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Abstract 
 
This thesis is the result of a project that was conducted at Chalmers University of 
Technology in Gothenburg during the spring of 2004.  
 
Computer manikins are computer models of the human body. They are mainly used to 
evaluate and simulate the use of products and workstations. One major difficulty with 
the use of manikins is that it is complicated and time consuming when motions are 
programmed. To reduce the time it is possible to use motion capture equipment or 
other Virtual Reality devices to record motions instead. There are some known 
difficulties when using motion capture. These are: how to measure the anthropometry, 
how to place the sensors and how to fasten them. These three elements are difficult to 
solve and will have a major effect on the results. The accuracy of the equipment is 
sometimes also insufficient. 
 
The purpose of this thesis is to develop and verify a method on how to use the motion 
capture system MotionStar and the computer manikin Jack. This method should be 
presented in a manual that anyone should be able to read and understand. This is very 
useful since no manual exist that describes the practical use of the system. To find a 
method for the manual the three problems mentioned above needed to be solved. The 
manual is attached as a separate appendix to this thesis. 
 
Three sets of tests were conducted to find solutions to the problems. The method of 
each test evolved from findings in previous tests. The tests were performed in a non-
metallic environment on a wooden stage, since a magnetic motion capture system was 
used. These are sensitive to metal since they generate an electromagnetic filed. 
 
The result from the three development tests was a method that was later described in 
the manual.  
 
Next step was to perform verifying tests. In the first verifying test our developed 
method was tested to make sure it could be used in real work applications. Three 
cases were developed to resemble different workstations in a Volvo factory. These 
cases were the basis to a comparing study that was made where our method was 
compared to the one that simulation engineers use on Volvo. The two methods were 
compared regarding to how good the results were and how long it took to get them.  
 
The second verifying test was conducted as a usability test where the manual was 
tested on one test subject.  
 
The results of the first verifying test show that there are both advantages and 
disadvantages with both our method and the one Volvo uses regarding to time and 
precision.  
 
Regarding to precision one advantage with using motion capture is that it is very easy 
and takes little time to make pictures, since it is possible to freeze more than one 
posture in a motion sequence. One disadvantage is that the accuracy is not precise, 
since the manikin for instance cannot bend its fingers if the user does not use Virtual 
Reality Gloves.  



 

  

Also the magnetic issue mentioned above affects the accuracy negatively. One 
advantage with the method that the Volvo simulation engineers use is that they have a 
higher level of accuracy than our motion capture method. Disadvantages with the 
Volvo method are that it is time consuming and that only one picture of the critical 
end position is made. A third disadvantage is that the posture may be inaccurate since 
the user has to guess how to perform the exercise. 
 
Regarding time consumption it is hard to say which method is best since no method 
took less time than the other. The motion capture method have one advantage since 
the time it takes to measure the human body and the time it takes to put this data in 
the computer can be left out of consideration the next time a test is being made. If the 
user always uses the same test persons the motion capture method will be much faster.  
 
In the comparing study only static images were made and compared. The actual 
advantage however with using motion capture is that not only critical end positions 
are looked upon but that motion capture can be used to view motion sequences 
 
The result of the usability test showed that only a few adjustments had to be made in 
the manual to make it easy to read and understand.  
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1 Introduction 
This thesis describes how the work has been preformed, along with its results when 
developing a method for how to use motion capture and computer manikins. In this 
chapter the background, purpose and activities of the project are described. 

1.1 Background 
Computer manikins are digital models of the human body. These are used to evaluate 
and simulate the use of products and workstations. One major difficulty with the use 
of computer manikins is that it is inconvenient and time consuming to program the 
manikins’ movements, especially during moving sequences when animating. Today 
mouse and keyboard are used to interact with the programme, but there are 
possibilities to use Motion Capture devices, VR Gloves or even VR helmets to record 
motions. Recorded motions can be used to create motion libraries where motions can 
be retrieved and then put together to longer sequences. Some of the difficulties in 
using Motion Capture are the positioning and placement of the sensors and that the 
accuracy in the equipment sometimes is inadequate. 

1.2 Purpose 
The aim of the project is to develop and verify a method that can be used to capture 
people’s motions in real work applications such as ergonomic simulation in 
manufacturing companies. The method shall only be described for the Motion capture 
system Motion Star and the computer manikin Jack. The method will be presented in 
a manual.  

1.3  Project Goal 
Develop a method for using the motion capture system Motion Star together with the 
computer manikin Jack. This method will be presented in a Manual for using Motion 
Star and Jack. Anyone that is a little familiar with the program Jack should be able to 
use this manual and get accurate results when doing this.  The goal is also to show 
that this method can be used in practice especially in ergonomic work in car 
manufacturing companies.  

1.4 Delimitations 
Only the magnetic motion capture system Motionstar from Ascension has been tested. 
The results are not valid if applied to optic motion capture, this is because there was 
no optic motion capture device available at Chalmers University of technology. 
 
The only manikin that has been used is Jack from UGS and the results are only valid 
with this specific manikin. It was the only manikin available at Chalmers University 
of technology at the beginning of the project. 
 
