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Abstract 
 
 
Scania’s department of Physical Vehicle Ergonomics (RCDE) aims to create a more user–
friendly cab by designing the environment to meet drivers’ needs, capabilities and limitations. 
Different tools and methods are used for ergonomic evaluations, where digital human models 
are commonly used in early stages of the product development process. This master thesis 
aimed to investigate how motion capture technology can be used as an ergonomic assessments 
tool in the product development process of Scania truck cabs. 
 
A background research included a literature study, interviews, observations and visits to 
research institutes with established motion caption system. The gathered information led to 
three defined goals for a motion capture system to fulfill in order to be implemented at RCDE. 
The goals were: to develop a method for objective measurements of ergonomics, to develop a 
time efficient method where real user movements can be analyzed, and to enable earlier 
verification of ergonomics in the product development process. 
 
There are many different systems for motion tracking, where the Microsoft Kinect sensor was 
chosen to be tested together with the digital human modeling software IMMA (Intelligently 
Moving Manikins). The results show that the system using the Kinect sensor and IMMA 
software can be used for digital analysis of body motion. The system does not require much set 
up time, it is portable and the sensor is available for a low cost. A person can be captured with 
no need for special clothes or markers to be placed on the body, however tighter clothes are 
shown to be more successful than loos fitted. The system’s tracking ability is acceptable in 
simpler tasks, but limited to many types of motions of interest for analysis of truck cab 
ergonomics. The systems performance depends on several variables such as lighting, distance 
and type of movements. The system’s performance is not yet fully reliable, but there are several 
ways of improving its accuracy. There are also many other systems that can be used for 
ergonomic evaluation. 
 
This thesis shows that ergonomic simulations with digital human models can be improved by 
using motion capture technology. It allows analysis to be based on data collected through real 
human motion, saving time and money while making sure that the data is objective and 
represents the movements of real users. The data can help ergonomists, engineers and designers 
to create and develop better products with human factors in mind. 
 
 
Keywords: Digital Human Models, Ergonomic Evaluation, Kinect, Motion Capture Technology, 
Product Development, Truck Ingress 
 



 
 

 
 
Sammanfattning 
 
 
Scanias avdelning för fysisk fordonsergonomi (RCDE) arbetar med att skapa en mer 
användarvänlig hytt genom att utforma omgivningen efter förarens behov, möjligheter och 
begränsningar. Ergonomi utvärderas med hjälp av olika metoder och verktyg, där digitala 
mänskliga modeller är ett vanligt förekommande hjälpmedel under tidigare skeden i 
produktutvecklingsprocessen. Syftet med detta examensarbete var att undersöka hur motion 
capture technology kan användas för utvärderingar av ergonomi under produktutvecklings–
processen av Scania’s lastbilshytter. 
 
Projektet inleddes med en bakgrundsstudie som inkluderade en litteraturstudie, intervjuer, 
observationer och besök vid forskningsinstitut med etablerade motion capture system. Baserat 
på insamlad information skapades tre mål för ett motion capture system att uppfylla för att 
implementeras hos RCDE. Målen var: att utveckla en metod för objektiva mätningar av 
ergonomi, att utveckla en tidseffektiv metod där verkliga användares rörelser kan analyseras, 
samt att möjliggöra verifiering av ergonomi i ett tidigare skede i tidigare produktutvecklings–
processen.  
 
Det finns många olika system för att spela in rörelser, där Microsofts Kinect–sensor valdes att 
testas tillsammans med mjukvaran IMMA (Intelligently Moving Manikins), ett verktyg för 
digitala mänskliga modeller. Resultaten visade att systemet med Kinect–sensorn och IMMA–
mjukvaran kan användas för digitala analyser av kroppsrörelser. Förberedelsetiden för systemet 
är relativt kort, det är mobilt och sensorn finns tillgänglig till en låg kostnad. En persons rörelser 
kan spelas in utan några speciella kläder eller att markörer måste fästas på personens kropp. 
Tajtare kläder har dock visat sig mer lämpade än pösiga. Systemets inspelningsmöjlighet är 
tillräcklig för enklare uppgifter, men begränsad för många utföranden som är av intresse att 
analysera inom hytt–ergonomi. Systemet påverkas av flera olika variabler som ljusförhållande, 
avstånd och typ av rörelse. Systemet är ännu inte helt stabilt, men det finns flera sätt att förbättra 
noggrannheten. Det finns också många andra system som kan användas för ergonomiska 
utvärderingar. 
 
Detta projekt visar att ergonomiska simuleringar med digitala mänskliga modeller kan förbättras 
genom att använda motion capture technology. Det möjliggör att analyser baseras på data 
inspelad från verkliga rörelser. Detta kan spara både tid och pengar, samtidigt som det 
säkerhetsställs att data är objektiv och representerar rörelser från riktiga användare. Dessa data 
kan hjälpa ergonomer, ingenjörer och designers att skapa och utveckla bättre produkter med 
mänskliga faktorer i åtanke. 
 
 

Nyckelord: Digitala Mänskliga Modeller, Ergonimisk Utvärdering, Insteg Lastbil, Kinect, 
Motion Capture Technology, Produktutveckling 
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1  Introduction 
Physical ergonomics has an essential role in the development of new products. The better you 
understand the needs of the users, the better the product will be. Motion capture technology is a 
tool that allows ergonomists, engineers and designers to objectively analyze a user’s motion, 
allowing them to better develop their products with human factors in mind. This master thesis 
aimed to investigate how motion capture technology can be used for ergonomic assessments in 
the product development process of Scania truck cabs. 
 
1.1 Project Background 
Scania is a global manufacturer of mainly heavy trucks and buses with over 3 300 employees 
within research and development in Södertälje, Sweden (Scania, n.d.). As part of Cab 
Development, the department of Physical Vehicle Ergonomics (RCDE) aims to create a more 
user–friendly cab by designing the environment to meet driver’s needs, capabilities and 
limitations. This includes both the overall comfort and more specific biomechanical issues. 
Areas such as driver station, visibility, storage, sleeping and resting are constantly being 
developed to improve the ergonomics of the cab. RCDE work in collaboration with engineers 
and industrial designers, and the group is often referred as the drivers’ voice. 
 
RCDE uses different tools and methods to evaluate ergonomics today. In early development 
stages, ergonomic assessments are performed in CAD (computer aided design) programs, where 
three–dimensional digital human models are simulated in different postures in relation to a 
Scania cab model. In order to set up a useful analysis, knowledge is needed about what kind of 
human model that will be most relevant for the test, as well as what kind of posture or 
movement to simulate. To do this efficiently knowledge is also needed about ergonomics, 
different types of users, typical user behavior, and also the software used for the simulation. 
 
Later in the development process, physical models and prototypes are being developed and used 
for ergonomic evaluations. User test is a common method as well as expert evaluations, which 
are performed by RCDE. During user tests, truck or bus drivers are being interviewed and 
observed as they perform a given task related to the prototype. The tests are often documented 
with photographs and sometimes video–recorded for further analysis. User tests are however 
usually time consuming and it is often challenging to find a sufficient number of diverse drivers 
for each test. 
 
One of Scania’s main values is to constantly work toward continuous improvements, which 
includes development of new methods and technology within product development. For RCDE, 
it is relevant to explore how new methods and technology can be helpful when performing 
ergonomic assessments more efficiently. Since today’s digital simulations are rather time 
consuming, RCDE is looking for new ways to simulate users interacting with the vehicle. 
Motion capture technology is a method for recording motions of objects or people, which has 
potential to be a great tool for ergonomic evaluation. How motion capture technology can be 
used for ergonomic assessments at RCDE will be investigated and answered in this project. 
 

1.2 Project Objectives 
The aim of this project was to investigate how motion capture technology can be used as an 
objective ergonomic assessment tool in the product development process of Scania truck cabs. 
The intention was to explore new technology and to find out what type of system that can be 
suitable for RCDE to implement. Motion capture could either be used in early development 
stages together with CAD–models, or later in the process when physical prototypes are being 
evaluated. 
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1.3 Research Questions 
! In what way can motion capture technology be used to contribute to more efficient 

ergonomic evaluations? 
! What systems are suitable for motion tracking in the context of ergonomic evaluation of 

truck cabs? 
! How can motion capture technology be integrated with other ergonomic evaluation 

software solutions to improve ergonomic studies? 
 

1.4 Stakeholders 
The main stakeholders are people working with ergonomic assessments within the vehicle 
industry. At Scania, the department of Physical Vehicle Ergonomics is the main stakeholders, 
but the results may also be of interest to the broader department Styling and Vehicle 
Ergonomics. The results will also be of great value for the research–project IMMA 
(Intelligently Moving Manikins) since their software has been used during this project. Potential 
stakeholders are also people interested in the use of motion capture technology within other 
areas than ergonomics, specifically people interested in the use of the Microsoft Kinect as a 
sensor for other areas than video games with Xbox 360.  
 

1.5 Project Scope 
The thesis was conducted within the Industrial Design Engineering program at Luleå University 
of Technology and executed at Scania CV AB’s department of Physical Vehicle Ergonomics, 
during the spring semester of 2015. This individual master thesis covered 30 ECTS credits and 
20 working weeks á 40 hours/week, during the period of January 19 to June 5, 2015. 
 
