking on any anthropocentric shape and form [44]. In between
each bone, 162 joints connect the segments into a skeleton structure. Together,
one bone segment and one joint form a link, govern by a translation, rotation and
a mass. The translation of the link determines the length of the bone, the rota-
tion determines the axis as well as degrees of freedom and the mass determines the
weight of the represented body part [45]. Each joint is two-dimensional capable of
rotating around one axis. The two-dimensional joints are proven optimal to mimic
two-dimensional body movement such as an elbow or a knee. However, in the case of
more complex body parts that requires a three-dimensional joint, such as a shoulder
or a hip, two two-dimensional joints are interlinked in a chain structure to give the
impression of a three-dimensional rotation [45]. This allows the joints to rotate in
either one (x), two (x, y) or three (x, y, z) dimensions.

Overlaying the kinematic model is a rendered mesh representing the outer shell and
the appearance of the manikin. The mesh gives the manikin its human looks and
characteristics and is together with the kinematic model based on anthropometric
data representing a particular workforce, see figure 2.4. Meaning that measures of
the kinematic model varies with the anthropometric dataset chosen by the user.

Figure 2.4: The joints and surface mesh of a manikin, provided by Fraunhofer-
Chalmers Centre.
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Kinematic motions

Motion of the manikin is governed by a series of control points, normally placed in
the hands and feet of the manikin. Each control point resembles a TCP, Tool Center
Point, with a corresponding target frame [45]. In a static position the translation
and rotation of the target frame matches that of the TCP of the control point, but as
the target frame is moved away from the TCP, a motion in the manikin is triggered
as the TCP tries to link up with the target frame. Rotations and translations of the
joints and links in the kinematic model is calculated and based on the relation to
the control point using inverse kinematic resulting in the manikins taking different
poses [46]. Thereby, solely placing a fingertip of the manikin at a certain position,
the rest of the consisting joints will align and re-position to match the fingertips
target position. This is illustrated in figure 2.5 [46]. Consequently, this procedure
works for all the joints in the IMMA model.

Figure 2.5: Illustration of the inverse kinematics of the IMMA-manikin in IPS,
own picture.

In order to simulate and replicate a human’s body movement, the intelligent manikin
needs to physically be able to perform certain complex tasks. This includes the abil-
ity of grasping objects with different grips, bending and twisting with pronation,
flexion, ulnar deviation, etc..

Pathfinding through IPS is constructed to move an object from one point to another,
in the shortest possible distance without making any collisions [43]. This includes
any rigid body and static objects in the scene, as well as the movement of the
manikin [43]. There are currently multiple different pathfinding solutions being
used, each one more or less suitable for particular tasks. In general, pathfinding
algorithms tries multiple different routes between two points, and then chooses the
shortest, simplest or cheapest - collision free movement between these points [47].
Such criteria are dependent on how the algorithm has been structured and could
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also include requirements of for instance going through a third point C [47]. The
following figure 2.6 visualises a simplified pathfinding solution of navigating a maze,
finding the shortest distance between point A and point B.

Figure 2.6: Pathfinding solution visualising the shortest collision free route be-
tween point A and B with a clear blue line, own picture.

Comfort function

IMMA uses inverse kinematics and computational methods to predict and generate
the most ergonomic posture of the manikin in relation to its assigned task. This is
within IMMA known as the comfort function [48][46]. By limiting the manikin to a
few constraints, e.g. heels on the floor, 50 mm clearance to any object and grasping
with the left hand, an optimization algorithm calculates and adjusts the joints of
the manikin in relation to the constraints to achieve the most comfortable posture
[48][44]. The comfort function takes into consideration the comfort of each joint
as well as the balance and equilibrium of the manikin [48]. Each joint’s optimal
position is based on its neutral position considering the rotation axis as well as the
applied torque in that particular joint [45], see figure 2.7.

Figure 2.7: Illustration of joint comfort model factors, adapted from Mårdberg.

The comfort function of IMMA in combination with the pathfinding solution in IPS
enables the manikin to generate collision free and ergonomic acceptable motions
in a complex environment. This eliminates the need for manually defining every
single movement and posture of the manikin [49]. Instead high-level tasks could be
defined directly, leaving the manikin and the software itself to predict and perform
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the movements and postures accordingly in the most ergonomic and sane way [49].

2.4.2 Ergonomic function in IMMA
A previously made ergonomic analysis function already existed in IPS prior to the
start of the thesis. This function was solely based on the RULA ergonomic assess-
ment method and graded the ergonomics of the manikin as such. By calculating the
manikin’s posture based on a predetermined set of joint angels as well as posing two
complementary questions to the user, an overall RULA score could be presented,
see figure 2.8.

Figure 2.8: Representative grading score of RULA assessment in IPS, screenshot
form IPS software.

The function was however limited as it lacked the possibility of customization for
particular industries, company standards or other ergonomic assessment methods.
It has thus currently not been used to the extent that it could have been, as it is
not fully cohesive with the company standards and way of working at CEVT.

2.4.3 Scripting in IPS
There are several ways to program or add functions in the IPS software. In the case of
ergonomics functionality, two main ways to conduct such a function was identified;
customizing the already existing ergonomics functionality using JSON -scripting,
JavaScript Object Notation, or by creating a new functionality using LUA-scripting
with available API, Application Programming Interface, for IPS and IMMA [50].

JSON
The already existing RULA ergonomic assessment function in IPS has the ability to
be modified to some extent using JSON-scripting. The functionality allows for 24
different joints to be monitored and scored on a green-yellow-red acceptance scale
with customized conditions and limits based on its rotation and cumulative time.
The available joints for monitoring through the existing functionality are presented
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in figure 2.9.

Since the existing functionality is entirely based on RULA, the final visualized re-
port as well as the final score will be presented and calculated accordingly. Hence
the visual appearance of the report can not be customized as well as the underly-
ing calculations of the final score. Meaning that any added or customized joints or
function could only be rated separately without affecting the total score. This will
in return make any kind of overall assessment implausible.

Figure 2.9: Illustration of the IMMA and the joints that are available to be called
in JSON, from IPS documentation provided by Fraunhofer-Chalmers Centre.

LUA
Scripting custom functionality in IPS is done through a programming language called
LUA. Using LUA in combination with the available API for IPS and IMMA would
allow for a higher degree of customization than compared to the JSON alternative.
The API enables monitoring of the rotation and translation of most of the joints in
the manikin as well as gathering additional data by user input [50]. Calculations
and algorithm of an overall score would also be possible no matter the ergonomic
assessment method of choice. However, the API lacks support for GUI, Graphical
User Interface, or reporting capabilities [50].
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Methods

In the following section, the methods used in the project will be covered and ex-
plained in detail. The methodology follows a clear structure and framework used
during the project. The framework centers around finding, screening and bench-
marking suitable ergonomic evaluation methods with the final aim of reaching a
decision of implementation of one or more ergonomic methods or standards. Fur-
thermore, methods regarding the implementation as well as verification and valida-
tion through case studies will be presented.

The methodology framework has been structured and divided into four phases, see
figure 3.1. The customized framework was inspired by Jamal Starr’s article: "The
four stages of successful benchmarking" and thereafter modified to this particular
project [51]. The four stages of the methodology framework constitute the subhead-
ings of the chapter.

Figure 3.1: Framework of the project outline, based on Starr and modified by
Leonard Bogojevic.

3.1 Data collection
In order to gain a deeper theoretical understanding of the problem as well as cre-
ating a foundation of knowledge of which to base the project on, a data collection
phase was commenced early on. The data collection phase has been divided into a
qualitative and a quantitative data collection part.
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3.1.1 Qualitative data
The qualitative data was mainly collected from the extensive literature and inter-
view studies. Relevant subheadings have in this section been made to structure and
simplify the reading of the section.

Literature

An iterative literature study was completed to provide insight in what potential
solutions should be considered or neglected in the project. Relevant delimitation
was seen beneficial in order to increase the so called value-adding time, whilst not
wasting resources on solutions that were already confirmed to not be feasible to
implement. The study focused on different parts of the project, considering both
ergonomic and DHM related aspects.

At early stages, a benchmarking list of how different ergonomic assessment methods
correlated to IPS functions was extracted based on a literature study. The list was
made to eventually be transformed into a matrix, visualizing the different evalua-
tion methods and its criteria that they consider. The matrix would then show how
these criteria correlates to the functions in IPS, meaning which factors can or cannot
be automated in the IPS simulation. The methodology of the extraction was done
accordingly; 1. Finding potential ergonomic evaluation methods/standards to use.
2. Eliminate methods/standards which are not relevant to the case. 3. Allocating
the methods/standards and their characteristics. 4. Matching the properties of the
methods/standards to the IPS functions. 5. Display in a benchmarking matrix. Fur-
ther delimitation on the benchmarking matrix was done to finally result in a single
method/standard which would be seen as the most optimal solution to implement.

Interviews

In order to obtain significant knowledge and understanding in the fundamentals
of the project, the group conducted multiple interviews with relevant stakeholders
of this project. The central interviews with particular relevance to the study in-
volved software developers and ergonomists from both industry and academia. The
interviewees were determined after the basis of the literature study had been ob-
tained, as the group had gained experience in what questions needed to be addressed
and further investigated. The interviewed persons were stakeholders that had been
encountered during the literature study, as e.g. authors or internal and external
stakeholders. At an early stage in the project, the potential interviewees were con-
tacted, with a request of participating in an interview. The interview candidates
were contacted by e-mail with 1-2 weeks’ notice, to allow for some response and
planning time. All interviews were recorded and transcribed after agreement of the
respondents.