The effect the used lab environment has on the result has only been observed and 
noted. No actions to decrease the errors due to the environment have been made, 
because of time limitations.  
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The results from the test are generally applicable but the main focus in the test has 
been to make the developed method applicable in ergonomic simulation in car 
manufacturing companies. 
 
The project is time limited to 20 weeks. 

1.5 Time plan 
The length of each activity was planned and then illustrated in an overall time plan 
(Appendix 1). The time plan can be found on the attached cd. During the project, 
week plans were made from the overall time plan. 
 
The time plan was changed several times in the beginning of the project, since there 
were complications when arranging the computer accounts at Chalmers University of 
technology. It took nearly two months to get proper working computer accounts and 
therefore the work to collect information was delayed. 
 
As a complement to the time plan a work plan was created that describes each activity 
and its purpose (Appendix 2). 

1.6 Documentation 
To document the work, a diary has been written on a daily basis. In the diary 
activities, ideas and thoughts were noted. 
 
A website was constructed to share files between people involved in the project. This 
was used as an information database where all work was uploaded and downloaded. 
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2 Method 
In this chapter the overall methods for the project is described followed by accepted 
methods that have been used. The method used in each activity will be more carefully 
described in each chapter. The methods are presented this way because of the design 
of the experimental tests. These tests are iterative, i.e. the results of one test are used 
in the next test. To make the development easier to follow, the method will be 
presented under each activity. To be consistent in the presentation, all methods are 
presented the same way- in each chapter. 

2.1 Overall method 
First information was retrieved by searches on the Internet, databases and literature.  
 
A need analyse was performed to determine the need for motion capture, in 
manufacturing companies. The information was retrieved from web searches, 
database searches, technical papers and scientific journals. The need analyse was 
completed by interviews at four different manufacturing companies. 
 
Brainstorming was used to find the most important questions and to determine a test 
procedure.  
 
Development of the method was carried out with three experimental tests. These test 
were iterative, the results of one test were used in the next test.  
 
When the method was developed an instruction manual was created for how to use 
motion capture and computer manikins. Pictures were taken with a Minolta dimage 
A1 digital camera and the text was written in Microsoft Word. A usability test was 
later performed on one person to verify the manual and its contents. 
 
Next step was to verify that the method is applicable in industrial car manufacturing. 
This was made with a comparing study between the developed motion capture method 
and a method for simulating using mouse and keyboard instead of motion capture. 
Experimental tests of comparing character were used as described in chapter 7. 
 
The manual was verified with the usability test. 
 
When all development work was finished the thesis was written in word and finally 
the work was presented with a verbal presentation and a motion capture 
demonstration for interested companies.  
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2.2 Accepted methods 
Described below are the accepted methods that were used in the activities described in 
the work plan (Appendix 2). 
 
2.2.1 Information retrieval 
Information can be found in literature, databases and Internet. 
 
Literature search 
When doing literature searches it is a good idea to start with schoolbooks, manuals 
and reference books. General information can be found from research reports from the 
universities’ databases (Hamrin and Nyberg, 2003). 
 
Literature search was used in the information retrieval and the need analyse. A 
manual for how to place and fasten the motion capture sensors would have been 
useful in this work, but did not exist. Most of the literatures were found at, or with 
help of, the library of Chalmers and the library at Lund’s University.  
 
Searches in databases 
Detailed information can then be retrieved from databases. There are databases with 
information about all possible research areas. There are mainly three different 
categories of databases. 
 
Reference databases 
Reference database contains summaries of articles, reports or books. They can be 
found from a work list with standardized words. The reference consists of a headline, 
a short summary of the text, author and date of publication.  
 
Fact databases 
Information of statistical character. It could be tables, facts of companies, patent 
rights etcetera. 
 
Full text databases 
Presents full texts from papers, journals, reports and books (Hamrin and Nyberg, 
2003).  
 
Searches in databases was used in the information retrieval and the need analyse. The 
most commonly used databases were Libris and the reference database: Ergonomics 
abstract. Commonly used search words were: ergonomic, anthropometry, simulation, 
motion capture, electromagnetic motion capture, working conditions, occupational 
health, Jack, Ramsis etcetera. 
 
Searches on the Internet 
Internet consists of over hundred million pages with information spread all over the 
world. To find information there are search engines, programmes that automatically 
collects addresses to web pages and saves them as links in a searchable index. 
Examples of search engines are AltaVista, Google and yahoo Andersson (no date). 
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The search engines we used most frequently were AltaVista and Google. Frequently 
used search words were for example: ergonomic, anthropometry, simulation, motion 
capture, electromagnetic motion capture, working conditions, occupational health, 
Jack, Ramsis. 
 
2.2.2 Interviews 
Interview questions can be divided into two categories, open and bounded questions. 
The bounded questions are questions with answer alternatives, where the interviewee 
can choose the answer that best correspond to him. Commonly used answers in verbal 
interviews are yes and no. In open questions the interviewee formulates the answer 
himself. Open questions are suitable for most interviews. It is recommended when the 
interviewer needs a general view of an unknown subject. 
 