The project did not cover any detailed financial studies regarding different motion capture 
systems due to time restrictions, and no programing has been included in this thesis. Since the 
project has been executed at Scania’s facilities for Styling and Vehicle Ergonomics, which is 
regulated by confidentiality, there are some restrictions regarding pictures and details in the 
report. 
 

1.6 Thesis Outline 
Chapter 1 explains the project background, aim and research questions. Chapter 2 addresses the 
theory that formed the basis for the execution of the project, as well as it supports the results and 
arguments presented later in the report. Chapter 3 describes the different phases of the project as 
well as how, and why different methods have been used. Chapter 4 presents all results, except 
for the results of the literature study, which are presented in chapter 2. The most important 
results are discussed in chapter 5 and conclusions are presented in chapter 6. 
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2  Theoretical Framework 
Truck drivers are overrepresented in the numbers of work related injuries, where some of these 
injuries might be possible to eliminate by better designing the truck cab. The design process of a 
new vehicle is a complex process where designers and engineers are constantly aiming to 
optimize the function and value of their product. During the last decades, different methods and 
tools have been developed to make the design process more efficient. This chapter presents a 
background to the field industrial design engineering, ergonomics and statistics on work related 
injuries, as well as two interesting tools: digital human models and motion capture technology.  
 

2.1 Industrial Design Engineering 
Industrial design engineering is an integration of two traditionally separate fields: mechanical 
engineering and industrial design (Smets & Overbreeke, 1994; de Vere, Melles & Kapoor, 
2010). Industrial design engineering has its roots in Glasgow, Scotland in the late 1980’s where 
a changing manufacturing industry inspired a new style of engineers; engineers that were fluent 
in both engineering and design (de Vere et al., 2010). As the title indicates, an industrial design 
engineer is responsible for both engineering and aesthetics. Industrial design engineers need a 
high degree of technical and technological knowledge as well as an understanding of human 
factors (Smets et al., 1994). The engineers must be flexible, creative and solution focused, as 
well as they need to have the ability to work in a multidisciplinary context (de Vere et al., 2010). 
 
The Industrial Design Society of America defines industrial design as “the professional service 
of creating products and systems that optimize function, value and appearance for the mutual 
benefit of both user and manufacturer” (IDSA, n.d). The other half, mechanical engineering, is 
one of the broadest engineering disciplines (Bureau of Labor Statistics, 2014). The American 
Society of Mechanical Engineers clarifies; “Mechanical engineers create and develop 
mechanical systems for all of humankind. Concerned with the principles of force, energy and 
motion, mechanical engineers use their knowledge of design, manufacture, and operational 
processes to advance the world around us – enhancing safety, economic vitality and enjoyment 
throughout the world” (ASME, n.d).  
 
Both disciplines cover design, which the Swedish Industrial Design Foundation defines as “a 
process of developing purposeful and innovative solutions that embody functional and aesthetic 
demands based on the needs of the intended user. Design is applied in the development of goods, 
services, processes messages and environments” (SVID, n.d.). 
 
As stated above, industrial design engineering is both about engineering and aesthetics, but also 
about human factors (Smets et al., 1994). It is essential for an industrial design engineer to 
understand the users and how human factors affect their products. Human factors are also now 
as ergonomics, which is the field that Scania’s department of Physical Vehicle Ergonomics is 
specialized within. 
 

2.2 Ergonomics 
Ergonomics is a broad and well–established term within product development. The word 
derived from the Greek ergon meaning work, and nomons meaning laws. Ergonomists as well 
as designers and engineers evaluate ergonomics to make jobs, products, environments and 
systems compatible with the user’s needs, abilities and limitations (International Ergonomic 
Association, 2006). The term ergonomics has slightly different perceptions around the world 
(Bohgard et al., 2008). However, the International Ergonomic Association (IEA) has been able 
to agree up on a broad definition of ergonomics: “Ergonomics (or human factors) is the 
scientific discipline concerned with the understanding of interactions among humans and other 
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elements of a system, and the profession that applies theory, principles, data and methods to 
design in order to optimize human well–being and overall system performance” (International 
Ergonomic Association, 2006). 
 
The field ergonomics is often divided into three different areas: physical ergonomics, cognitive 
ergonomics and organizational ergonomics. This paper will focus on the physical aspects of 
ergonomics. Physical ergonomics covers human anatomical, anthropometric, physiological and 
biomechanical characteristics. Relevant topics within physical ergonomics include working 
postures, repetitive movements, work related musculoskeletal disorders, workplace layout, 
safety and health (International Ergonomic Association, 2006). 
 
The design process of a new vehicle is a complex process with several issues to consider 
(Högberg et al., 2008). On the product side, the design must ensure that the user can perform all 
the necessary functions in a safe and comfortable manner. The vehicle must also be designed in 
a way that enables large volumes to be manufactured within the capabilities of a wide range of 
manufacturer workers (Faraway & Reed, 2007). Because of a high product variety in the 
automotive industry, many production tasks are still being carried out manually which affect 
ergonomics significantly (Klippert, Gudehus, & Zick 2012). Several studies show that good 
ergonomics can both improve workers heath and have a positive economic impact (Fritzsche, 
2010). For example, the results from one study in 1995 showed that quality deficiencies at a car 
assembly line were three times as common for work tasks with ergonomic problems (Eklund, 
1995). It is therefore important to consider the ergonomic workplace design at the start of layout 
and facility planning to avoid extra costs in the future (Klippert, Gudehus, & Zick, 2012).  
 
It is as important to early consider ergonomics in the product development process, where a 
person will interact with the product. The positive impact on human health and economics can 
lead to a more sustainable product, user and entire society. 
 

2.3 Digital Human Models 
In order to design a vehicle to fit both the customers and the workers needs and limitations, 
ergonomic assessments must be performed through the product development process. In the past, 
this was done by building a sequence of physical prototypes, where important parameters could 
be evaluated (Faraway & Reed, 2007). Today, the product realization process is typically 
constrained by tough cost and time restrictions where one of the major costs is for building 
physical mock–ups (Högberg, Bäckstrand, Lämkul, Hanson & Örtengren, 2008). Computer 
aided visualization and simulation methods are therefore used for early evaluation and 
verification of important design parameters such as ergonomics (Chaffin, 2005; Klippert, 
Gudehus & Zick, 2012).  

Digital human models (DHM) are design tools used by design engineers early in product or 
production development processes; see an example in figure 1. The models, often referred as 
manikins, allow engineers to simulate the user performing a specific task or movement. Digital 
human models are widely used in the design of particularly aircraft, cars and trucks (Faraway & 
Reed, 2007). These manikins are for example often used in the vehicle industry in an attempt to 
improve the physical design of interior and manufacturing workplaces (Chaffin, 2005). This can 
involve questions about reach or visibility in a car, as well as physical ergonomics for assembly 
workers. Several studies show that the use of digital human models can reduce the total 
engineering costs when used early in the development process (Chaffin, 2005; Klippert, 
Gudehus & Zick, 2012). By reducing time and costs, computer aided design methods uphold 
both profitability and product quality (Högberg et al., 2008). 
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In addition to the engineering field, digital human models have been proved useful in areas such 
as neuroscience, biomechanical analyses; for example in gait studies, surgery simulations and 
sports performance, as well as in the movie and videogame production (Faraway & Reed, 2007; 
Jung et al., 2009). Depending on the intended use, the structure and functions of the manikins 
differ (Jung et al., 2009). 
 
When setting up a DHM analysis, the engineer first has to specify the population and other 
anthropometric data that will reflect the user. The engineer also needs to specify the position 
and posture that is relevant for the simulation (Chaffin, 2005). There is an extensive variation in 
the way people move and interact in a vehicle or workplace environment, depending on their 
physical size, gender, age etc. There is also natural variation in human behavior that can be 
difficult to predict (Faraway & Reed, 2007). Depending on the software, some kinematic 
algorithms can assist the engineer in the choice of appropriate postures (Chaffin, 2005). 
 

2.3.1  Manikin Software 

There are several different commercial DHM systems available, where many have been 
developed for the automotive industry (Jung et al., 2009). Some of the most commonly used 
DHM tools today are AnyBody, Catia/Delmia Human Model, Jack, Ramsis and Santos (Polášek, 
Bureš & Šimon, 2015). 
 
Ramsis is a DHM tool which is a result of a research project carried out by Human Solutions in 
collaboration with the German vehicle industry, with clients such as Audi, BMW and 
Volkswagen. The Ramsis manikin consists of an external skin model and an internal skeleton 
model, which can be used in a large variety of ergonomic analyzes. Ramsis offers a comfort 
assessment analyzes where the manikin’s seated posture is taking into account the entire body 
comfort values. The user describes a given task, and the posture and probability models ensure 
that the position corresponds to realty (Human Solutions, 2011). 
 
AnyBody Modeling System™ is a software solution for musculoskeletal analysis, designed for 
simulating the mechanics of human body motion. The system provides analyses of the impact 
on the musculoskeletal system during interactions with the environment. The system also 
provides interfaces with Finite Element Analysis software, image based CAD models and data, 
motion capture systems and anthropometric databases (AnyBody Technology, 2012). 
 