As a part of a qualitative study, multiple interviews with Niclas Delfs and Elin
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Fägerlind at FCC were conducted over time. Delfs and Fägerlind are a part of the
developing team that works with the IPS IMMA tool and could thus provide an
understanding of how the simulation and the programming behind the actual tool
worked. Delfs is a researcher and developer of the IMMA tool with good insight of
its functions and context. The initial interview with Delfs and Fägerlind worked as
background to the simulation where they explained the basic fundamentals of the
program. Further interviews were set up semi-structurally, with relevant questions
asked to the respondent who was allowed to answer the questions generally or give
a more elaborate and precise answer. These relevant questions were formulated af-
ter the group had encountered uncertainties in the programming layout or other
simulation-related issues. The strategic structure was decided to open for good
discussions with the respondent and hopefully work as a good input to discussion,
conclusion and future work. All interviews with Delfs and Fägerlind were performed
in person at FCC’s facilities.

Further on, an internal ergonomic expert within the company as well as an academ-
ical ergonomic expert were also contacted and interviewed. Agneta Figaro from the
ME department at CEVT, was interviewed in a semi-structured fashion, to provide
information and knowledge in how ergonomic assessments are currently performed
at CEVT. An interview with Cecilia Berlin, Associate Professor at the division of
Design & Human Factor at Chalmers University of Technology, was also conducted
in a similar fashion as Figaro’s, but with the aim of getting exclusive understanding
in what ergonomic evaluation methods may or may not be suitable for this particu-
lar case. The interviews were performed at CEVT’s office respectively at Chalmers
University of Technology.

Dan Lämkull, global strategy manager of ergonomics at Volvo Cars was also inter-
viewed at an early stage of the project. Lämkull had been recognized in many of
the considered articles that composed the literature study and had thus been part
of many projects with the scope similar to this. A semi-structured interview was
performed with Lämkull at Volvo Cars Torslanda, with a focus of getting support
and knowledge in potential work methods. As Lämkull had been part of similar
projects before, he possessed knowledge in what factors should be neglected and
what should be further investigated.

Furthermore, a telephone interview with Michael Schröder from Volvo Group was
conducted during the first half of the project. Schröder is a certified European er-
gonomist with good knowledge and insights in common work-related injuries from
assembly operations. The aim of the interview was to obtain valuable information
that could work as support in the decision matrix of what ergonomic evaluation
method to implement to IPS.

To obtain a better understanding and knowledge regarding the IPS software and the
functions available in the program, an IPS IMMA Training Day was attended at the
University of Skövde. This also entailed relevant interviews and discussions with
experienced people within IPS IMMA, as well as with ergonomic understanding.
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Aitor Iriondo Pascual, PhD student from the University of Skövde was of particular
interest as he was part of a similar project concerning ergonomic methods in the
IPS IMMA tool as well. A spontaneous interview with Aitor was thereby held on
place.

3.1.2 Quantitative data
Quantitative data was collected during the literature and interview studies with the
aim to support any decision regarding the selection of ergonomic evaluation method
for implementation. It was argued that data and statistics that addressed the health
and MSD among operators in the industry could act as great input and support a
future decision. Therefore, data was collected among interviewees of relevance. Sta-
tistical data bases such as Statista as well as data sets provided by the Swedish work
environmental authority were also consulted with the intention of pin pointing cause
and effects of MSD within the industry.

3.2 Benchmarking Process
The benchmarking process includes both mapping and screening of the ergonomic
assessment methods. The different methods to include in the benchmarking process
was based on a selection from the data collection study. These methods where then
compared and evaluated in the screening process.

3.2.1 Screening process and decision matrices
In order to select a final ergonomic assessment method to implement into IPS IMMA,
multiple alternatives needed to be considered. By comparing multiple relevant al-
ternative solutions to each other, a screening process could be particularly beneficial
in terms of bringing forth the most suitable solution [52]. The alternative solutions
to include in such a screening process was decided from the data collection study,
including alternatives which main focus relies on posture analysis and are commonly
used in either automotive industry - or in any other relevant industry.

The comparison process has been carried out through a number of steps, includ-
ing different types of decision matrices with input from qualitative and quantitative
data gatherings. Initially, a more general comparison matrix was conducted to clar-
ify each methods’ characteristics and illustrate how those compares to the other
methods. A second matrix included how these correlates to IPS functionality, to
provide a sense of complexity. The result from these initial matrices, together with
input from statistics and qualitative data, would act as a good ground to base the
selection decision on. The final alternative solutions were evaluated and weighted
in a Kesselring matrix, where a final solution could be selected.

25



3. Methods

Comparison matrix

Following the decision-making methodology proposed by P. Newton and H. Bristoll,
a first step in any screening process should consist of mapping possible candidates
and cross-linking these against the defined influential factors intermediate in the
decision [52]. In ordinance with this a comparison matrix was seen as beneficial.

Based on the data collection study, a number of ergonomic evaluation methods of
interest was found. These were through a profound literature and interview study
deeper analysed, the result of which was presented in a comparison matrix. The
comparison matrix maps and cross-links the time, force and postural factors taken
into consideration by each ergonomic evaluation methods of interest. This gives an
overview of which method covers which aspects and to what extent, pinpointing
clear discrepancy and characteristics of each ergonomic evaluation method. The
comparison matrix was produced with input from the data collection phase and
theory presented in chapter 2 - Theory.

Complexity score

As part of the screening and benchmarking process each ergonomic method was
evaluated based on their complexity and scope. It was brought to the authors’ at-
tention that a more complex and detailed method would most likely cover a wider
perspective of ergonomics and possibly bringing extended value to the simulation
[22]. In regards of this, each method was assigned a complexity score based on the
number of factors taking into consideration during its evaluation phase. Based on
the comparison matrix a cumulative sum of posture, time and force criteria covered
by each method was given as a reference of its complexity. Giving indications of
its consistency with the cube-model as described in chapter 2 - Theory. A higher
cumulative score indicated a larger amount of detail and complexity of the method
whilst a low score indicates a lower degree of criteria influencing the assessments
thus making it less complex.

In combination with the complexity score a second quantitative score was assigned
to each evaluation method. This score was based on the corresponding criteria of
each method that could be tracked and measured by the already existing ergonomic
analyse tool embedded within IPS. This provided an overview of the complexity of
implementation of each method and to what degree each method could be auto-
mated using the IMMA/IPS tool. A high score indicates a high correlation between
the IPS capabilities and the assessment methods criteria of measurements thus lower
complexity of implementation.
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Kesselring matrix

In order to reach a decision and find the most optimal ergonomic-method for imple-
mentation a decision-matrix was created. The decision was made to use a weighted
Kesselring-matrix in order to put emphasis on aspects deemed crucial and of most
importance, as proposed by the methodology introduced by P. Newton and H. Bris-
toll [52]. The matrix rates how well each ergonomic evaluation method fulfils a
certain set of criteria [53]. Each criterion is assigned a weighted score between one
to five representing its importance and relevance for the decision. Meanwhile each
ergonomic evaluation method is rated and given a score between one to five on how
well it fulfills the corresponding criteria. The score achieved by a specific ergonomic
method relative a certain criterion is the product of its weight and the rated score
[53]. Finally, a total score based on the sum of all criteria score is assigned to each
contested alternative and the alternative with the highest total score would be the
subject for decision.

The scores and weights presented in the Kesselring matrix were decided partly based
on the authors perception, but also based on statistics and data and in consensus
with the ergonomist at CEVT. Hence, if a method considers more aspects from e.g.
a specific body part posture, it would thus result in a higher score. For instance, if
one method considers both flexion/extension and radial/ulnar deviation of the wrist,
while another method only considers flexion/extension, it would be given a higher
score since it considers more factors. The weights corresponds to what parameters
are more or less important to the specific implementation.

3.3 Implementation
Once the decision of an ergonomic evaluation method was reached based on the
screening methodology described above, the implementation of the functionality
into IPS IMMA was commenced. The implementation phase of the project was
structured in an iterative way leading to incremental development of the function-
ality. The iterative process followed the methodology of the PDCA-cycle, proposing
a four-step iteration, see figure 3.2 [54].

Figure 3.2: PDCA-cycle representing the framework of the iterative implementa-
tion process, adapted from Skhmot by Henrik Söderlund.
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The iterative approach allowed for continuous improvement and adding functionality
and improvements as the project unfolded, resulting in an incremental development
[54]. Each cycle allowed for pilot testing at separate stages of the project and func-
tionality could be evaluated continuously.

Different ways of development were also discussed as different solutions of how to
tackle the task became obvious during the literature and interview study. For in-
stance, solutions using the built-in ergonomic functionality in IPS, extracting data
to a third-party software or development of own add-on functionality in IPS were
discussed. The different potential solutions were analysed reflecting upon the pros
and cons of each solution resulting in a decision and chosen method.