Open interviews were used in the need analyse. Interviews were performed with four 
people, working with production ergonomics.  
 
2.2.3 Brainstorming 
Brainstorming is a method where ideas are generated. The quantity of ideas is of 
greater importance than the quality because the ideas makes the participators get more 
ideas by association. There are four rules for brainstorming. 

1. Criticism is not allowed. Do not make any comments of the ideas suggested, 
neither positive nor negative. The critical study of the ideas can take place 
later. 

2. Try to obtain quantity. The more ideas you produce, the bigger is the chance to 
generate good ideas.  

3. Go beyond the normal. Unusual ideas are welcome. An idea that seems to be 
crazy can generate other ideas that are useful. 

4. Combine ideas. Combine and complete the ideas. Listen to each other and 
make further associations out of the ideas you have.  New solutions can occur 
by changing or by putting together two different suggestions (Hamrin and 
Nyberg, 2003). 

 
In this thesis brainstorming was performed by three people, including the thesis 
supervisor at Chalmers University of technology. Brainstormings were used in three 
different areas: what should be tested, how to measure the anthropometry and how to 
build a chair for anthropometric measurement. 
 
2.2.4 Experimental analyse 
Experimental analyse is to try to understand what happens or what is lacking in the 
existing situation. Observation and notation are used to find out what needs to be 
changed to improve the existing solution. The method requires instrument to register 
the process, i.e. photo and camera equipment, paper and pen. The purpose is to make 
the process and its causes clear in a specific course of events, to be able to give 
suggestions of improvement (Hamrin and Nyberg, 2003). 
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This method was used when developing a method for how to use motion capture and 
computer manikins. The experimental tests were performed in an iterative manor. The 
result in the first test was the basis for the next. Each test performance will be more 
carefully described in the specific chapter. The test results observed were directly 
noted to avoid loss of data. 
 
Experimental tests were used when verifying that the developed method was 
applicable in industrial car manufacturing. It was done as an experimental comparing 
study between the developed motion capture method and a method for simulating 
using mouse and keyboard instead of motion capture.  
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3 Theory 
This chapter describes the result of the theory research into anthropometry, 
ergonomic and the ergonomic tools such as computer manikins and motion capture 
systems.  

3.1 Anthropometry 
Anthropometry is the study of the measurement of the human body. The name derives 
from anthropos and metrikos meaning human and measuring (Roebuck 1995). 
 
The use of anthropometry in the 19th and 20th centuries was mainly to classify 
potential criminals. For example, Cesare Lombroso´s claimed that murderers have 
prominent jaws and pickpockets have long hands. Today anthropometry is used to 
assess nutritional status, to monitor the growth of children and to assist the design of 
products and work stations (Carrol, 2002). 
 
Anthropometry is used by human factors and ergonomic professionals when analysing 
and developing engineering design requirements. The aspects considered are size, 
proportions, mobility, strength and other factors that define human beings physically. 
Anthropometry helps engineers to evaluate postures and distances to reach controls, 
operator fit in vehicles, accommodation of comfort and general human performance. 
New application for anthropometry comes with the technological innovations, such as 
computer aided design (CAD) for human factor engineering where computer 
modelling of humans are used as substitute for living people (Roebuck 1995). 
 
Anthropometry is usually divided into two groups, static and dynamical data. The 
static data describes dimensions and distances between known anatomic landmarks in 
standardised body postures. Examples of dimensions are stature in standing posture 
and the length of body segments. Body weight is usually assigned to the static data as 
well. Static anthropometric data are measured in two standardised body postures, 
standing with feet together and the arms along the side of the body and sitting with 
upper arm and forearm and thigh and shin in right angle. The head points forward in 
both postures. To make comparable studies most of the measures are measured in 
naked state. In specific applied cases it is important to consider the clothes and 
equipment used by the person (Arbetarskyddsstyrelsen, 1994). The computer manikin 
Jack (Unigraphics) uses static anthropometry to scale a three dimensional computer 
model of a human into the proportions of the real human. The dynamic data describes 
the motion space and reach ability in specific situations. The condition states the 
freedom to choose different body postures when performing a work task 
(Arbetarskyddsnämnden, 1994).  
 
3.1.1 How too measure the anthropometry 
Measurement performed with instruments by human beings is a subject to error. The 
error can be caused by misreading the scale, transpose digits and by inadvertent 
motions of the subject. It is generally desirable to make the measurement twice and to 
compare the results to see if they are acceptably close. There are computer programs 
that detect some errors automatically by comparing the values with expected 
measurement for comparative populations (Roebuck 1995). 
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Linear Dimensions  
These measurements are used by the computer manikin Jack, used in this thesis. 
Linear dimensions are the shortest distance between two points of the body. For 
example the length of the long bones and surrounding segments of the arm and leg, 
breaths and depths of the trunk. The lengths should be related to a reference plane, i.e. 
a floor or a wall for better measure results. To measure Roebuck recommend using an 
anthropometer, a variety of sliding callipers and flexible tape (Roebuck 1995). 
 