 

Figure 1. Digital human models with different anthropometry (Scania CV AB, n.d) 
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IMMA (Intelligently Moving Manikins) is a digital human modeling tool, which was introduced 
in a research project in 2010 with the aim to develop a fast, user–friendly and reliable tool to 
predict and validate manual assembly tasks in the vehicle industry (Hanson, Högberg, Bohlin & 
Carlsson, 2011). The project was initiated and carried out in collaboration between the Swedish 
vehicle industry and academia (Hanson et al., 2011); including the University of Skövde, 
Fraunhofer–Chalmers Research Centre for Industrial Mathematics (FCC), Chalmers University 
of Technology, AB Volvo, Volvo Cars Corporation and Scania CV AB (Högberg, 2014). 
 
The IMMA manikin motion generator is based on automatic path planning techniques that finds 
collision free and ergonomic motion for human models interacting with a part or system 
(Hanson et.al, 2014). The IMMA tool was initially aimed to enable virtual verification of 
productive and ergonomic manual assembly work early in production development processes 
(Högberg, 2014), and has recently started a new phase where focus is shifted to the possibilities 
within product development.  
 
The IMMA manikin, presented in figure 2, consists of 82 segments and 162 joints connected in 
a hierarchical tree structure, where each segment has a mass and center of gravity (Hanson, 
Högberg, Carlson, Bohlin & Brolin, 2014). The height and weight of the manikin are adjustable, 
either according to percentiles or customized values. The inner biomechanical model and the 
outer skin mesh creates a manikin that aim to represent a human well enough for simulation of 
human–product and human–production system interaction. 
 
During a master thesis in 2014, an algorithm was developed to enable real–time control over the 
IMMA manikin’s motions through a Microsoft Kinect sensor. This application processes the 
data from the Kinect sensor and matches it with the manikin model data to mimic the 
movements tracked by the Kinect sensor (Aguilar, 2014). This was a first step to control the 
manikin with motion capture technology. 
 

2.4  Motion Capture Technology 
Motion capture technology is process of recording motions of objects or people. The position 
and orientation is measured in the physical space and the captured data can be used digitally in 
many different ways (Field, Pan, Stirling & Naghdy, 2011; Ng, 2012). Motion capture has been 
widely used in the film making industry when creating realistic movements of animated 
characters for the last few decades (Faraway & Reed, 2007; Ng, 2012). In the film industry, 

Figure 2. IMMA manikins with different anthropometry (von Beetzen, 2015) 
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motion capture is better known by the more actor friendly name “performance capture”, 
although the most common abbreviation is “mocap” (Ng, 2012).  
 
Motion capture has also been widely used for biomechanical analysis in sports medicine, 
athletic training, rehabilitation and treatment after injuries (Pfister, West, Bronner & Noah 
2014). Furthermore motion capture has been used as a computational analysis tool in a variety 
of product design and ergonomics settings for over a quarter century. In product design and 
ergonomic analysis, motion capture tools offer the ability to perform numerous of simulations 
of design concepts to help virtually evaluate scenarios (Jun, Zhou, Ramsey & Krovi, 2013).  
 
Tracking technology has become increasingly miniaturized and more available along with 
computing power. Advanced tracking algorithms and post processing have reduced 
measurement errors to a minimum (Field et al., 2011). Motion capture systems typically provide 
accurate analysis, but are costly and therefor not available in many settings where they could be 
of great value (Pfister et al, 2014).   
 
Most methods for ergonomic evaluations are based on observations of the working person 
performing a specific task. The observation has to be done by an ergonomically trained person, 
during as long as needed to gain a full overview of the task. After the observation, the gathered 
data has to be analyzed. The manual coding of a recorded task can be very time consuming 
compared to an automated analysis that only takes a few seconds (Klippert et al., 2012). Motion 
capture technology offers a more detailed analysis than a human observer can manage, with the 
possibility to capture 30 to 120 frames per second, depending on the used system. Even though 
the motion capture setup time takes about 20 min, this method is considered time saving 
(Klippert et al., 2012). 
 
The opinions about motion capture and digital human models are however somewhat split, 
Chaffin (2005) stated that the motion and posture of a manikin should not be used together with 
captured motion; the software should do that for you. Meaning that you should not have to go to 
a motion capture lab in order to set up a simulation (Chaffin, 2005). 

Simulating a task that is very simple for a real human, such as walking to a shelf and picking up 
a tool, can require time consuming manual posturing at each critical transition of the motion. 
This kind of key frame animation process can uphold an analyst several hours to simulate a task 
that would only take a few seconds for a person to perform. Yet this process does not assure 
accurate postures or motions, since it is based up on the analyst’s knowledge and experience 
(Faraway & Reed, 2007).  

2.4.1  Tracking Technique 

Three main types of tracking techniques has been developed during the years of motion capture 
development; optical, mechanical and magnetic systems (Faraway & Reed, 2007; Xsense, n.d). 
Each technique has its strengths and weaknesses, depending on the purpose of the use.  

In an optical system, reflective markers are placed on key locations of the person performing a 
specific task or motion. These strategically placed markers’ position and orientation are then 
captured and triangulated by several cameras using infrared (IR) light. Before motion can be 
tracked, the different markers have to be identified in the software, such as left shoulder, right 
shoulder and so on. However, some active optical markers offer unique markers that do not 
require this identification (Faraway & Reed, 2007). The accuracy of these types of systems is 
often very good, with a tolerance of one millimeter or less. This kind of tracking process can 
however be rather time consuming and the exact positioning of the markers are essential. If a 
marker is misplaced, slips or become blocked, the tracking will be inaccurate. Systems like this 
are often limited to a lab setting with few distractions in the background (Faraway & Reed, 
2007). See illustration in figure 3. 
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Qualisys is a Swedish company specializes in motion capture, providing high–precision optical 
motion capture systems to clients over the world. Qualisys systems are, for example used in 
medical fields where doctors and physiotherapists can improve treatment by gaining better 
understanding of the biomechanics, by using motion capture. The systems are also being used in 
industrial applications, sports science, media and entertainment (Qualisys, n.d.).  
 

Magnetic system consists of three orthogonal coils mounted in a transmitter. The relative 
magnetic flux between the transmitter and receiver allows determining of both the location and 
orientation of the receiver. The markers are mounted on the exterior of the body, compared to 
other systems where markers are placed on joint centers (Faraway & Reed, 2012). Compared to 
optical systems, magnetic systems offer advantage when capturing motion in narrow spaces 
where some objects might be hidden. Although magnetic systems often require markers to be 
wired, which sometimes restricts motion and interferes with the subject’s normal motion. Also 
magnetic systems are sensitive to metallic objects in the environment for example in industrial 
environments, as well as electrical fields caused by other experimental equipment (Faraway & 
Reed, 2012; Haggag, 2013). Polhemus is an example of a magnetic tracking system that has 
been used within the military since 1969, for example used by the U.S. Air Force, Navy and 
Army (Polhemus, n.d.). 

Mechanical systems capture motion through a set of goniometers or accelerators that are worn 
by the user, either through separate goniometers or a full suit. An example of how separate 
goniometers can be used is presented in figure 4 (Xsense, n.d). When the person is moving, 
these goniometers are following the motion, and the data is sampled and stored in a device. 
Mechanical systems offer advantage since they do not interferes with light or magnetic fields, 
but they need to be calibrated often. This type of mechanical system was for example used 
during the creation of the animated movie TED (Xsense, n.d). 

Figure 3.  Qualisys Optical Motion Capture System (Qualisys, n.d) 
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Figure 4. Xsense Mechanical Motion Capture System (Xsense, n.d) 

 

2.4.2  Microsoft Kinect 

In November 2010, a groundbreaking product was introduced to the game market: the Microsoft 
Kinect®. The Kinect sensor allowed people to for the first time interact with the Xbox360® by 
using gestures and their entire bodies without holding a controller. The technology was first 
developed and patented by Prime–Sense and the use has today gone far beyond the gaming 
industry (Haggag, 2014).  
 

 

Figure 5. Kinect Sensor (Amos, n.d. Edited by Hedvig von Beetzen) 

The sensor, shown in figure 5, can track up to six people within its view, including two full 
body skeletons. An infrared emitter and camera measure the depth image in millimeter and a 
RGB (red–green–blue) camera capture color pictures with the pace of 30 frames per second. 
The device also includes four microphones allowing voice control. A motorized base allows the 
sensor to be tilted with a range of 27˚ up and down. The sensor can track motion with the range 
of 0.8–4 meter from the sensor to the person (default mode), however the optimal area is within 
the range of 1.2–3.5 meter. The horizontal vision is 57.5˚ and the vertical is 43.5˚, plus the tilt 
range of ± 27˚, see illustrations in figure 6 (Microsoft Corporation, 2013).  
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The Kinect sensor can track 20 joints in the default full skeleton mode, or 10 upper body joints 
in seated mode, see figure 7. According to Microsoft Corporation, the infrared camera works in 
all lighting situations, including darkness. Moderate light is desirable for best results, as 
opposed to direct sunlight or full–spectrum lighting. Items or clothing that drastically changes 
the shape of a person might disturb the skeleton tracking, and the infrared light might also 
interfere with black clothing and reflective items (Microsoft Corporation, 2013). 
 