During the entire implementation process, a continuous dialogue was held with the
primary stakeholders in order to keep them in the loop. This was done to ensure
that the implementation and the resulting interface was done according to their
requirements and standards. Reasonable compromises were able to be reached for
those parts of the implementation that needed to be re-arranged. The relationship
with the identified stakeholders was early in the project recognized to be very im-
portant. Therefore, the key stakeholders were managed through the right amount
of communication and deliveries, in order to bring value and be beneficial for the
sake of the project [55].

3.4 Verification and validation
In order to ensure that the results of the project were truthful and credible, a ver-
ification and validation stage was seen essential. Multiple methods were planned
to be used to make sure that the implemented function would be both verified and
validated. The methods used to verify the function included debugging the code
as well as letting others read and test the file, to ensure that there were no errors
in the program. The methods to validate the function contained interviews with
ergonomists, case studies of both existing and complete cases and trial runs. These
methods were seen both relevant and appropriate to apply in this particular project,
as the implementation of the project deals with mostly simulations.

The case studies were carried out by comparing two ergonomic assessments to each
other, one that had been done manually by an ergonomist at CEVT and the other
which had been done through the implemented function in IPS. This was conducted
by setting up a simulation that correlated to an actual case that the ergonomist at
CEVT had previously or was currently working with. By comparing the results of
the two assessments, it could be clear whether or not the function was accurate or
not, and it could thereof also be found where the function differed - if necessary.
Multiple case studies were conducted.

Due to confidential reasons, only a handful of the presented cases could primarily
be considered, before being selected for validation. The cases that were completed
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during the validation were thereafter selected in consensus with the ergonomist at
CEVT and with the aim of covering all stages of the decided ergonomic method,
that is green - yellow - red.
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Results

The results presented in this chapter focus on giving answers to the completed meth-
ods. The chapter has been structured with relevant subheadings and paragraphs.
The structure of sections correlates to the chapter of the methodology of the project.

4.1 Data collection
Results that concerns the data collection phase is presented in this section. Quali-
tative and quantitative data has been separated to give a clearer understanding of
the results.

4.1.1 Qualitative data results
The qualitative data output has mainly been extracted from performed literature
and interview studies. Interviews with different knowledgeable people, each whom
could be considered an expert within their own field, was conducted to gain a broad
perspective of inputs to the project. The literature study provided great insights
in how the research could be focused on certain areas and what parts should be
neglected, due to various reasons.

Literature

The literature study resulted in a compiled list of all the ergonomic evaluation meth-
ods taken into consideration, presented in table 4.1.

Table 4.1: Table of the ergonomic assessment methods and standards evaluated in
the benchmarking process.

1. EAWS 8. NIOSH
2. GEELY 9. OAWS
3. HARM 10. RAMP
4. JSI 11. REBA
5. KIM I 12. RULA
6. KIM II 13. SARA
7. KIM III 14. VCS
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The factors taken into consideration by each assessment method or standard and
their relations to the existing functionality in IPS IMMA, makes up for the founda-
tion of a comparison matrix, see section 4.2 - Benchmarking process. The results of
the literature study also make up the fundamentals of which the theory section, see
section 2 - Theory, has been based upon.

Interviews

The interviews provided valuable information regarding both ergonomic and DHM
related aspects to the project. Sum and substance of the conducted interviews
has been documented, see table 4.2, including the most general outputs from the
different interviews.

Table 4.2: Table of interview results.

Respondent Organization Sum and substance
Agneta CEVT - Input in how ergonomic evaluations are conducted
Figaro and performed at CEVT, providing insights in what

way the results of this project could be beneficial.
Cecilia Chalmers - Valuable information related to the ergonomical
Berlin University of aspect of the project, including recommendations

Technology of potential methods and standards to investigate.
- Information of i.a. relevant academic literature to

the project, as well as general tips on how to
approach the subject in a beneficial way.

Niclas FCC - Valuable information related to IPS and IMMA,
Delfs including insights in limitations and possibilities of
& Elin the software.
Fägerlind - Guidance and supervision of the development of the

ergonomic evaluation implementation.
Dan Volvo Cars - Data of work-related injuries at Volvo Cars.
Lämkull - Valuable tips and recommendations regarding

do’s and don’ts in both IPS and in the evaluation.
Michael Volvo Group - General data of the most common injuries at
Schröder the assembly stations in their factory.

- Information and feedback regarding aspects that
would be interesting to include in the implementation

of the ergonomic assessment tool to the software.
Aitor University of - Practical information and recommendations
Iriondo Skövde regarding how the ergonomic evaluation methods
Pascual could be implemented in IPS IMMA.

Moreover, the respondents provided concise information and recommendations about
the subject. The following section mentions the more concise and general output of
the conducted interviews.
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Cecilia Berlin
Berlin did during the interview underline some important aspects that should be
taken into consideration when implementing an ergonomic function, such as dis-
playing the results of a complete manikin family and not only for a single manikin.
Moreover, Berlin provided useful information of i.a. relevant academic literature to
the project - as well as general tips on how to approach this subject in a beneficial
way.

Key take-aways
• Most work-related MSD injuries at an assembly line are related to hands/wrist-

s/arms/shoulders.
• A DHM implementation should preferably include more complicated posture

assessments.
• KIM I, II and III gives a holistic analysis of the combination between time,

force and posture.

Niclas Delfs and Elin Fägerlind
Multiple interviews were conducted with Niclas Delfs and Elin Fägerlind at FCC.
They both provided great information within their IPS IMMA and programming
expertise. The first interview consisted of Delfs going through the IPS program as
showing underlying code of the already consisting IMMA ergo-methods. The corre-
spondents were then allowed to ask any arising questions directly to both Delfs and
Fägerlind.

Key take-aways
• Implementation of an ergonomic assessment method to IPS IMMA should

preferably be done internally either through JSON or LUA-scripting.
• Explained the functions and possibilities of making customized IPS tools.

Dan Lämkull
Lämkull provided valuable information and feedback regarding aspects that he
thought was interesting to include, but also neglect, in the implementation. He
also provided general data of the most common injuries at the assembly stations at
Volvo Cars; related to the wrists, arms, shoulders and the back.

Key take-aways
• Most work-related MSD injuries at an assembly line are related to hands/wrist-

s/arms/shoulders.
• Strains on hands and wrists are particularly at risk during clip and harness

assembly.

Michael Schröder
Schröder provided valuable information and feedback regarding aspects that he
thought was interesting to include in the implementation. Schröder also provided
his thoughts and insights of the most common injuries at the assembly stations at
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Volvo Group; related to the wrists, arms, shoulders and the back.

Key take-aways
• Most work-related MSD injuries at an assembly line are related to hands/wrist-

s/arms/shoulders.
• Simulations of ergonomic methods should never fully replace the physical as-

sessments, but solely work as a complement and/or be used to give a first
insight in the ergonomic risks.

4.1.2 Quantitative data results
The quantitative data has been extracted from the performed literature studies as
well as from the conducted interviews. The quantitative data mainly concerns com-
mon MSD injuries related to assembly stations. Relevant subsections have been
made to structure and simplify the outline of the section.

MSD data

Volvo Cars, as well as many other manufacturers, keeps record over the health and
well-being of its staff [56]. This record includes i.a. data of work-related MSD among
its staff. As the result of the interviews conducted with Lämkull at Volvo Cars parts
of this data was made available for the sake of the project. The data collected shed
light on the causes and effect of MSD in the industry. See table 4.3 for an overview
of reported MSD injuries at final assembly at Volvo Cars manufacturing plant in
Torslanda.

Table 4.3: Table of reported injuries during final assembly at Volvo Cars, Tors-
landa.

Year Number of reported injuries Number of reported hand-injuries
2016 124 61 (49%)
2017 198 94 (47%)
Total 322 155 (48%)

The data quickly showed that about half of all MSD injuries reported during the
final assembly at Volvo Cars were hand related injuries. Furthermore, the data
unveiled that 66% of all hand related injuries were the effect of high pressure forces
applied by the operators during the assembly phase, see figure 4.1.
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Figure 4.1: Quantitative data listing the causes of MSD in hands at final assembly
at Volvo Cars, adapted from Lämkull.

This data was also solidified during the interview with Lämkull as he explained the
huge ergonomic impact of clip assembly and the high forces behind harness assem-
bly. This was something he saw as an increasing threat as the electrification of the
automotive industry keeps increasing with more hybrids and electric vehicles being
produced [56].

The data showed that hands were in particular prone to MSD as a result of high
pressure forces, something that was used in the later stages of the project to support
the decision of selected ergonomic evaluation method. Methods taking hands and
upper limbs into extra consideration were thus deemed more valuable and interest-
ing in the forthcoming of the project.

4.2 Benchmarking process
In the following section the results of the benchmarking process will be presented.
The benchmarking process discloses the screening process of the identified ergonomic
evaluation methods of interest and the final decision of ergonomic method for im-
plementation into IPS. This section follows the framework previously presented in
chapter 3 -Method and is divided per the three screening and benchmarking methods
used.

4.2.1 Comparison matrix
The comparison matrix resulted in a compiled list of eleven ergonomic evaluation
methods and three company standards of relevance and interest, see figure 4.2. The
evaluation methods and company standards are explained more in detail in chapter 2
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- Theory. All of the in total 14 methods and standards were considered as candidates
for a future implementation. The comparison matrix presents obvious differences
between the candidates shining light on possible strengths and weaknesses of each
candidate, see figure 4.2. The comparison matrix is also presented in larger scale in
Appendix M.