Photography 
To take the anthropometric measurement using photography, careful camera position 
and orientation are required. To get useful numerical information out of the 
photography about the subject’s size and shape it is useful to have a number of scales, 
grids and placed around the subject’s body. This method can give errors of parallax. If 
the position of the subject and camera are known, some the parallax errors can be 
corrected using trigonometric calculations (Roebuck 1995). 
 
Body scanning 
It is possible to measure the anthropometry by using a body scan device. Body 
scanning was used by IFP research to investigate the anthropometry of the Swedish 
people in the spring of 2004. The purpose with the study was to determine how the 
anthropometries have changed the last 30 years since last time an anthropometric 
study was performed. Our body sizes and dimensions affect the vehicle industry, the 
furniture manufacturer, health and medical service etc. The technique might be an 
alternative to measuring the anthropometry manually (IFP Reaserch AB, No date).  
 
Manual measurement 
In the computer programme Jack (further described in chapter 3.3) there are different 
ways to enter values to create a specific manikin. The easiest way to get an 
approximate manikin is to choose a percentile for length and weight. Another way is 
to enter values for length and weight. Taking measure of the human and creating a 
computer model of the human by entering the measures can achieve a manikin with 
specific proportions. (Jack 4.0) 
                                        
For a more detailed measurement the anthropometry shall be measured in both 
standing and sitting posture according to Jack and general anthropometric measure 
instructions. The measured used for building a specific manikin in Jack are seen in 
appendix 4. To measure the measure correctly there are some important landmarks on 
the body presented in the online helpfiles in Jack. The landmarks and measure 
postures are put together and presented in figure 1 and 2. 
 
To get comparable measure results all values should be measured from the same side 
of the body, we will use the right side during our tests. (Roebuck 1995) 
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Measure in standing posture 
The person to be measures should stand fully upright, with relaxed shoulders and feet 
together. Shoes and stockings should be removed to avoid inaccurate measure. All 
distances marked with red (Figure 1) should be measured. (Roebuck 1995) 
 

 
 

 
 
 

 
Figure 1. Explanation of some important landmarks in standing posture (Source: Jack 4.0). 
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Measure in sitting posture 
The person should sit down with an angle of 90 degrees angle between the foot and 
the shin, the thigh and the shin, the upper and lower part of the body and between the 
upper arm and forearm. The hands should be kept flat and shoes and stockings should 
be removed. All distances marked with red (Figure 2) should be measured (Roebuck 
1995). 

 
 

 
 

Figure 2. Explanation of some important landmarks in sitting posture ( Source: Jack 4.0).  
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3.2 Ergonomics 
The word ergonomics comes from ergo that means work and nomos that means law. 
Today the word ergonomics stands for the knowledge about the interaction between 
man, technique and environment (arbets- och miljömedicin 2003). 
 
Machine and tools that are badly designed can make the work trying for mind and 
body. The work posture gets inconvenient and it may be injurious if the person makes 
the same work for a large amount of time. The risk to make mistakes also increases. 
 
Ergonomics deals with the design of work and workstations. In ergonomic work the 
knowledge about physical, psychological and social needs are used as well as the 
human interaction between the work and workstation. Ergonomic work means fitting 
the work to the human and fitting the human to the work, for example by education 
and training. 
 
The purpose with work with ergonomics is to improve the work environment, reduce 
the absence due to illness and decrease costs that have to do with absence and fall in 
production. 
 
3.2.1 Load ergonomics 
With load ergonomics means physical activity and load and how they are related to 
the human anatomy, physiology and biomechanics. Examples of work areas are 
physical workload, uncomfortable work postures, lifting, carrying, pulling and 
dragging, repetitive work movements and workplace design. 
 
3.2.2 Cognitive ergonomics 
Cognitive ergonomics are mental processes, how it affects the human and the 
interaction between humans. Examples of work areas are mental workload, demands, 
control, stress and decision processes.  
 
3.2.3 Organisational ergonomics 
Organisational ergonomics concern about organisational structures, policies and other 
processes in an organisation. Examples of work areas are communication, team work, 
participation and cooperation, (arbets- och miljömedicin 2003). 
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3.3 Ergonomic tools 
When working with ergonomics there are several tools to use. In this chapter the tools 
digital humans and motion capture will be presented. 
 
3.3.1 Digital humans 
A digital human is a three-dimensional computer model of the human body, often 
called computer manikin. There are simple manikins and more advances models. The 
simple ones can be compared with the mannequins used to wear clothes in shops. 
These manikins can be positioned in static postures and the joints are possible to 
manipulate, even though the manipulation is mainly static. They generally have fewer 
joints in the spine and simpler hands with less ability to grip objects. The advanced 
manikins have the possibilities to be manipulated interactively in a more dynamic 
way. This is done with inverse kinematics and pre-recorded postures. The inverse 
kinematics makes it possible to, for example, move the manikin’s hand and then the 
inverse kinematics algorithm then calculates the movement of the arm and the upper 
body as a chain of links that follows the movement of the hand. Examples of 
advanced manikins are: Jack from EDS-PLM solutions, RAMSIS from Technomatix 
and Safeworks from Delmia. Examples of less advanced manikins are. eM-Human 
from Technomatix, Envision/Ergo from delmia and ManneQuinPro from Nexgenergo. 
Many CAD, visualisation and simulation programs for example CATIA and 3D 
studio max have simple build in manikins.  
 