 
To achieve best possible range of motion, Microsoft recommend to place the sensor between 
0.6–2 meters from the ground, the closer to the lower or higher limit the better. The sensor 
should not be places on a surface exposed for vibration, such as on a speaker, and it should only 
be used during temperatures from 5–35˚ Celsius (Microsoft Corporation, 2010 – Handbook 360).  
 

Compared to many traditional more advanced tracking systems the Kinect sensor does not 
require markers to be placed on the participant for motion to be captured. This reduces the set 
up time significantly but also reduces accuracy (Robinson & Parkinson, 2013). Compared to 
marker systems, the Kinect sensor does not require the participants to expose the body in a way 
that some might be uncomfortable doing (such as the thorax, hips and thighs) (Diego–Mas & 
Alcaide–Marzal, 2013). 

Figure 7. Kinect skeleton tracking (Microsoft Corporation, 2013. Edited by Hedvig von Beetzen) 

Figure 6. Field of vision Kinect (Microsoft Corporation, 2013. Edited by Hedvig von Beetzen) 



THEORETICAL FRAMEWORK  
 
 

11 

A study with the aim to examine the potential use of Kinect in observatories methods found that 
a low cost sensor like Kinect can be a useful tool for collection of data in observational methods; 
however the sensor is not yet fully reliable to be used in real work environment. The sensor 
automatically records body posture with high sampling rate and the setup time is short (Diego–
Mas & Alcaide–Marzal, 2013). However, the sensors lack of accuracy when the person is not 
facing the sensor or when part of the body is not visible to the camera makes it unreliable (Nihei, 
Samejima, Hatao, Takemura & Kagami, 2012; Diego–Mas & Alcaide–Marzal, 2013). The 
sensor can be used as a support, but the technology is not enough developed to replace a human 
expert (Diego–Mas & Alcaide–Marzal, 2013). 
 
Rapid Upper Limb Assessment, RULA, is a survey method used for evaluation of ergonomics 
in workplaces. The workers posture is evaluated by assessing muscle effort and external loads 
applied to the workers body. In a study of real time ergonomic assessment for assembly 
operations, a Kinect sensor was successfully used together with RULA. The system provided 
digital feedback visualized with different colors to indicate the RULA score for each limb. The 
result of this study showed that using RULA together with a Kinect sensor supports the 
evaluation of ergonomics also during product design and visual assembly training (Haggag, 
2013). To use the same technique for the more advanced method Rapid Entire Body Assessment 
(REBA) is a challenge, since many parts of the tracked body will not be clearly visible (Haggag, 
2013). 
 
In 2014, Microsoft released an improved second generation of the Kinect sensor, with improved 
resolution of the depth and RGB camera. The Kinect v2 can identify 25 joints, compared to 20 
joints using Kinect v1. In a comparison study between the first and second generation of the 
Kinect sensor, it was shown that the average error was 87 mm for the first generation and 76 
mm for the second generation. In general, standing positions were better identified that sitting 
postures. Also, the upper extremities were better tracked than the lower (Xu & McGorry, 2015). 
This Kinect v2 senor has however not been further investigated in this project, due to limitations 
regarding compatible software solutions. 
 

2.5 Work Injuries in the Trucking Industry 
Truck drivers are frequently injured in their work environment, where slips and falls are the 
most common reasons for injuries, representing about a third of all the reported work injuries 
(The Swedish Work Environment Authority, 2014; The Swedish Work Environment Authority 
2004; Lin and Cohen, 1997). In 2003, the number of work injuries that resulted in lost workdays 
was twice as common for truck drivers compared to the average of all professions in Sweden, 
and about half of these work injuries lead to absence longer than two weeks (The Swedish Work 
Environment Authority, 2004). 
 
The most frequent locations of fall accidents have been reported to be at the back of the truck or 
trailer (49.1 %), the steps (18.5 %) and the cargo (16.5 %) (Jones and Switzer–McIntyre, 2003) 
and six out of ten falls are from a higher distance than one meter above the ground (The 
Swedish Work Environment Authority, 2004; Jones and Switzer–McIntyre, 2003). 
Strains/sprains, contusions, fractures and abrasions are the most common types of injuries due 
to slips and falls (Lin and Cohen, 1997; Jones and Switzer–McIntyre, 2003). In the study 
collected by Jones and Switzer–McIntyre the most common areas of body injuries were lumbar 
(19.7 %), shoulder (9.7 %), wrist (9.3 %) and knee (8.2 %) (Jones and Switzer–McIntyre, 2003). 
 
In a study of 3053 cases of reported work injuries in the United States, 277 cases involved 
accidents in relation to ingress/egress, representing 9 % of the total. The primary factors were 
wet steps caused by rain, washing, snow or ice built up on the steps (Lin and Cohen, 1997), 
however 79 % out of all the fall accidences reported by Jones and Switzer–McIntyre were not 
caused by any environmental factors such as ice or rain (Jones and Switzer–McIntyre, 2003). 
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Important notice is that out of the fall injuries, there were three times as many egress accidents 
than ingress (Lin and Cohen, 1997).  
 
Injuries caused by work environment represent a substantial cost to both the individual and the 
organization in which the person is employed (Jones and Switzer–McIntyre, 2003). The high 
risk of injuries is an important aspect to bring to the development of new trucks. Ingress/egress 
is one central part of the ergonomics of the cab, an area that can be further developed by 
Scania’s department of physical vehicle ergonomics to minimize the risks of injuries. 
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3 Method 
This project aim was to investigate how motion capture technology can be used as an 
ergonomic assessment tool in the product development process of Scania truck cabs. This 
included a thorough background research before one motion capture system was chosen for 
further evaluation. This chapter describes the process and the methods used during the 
execution of the project. An overview of the process is described in the first section, and more 
detailed information about each phase is explained further in the following sections. 
 

3.1 Process 
This work process has been based on the ISO–standard Ergonomic principles in the design of 
work systems (ISO 6385:2004). The standard describes the following phases for the 
development of a new work system: 

! formulation of goals (requirements analysis) 
! analysis and allocation of functions 
! design concept 
! detailed design 
! realization, implementation and validation 
! evaluation 

 

3.2 Requirements Analysis 
This first phase was a process of gathering information in order to set up requirements of a new 
motion capture technology system. In case of a new design, it is essential that the system’s 
requirements are based on information regarding the subject, together with the characteristics 
and limitations of the people who will be working with the system, in this case RCDE. 
 
The project aim and research questions were defined based on discussions with RCDE and a 
first literature study. The overall phases of the project were planned out and presented visually 
in a Gantt chart to get an overview of the project’s different phases. The aim, research questions 
and Gantt chart were documented in a project plan, presented two weeks into the project. 
 
The project plan followed by a thorough research phase where as much information was 
gathered about relevant topics as possible. Both primary and secondary sources were used in 
this phase. A primary source is a direct source of information that provides direct evidence 
concerning a topic under investigation (Princeton, n.d.; Yale University, n.d). The information 
is often created specifically for the study, but primary sources can also include autobiographies 
and memoirs (Yale University, n.d). A secondary source provides information that has been 
interpreted and analyzed from a primary source (Princeton University, n.d; Yale University, 
n.d.). These kinds of secondary sources were mainly used during the beginning of the project to 
gather an understanding of the technology and what has been done within the area of motion 
capture so far. The secondary sources were published articles, books, technical reports, thesis 
reports, academic websites and standards. Primary sources were used to collect new information, 
both to gather information that could not be found through primary sources, but also to critically 
review findings from secondary sources. The primary sources used in this project were; 
interviews, observations and testing. 

3.2.1 Literature Study 

A thorough literature study was performed to collect relevant information from secondary 
sources regarding the areas of industrial design engineering, ergonomics, digital human models, 
motion capture technology and also common work injuries related to truck drivers. The majority 
of the information was gathered from published and peer reviewed articles, which were mainly 
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found through the database Scopus. The language was limited to English and the key words 
were: Digital Human Models, Ergonomic Evaluation, Kinect, Motion Capture Technology, 
Product Development and Truck Ingress. Information was also collected through technical 
reports and websites regarding motion capture equipment. 
 
The majority of the information was gathered in the beginning of the project, but the search for 
information was a continuous process along the entire project. Findings were critically reviewed 
and analyzed, and the core findings are presented in chapter 2. 

3.2.2 Interviews 

Before any goals could be set, it was important to identify what kind of needs RCDE had, which 
could be fulfill by a motion capture system. Interview is a versatile method for qualitative data 
collection, which makes it a suitable method when searching for the needs of a smaller group of 
people. There are three different types of interviews: structured, unstructured and semi–
structured (Bohgard et.al, 2008). Structured interviews strictly follow a predefined set of 
questions, and an unstructured interview is similar to a conversation with a specific topic or 
problems in mind. The semi–structured interview is a mix between the structured and the 
unstructured interview (Bohgard et.al, 2008). Unstructured interviews were performed when 
interviewing the people working at RCDE since the interviews were quite spontaneous. 
 