Figure 4.2: Comparison matrix from the benchmarking study including the se-
lected methods and standards and its assessments, own picture.

4.2.2 Complexity score
The complexity score of the identified candidates for implementation is visualized
in figure 4.3. The graph visualizes two complexity scores per ergonomic assessment
method or standard, the total criteria considered by the method or standard (1)
and the number of criteria available for measure in IPS with the already existing
ergonomic functionality (2), see figure 4.3.
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Figure 4.3: Quantitative data representing the complexity of each ergonomic as-
sessment method and its implementation in IPS, own picture.

The result of the two complexity scores shows clear deviations between the as-
sessment methods used in the benchmarking process when it comes to complexity.
REBA, RULA, EAWS and KIM III all scored high in regard to complexity and the
amount of criteria considered during the ergonomic evaluation. Meanwhile OWAS,
NIOSH, KIM I, KIM II and JSI scored fairly low, making these methods less com-
prehensive and therefore subject for exclusion from further studies.

As RULA already has been implemented in IPS IMMA, the decision was taken at
this point to exclude it from the benchmarking process. Supported by the interview
and literature study that showed that EAWS was tightly connected to MTM time
studies and dependent on an MTM-certificate [22], the decision was also taken to
exclude this method from any future decision processes as well.

4.2.3 Kesselring matrix
The remaining methods were ranked according to their complexity scores and the top
four methods were chosen as contestants in a Kesselring decision matrix, see figure
4.4. The included candidates were selected from the previous generated decision
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matrices, with the requirement of being a scientific-based method which is seen
relevant to the industry. Thereby, SARA and VCS were excluded for further studies
as they did not fulfil these qualifications.

Figure 4.4: Kesselring decision matrix of the contested methods, modified by
Leonard Bogojevic and Henrik Söderlund.

The criteria used in the decision matrix and their corresponding weights were decided
by the project’s performers after gathering a detailed view of what the ergonomic
evaluation method should focus on. Thereby, relevant and reasonable decisions re-
garding such actions were made.

The Kesselring matrix showed that KIM III was the most suitable contestant for an
implementation into IPS as it covered postures of the most risk prone areas of the
body related to the relevant industry as well as took into consideration crucial time
and force aspects. In addition, the KIM III input data and measurements have a
clear correlation of those factors that are already available and retrievable in IPS,
which makes a potential successful implementation more likely. Interview studies
with industry experts also showed that KIM III is commonly used within the au-
tomotive industry, bringing a sense of familiarity to the users in a possible future
implementation.

4.3 Results of implementation
The implementation resulted in an automatic generated KIM III report following
the official KIM III template and structure. In the following section, the result of
the implementation will be covered. The section will disclose the final results of the
implementation as well as the workings of the functionality.
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4.3.1 Choice of development strategy
In regard to the limitations in the already existing ergonomic functionality within
IPS IMMA and its strong ties to RULA, the decision was taken to exclude the op-
tion of modifying the existing functionality through .JSON. It was instead decided
to focus on a custom-built functionality adapted for the KIM III evaluation method
using the IPS API and LUA-scripting in order to reach as good of a result as pos-
sible. Furthermore, due to the lack of visual possibilities and GUI within IPS, a
fully integrated solution in IPS was also excluded in the development phase and
a combination between IPS and a standalone reporting software was seen as pre-
ferred. Visual reporting was seen as an important aspect and deemed valuable by
the project and its stakeholder in order to stay communicative and beneficial in a
working environment. Finally, due to the limitations in time and program experience
within the project team, the decision was taken not to develop any original software
for the sole purpose of this project, but instead use an already existing third-party
software available to the market providing relevant GUI and reporting capabilities.
The software chosen suitable for the purpose of this project was Microsoft Excel.

4.3.2 Data structure of the functionality
The functionality uses the input on a certain set of questions from the user as well
as algorithms of the IMMA manikins’ posture to automatically generate a KIM III
report. This is done in two steps. Simulation data is captured with the help of
the IPS API and LUA-scripting of a custom function within IPS. The data is then
processed and visualized in Microsoft Excel in order to create a standardized report.
The transition between the two software is seamless and the report is generated by
the single push of a button.

Scripting

The functionality in IPS has been developed using LUA programming language
and the available API for IPS IMMA. The LUA-script creates a matrix of all the
manikins belonging to a specific family identified in the IPS scene. The rotation in
X, Y and Z of 19 selected joints of the IMMA manikins are then calculated using
the IMMA API and added to the matrix categorized per each manikin in the family,
see table 4.4. The rotational component of each joint allows us to calculate its angel
thus making it comparable to most ergonomic assessment methods available.
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Table 4.4: Table of representation of the matrix created by the LUA-script in IPS

Manikin 1 Manikin 2 ... Manikin n-1 Manikin n
Joint 1 x y z x y z ... x y z x y z
Joint 2 x y z x y z ... x y z x y z
... ... ... ... ... ...
Joint n-1 x y z x y z ... x y z x y z
Joint n x y z x y z ... x y z x y z

The 19 joints used in the current evaluation has been selected in regard to the postu-
ral aspects of KIM III as well as creating a holistic yet accurate representation of the
manikin’s full body posture, see figure 4.5 for a visualization of the joints captured
by the script. The 12 joints in the figure are in practice 19, as some of the joints vi-
sualized in the figure are duplicated on the both sides (left and right) of the manikin.

Figure 4.5: A visualisation of the joints positions and formulations considered by
the script, own picture.

In addition to the rotational component of each joint, the matrix also provides an
input of the seven questions posed to the user as well as miscellaneous data such as
the name of the IPS-scene etc. used for the sake of the report.

Data transfer

Since IPS and its API lacks the possibility to create any kind of GUI or visual re-
port, the decision was taken to export the data from IPS to a third-party software.
In order to achieve this in as simple and universal way as possible an export of the
data in a CSV-format, Comma Separated Value, was chosen. The LUA-script writes
the matrix containing all the relevant data from IPS to a text file in a CSV format.
The text file is stored locally or on a remote server, acting as a data carrier of the
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matrix created in IPS by the LUA-script.

When running the LUA-script, an execute command calls on a specific Excel-file to
open on the user’s desktop. Using a VBA, Visual Basic for Applications, macro, the
text file containing the matrix in a CSV format is read, imported and formatted to
an Excel-sheet.

Algorithms

Once the data was imported into Excel, it could be evaluated against a set ergonomic
method and visualized in a standardized way. In order to evaluate the data exported
from IPS, the rotational components of each joint needed to be translated into the
angular constraints posed by KIM III. The constraints and angle of each joint was
graded according to the guidelines developed by the German federal institute for
occupational safety and health (BAuA), the founders of KIM III [28]. See figure
4.6 for an example of one of the KIM III postural grading conditions and the cor-
responding IMMA joint and its rotational component corresponding to the angle at
question. A detailed list of all postural grading conditions posed by KIM III and its
corresponding IMMA joints can be found in Appendix N.

Figure 4.6: An example of a KIM III grading constraint and its corresponding
IMMA joint, own picture.

Following the mapping of each joint and rotational component, algorithms and calcu-
lations were conducted within the VBA macro to determine the grading and scoring
of each angle following the guidelines and limits of KIM III. Minor modifications to
each joint were made when necessary in order to adapt its rotation to the proposed
limits according to KIM III.

4.3.3 Interaction with user
The structure of the final implemented solution could be divided into two steps,
Collecting data and Presenting data. The first step gathers information that is re-
quired in order to fulfill the criteria of an actual KIM III evaluation. As the posture
of the manikin is automatically collected from IPS IMMA by measuring its joints’
positions and rotations, some data still needs to be gathered in order to complete
a full KIM III analysis. This kind of data has been collected through a number
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of questions, which allows the user to manually select the answer which correlates
best to the presented case. After these questions has been answered, the data is
presented in the shape of a filled KIM III report.

Questions

Initially, as the user starts the function by pressing the "Ergonomic Assessment
Button" in the upper toolbar, see figure 4.7, a pop-up window is presented to the
user. This pop-up window presents a question to the user and requires an answer in
order to proceed with the ergonomic evaluation. The answer to the question is given
by selecting the most suitable answer from a dropdown-list below the question. The
ergonomic evaluation function could at any time be annulled by pressing "Cancel"
at the pop-out window. An example of the layout of the interface of a question is
presented in figure 4.8.

Figure 4.7: Ergonomic Assessment Button, marked in red, used to trigger the
ergonomic function, modified screenshot from IPS.

Figure 4.8: Illustration of a question’s layout of the implementation in IPS, screen-
shot from IPS.

Another figure shows the same question used in figure 4.8 with its including drop-
down tree displaying the different options of answers, see figure 4.9.
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Figure 4.9: Illustration of a question’s layout with its presenting answers of the
implementation in IPS, screenshot from IPS.

A total of eight questions needs to be answered, in order to perform the ergonomic
evaluation. These questions are presented below and could together with the avail-
able answers be found in the KIM III method [31].