Field of application  
The main purpose with manikins is to give ergonomic support such as analysis and 
evaluations of products, work places and production systems, before physical models 
are available. Manikins are used in a lot of areas. When designing work places, 
manikins are use to evaluate reach ability, vision and space. Load analyses are done in 
different work postures to ensure the ergonomic at the place of work (Laittila, 2001).  
 
The computer programs include tools for ergonomic evaluation, for example Rula, 
OWAS and NIOSH lift equation (Sjöberg 2003). 
 
At development of driver’s seat different populations are used to find appropriate 
adjustment areas for the driver’s seat etcetera. Manikins are also used in the product 
development to find imperfections in the design. The ability to scale the manikin into 
different sizes and gender is useful when analysing a product to fit different persons 
(Laittila (2001). 
 
Specific manikins 
In this chapter the manikins Jack and RAMSIS will be described. Jack was used 
throughout the theses work together with motion capture. RAMSIS was used to 
compare the traditional simulation method with the method using motion capture and 
Jack. 
 
Jack 4.0 by EDS 
Jack is an advanced manikin that can be used for ergonomic simulation (Sjöberg, 
2003). It was developed at the University of Pennsylvania. Jack provides a 3D 
interactive environment for controlling figures.  
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The manikin provides realistic behaviour, anthropometric scaling, animation and 
evaluation system view analyses, automatic reach and grasp and collision detection 
(Colinet, Doriot, Karabatsou, Suescun, Wang, 2001). The manikin can be controlled 
by using keyboard and mouse, but Jack also provides to control the manikin with 
motion capture (online help in Jack 4.0).  
 
Jack’s proportions come from an anthropometric survey of the U.S. Army personnel, 
taken 1988. Jack human figure have 69 segments, 98 joints, a 17 segment spine, 16 
segment hands, coupled shoulder/clavicle joints and 135 degrees of freedom. The 
manikin can be represented as a stick figure, wire-frame, and shaded, high-resolution 
or transparent model (Gallizio, Sembenini, no date). 
 
Jack uses inverse kinematics to control the movements. This means that if the hand of 
the manikin is moved the arm and the shoulder follow the movement. The manikin 
Jack, and his corresponding female, Jill, can be presented in standard manikins of 1, 
5, 50, 95 and 99 percentile. The manikin can also be customized by entering specific 
values for 26 anthropometric values (appendix 4) (Colinet et al). 
 
Figure 3 views the same manikin in different representations. To the left is a skeleton, 
which is a schematic representation of the manikin where the dots represent the joints. 
The manikin in the middle shows the wire frame mesh that builds the surface and the 
manikin to the right is represented as it is normally seen. (Sjöberg, 2003) 
 

 
 

 
 

Figure 3. A Jack manikin in different representations. To the left showed as a skeleton, in the middle as 
a mesh and to the right as a normal manikin. (Source: Jack 4.0) 
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Ramsis 
RAMSIS is an advanced manikin (Sjöberg, 2003). Ramsis was developed between 
1988 and 1994 in contact with the FAT (Forschungsgruppe, AutomobilTechnik). The 
car producers AUDI, BMW, FORD, MERCEDES BENZ, OPEL, PORSCHE and 
VOLKSWAGEN and the car seat producers KEIPER RECARO and 
NAUE/JOHNSON CONTROLS, represent the FAT. The purpose with RAMSIS was 
to create a CAD-tool for ergonomic work with the cars’- and vehicles’ interiors. 
 
The manikin is based on an anthropometric test of more than 6000 persons of 
different age group and different types covering the male and female population in 
Germany. The choice between different body types is done by entering three 
measures, size, height and trunk size. Manual adjustments can be done to overlap a 
precise test person (Colinet et al). You can se the manikin in different shells in figure 
4. 
 

 
 

 
 

Figure 4. The Ramsis manikin in different presentations (Source: Human Solution, 2004) 
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3.3.2 Motion capture 
Motion capture is a technique for recording motions that are used in many different 
applications.                               
 
Field of application  
There are several applications for motion capture. The most common ones will be 
described in this chapter. 
  
Movie and game industry 
The use of motion capture in movie and game industry is used to get animated figures 
with realistic motions. 
 
In the movie industry motion capture is used instead of making animations with 
mouse and keyboard. An actor performs the motions that records and then the motions 
are applied to the computer made character in the movie. 
 
Another way to create a figure to a movie is to make a stick figure and then record the 
motions. Afterwards the geometry can be built on to the stick figure so that it gets the 
desired shape. 
 
A commonly used area is to control digital made extras, in the background, with the 
help of motion capture. In this case the technique is used to reduce costs. Digital 
extras with motion capture movements can also be used as stunt men to avoid 
unnecessary risks. 
 