The developers of the IMMA tool was also interviewed a couple of times to gather a deeper 
understanding of their software. Victor Aguilar, who developed the algorithm for the IMMA 
software to use data from the Kinect sensor, was also interviewed to collect more insights of 
how well the system worked when first developed. These interviews were semi–structured with 
a few prepared questions.  

3.2.3 Observations 

Observations were performed at RCDE during the first weeks of the project to get a better 
understanding of the typical work process and ergonomic evaluation methods. The observations 
included sitting next to someone working with simulations in 3D CAD–programs, observing 
when user tests were performed, listening to expert evaluations and also acting test person when 
evaluating a concept. Notes were documented and sometimes followed up with interviews.  
 
Three motion capture labs were visited to get insights in how different research institutes are 
working with motion capture within different areas today. The labs that were visited were: 
 

! Swedish School of Sport and Health Science 
! Luleå University of Technology’s Human Health and Performance Lab 
! Karolinska Institutet’s Movement Lab 

 
The lab representatives showed their equipment as explaining how motion capture is used in 
their research. A user test was also performed at Karolinska Institutet’s Movement Lab, which 
is further explained in section 3.6.1. 

3.2.4 Formulation of Goals 

Goals could be formulated after gathering and analyzing the information from the literature 
study, interviews and observations. These goals were mainly based on the characteristics, needs 
and limitations of the department of physical vehicle ergonomics, identified through interviews 
and observations. The goals are presented in section 4.1. 
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3.3 Analysis and Allocation of Functions 
Having established the goals for the development of the new motion capture system, the next 
step was to identify the functions, which were to be fulfilled in order to meet the requirements 
of the system. This involved functions that shall be implemented by humans, equipment, 
hardware and/or software. These functions were based on the needs of RCDE as well as the 
findings from the literature study. A proposal was presented for RCDE, which was discussed 
and a few adjustments were made before the functions were set. The functions formed the basis 
of the development process and they were kept in mind during the process from design concept 
to evaluation. The identified functions were listed as either required or desirable functions, 
presented in chapter 4.2. 
 

3.4 Design Concept 
The allocated functions of the planned system led to the choice of a design concept. A hardware 
and software were chosen, which were later tested and applied to a user case. The chosen 
concept was the Microsoft Kinect v1 sensor together with the software solution IMMA. This 
choice is motivated and presented further in section 4.3. 
 

3.5 Detailed Design 
The chosen concept was tested to identify the possibilities and limitations of the system, so that 
it could be further developed. The ISO–standard Ergonomic principles in the design of work 
systems (ISO 6385:2004) presents six components, which shall be addressed when designing a 
new work system: 
 

! Design of work organization 
! Design of work tasks 
! Design of jobs 
! Design of work environment 
! Design of work equipment, hardware and software 
! Design of workspace and workstation 

 
The investigation of how motion capture can be used as an ergonomic tool has been focusing on 
the equipment, hardware and software, which is why only this component was addressed 
according to the standard. 
 

3.5.1 Design of Work Equipment, Hardware and Software 

The possibilities and limitations of the system were tested and identified in different settings. A 
test person was performing a given task while another person was handling the equipment set up 
and computer. All tests started with an initiation process where the test person was standing in 
an upright position so that the hardware and software could be synced. 
 
It was early identified that the system’s performance was affected by many different variables. 
The following variables were shown to have an impact on the systems performance and were 
therefore tested in different ways: 
 

! Type of movement: complexity and speed 
! Lighting conditions: indoor and outdoor 
! Clothing: shape and color 
! Surrounding objects: shape, material and color 
! Sensor set up: height, distance and tilt angle 
! Manikin properties: height of manikin 
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The first aspect covered testing of how the person’s movement and speed was handled by the 
system. The test person performed a given task while the movement was captured and recorded, 
and also visually mimicked by digital human manikin in real–time. By doing these types of tests, 
it was identified what type of tasks that worked better than others. This included type of body 
motion in terms of complexity, speed and interaction with other objects. 
 
Lighting was shown to have a great impact on the system. Both indoor settings with different 
lighting conditions were tested, and also outdoor. The outdoor tests were performed in different 
types of weather conditions: direct sunlight, shadow and during a cloudy day. 
 
It was early identified that clothing might affect the system, both according to research about 
the Kinect sensor but also from findings in similar studies. Clothing can also be an important 
aspect of the test person’s willingness to perform a test with a given task. It was therefore 
important to investigate how clothing affects the system.  
 
The hardware and software both has its limitations. Limitations of the hardware were identified 
during the literature study, but also tested to see if the same conclusions could be made in this 
study. The software had not been tested in a user case like in this project before, which is why it 
was important to identify the limitations of the software. Feedback was given to the developers 
of the software so that it could be further developed along the project.  
 
The height of the digital manikin is adjustable in the IMMA software. The function while using 
motion capture was testes to see how the well the manikin’s height was consistent with the 
person’s height. Seven people in heights varying from 168–190 participated in this test. 
 

3.6 Realization, Implementation and Validation 
Realization of the work system includes the building, production or purchase, and installation of 
new technical design of the work system. As mention in 3.5.1, different components of the 
system were tested to identify the possibilities and limitations of the system. These tests were of 
simple tasks to evaluate how different variables affected the system. To be able to evaluate the 
overall performance, the system was also tested in a user case relevant for the department of 
physical vehicle ergonomics. Furthermore, it was unclear how accurate the system was, which 
is why the system was compared to another system in a well–established motion capture lab.  

3.6.1 Validation at Karolinska Institutet 

A comparison study was performed for validation of the Kinect sensor and IMMA software. 
The study took place at Karolinska Institutet’s Movement Lab where the knee angle was 
analyzed while a participant was stepping up and down from a stool. 
 
Data were collected using an optic 8–camera Elite (2002, version 2.8.4380; BTS, Milano, Italy) 
motion capture system and one Kinect sensor. The Elite system tracked reflective markers on 
the participant’s body with a sampling rate of 100 Hz, and the Kinect sensor sampled data at 30 
Hz. Three reflective markers were placed on one healthy, female, 26 year–old for both trials. 
The markers were placed on the participant’s right trochanter (hip), epicondylen (knee) and 
malleolen (foot). The reflector on foot and knee where placed directly on the skin to reduce the 
risk of unwanted movement, while the hip marker was places on tight shorts. 
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The Kinect sensor was positioned at about a 45˚ angle to the stool and participant, as shown in 
figure 8. Studies have shown that the Kinect sensor is most accurate when the person is facing 
the camera, however this was not possible since the stool would block the persons legs and feet.  
 
Two sets of trials were performed, while both systems tracked the motion. The Elite system was 
calibrated and the test started with an initiation process where the IMMA software searched to 
find the person while facing the Kinect. When the manikin was synced, the person rotated to 
face the stool. The trial started when the participant bent the right leg three times, followed by a 
maximum compression and a maximum extension. The participant stepped up and down the 
stool five times in the first trail, and six times the second. 
 
The data from the Elite system was processed using BTB Bioengineering SMART analyser 
(version 1.10.4380) where the output of interest was the knee angle at each frame. The data 
from Kinect was exported through IMMA to a document with all the angles per frame. The 
angles had to be converted for analysis since the two systems measured the angle differently. 
The data were later plotted for comparison and analyzes. 
 

3.6.2 Ingress Case Study at Scania 

As presented in section 2.6, truck drivers are frequently injured in their work environment, 
where slips and falls are the most common reasons for injuries (The Swedish Work 
Environment Authority, 2014; The Swedish Work Environment Authority 2004; Lin and Cohen, 
1997). Out of all the slips and fall accidences, 18.5 % are in relation to the steps (Jones and 
Switzer–McIntyre, 2003), and there are three times as many egress accidents than ingress (Lin 
and Cohen, 1997). This shows that ingress/egress is important to further improve to eliminate 
risks of injuries. 
 
Ingress/egress is not only an interesting subject because of the high numbers of accidents; it is 
also one of the most complex simulations for ergonomic evaluations. It was therefore decided to 
explore how motion capture technology can be used for ingress/egress evaluations.  
 
The Kinect sensor works best when the test person is facing the camera and all body parts are 
visible. Because of these limitations, the ingress/egress motion could not been recorded using a 
real cab, since the door and entire cab would block the sensors field of view. An ingress/egress 
test rig was therefore used when testing the Kinect and IMMA system. The rig was designed 

Figure 8. Validation at Karolinska Institutetet’s movement lab (von Beetzen, 2015) 
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and ordered from AluFlex AB, and later assembled and installed at Scania. The rig was build 
out of extruded aluminum pipes, which created a stable frame where the ingress steps and 
handles could me mounted, and later adjusted if wanted. See figure 9. 
 

 
A total of 12 test persons in different heights (from 168–193) participated in tests where the 
mission was to climb up the stairs while the system was capturing the motion. The aim was to 
explore how well the system could handle such type of motion and interaction with the rig. 

 
3.7 Evaluation 
The last phase of this process was to evaluate the system and all the gathered information to be 
able to give recommendations for future work with motion capture. Whether the system is 
suitable for motion tracking in the context of ergonomic evaluations in truck cab development 
was based on the functions that were set up in the beginning of the project. Further discussions 
regarding the use of motion capture for ergonomic evaluations are brought up in the discussion 
and conclusions in chapter 5 and 6. 
 