1. Total duration of this activity per shift [up to . . . hours]
2. What type of task is it?
3. Average movement frequencies [number per minute] / Average holding time

[secs per minute]
4. What kind of force is exerted?
5. How good is the force transfer?
6. How often does variation in load situation occur?
7. How would you describe the working condition?
8. Which hand is used in the activity?

The formulated questions and answers that the user needs to select refers to the
actual KIM III assessment, see Appendix G. Hence, the questions have not been
made up or adjusted by the performers to be particularly suitable for this project.
Instead, the questions have been gathered and transferred from the actual reporting
sheet of a KIM III evaluation.

Reporting

Once all questions are answered, the system transfers the data from the questions
together with the manikin positions to fill in a KIM III report in Microsoft Excel.
Excel was selected to be used as a reporting tool because of its beneficial appearance
and design opportunities, compared to IPS. Thus, the ergonomic evaluation report
could - with the use of Excel - be designed in the shape of a KIM III assessment sheet.

The result is calculated based on two settings; the operator’s answers on the ques-
tions and the posture of the manikin. With these two settings obtained, the results
are presented in an Excel-sheet, displaying the KIM III report. As the KIM III
method is calculated by adding a number of evaluation factors together [31], the
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same function has been implemented in the Excel report as well. By pressing a
customized button in the sheet, displayed as "Update Report", see [a] in figure 4.10,
the KIM III method’s steps are filled in with the manikin measurements and the
operator’s selected answers. Thereafter, the report automatically gets filled in with
values and colour boxes to enhance and visualize the results in an interactive way.
This is presented in figure 4.11, which visualizes an example of the measured values
of the wrist posture. Likewise, a screenshot of the case is also imported to the report
along with the file name of the scene, to interactively visualize the results of the eval-
uation. The filled in answers and manikin measurements are used to calculate an
overall assessment score according to the KIM III method. The report is illustrated
in full and with relevant notes in Appendix H.

Figure 4.10: Snapshot of structure in Excel, with [a] presenting the customized
button to update sheet with ergonomic information and [b] presenting the button
to save the sheet in pdf.-format.

Figure 4.11: Reporting structure of hand/arm position and movement, where the
red colour box represents an example of a resulted score, from printed PDF of the
Excel sheet.

In the KIM III report sheet in Excel, there is also a function implemented to save
the ergonomic evaluation to a pdf. file. This was implemented to simplify the ability
to communicate the results, as a simple pdf. file seemingly would be easier to com-
municate than a complete Excel-file. The button for the save function is presented
in figure 4.10 as [b] and saves a pdf of the report to the user’s desktop with file name
[KIM3_XXXXXXXX_XXXX], where XXXX represents current date and time.

The final assessment score is presented as a value from 0 to 50+, where the ergonomic
assessment gets worse as the total score rises. A total of four limits are given and
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reached in the KIM III method depending on the final score. In the method, the
range of score correlates to the following outputs [31]:

• < 10 - Low load situation
• 10 to < 25 - Reasonable risk
• 25 to < 50 - High risk
• > 50 - Very high risk

In the implemented report, the limit which the result of the evaluation represents
gets highlighted by a surrounding box. The colour of the box is green, yellow or red
depending on the final score, see figure 4.12.

Figure 4.12: Display from the report presenting exemplified results of a KIM III
ergonomic assessment.

Moreover, an additional functionality to the reporting format has been added, al-
lowing the operator to see the assessment score of all of the manikins inside the
evaluated family. Thereof, the sheet could be updated with another manikin’s val-
ues, from the same family, by marking that specific manikin and thereafter pressing
the customized button "Select New Manikin". This is visualized and presented in
figure 4.13, see [c].
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Figure 4.13: Snapshot of structure in Excel, with [c] presenting the customized
button to update sheet with new manikin.

4.4 Verification and validation
The verification of the project was carried out by ensuring that the programming
code of the function’s scripts were accurate and true. By investigating and con-
stantly using the debugger to check the code, errors and mistakes could be found
and corrected early on in the process. Moreover, the code and function were pre-
sented to supervisors, colleagues, and other stakeholders to ensure that the coding
was done in a correct and appropriate way. Another part of the verification stage
was to let all of the daily users of IPS IMMA at CEVT try out the function and
explore it for themselves. This allowed for feedback and the users got to share their
general impression and opinions regarding the functions accuracy, user-friendliness,
etc. With that, some smaller bugs in the code could be located and corrected for
the final version of the function.

Initially in the validation phase, CEVT’s ergonomic expert Agneta Figaro pre-
sented a few previous cases of hers that could be used to validate the function. By
setting up a scene in IPS based on the parameters provided by Figaro, a digital
ergonomic assessment could be done and compared to Figaro’s physical assessment.
It was also confirmed with Figaro before making the evaluation, that the scenes cre-
ated in IPS corresponded with Figaro’s impression of how the scene was designed.
Once this had been done, the two ergonomic assessments (the manual and digital
KIM III methods) could be compared to one another. From the completed cases,
it could be seen that the digital assessment correlated well with the physical assess-
ment performed by CEVT’s ergonomic expert.

A representative manikin based on default manikin representing an average of the
workforce was selected and used in the validation cases described below.

4.4.1 Validation case 1
The first performed case study concerned the manual assembly of the sunroof into
one of the cars developed at CEVT. The assembly task is performed by tightening
roof mounted bolts using an electrical power tool. The placement of the bolts lead
to work above shoulder height with rather high loads and awkward body posture,
which the ergonomist at CEVT mentioned was seen as one of the worst cases she
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was ever assigned. A describing snapshot of the manikin performing the assembly
task is presented in figure 4.14.

Figure 4.14: Digital illustration of how the assembly of the sunroof was performed,
from IPS.

The results of the manual KIM III evaluation performed by Figaro can be seen to
the left in figure 4.15, whilst the results of the digital KIM III evaluation can be
seen to the right in the same figure.

Figure 4.15: Validation case 1 results of KIM III assessment done by ergonomist
at CEVT (left) and through implemented function in IPS (right), screenshot from
KIM III digital assessment.

As can be seen in figure 4.15, the two results from the methods correspond well with
final scores of 90 and 81. It is also evident that scores for the posture and hand/arm
position and movement - which are measured by the function - were scored different,
with a value of 3 and 2 in the digital assessment and 5 and 3 in the manual. In
both assessments, the result was given the highest risk factor, implying that change
is required.

Furthermore, two more validation cases were conducted in order to obtain credibility
of the function and make sure that it correlated well with the physical assessment
made by the ergonomist at the company. The additional validation cases had vari-
ous results and all matched the digital KIM III evaluation well.
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4.4.2 Validation case 2
The second case regarded an assembly process of a part into a wheelhouse of one of
the cars developed at CEVT. The assembly task required a lot of work with blocked
visibility, causing the operator to either bend his/her head in an uncomfortable
position to see where to mount the part, or to fully perform the operation based
on intuition. A describing snapshot of the manikin performing the assembly task is
presented in figure 4.16, where the manikin represents the operator performing the
tasks on intuition without making an uncomfortable tilt of its head.

Figure 4.16: Digital illustration of how the assembly of a part into a wheelhouse
was performed, from IPS.

The results from the two performed evaluations are presented below, with the er-
gonomist’s manual assessment to the left and the simulation’s digital assessment to
the right in figure 4.17.

Figure 4.17: Validation case 2 results of KIM III assessment done by ergonomist
at CEVT (left) and through implemented function in IPS (right), screenshot from
KIM III digital assessment.

From the results presented in figure 4.17, it can be identified that the final scores dif-
fer with 6 points between the manual and the digital assessment. If the assignments
are investigated closer, it can be seen that the difference originates from the posture
analysis, where the manual assessment has given the score of 5 whilst the digital
assessment has assigned the posture factor with the score of 1. Arguably, the reason
for this variation is because the manual assessment included the operator making
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an uncomfortable bend in order to gain visibility of the part. This would call for the
manikin to bend down with its upper body and tilt its head under the wheelhouse
to see the mounting position. The KIM III method does not consider the visibility
of the operator, thus nor does it evaluate whether the manikin can see an object
or not. The IPS software does neither take the field of view of the manikin into
consideration when posing the manikin. The two assessments do however represent
the same risk score, with the risk range between 25 to < 50, implying that redesign
of workplace should be reviewed.

4.4.3 Validation case 3
The third validation case performed together with the ergonomist at CEVT, was of
an assembly task of a clip used in the fuel line assembly in one of the car models
developed by CEVT. The fuel tank and its subsystems are assembled onto the
chassis while it travels on a raised pallet before being merged together with the car
body. The pallet allows for a somewhat decent working height and reach of parts
which otherwise would have been inaccessible to the operator due to its placement
underneath the car body. The fuel line is attached to the chassis by clips and
assembled by applying manual force and pressure. A describing snapshot of the
manikin performing the assembly task is presented in figure 4.18.

Figure 4.18: Digital illustration of how the assembly of the fuel line clip was
performed, from IPS.

A comparison of the evaluations is presented below, with the ergonomist’s manual
assessment to the left and the simulation’s digital assessment to the right in figure
4.19.
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Figure 4.19: Validation case 3 results of KIM III assessment done by ergonomist
at CEVT (left) and through implemented function in IPS (right), screenshot from
KIM III digital assessment.