In the computer industry motion capture is used to create games where the people 
have as realistic motions as possible. For example it is used when making a football 
game. The company hires a couple of football players and they are asked to make a 
couple of movements that are recorded with motion capture. The movements are 
made slowly so that a player smoothly will go from running to making a feint looking 
as realistic as possible. There are however a slight source of error in making these 
movements since the area where the tests are conducted is limited. This can make the 
actor do the motion improperly. 
 
Computer game companies also use motion capture to orientate oneself in a 3D 
environment (Pipkorn 2001). 
 
Medicine  
Another large area for the use of motion captures is medicine. The fact that one can 
record motions and see them real time is not as interesting as the need to get correct 
and precise results. Therefore the data is carefully analysed and it is this analyse that 
is the main difficulty (Pipkorn 2001). 
 
Motion capture can also be used for rehabilitation exercise where one can compare 
motions before and after. (Pipkorn 2001) 
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Another application is in surgery where precise real-time navigation is used inside the 
body for surgical pre-operative procedures. Another application of use is orthopaedic 
surgery, pacing screws into broken bones. The heart, stomach, vessels and other 
organs can be viewed in 3D that is far more useful than the 2D ultrasound pictures. A 
midwife can closely watch the baby’s head during labour in case its position presents 
a problem (Anisfield 2000).  
 
Ergonomics 
With the help of ergonomics engineers and people working with ergonomics can 
detect unnecessary turns, monotonous work and bad working positions that normally 
would not have been detected (Pipkorn 2001). 
 
Sports 
In sports motion capture is used to help improve results. It is used together with an 
ordinary video camera to analyse movements. Sports that use motion capture most are 
golf, athletics and weightlifting (Pipkorn 2001). 
 
Military 
According to Grow, Gordon, Stuart and Adjala (no date) one of the main 
manufacturer of motion capture systems already used these system in military 
simulations 25 years ago. 
 
Motion capture is used when developing flying simulators. These are then used for 
training pilots (Ascension Technology Corporation, 2004). 
 
Product engineering and design 
In the product engineering and design the benefits of using motion capture systems to 
control the digital human is to save time and money. Human motion capture data can 
be received at the same amount of time that it takes to perform the operation. The 
time needed to create the same motion using ergonomic software tools is significant 
longer. According to Nebel and Yee (2000) the time required to manually simulate a 
simple lifting exercise took three hours, but only 20 minutes using motion capture 
included the time to scale the manikin ( Nebel et al). 
 
In the process design ergonomic issues can be evaluated using a range of humans, 
usually 5th and 95th percentile. By using digital humans design changes can be made 
earlier in the development process and costly and time-consuming changes later in the 
design process can be avoided (Nebel et al). 
 
Future applications 
The trend for motion capture seems to be that it probably will be more used within 
Virtual Reality. For example more advanced computer games with a more presence 
feeling for the player. This application could most certainly be used in the 
entertainment business. 
 
Another field of applications could be the use of virtual actors (Pipkorn 2001). 
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Available systems 
There are mainly two types of motion capture systems used today, the magnetic and 
the optic system.  The system used in this thesis is the magnetic system MotionStar 
made by Ascension Technology. Other manufacturers of motion capture systems are 
Qualisys, Vicon and Polhmus. 
 
At Rensselaer Polytechnic Institute, Troy, New York, research is being done on a new 
system that uses radio frequency (Ruiz, no date). This system would be a cheaper and 
a more portable motion capture solution. 
 
Research on cloth motion capture has been done according to Pritchhard and Heidrich 
(2003). They present a system that can capture deformable surfaces, most notably 
moving cloth. 
 
Optic motion capture system 
These systems use reflecting markers that are placed on the body of the test subject. 
Several cameras are used to capture the motions. Around 20-30 markers are needed to 
capture the whole body. If you just want to record parts of the body like the hands and 
face only a few markers need to be used. The size of the markers depends on how 
close the cameras can record. Every marker has to be seen by two cameras at the same 
time and therefore more complex movements need more cameras. Usually six to eight 
cameras are used. (Pipkorn 2001). 
 
When the filming is done the data from each camera is compiled and the marker 
position in each photo is calculated. Then a position in 3D space can be calculated by 
using triangulation. This process is often done automatically but there can occur 
problems if the markers are blocked which leads to wrong position data of the marker. 
Therefore the markers sometimes have to be adjusted manually (op cit). 
 
The software then uses the marker position in 3D space that has been given from the 
optical system and then for example connects the markers position with 
corresponding joints in a skeleton. This skeleton can then be used for animation. One 
problem is to identify which marker is which since this is not done automatically. In 
table 1 advantages and disadvantages with the optic motion capture are presented (op 
cit). 
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TABLE 1. Advantages and disadvantages with the optical system 
ADVANTAGES DISADVANTAGES 

 
Fast movements can be captured because 
the system allows very high sampling 
frequencies, sometimes up to 1000Hz. 