Figure 9. Testing ingress motion with Kinect and IMMA (von Beetzen, 2015) 
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4 Results 
This chapter presents the results of the projects different phases. The phases are presented in 
the same order as the method chapter, covering: formulation of goals, analysis and allocation 
of function, design concept, detailed design, realization, implementation and validation, and 
finally evaluation. 
 

4.1 Formulation of Goals 
The literature study gave insights in the fields of industrial design engineering, ergonomics, 
digital human models and motion capture technology, presented in chapter 2. Interviews and 
observations led to a definition of the project aim and what goals the system should fulfill. The 
overall aim with the project was to investigate how motion capture technology can be 
implemented as an ergonomic assessment tool in the product development process of Scania 
truck cabs. 
 
One problem that was identified was that many of the methods RCDE use today are subjective 
methods, even when an objective method would be desirable. A subjective evaluation is based 
on personal perspective and can therefore be difficult to measure and compare with results from 
a different evaluator or test person. Subjective methods are however still an important part of 
RCDE’s work since some aspects of ergonomics are based on personal opinion and not 
measurable in an objective way. Yet, the biomechanical aspect of ergonomics is desirable to 
evaluate with objective methods. A goal was therefor to develop a method for objective 
measurements of ergonomics by using motion capture. 
 
Another identified problem was that the simulations RCDE perform in different CAD–programs 
are time consuming and require extensive experience in the software as well as knowledge 
about ergonomics, anthropometry and user behavior. A typical process of setting up a 
simulation is to first observe real users performing the task that will be analyzed. When it is 
clear how a typical user would do, next step is to set up the simulation of the same task. The 
simulation is done in many steps, which is often undesirably time consuming. When the 
simulation is finished, the results are analyzed, and this is the real valuable part of the process. 
During observations and simulation set up, there are possible risks for the results to be affected 
by the person performing the test, in other words there is a risk for the results to be not quite as 
objective as intended. A lot of time and effort is put on the preparation of the analysis of interest, 
time that could be used for more valuable work. A goal is therefore to shorten the preparation 
time with observation and simulation set up, so that more time could be spent on the actual 
analysis or other valuable work. It is also desirable to eliminate the risk that the evaluator will 
personally affect the analysis. 
 
The third goal was based on a RCDE’s expressed need, to create a stronger connection between 
real users and digital evaluation methods, to be able to capture real motion and transform it in to 
a digital format that allows earlier verification of ergonomics. 
 

4.2 Analysis and Allocation of Functions 
Functions were identified through interviews at RCDE with the goals in mind. The identified 
functions, which were to be fulfilled in order to meet the requirements of the new system is 
presented below; the system shall 
 

! provide numeric values that reflect the movement of the test person 
! visually reflect the movement in a digital format 
! present reliable results 
! enable efficient evaluations of a several types of users 
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! enable motion tracking of different anthropometry 
! capture natural body motion of real users 

 
There were also a few functions that were desirable but not required; the system shall 
 

! capture motion in a real truck driver environment 
! enable motion tracking in Scania’s facilities 
! be cost efficient 
! be portable 
! be compatible with other systems such as virtual reality solutions 
! be a suitable method during the development of Scania busses 

 

4.3 Design Concept 
As presented in chapter 2.4.1, there are three main types of motion capture systems: optical, 
mechanical and magnetic (Faraway & Reed, 2007; Xsense, n.d). Due to the risk of magnetic 
disorders during the presents of large amounts of metal, magnetic system was not considered 
suitable in the vehicle industry, and therefore not investigated further in this project. 
 
Optical and mechanical systems often involve a set up time where reflectors or goniometers 
must be placed on the test person’s body. This requires knowledge of anatomy so that the 
sensors will be place on the exact right spot, for example when tracking a joint’s range of 
rotation. Some mechanical systems offer a full suit that can be worn by the test person so that 
the entire body motion can be captured. Both these kinds of system are expensive, especially for 
a set up that will cover full body tracking. The possibility to rent or to perform an analysis in a 
motion capture lab was therefore investigated, however two of the desirable functions were to 
create a system that is portable and can be used in Scania’s facilities.  
 
The Microsoft Kinect sensor is, as explained in chapter 2.4.2, somewhat different from the 
traditional motion capture systems. It is a low cost portable full body tracking sensor, which can 
capture body movement and transform it to a digital 3D skeleton. A great advantage with the 
Kinect sensor is that it does not require any markers to be placed on the body. This reduces the 
set up time significantly but also allows the test person to wear regular clothes and act naturally. 
The downside with the Kinect is, as many already have agreed upon, is the lack of accuracy 
(Neihei et al., 2012; Diego–Mas & Alcaide–Marzal, 2013). It was still interesting to explore if 
this portable and low cost device could provide data, accurate enough, to be used for ergonomic 
evaluations at RCDE. 
 
As presented in chapter 2, an algorithm has been developed to enable real–time control over the 
IMMA manikin’s motions through a Microsoft Kinect sensor, see illustration in figure 10. Since 
Scania is involved in the IMMA research project, it was possible to use the IMMA software 
during this thesis. The software together with Kinect had not yet been applied to a user case and 
it was therefore interesting to explore how it would work in a user case regarding ergonomic 
evaluation. The system captures motion through Kinect and transforms it to a movement of the 
manikin, whose motions are recorded and documented in terms of joint angle position for each 
frame. This is information that is of great interest for RCDE, for example to identify critical join 
angles that can increase the risk of injuries. A decision was therefor made to evaluate the IMMA 
software together with Kinect and identify the possibilities and limitations with this system.  
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Figure 10. Kinect skeleton tracking enables real–time control over IMMA manikin (von Beetzen, 
2015) 

 

4.4 Detailed Design 
The possibilities and limitations of the system were tested with the chosen hardware and 
software. The system using the Kinect sensor and IMMA software can capture motion from one 
person at time. The movement is visualized in a digital format in terms of a digital human 
manikin who is mimicking the person’s motion in real time. The system allows numeric values 
to be exported after the motion is captured. When starting this project, the software provided 
information regarding joint angles for each frame, where 30 frames represents a second. After 
discussions with the developers of IMMA, it was also maid possible to gather data of 
trajectories of center of mass, feet and hands for each frame. The motion can be saved or video 
recorded for further analysis.  
 
The system’s tracking ability is acceptable for simpler task, but limited to more complex 
motions. The system’s performance was shown to be affected by six main variables:  
 

! Type of movement: complexity and speed 
! Lighting conditions: indoor and outdoor 
! Clothing: shape and color 
! Surrounding objects: shape, material and color 
! Sensor set up: height, distance and tilt angle 
! Manikin properties: height of manikin 

 
Since the Kinect sensor is a depth camera, which is tracking motion from only one view, 
problems occur as soon as any part of the test person’s body is hidden. As long as the person is 
facing the sensor and is moving without crossing the body, the movement of the manikin is 
good. However, some delays occur in the manikin’s motion when the person is moving rapidly. 
If hands are placed close to the body, trouble usually arises with the manikin. When rotating up 
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to 45˚, the manikin can still be able to reflect the test person, but rotations above 45˚ are not 
recommended.  
 
Lighting was shown to have a big impact on the system. In very bright conditions, the system 
could not identify the person at all. The system was shown to not work at all in an outdoor 
environment, not in direct sunlight, shadow or during a cloudy day. The system works best 
when the light is dimmed and evenly distributed in the room. Reflections make the tracking 
more difficult.  
 
Clothing was shown to have a severe affect on the system, both regarding color and shape. 
Problems occurred for loose fitting clothes, since the Kinect cannot identify the different joints. 
Dark clothes were usually troublesome unless the background was bright. Best results were 
achieved with tight clothes that were in contrast colors to the background. 
 
If the person is interacting with another object, it is important that the object is solid and stable. 
Otherwise the system might think that the object is some part of the person’s body, and the 
manikin can be positioned in extreme postures that do not reflect the person accurately.  
 
The distance from which the sensor can track a body’s motion is much more complex than it 
first seemed like. This distance is depending on: the height of sensor, the person’s height, the tilt 
angle and there can also be more variables affecting the distance, such as how light is reflected 
depending on the position of the person. Best results have been found within the range of 2–3 
meters, where shorter people could be found closer to the sensor than taller.  
 
It was shown that it was no idea to adjust the manikin’s height according to the test person. 
Seven test persons of heights, 168–190 cm, were tested and it was shown that a manikin height 
around 180 cm created the most natural posture of the manikin, for all the test persons. A 
conclusion could be made that the default height, which represent the 50 percentile (179 cm) 
was best suited for all test persons, regardless of their height.  
 
4.5 Realization, Implementation and Validation 
The system was further analyzed in a comparison study at a motion capture lab, as well as in a 
user case relevant for RCDE at Scania. 
 