As can be seen in figure 4.19 the results of the two evaluations correlates quite well
with each other. They both achieve a green score with the discrepancy of 2 points.
This due to the different scores on the postural factor of the evaluation, where
the ergonomist at CEVT graded the postural risk as a 3 while the implemented
function in IPS graded the risk as a 1. However, both evaluations still indicate that
no redesign of the station is necessary at this point, as they both result in the low
risk ranges.

4.4.4 User testing and feedback
As a part of both the verification and validation process, an initial version of the
function was handed out to the users of IPS at the ME department at CEVT. The
initial version of the function acted as a beta version, were the users got to test
and explore the function and then bringing feedback on how it could be improved.
The feedback would in that way bring value to both the verification as well as the
validation of the project. The feedback presented by the users included allocation of
bugs, improvement proposals and general impressions. Relevant feedback that was
obtained concerned i.a. report layout, formulation of questions needed to be more
specified and the option to include multiple manikin families was suggested. The
feedback was digested and analysed by the project group and revised in an iterative
process with the structure similar to the PDCA-cycle [54]. Consequently, all feed-
back provided from the users of the test-run was analysed, and improvements were
made accordingly.

Moreover, it was also brought to the author’s attention that concerns rose regarding
insufficient insight and knowledge regarding the line balancing and factory environ-
ment by the ME employees in order to answer the posed questions in an accurate
way. This led to that an additional document being made, consisting of examples
and guidelines on how to answer each question, see Appendix O.
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The results of the developed methodology aimed to give an answer to the presented
research question regarding how ergonomic assessment of assembly work could be
automated with the use of IMMA in IPS. The problem identifications of the project
were successfully answered, but also entailed a few points which opens for discus-
sions. This chapter will go through the noteworthy findings of the project and
discuss them reasonably and justly. Relevant subheadings have been structured to
outline the methodology, evaluation method, digital function as well as experiences
for future work.

5.1 Methodology
The developed methodology entailed working in a structured and determined way to
finally reach a result to the presented research question. The methodology included
e.g. brainstorming processes, data gatherings, studies of learning a new program-
ming language and managing a new simulation software. As it is safe to say that
these processes required a fair proportion of time in order to be done right, it should
also be addressed that it is important to make delimitations in order to not spend
too much time on non-value adding tasks. By working in parallel with constant
communications, the group could reach an effective work method and reach results
at early stages. Another factor that should be mentioned is also that by structuring
the work tasks, the group could avoid potential issues causing delays and inefficien-
cies to the project. This was for instance when the group decided to interview all of
the stakeholders of interest at early stages of the project, allowing for further and
more elaborate research and analysis of the interviews.

Due to the current situation with the COVID-19 virus pandemic, it was ordered that
all employees of CEVT should work from home from week 10 to the final week of
the project. This only allowed for digital meetings and dialogues with stakeholders,
eventually causing some delays in receiving response. This resulted in the validation
process to take up for more time than planned for, as the communications to stake-
holders via e-mails usually required a couple of days to respond. From that point
of view, one could say that it was beneficial that the group had made all interviews
and data collection before home-quarantine was established. The restricted access
to the office during this period also resulted in limited access to CEVT’s VR, Virtual
Reality, -lab and its virtual reality equipment. Equipment planned to be used in the
continuation of the project to assess the impacts and benefits virtual reality could
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have brought to a virtual ergonomic assessment.

The methods to conduct certain tasks in the project were decided based on either
suggestions from supervisors or relevant assumptions from the project group. The
group could take advantage of reusing applicable methods learnt from studies at
the university. This did for instance result in the use of the different matrices in
the benchmarking process, which eventually resulted in a final ergonomic evaluation
method to implement. It could thus be interesting to see how the methods would
have scored with the use of different processes, if other decision matrices would have
been used, apart from e.g. Kesselring. The scoring and weighting in the Kessel-
ring matrix were also subjectively decided, which could result in that a different
score would have been given if another person would have conducted the screening.
Although, the authors saw the advantage of including input from an ergonomist,
and thereby involved CEVT’s ergonomist in the process and decided the scores and
weights in consensus. The decision was also made based on statistics and data of e.g.
common injuries, in order to result in the most relevant scoring and weighting points.

5.2 Evaluation method
From the methodology of the project, KIM III was decided to be the most suitable
method to implement out of the benchmarked methods. As these methods only rep-
resents a fraction of all of the potential ergonomic assessments used worldwide, one
could argue that the results could have been different if other assessments had been
used. It is however unclear what the results would have been in that situation, and
any logical assumptions regarding the question are difficult to make. What could
be said however, is that the KIM III ergonomic method was suitable to implement
to IPS for numerous reasons. Not only did the method score the highest in the
benchmarking process, it is also a method that is commonly used by the ergonomist
at CEVT today. This made the method particular interesting since it would be rec-
ognizable by some of the employees at the ME department at CEVT as well. This
would result in that a portion of the people working with it would not have been
obligated to learn and acknowledge a new ergonomic assessment method, as they
would already be familiar with the KIM III method. However, in order to perform a
KIM III evaluation method, the operator needs to have some background informa-
tion in how the assessment is structured. To help with this, a document providing
background information and guidelines of how to use the digital ergonomic function
was developed and handed out along with the implemented function. Reading this
short guideline document would provide enough information to perform a successful
and correct KIM III evaluation method in IPS. The complete guideline is visualized
in Appendix O.

Even though KIM III was seen as the most suitable method to implement, it was
not designed to be fully automated in IPS as it, as well as all the benchmarked er-
gonomic assessment methods, is based on observational methods. Since it for various
reasons was not fully automated, a few questions to the user had to be formulated
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in order to get all required information necessary to perform a KIM III evaluation.
As a result of this, the complexity of the method increased. There is however, to
the authors knowledge, yet no ergonomic evaluation that could be fully automated,
as some information cannot at this moment be simulated in a proficient way (e.g.
temperature, vibrations, etc.). For that, the DHM-software needs to be further de-
veloped and improved. However, the interest to develop an ergonomic assessment
more applicable to digital tools and simulations would also therefore be of great
interest, but does not get covered in this thesis.

5.3 Digital function
The KIM III ergonomic function in IPS was successfully implemented, verified and
validated before the final weeks of the project. When conducting the function, it
was important to consider accuracy, layout and user-friendliness, in order to obtain
a valuable tool for the CEVT employees. How the function was designed and built
was to most users thereby less relevant, as they would only interact with the output
of the function. The decision to develop the function through LUA-scripting was
for the same reason only made to improve the parameters of importance to the users.

Prior to the thesis, none of the group members had encountered IPS or LUA as a
scripting language before. Still, they were both easy to learn and easy to understand
the fundamentals, which the function is based on. IPS as a software was seen really
useful if it could be used correctly. The possibilities of making additional functions
and tools to the program made it easy to understand the great potentials of the
simulation software. Great potential with the IMMA function was also identified.
The function allowed for predominant simulations and analyses, but could some-
times provide the impression of needing further development. Further programming
through VBA in Excel was also completed. The authors did however have some
previous experience of other programming languages (i.a. VBA), which was helpful
in the implementation of the KIM III evaluation method.

It is evident that the users completing the KIM III function needs to have con-
sisting knowledge in IMMA and the IPS software. Not only do the users have to
know how to perform an evaluation in IPS, they also need to know how to manip-
ulate the manikins in order to find the correct position. This has been shown to
be a bit trickier than one would think in some cases. First, the users need to know
how the manikin should be positioned in order to get an accurate evaluation. The
manikin does in return need to be smart enough to be able to find and anticipate the
position and posture that an operator would adapt in a real-world scenario. This
was however sometimes shown challenging. Unless the IPS user or the software is
able to predict a correct and accurate posture, the ergonomic assessment might be
compromised. In this regard it would have be interesting to study how the result
of the KIM III assessment would differ when performed by experienced simulation
engineers at CEVT in comparison to the authors.
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It was also shown vital that the user has access to correct data and information
about the factory, its manufacturing strategy and the assembly operation in order
to make the correct assumptions when answering the additional input questions to
the KIM III assessment. But with a correct use of the tool and good insight in the
factory and assembly process, the authors definitely think that time will tell that it
is a powerful tool for ergonomic evaluations.

5.4 Validation cases
The verification and validation stage was seen by the authors as an essential part
of the project in order to create value and bring significance to the product. The
implementation was thereby validated through multiple cases and an extensive test
run. These two methods were considered as two main inputs in the validation stage.
The validation cases were completed by comparing the ergonomist’s assessments to
the digital assessments made with the implemented function in IPS. The results
were considered as beneficial and promising in terms of creating a legitimized func-
tion that corroborate well with the real-time ergonomic assessments made by the
ergonomist at CEVT today.

From the validation cases, it was seen that the results could have some differences
in final score, but did end up having the same risk range. In the three performed
cases the digital assessments did result in a small underrating in comparison to their
manual assessments. This is the consequence of a smaller deviation in the postural
factors (hand/arm position, movement and posture). In the three cases, the pos-
ture factor was by the KIM III function in IPS scored lower than the ergonomist at
CEVT. Making decisions with the ergonomist’s evaluation as a reference, this could
either imply that the function needs to be further validated, that there has been
deviations in the input data or that there is discrepancy between the observational
assumptions made by the ergonomist and the actual joint angels in the manikins.
Since all the cases have been performed by recreating already performed assessments,
the exact data regarding how the operator was positioned and etc., was incomplete.
Instead, the ergonomist together with other employees at the ME department at
CEVT have provided their best insights in how the task was conducted, based on
their experiences. Furthermore, data regarding the observed operator’s height and
anthropometry was insufficient, hence a manikin with average dimensions was used
in the validation cases. This could be the ultimate factor for why there has been
deviation in the evaluations of the postural factors.