 
Problems can occur when a marker is 
blocked. Due to this problem the 
movements have to be carefully planned 
so that the cameras are placed in the 
correct position. 
 

 
The area in which the movements can be 
captured can be very large depending on 
the precision needed. 
 

 
 

 
The markers are light to reduce the risk 
that they disturb the movements. 
 

 
The light can be a problem. Light 
coloured clothes should therefore not be 
worn. 
 

 
The markers are cheap which makes it 
inexpensive to use several of them, but 
the more markers that are used the bigger 
is the risk of accidentally blocking one. 
 

 

 
Magnetic motion capture system 
When using magnetic motion capture system, an electromagnetic field generator is 
put in the room where the recording will take place. It is very important that that the 
environment is free of metal since this can disturb the field. 
 
A couple of sensors are attached to the body of the test subject, usually 10-20 for the 
whole body. These sensors both give position and orientation data and therefore only 
a few is needed to make a recording. Wires connect the sensors to a computer that 
handles the data. There are also available systems that are wireless where the test 
subject wears a transmitter on the back (Pipkorn 2001). 
 
The sensors can then be connected to joints in the virtual model. According to Nebel 
and Yee (2000) there are two different electromagnetic motion capture systems on the 
market. The AC (alternating current) manufactured by Polhemus and the DC (direct 
current) distributed by Ascension. The DC technology is less susceptible to distortion 
from metallic materials in the environment. (Ascension Technology Corporation, 
2004) 
 
The magnetic region is in the shape of a hemisphere and there are six possible 
hemispheres to select among. The choice of hemisphere controls how to place the 
transmitter. The front hemisphere is the default hemisphere for Jack-environment and 
should be adequate for most sessions (Nebel et al). 
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As you can see in table 2, ferrous metal can affect the field integrity of the magnetic 
motion capture system. As a result of this, physical mock-ups must be made of 
alternative materials, for example wood or composites. Another alternative is to use 
digital mock-ups that can be viewed using a Head mounted display (HMD).  
The limitation of this method is that it is not possible to realistically interact with 
objects in the environments since they do not really exist; it is only something that 
appears on the display. Properties have to be made to resemble these objects and they 
cannot contain metal. This makes this method time and resource demanding.  
It is also important to know if the used environment contain. By paying close 
attention to the placement of the transmitter the distortion can be minimized and 
accurate motion capture data can be received. 
 
Other aspects that can affect the magnetic fields are the proximity of fluorescent 
lighting to the transmitter, power distribution boxes and steel-reinforcing rods in the 
floor. In table 2 advantages and disadvantages with the magnetic motion capture are 
presented (Pipkorn 2001). 
 
TABLE 2. Advantages and disadvantages with the magnetic system 

ADVANTAGES DISADVANTAGES 
 
It is a real-time system. The collected data 
can be seen directly and new recordings 
can be done immediately if necessary. 
 
 

 
The system is sensitive to metal, which 
make it impossible to use metal props. 
This makes the system less useable in 
office- and manufacturing environments. 
 

 
Only a few sensors are needed since both 
position and orientation data is given. 
 

 
The limited range is a problem and is due 
to the fact that the magnetic field 
decreases the further away from the 
sensor one gets.  
 

 
Normally this system needs little 
calibration. It is only needed when 
changing premises. 
 

 
It is much slower than the optical system 
The sampling frequency is around 120 
Hz. This makes fast movements hard to 
catch. 
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MotionStar  
During the tests a MotionStar system from Ascension Technology Corporation was 
used. It is an electromagnetic system with 35-foot long wires that connect the sensors 
to the computer.  
 
The used system is called is called Flock of Birds MotionStar Model With The 
Extended Range Transmitter. This system is a six degree-of-freedom measuring 
device that can be configured to simultaneously track position and orientation of up to 
sixty sensors by a transmitter (Ascension Technology Corporation, 1999). The 
accuracy of the system is up to 0.3-inches/0.5 degree at a five-foot range and 0.6-
inches/1.0 degree at a ten-foot range according to the Motionstar installation and 
operation guide. When a sensor is located ±10 feet of its extended range transmitter it 
is capable of making 30 to 144 measurements per second of its position and 
orientation. The Flock of birds (FOB) determines position and orientation by 
transmitting a pulsed DC magnetic field that is simultaneously measured by all 
sensors in the Flock. 
 
MotionStar uses DC magnetic field that is five times less susceptible to distortion by 
metallic materials than an AC magnetic tracker. (Ascension Technology Corporation, 
2004). DC technology is the only magnetic method that overcomes many of the 
metallic distortion problems, for example, it is less sensitive to ferrous metals, such as 
iron and carbon steel (Anisfiels, 2000).  
 
The system consists of 14 sensors that can be attached to a person or object. 
According to the MotionStar installation and operation guide, the test should be 
performed in a temperature of 30 degrees Celcius ± 10 degrees.  
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4 Need analysis 
 A need analyse was performed to find out the needs for motion capture in 
manufacturing companies. This chapter describes this analyse and the two steps it 
consists of. 