4.5.1 Ingress Case Study at Scania 

When testing the ingress motion, the IMMA manikin followed the person’s movements well as 
long as the movements were quite big and not too fast. The person could only climb up until the 
second step since higher climbing would result in errors since the entire person’s body would no 
longer be visible to the sensor. The best angle was shown to be when the test person is facing 
the sensor, as shown in figure 9. Figure 11 shows how the ingress rig was used and how the 
IMMA manikin mimics the motion digitally. 
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Figure 11. Real and digital visualization of ingress testing (von Beetzen, 2015) 

 

4.5.2 Validation at Karolinska Institutet 

The IMMA manikin’s knee has a range of motion of -1–120˚ were 0˚ represents a completely 
straight leg. With the Elite system it is the range of the person’s body that is the limit, but if the 
reflector at the foot and hip would be perfectly aligned, the angle would be 180˚. The maximum 
as well as minimum angle depends on the person’s flexibility. Theoretically an angle of 0˚ in 
IMMA represents a degree of 180˚ in the Elite system. IMMA’s max is Elites min and a 45˚ 
angle is equivalent. 
 
Two tests were performed while both systems were capturing the motion. The IMMA manikin 
followed the real motion without any noticeable problem in the first test but the second 
recording was far from accurate. There were problems accruing several times even though the 
same test (same test person, stool, day) was performed, and no conclusions could be made on 
why the test did not work as well the second time. 
 
The highest value that was recorded with Kinect was 120˚, which is also the max value that the 
manikin can reach. This can mean that the test person reached higher degrees, but the manikin’s 
range of motion was too narrow to reflect the highest number. This number can therefore not be 
fully trusted. 
  
In order to compare the results with each other, the angles had to be converted so the same value 
of the angle represents the same position of the person. The lowest angle from IMMA and the 
highest value from Elite represent the same position was achieved when the person was 
stretching the leg as straight as possible. This value is a complete maximum; the joint cannot 
stretch over this limit. Compared to when the leg is bent and pressed together, which can 
depend on how much you pull. The value from the straight leg was measured to 168˚ (Elite) in 
both experiments, but the min angle was 40˚ in the first test and 45˚ in the second.  
 
These two values when the leg was fully stretched were used to convert the angles so that they 
could be compared with each other. The IMMA value was -0.54˚ and the Elite value was 
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168.23˚, which gave a difference of 168.77˚ when subtracting the lower value from the higher. 
All the values from the Elite system were therefore subtracted from 168.77˚. 
 
After converting the values it was shown that the highest angle (bent knee) was measured to 
127.94˚ according to the Elite system, compared to the value of 120˚ from IMMA, which was 
also the max value. According to the calibration of the Elite system, it had a margin of error of 
0.5 mm. The value from IMMA can therefore be assumed to be incorrect when the leg is bent.  
 
When plotting the values in a graph, as in figure 12, it is shown that both systems follow the 
same pattern with only a few deviations. Since the two motion capture systems used different 
sampling rate the graph was made separately and later overlapped for comparison.  
 

 

Figure 12. Comparison knee angle results between the Elite system and Kinect + IMMA system 
(von Beetzen, 2015) 
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4.6 Evaluation 
The functions that were defined earlier are listed below to get an overview of which of the 
functions that was considered fulfilled by the system. Functions considered fulfilled are marked 
with the symbol !.  
 
Required functions; the system shall 
 

" provide numeric values that reflect the movement of the test person 
" visually reflect the movement in a digital format 
! present reliable results 
! enable efficient evaluations of a large number of users 
" enable motion tracking of different anthropometry 
! capture natural body motion of real users 

 
Desirable functions; the system shall 
 

! capture motion in a real truck driver environment 
" enable motion tracking in Scania’s facilities 
" be cost efficient 
" be portable 
! be compatible with other systems such as virtual reality solutions 
" also be a suitable method during the development of Scania busses 

 
 
To summarize how well the Kinect and IMMA system fulfilled the functions set up earlier in 
this project, the system does not fulfill all the functions yet. It provides numeric data and 
visually reflects movements in a digital format. The results can however not be fully trusted for 
all motions and it is today not certain to say that the system enable efficient evaluations of large 
numbers of users, this must be further analyzed. The system enables motion tracking in of 
different anthropometry, however taller persons has shown to be more difficult to track in some 
settings due to the Kinect sensors limited field of vision. Motion can be captured of real users, 
however the system cannot yet capture natural motion since faster motions are problematic.  
 
When looking at the desirable functions, the system does fulfill some of these functions as well. 
This system enable motion to be tracked in Scania’s facilities, it is cost efficient and portable. 
The system can however not be used in real truck driver environment due to several limitations 
in the hardware. The system is today not quite compatible with other systems such as virtual 
reality solutions but this can be done by developing the IMMA software. This system can, in the 
same way it can be used for truck development, also be used for bus development.  
 
This specific system with the Kinect sensor and IMMA software is not yet considered fully 
suitable for ergonomic evaluations, but the system can be used in some set ups and it has 
potential to be further developed and used efficiently in the future. 
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5  Discussion 
This study shows that motion capture can be a valuable tool when evaluating ergonomics. The 
system using the Kinect sensor and IMMA software can be used for simpler tasks and has 
potential to be further developed to be more reliable. Furthermore there are many other ways of 
working with motion capture in the future, where both optical and mechanical systems can be 
suitable in the context of truck cab development. 
 

5.1 Tracking Ability 
The results show that the system using the Kinect sensor together with the IMMA software can 
be used for digital analysis of body motion. The system does not require much set up time, it is 
portable and the sensor is available for a low cost. A person can be captured with no need for 
special clothes or markers to be placed on the body, however tighter clothes are shown to be 
more successful than loos fitted. The system’s tracking ability is acceptable for simpler task, but 
limited to many types of motions of interest for analysis of truck cab ergonomics. The system’s 
performance is today not fully reliable, but there are several ways of improving the accuracy. 
 
The Kinect sensor has a limited field of vision; it can capture motion from 0.8–4 meters 
(Microsoft Corporations, 2013), however motion tracking is not always possible within this area. 
The height the sensor is places on has one affect together with the tilt angle of the sensor. More 
interestingly, the tracking capability is also related to the height of the person being recorded. 
Taller persons (<1.9 m) was shown to be challenging to capture in some set ups. The tracking 
has shown to be most successful when the test person is facing the sensor. If standing to close, 
the sensor will not be able to identify the whole body, and if placed further away, the person 
might be too far from the sensor to be identified. This limitation can be a problem since it is 
important that all types of users can be tracked during the same set–up and conditions. The 
sensor height and tilt angle can be further analyzed to identify the optimal set–up for all types of 
anthropometry. The limitations regarding the field of vision are however not problematic in all 
situations, depending on how much the person will move during the test.  
 
It has been shown that the surroundings have great impact on the performance of the system, 
where lighting is one important aspect. The sensor is sensitive to large amounts of light, 
especially full spectrum lighting. Outdoor set–ups are therefor not an option as the system is 
built today. A test person could not be identified at all in any of the outdoor set ups tested in this 
study, even though the Kinect sensor should work in all lighting conditions according to 
Microsoft Corporation (2013). Furthermore, stronger lights and reflective items can negatively 
affect the tracking capabilities. An even and soft lighting set–up has been successful in this 
study. A room with dimmed lights and no windows, or with blinds would be preferred to 
eliminate the risk for lights to be a problem when recording a motion. 
 
The background and area around the person of interest also affects the tracking capabilities. It is 
important that all items are steady so that the system will not be confused on what is moving. If 
the test person is interacting with an object, such as a stool or ingress rig used in this study, it is 
essential that the object is solid and stable so that it will not deform or move. This limits the 
uses for ergonomic evaluations, for example in relation to the driver seat or bed. 
 
How well the system can identify a person is also affected by colors, on the subject, on 
interacting objects and in the background. Problems can occur when the person is wearing 
clothes in similar nuances as interacting objects or background. Especially black has been 
confirmed to be problematic. One of the advantages with the Kinect sensor is that test persons 
can use their regular clothes, without having to wear a tight suit or to expose skin for markers to 
be placed on. Since the users can wear their regular clothes, this might also lead to natural body 
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motions. However, the system so far has troubles when moving rapidly. This tracking capability 
can be improved by developing the tracking algorithm further.  
 
The problems with the surroundings can be further analyzed to find the optimal set–up to be 
standardized. Today’s system is sensitive to many different variables, which makes it difficult to 
identify the exact reason for problems that occur during a test. At the validation test at 
Karolinska Institutet, the first recording was successful. The manikin was following the person 
realistically in real–time, and the knee angle data was shown to follow the same pattern as the 
more accurate Elite system. Even though the second test was performed only a few minutes 
after, the system had several issues with the tracking. The manikin moved the wrong leg several 
times, and the manikin was performing wrong movements. This shows that the system is not yet 
fully reliable, but has much potential. 
 

5.2 Ergonomic Evaluation using Motion Capture 
By capturing motion of real users, it is possible to gather information that cannot be gained by 
only observing with your eyes. Joint angles and exact positioning of different parts of the body 
can be recorded and transformed to a digital format that is saved and easy to access for further 
analysis. The data output could for example be used to identify critical joint angles that may 
result in an increased risk of injury, or to verify that ergonomic recommendations are fulfilled.  
 