It can also be seen that when comparing the different assessments as done in the
validation, the posture score can vary - without having a significant impact on the
final score. Hence, by solely looking at the final score of an assessment, a task could
still be confirmed with an existing ergonomic risk of the posture of the operator.
Since the KIM III assessment method puts a large weight on questions regarding
organisation and conditions etc., it can create a complication if the issuer of the
simulation does not possess that particular input. Moreover, with the digital simu-
lations being developed as of today, together with the fact that people at different
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departments does not always hold information about all the things asked for in
the KIM III method - one might suggest that it would be better to consider solely
postural assessments for an ergonomic evaluation. The purpose has in this project
however been to implement a complete ergonomic evaluation method, which in turn
required the use of questions to obtain information needed to fulfil the criteria of
performing the full method.

5.5 Experience for future work
From the results of the project, an ergonomic assessment of assembly work could be
automated (to some extent) using IMMA in a virtual simulation system. The im-
plemented function could drastically reduce time to perform ergonomic evaluation
- leveraging performance and generating economic value in the process and prod-
uct development as well as the production technology at CEVT. By resulting in
less work-related MSDs and better product quality, less expenses would need to be
allocated and the safety would increase, which correlates to bringing economic value.

It should however be mentioned that it is strongly recommended that the ergonomic
simulation function does not fully replace manual real-time assessments. The tool
does with the current design only bring a holistic perspective of a certain task, but
does not in any way need to be fully representative of an actual station. The tool
should be used as a "first impression"-basis to strengthen or weaken already existing
ideas of ergonomic values.

Moreover, developing new methods that are more suitable for digital ergonomic
evaluations would be of great interest. Many of the ergonomic assessment methods
used today in the industry are not developed with simulations in mind and should
thereby be further investigated. This would help the simulations to be more ac-
curate, representative and user-friendly. It would also potentially result in higher
degree of automation, where the users would not be required to answer any ques-
tions. Another way around the issue of questions in IPS would be to develop the
DHM-software to manage new types of data and information, including the factors
which are difficult to simulate with today’s DHM-software.

To further increase the value of the KIM III ergonomic function, the authors pro-
pose future development of analytic functionalities. Examples of such functionalities
could include deeper analyzes of the output data, presenting more detailed infor-
mation about certain results. Such information could for instance concern what
specific joint or motion has the biggest impact on a certain posture score or high-
lighting potential areas of risks. It could also be investigated whether a comparison
of the posture score in each category towards the evaluation limits could increase
the analytic value and user-friendliness of the function.
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Conclusion

This master’s thesis has provided a tool for digital ergonomic simulations of the
KIM III method through the DHM software IPS IMMA. The methodology used
for developing the function followed four major steps. The first step being multiple
types of data collection, the second step containing the benchmarking and mapping
phase, third step being the implementation stage and the final step consisting of
verification and validation of the results.

From the results, the conclusion could be drawn that the implemented function
correlated well with the manual ergonomic assessments made by the ergonomist at
CEVT. The thesis does thereby show that an ergonomic assessment could be done
digitally with the use of IPS and IMMA, saving a lot of time spent on making man-
ual assessments. Hence, the application could eventually improve anthropocentric
ergonomics, leverage performance and generate economic value in process develop-
ment, product development and production technology.

Furthermore, the following conclusions regarding the application may be drawn:

1. The tool can be used to make digital ergonomic assessments of the KIM III
method through IPS and IMMA.

2. The digital assessment can to some extent automate ergonomic evaluations,
but should at this point not fully replace physical evaluations.

3. The user needs to have some consisting knowledge in IPS, ergonomics and
manufacturing in order to make a justified evaluation.

4. The evaluation is dependent on the manikin’s posture, measuring its joint
positions and rotations. It is thereby essential that the manikin represents the
actual operation to make a truthful assessment.

5. KIM III, as well as all covered ergonomic assessment methods in this project,
is observational based, meaning that a fully automated solution was difficult
to achieve and additional input is still needed by the user.

Answering the proposed research question, this project has shown that ergonomic
assessments of assembly work can be automated using the DHM software IPS IMMA.
This can be achieved by implementing appropriate ergonomic assessment methods,
acquiring the essential information and data needed to complete the assessment as
well as setting up an accurate and representative scenario within the simulation
software. Furthermore, the five initial problem identifications have been reviewed
continuously throughout the report and over the course of this project.
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Future Work

Although ergonomic assessment, to some extent, might be available through DHM-
software, they are not commonly used in the industry today. But it is an emerging
market. The principle is simple, avoid risks related to ergonomics by identifying
them even before the workstation is designed. But in order to do so in a sustainable
way, a few criteria need to be further investigated, developed and met. The authors
therefore emphasize that future research should firstly be conducted regarding; Mo-
tion/Posture simulation, Ergonomic assessment method for simulations and Data
management.

7.1 Motion/Posture simulation
Being able to anticipate and simulate the correct kind of motions and postures is vi-
tal in order to achieve an accurate and representative ergonomic assessment. There
are often a multiple different ways of how to perform a task and consequentially
just as many different postures that could be adapted. Hence, one of the biggest
challenges as a user of any DHM-software at this point is to anticipate the correct
posture that would represent the reality of the situation [57]. The authors see two
possible areas of future research that would address this issue and assist in antici-
pating the correct posture.

The IMMA manikin with its comfort-function and intelligent kinematics model is
one of the most advanced manikins available when it comes to anticipating postures
and movements according to assigned tasks. However, the results of this project
show that even more research needs to be conducted regarding the comfort-function
and movements of the manikin. For instance, as shown in the validation case 2, the
IMMA manikin neglects any hindrance of visibility when posing itself. Meaning that
it does not consider that the task to perform or object to assemble etc. is covered
by the manikin’s field of view. The IMMA manikin needs to be further developed
to anticipate more accurate motions and postures in order to achieve correct and
automated ergonomic assessments.
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7.1.1 VR and Motion Capture solutions
An additional proposed area of future research that could help in achieving accurate
motions and postures of IMMA, is the use of VR and motion capture. VR allows the
users and operators to perform assembly tasks in a virtual environment early on in
the design phase. Thus, creating a better feeling of how the task could be performed
in a realistic way [58]. In combination with a motion capture system, the motions
performed in the virtual reality simulation could be captured and transferred into
the DHM-software bringing realistic motions to its manikins [59].

Throughout the project, the authors have had the opportunity to perform the three
validation cases presented in chapter 4 - Results, using a virtual reality plugin for
IPS. In the VR-scenarios evaluated by the project the manikin’s hands were at-
tached to the controllers of the VR-equipment, leading to the manikin mimicking
the VR-users posture based on inverse kinematics from its hands. The VR-tool was
proven useful and powerful in order to create a quick and credible feeling of how
the assembly would be tackled by an operator thus leading to realistic postures and
motions of IMMA. The validation cases run in the virtual reality setting achieved
the exact same result as the validations performed on a desktop computer, indicat-
ing its potential. It was also discussed during these VR sessions, how the physical
feedback through the use of physical objects to represent e.g. a car’s body, could be
used to enhance the experience of the VR user. It would seemingly be important
to position the physical objects at the exact position of the digital objects, or the
virtual experience would be less immersive and useful.

The potential of using Motion Capture systems in combination with VR to keep
track of the manikin’s position and rotation was also discussed during the develop-
ment of the project. By using such a system to mimic a real person’s movement
and transfer that data to the digital manikin, one could argue that the time and
effort of manually positioning a manikin could be reduced while the accuracy of its
motions increases. A solution that was brought to the authors’ attention was the
"Xsens" 3D motion capture technology, that was showcased during a live session
with researchers from Skövde University. The technology is based on a WIFI and
magnetic field solution, to identify and define positions of a number of sensors placed
on a real person’s body. A demonstration by the researchers at Skövde University
showed that the solution was compatible with IPS IMMA, where the positions of
the real person could be transferred and mimicked by IMMA.

7.2 Ergonomic assessment method for simulations
In today’s constantly changing and developing digital society, it is essential to change
with it to avoid perishing. Arguably, this concerns ergonomic assessments as well.
Since more and more ergonomic assessments are aimed to be performed at early
stages to prevent MSDs, simulations have shown to be a useful tool to do so [60].
However, in order to perform a complete ergonomic assessment method or standard,
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there is a high requirement of having information and data of the process. Not only
does most ergonomic assessments entail posture and observatory judgements, but
also lots of objective assessments regarding i.a. underlying process information such
as e.g. work environment, work rotations and noise. This type of data could be a
bit more difficult to simulate and does thus put a higher demand on data manage-
ment. Making subjective estimations of objective data could result in untrustworthy
results of the ergonomic evaluation. Further investigations on how to manage such
data should thereby be completed.

Subjective assessments have shown to have the potential to either benefit but also to
harm an evaluation conduction. For instance, making evaluations of force transfer in
the KIM III method does not concern the gradient of the force, rather than how the
force was transferred. Meaning, does the force action result in the operator pressing
an object or does the operator need to hit it? These types of judgements could be
assessed differently depending on who’s making the assessment. It should thereby
be investigated whether or not the ergonomic assessment would benefit if the sub-
jective assessments were to be neglected and an objective ergonomic evaluation was
obtained.

Further work should include investigation in what ergonomic assessment methods
or standards would be most suitable to implement into a simulation. Are there
any methods that seemingly would be a better fit to implement than the KIM III
method implemented in this project? Or would it be beneficial to implement solely
postural judgements? Another interesting factor would be to consider the possi-
bilities of developing a new ergonomic method or standard related to simulations.
Since most assessments were developed before the use of ergonomic simulations were
established, one could argue that they are not designed to correlate well with sim-
ulations. From that perspective, an ergonomic assessment method that has been
created with concerns to be used in simulation purposes would be of great interest
and would also be ground-breaking in this particular subject.

7.3 Data management
As shown in this project, ergonomic assessments are much more than pure postural
judgements. The combination of time, force, posture and environmental aspects all
needs to be considered in order to achieve a trustworthy and holistic assessment
of the operators harms and risks. Also shown in this project are the difficulties
of accessing and simulating such data in an automated manner. Hence additional
input from the user is to a large extent still needed. This calls for great insight and
knowledge by the user as well as availability of information and data. Insufficient or
inaccurate data will in turn have a negative effect on the credibility and quality of
the ergonomic assessment. Therefore, data and knowledge management are of great
significance and should be considered for future work.

One area of interest proposed by the authors to increase the availability and qual-
ity of data is the area of digital twins. Digital twins of the factory or assembly
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station could act as data carriers of vital information and input to an ergonomic
functionality [61]. It has the potential to carry all data necessary to address the
relations between force, time, posture and environmental factors. Example of such
data are as follows; weights, dimensions and properties of tools and parts, station
layouts, lightning conditions, cycle times and exposure times. Having access to this
kind of data would allow for a more accurate ergonomic assessments, performed by
personnel with little or no insight in the real production. Digital twins or similar
data sharing platforms could in many cases be seen as a prerequisite for ergonomic
simulations. None the least for CEVT who is working remote, designing cars and
platforms without any physical connection to any of its producing facilities.
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evaluation in IPS IMMA. 
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1. Setting up the assessment 
 

The following bullets are the prerequisites for running the KIM III IPS functionality: 

• Create a scene/scenario in IPS. 

• Import one manikin family with one or more manikins.    

• Position the manikin family in the desired position to be evaluated. 

 

Step 1: Calling the ergonomic assessment function 

 
• Identify the CEVT functions in IPS, located in the toolbar above the scene window. See red 

markings in the figure below.  

 

 

• Press the ergonomic-assessment button, represented by the following symbol:  
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Step 2: Answering questions in IPS 

 
Once running the functionality within IPS the user will be exposed to 8 pop-up questions. 

The questions are directly taken from the KIM III template and will influence the total assessment 

score accordingly.  

The pop-up questions are presented in dialog boxes to the user and will provide a series of predefined 

options from a drop-down list.  

 

 

The following section will explain each question in more detail giving examples on how to answer 

them correctly: 

Note! All questions need to be answered in order to complete a full KIM III Method. When information 

and insight is insufficient use estimations and engineering intuition to best degree.   

 

• Examples and guidelines on how to answer the questions can be found at the end of this 

document.  
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2. Analysing the results   
 
In order to analyze the results of a KIM III report, an assessment must be completely done. If not, go 
back to chapter “1. Setting up an assessment” and complete the tasks.  
  

Step 1: Opening the report 

 
• Once a KIM III method has been completely done, an Excel sheet of the report should be 

opened automatically.  

 

Step 2: Updating the report 

 
• When the KIM III report sheet has been opened, the information could be added by pressing 

the “Update Report”-button. This button is visualized in the figure as [a]. 
 

• Once the “Update Report“-button is pressed, the data should automatically be updated to 
the sheet.  
 

 

Step 3: Changing manikin 
 

• Sometimes it is beneficial to evaluate multiple manikins in a family. This could be done by a 
function that lets you switch the data from one manikin to another in that specific family. The 
process should be done accordingly:  
 

o Select the manikin that you want to switch to from the table at the bottom. The 
manikin is selected by pressing the cell containing the desired manikin’s name. 

o  
o Press the “Change manikin”-button, marked with a [b] in the figure below, to update 

the values in the report to the selected manikin’s. 
  

[a] 

[b] 
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Step 4: Saving/Printing the report 
 

• When saving the report, one should always (!!!) save the file by pressing the “Save as PDF”-
button, marked as [c] in the figure below.  

 

 
 
 

• Once the button is pressed, a popup window should automatically be presented with the 
current status of the print: “Publishing…” / “PDF file has been created”.  

 

• The user will get to select file name and location of the saved pdf-file. 
 

o The default file name will be: KIM3_XXXXXXXX_XXXX (where X stands for date and 
time of saved object). An example of the default file name is presented in the figure 
below.  

 

 

 

Step 5: Interpreting the report 

 
• The KIM III report sheet is presented below with its including descriptions, see next page.  

 
 
  

[c] 
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Grading clarifications  

 
• The results of the KIM III evaluation get presented through the following grading scheme:   

 

 

• The different risk scores and their correlating descriptions are presented in the report, 
according to the above shown figure. Recommendations are also presented in the description.  
 

• In the report, the resulted risk score gets circled by a green, yellow or red box. In the figure 
below, an example of the risk score presentation is shown.  
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Questions and guidelines  
 

Question 1: Total duration of this activity per shift [up to… hours] 

The total duration of the activity per shift is obtained from the duration and frequency of the work 

cycles analysed per shift.  

Example: The work cycle under analysis consists of inserting a part in a machine and lasts in each case 

6 seconds. This cycle is repeated 3000 times per shift. This means a total duration for the activity per 

shift of 3000 x 6 s = 5 hours.   

 

Question 2: What type of task is it? (Moving / Holding) 

Is it a static holding task such as supporting a carrying a part, or is it a dynamic moving task such as 

assembling parts? 

 

Question 3: Average holding time [secs per minute] /  

                      Average movement frequencies [number per minute] 

The duration/frequency of the individual actions is recorded by analysing several work cycles. A work 

cycle is taken to be a cohesive time phase in which a work process takes place. This may be a few 

seconds (e.g. inserting a part in a machine) or several minutes (e.g. complete assembly of a product). 

It is important that representative values are identified by counting and measuring time. Experience 

shows that for cycle times of up to 60 s an analysis of 5 to 10 cycles is sufficient. For larger cycle times 

10 to 15 cycles have to be analysed. The total frequencies counted or total durations measured are 

then to be divided by the number of minutes observed. From this it is possible to calculate the average 

holding times and average movement frequencies. 

 

Question 4: What kind of force is exerted? 

Very low forces: e.g. button actuation / shifting / ordering 

Low forces: e.g. material guidance / insertion 

Moderate forces: e.g. gripping / joining small work pieces by hand or with small tools   

High forces: e.g. turning / winding / packaging / grasping / holding or joining parts / pressing in / 

cutting/ Working with small powered hand tools 

Very high forces: e.g. cutting involving major element of force / working with small staple guns / 

moving or holding parts or tools 

Peak forces: e.g. tightening, loosening bolts / separating / pressing in  

Hitting with ball of the thumb, palm of the hand or fist  
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O. Appendix - Guidelines for KIM III function in IPS

Question 5: How good is the force transfer/gripping conditions? 

The indicator "force transfer/ gripping conditions" covers the type of force transfer and additional 

forces. The following are important here:   

- The relationship of the type of handle to the action force required 

- The type of force transfer by way of positive form locking or traction 

- The object surfaces 

 

Question 6: How often dose variation in load situation occur? 

The indicator of question 6 considers in particular the risk of excessive muscular fatigue due to: 

- One-sided, identical load situation pattern 

- High work rate  

- Inadequate breaks 

 

The prime question here is whether the load situations are very one-sided for the workers and only 

very restricted possibilities for recuperation exist, and whether a variation of the load situation, e.g. 

through different activities or long cycle times with differing requirements, occurs and body regions 

subject to load situations can recuperate. 

 

Question 7: How would you describe the working conditions? 

The indicator "working conditions" covers interfering factors in the performance of work. The points 

of reference here are:  

- Restricted visual conditions  

- Cold, draughts, wet   

- Interfering noises. 

 

Good:  Reliable recognition of detail / no dazzle / good climatic conditions  

Restricted:  Impaired detail recognition due to dazzle or excessively small details / draughts / cold / 

wet / disturbed concentration due to noise. 

 

Question 8: Which hand is used in the activity? 

Please identify the most affected hand in the current work task or use the option to evaluate the 

manikin with both hands.     
 

Left hand: Calculates a score based on the left hand/arm position. 

Right hand: Calculates a score based on the right hand/arm position. 

Both hand: Calculates a score based on both hands and arms position. 

 

 

Document made by: Henrik Söderlund and Leonard Bogojevic, 2020.04.08. 

For any further questions regarding this document or function, contact Anton Berce at 

anton.berce@cevt.se. 
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