Simulating movements with digital human models have been identified to be undesirable time 
consuming at RCDE. One way of reducing the preparation and simulation time could be to 
record the movements by using motion capture, instead of first observing users and then setting 
up the simulated movement step by step. A movement could for example be recorded in relation 
to a simplified version of the cab, such as the ingress rig used in this study. The recorded 
movement can later be transformed to a digital human model and replayed in relation to a 
CAD–model of a new design concept. In that way, new design concepts can be tested and it 
could be possible to evaluate if the manikin would collide with objects. It could for example 
also be used to evaluate if different parts are within a driver’s reach. This could lead to even 
earlier verifications of ergonomics, which could save both time and money, compared to the 
traditional DHM simulations used today. 
 
Studies show that truck drivers are overrepresented in the statistics of work injuries (The 
Swedish Work Environment Authority, 2004). Designing the cab differently can most likely 
decrease these numbers, and motion captured could be one method for identifying what 
problems there are with the ingress today. It could for example be tested how different positions 
of the steps affect the drivers’ placement of the feet. Lacking visibility during egress might be 
one reason why egress accidents are three times as common as ingress (Lin and Cohen, 1997). 
Specifically testing visibility could be done by using virtual reality (VR) glasses. If a user is 
wearing a pair of VR–glasses, it is possible to experience the CAD–environment in 3D. If using 
both motion capture and virtual reality, this could give a better idea of how a user would react 
and move when interacting with a new environment. 

To get a first idea of how a user would interact with a new concept, the Kinect and IMMA 
system could be enough accurate to be used today. A system like Kinect and IMMA would 
therefor provide a quick method for using motion capture, which can be used in Scania’s 
facilities without having to invest in expensive equipment. More detailed analysis could be 
performed with a more accurate system if needed, for example at an established research lab. 
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5.3 Motion Capture Systems 
When looking for motion capture systems that can be suitable in the context of truck cab 
development, there are several options to choose between. In this study, a system using the 
Kinect sensor and IMMA software was evaluated, but there are many other systems. What type 
of system is most suitable depends on what is of interest to evaluate. If it is important to capture 
exact positioning with accuracy of 1 mm or less, the more advanced optical systems can be a 
good choice. Theses systems are however very expensive, and require expert knowledge of the 
human body in order to place the markers at the right location. It can therefore be a good idea to 
collaborate with research labs that have already invested in this kind of equipment, and also 
have the right knowledge.  
 
Optical system are however not always suitable. When analyzing a task inside the cab, the 
optical system can be limited due to the restriction regarding a free line of sight. In that case, 
mechanical systems could be more suitable since they do not depend on lighting or a free line of 
sight. Also if recording movements while driving, mechanical systems would be more suitable. 
The mechanical sensors, or goniometers, only have to be placed on the parts of the body that are 
of interest for the specific test.  
 

5.4 Reflections 
A challenge with this project was to identify what was going to be delivered in the end of the 
project. It has not been a typical product development process, and not either a clear method 
development. The work process was based on the ISO–standard Ergonomic principles in the 
design of work system (6385:2004), which is a broad standard for designing work systems. The 
system using Kinect and IMMA was designed according to the standard, however one can argue 
that this system was only a way of combining two existing products. Although, combining two 
products and developing a functional method for how to use them in a new context, is a 
valuable design. In addition to this report, a guide for how RCDE can use the Kinect and IMMA 
system has been delivered to RCDE. This guide is however not included in this report due to 
confidentiality. 
 
This project has been of exploring character and has involved multiple disciplines. Since the 
project had such broad and investigating character, the tests were not always fully statistically 
and scientifically performed. Even though it would be ideal to design fully structured scientific 
tests, the tests in this study were a first step to identify how motion capture can be used at 
RCDE. Putting to much effort in testing the equipment could be unnecessary since the IMMA 
software is still under development and the results could be useless shortly after. The project did 
not either include any deeper financial studies regarding motion capture equipment due to time 
limitations. This is however an important parameter to take into account when investing in a 
motion capture system. 
 

5.5 Recommendations for Future Work 
In order to make the Kinect and IMMA system more reliable, one way is to improve the test 
environment where the system shall be used. If there is full control over all the physical 
variables that affect the performance, it will be easier to identify the optimal set up. This 
involves lighting, material, colors, items and integrating objects. 
 
Another approach is to develop the algorithm so that the system is less sensitive to the 
background and set up. Optimal would be to develop a system that can work regardless of set up, 
however a more realistic approach is to both develop the software’s tracking quality, but also 
optimize the test environment to eliminate risks of tracking disorders. 
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The system has some limitations that cannot be eliminated by only improving the background 
and developing the algorithm further. The sensor can still only see from one perspective, and 
body parts will still be hidden and difficult to track. It is therefor recommended to connect 
several sensors so that a larger tracking area can be covered. This is for example of interest 
when analyzing the ingress motion, since the sensor can only track up to a certain height, which 
today means that it cannot track the entire ingress motion for higher cabs. 
 
Today’s system has a limited output of data, where joint angles and trajectories are available for 
each frame. During an ergonomic analysis there are many more types of data that could be of 
great value when evaluating ergonomics, for example muscular activity and force impact. It is 
therefore recommended to investigate if it would be valuable to further develop the system so 
that it can be integrated with other software solutions such as EMG, force plates, accelerators 
and VR–glasses. 
 
The system using Kinect and IMMA is limited due to Kinect’s field of view. In narrow 
environments such as inside the cab, it can instead be better suited to use a mechanical system. 
It is therefore recommended to enable control over the IMMA manikin using mechanical 
sensors, placed on a test person’s body. These systems might require slightly longer set up and 
calibration times, but are not as sensitive to the test environment, and they could for example be 
used in a real cab while driving.  
 
As presented, there are many ways of improving the IMMA software. Another way of 
continuing the work with motion capture is to start collaborating with a research lab that has 
already invested in an accurate motion capture system. A contact is already established at 
Karolinska Institutet’s movement lab thanks to the visit during this project, which makes this 
lab a suitable choice.  
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6 Conclusions 
Motion capture technology is a process of recording movements of objects or people. It has 
potential to be a great tool for ergonomic assessments in the product development process of 
Scania truck cabs. 
 

In what way can motion capture technology be used to contribute to more efficient 
ergonomic evaluations? 

Motion capture technology allows data to be captured that cannot be gained by only observing a 
motion with the eyes. Joint angles and exact positioning of different parts of the body can be 
recorded and transformed into a digital format that is saved and easy to access for further 
analysis. The data output could for example be used to identify critical joint angles that may 
result in an increased risk of injury, or to verify that ergonomic recommendations are fulfilled.  
 
Motion capture enables analysis to be based on data collected through real human motion, 
making sure that the data is objective and represents movements of real users. Compared to the 
time consuming process of setting up a simulation step by step, motion capture enables motion 
to quickly be tracked and analyzed in a digital format. The recorded motion can be applied to a 
digital human model and be replayed in a CAD program for analyze. In that way, different 
design concepts can be tested to evaluate if the manikin would collide with objects, or for 
example to estimate a driver’s reach. Motion capture can in that way lead to earlier verifications 
of ergonomics, which could save both time and money, compared to the traditional DHM 
simulations or observations used today. 
 

What systems are suitable for motion tracking in the context of ergonomic evaluation of 
truck cabs? 

There are several different types of motion capture systems that can be used for ergonomic 
evaluation, where optical and mechanical systems are considered most suitable. The Kinect 
sensor is a remarkable optical device, allowing 3D motion to be captured from only one camera. 
The Kinect sensor provides a portable, low cost solution with short set up time and no need for 
markers to be placed on the participant’s body. The sensor has been proved useful for analysis 
of body motion together with the IMMA software, however this system is limited and not yet 
fully reliable.  
 
Other more advanced optical systems can provide accurate analyses of the exact positioning of a 
person’s body. Theses types of systems are however expensive and require longer set up time. 
Many research labs have already invested in these types of advanced systems, which is why it 
can be a good idea to collaborate with a lab with an already established system. Mechanical 
systems can be better suited when evaluation motion in a real cab, since they do not depend on 
lighting situations and do not require a free line of sight.  
 

How can motion capture technology be integrated with other ergonomic evaluation 
software solutions to improve ergonomic studies? 

The Kinect sensor together with the IMMA software allow motion to be captured and presented 
digitally in terms of joint angles and trajectories, which can provide useful insights for Scania’s 
department of physical vehicle ergonomics. This system, along with other more advanced 
systems, can be integrated with for example VR–glasses to experience a concept in a 3D 
environment, allowing earlier verifications of ergonomics. Motion capture can also be 
connected to force plates, which can measure forces applied during a certain motion. This could 
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for example give insights in how two concepts generate different large forces during the same 
task. This information can be used to develop the cab so that the risk of injuries will be 
minimized. 
 

Project Aim 

This master thesis aimed to investigate how motion capture technology can be implemented for 
ergonomic assessments in the product development process of Scania truck cabs. This 
investigation demonstrates that ergonomic simulations with digital human models can be 
improved by using motion capture technology. Motion capture can allow analysis to be based 
on data collected through real human motion, saving time and money while making sure that the 
data is objective and represents the movements of real users. The data can help ergonomists, 
engineers and designers to create and develop better products with human factors in mind. 
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