4.1 Method 
The need analysis was performed in two steps, first information was collected from 
literature and then from interviews at manufacturing companies.  
 
4.1.1 Literature 
Information was collected to find out general need for motion capture. See the chapter 
2.2 Accepted methods. 
 
4.1.2 Interview 
Four interviews were performed at companies working with production ergonomics.  
 
The interviewees were chosen to get a wide range of needs. The persons interviewed 
for this thesis all work with production ergonomics, since this thesis mainly concern 
about production application. In the beginning of the project we were invited to attend 
a meeting at a supplier of the computer manikin V05 Human. At this meeting we met 
people that work with ergonomics at different companies in the Gothenburg region.   
 
Four of these people were contacted and asked to be interviewed. Three of the 
interviewees were chosen because they work with simulation today. Two of the 
companies work with ergonomic simulation and one company is thinking about 
starting to work with motion capture and are therefore interested in our results. The 
third company is not using simulation for ergonomic purposes today, but might be 
using it in the future.  
 
All interviewees work with simulation/ergonomic questions regarding the production 
line. There were no company found that work with motion capture for production 
purposes today, and that is the reason why no such company was interviewed.  
 
In the open interviews 29 questions, from a general point of view, were prepared. The 
interview questions are presented in appendix 3. Most of the questions were asked to 
all the interviewee, but depending on their different experiences of working with 
manikins and motion capture, the question formula was sometimes changed a little to 
fit the interviewee. To be able to listen to the interviews at a later occasion the 
interviews were recorded with a tape-recorder.   
 
For further description of the interview method, see chapter 2.2 Accepted methods. 
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4.2 Result 
Results from the need analyse are presented below. 
 
4.2.1  Literature 
According to Chaffin (2002) companies wants to use digital mock-ups because 
designers and managers believe that it eliminates the time used for designing and 
increases both the quantities and qualities of the design possibilities that easily can be 
evaluated by the design team. Computer aided engineering (DAE) and digital mock-
ups can help reduce the total design and construction costs.  
 
According to Chaffin the most important usage of digital humans is to simulate 
extreme people such as tall and short ones. This is useful when finding a design where 
most people are able to reach, see and manipulate objects. Digital humans can also be 
used to predict a population’s reach ability when consider the effect of using 
protection equipments such as helmets and gloves.  
 
Another use is that the simulations and the belonging graphic allows both product and 
production designers to understand the potential problems a specific population can 
have when manipulating or perform service at a proposed design solution.  
 
There are calculations that show that digital humans can save months of work and 
thousands of dollars at design and prototype testing compared to traditional methods. 
Even though companies know many benefits with using digital humans there are 
some disadvantages to be aware of. The biggest disadvantage is according to Chaffin 
the lack of ability to share data, one have to spend much time on rendering a work 
area so that the level of details is good enough to perform analyses. Putting the digital 
human into a commercial CAD program can solve this problem. Another limit is to 
predict how a person with a specific character should be placed in the virtual 
environment, especially when working with dynamic movements (Chaffin 2002). 
 
4.2.2 Interviews 
The answers from each person and company cannot be found in the thesis because of 
secrecy. The main results from the interview are presented in this chapter. 
 
Ergonomic simulation is used, to evaluate the product and production ergonomics. It 
is used for ergonomic, reach ability and eye view studies. The actions that are 
simulated are all new concepts, known risk assemblies and when someone found a 
task necessary to evaluate. No animated simulations are done, because it takes too 
much time to animate with the simulation tools available today. Instead, the most 
critical element of a task is chosen for simulation.  
 
The problem for the simulation engineer is to manipulate the manikin to perform the 
task the same way it will be done in the production line. To eliminate the risk of 
wrong simulated movement one company has a group that checks the simulations and 
sometimes the simulation engineer have to re do the work. Later a discussion will take 
place in a bigger group, a simulation engineer, a person with ergonomic knowledge 
and people from the production line. With this method, the experience is supposed to 
cover the limitations of the simulation process.  
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A moving sequence would make it possible to view the whole task, from the 
beginning to the end. Doing this with the simulation program used today would cost a 
lot of time and money. Having an animated sequence would eliminate the risk of 
missing a critical pose. The company that does not use simulation thinks they can 
trust their results since their work is done in the production line and therefore 
connected with reality. But without simulation tools it is more difficult to analyse the 
ergonomics early in the production development process and therefore save money. 
The company that thinks about using motion capture is interested in knowing in what 
situations motion capture is useful. For example they want to know if it is possible to 
generate better movements with motion capture than with simulation tools and also if 
motion capture could be a way to eliminate the time used for simulation.  
 
In ten years the companies think that the ergonomics will be a more integrated part of 
their process. The company that does not use simulation tools today thinks that they 
might use it and the companies working with simulation think they might use motion 
capture.  
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5 Brainstorming 
Brainstorming was used to decide how to perform the tests, what questions that 
needed to be answered and what problems that needed to be solved to be able to 
develop the method for using MotionStar and Jack. This chapter describes how the 
brainstorming was performed and its result.  

5.1 Brainstorming 1 - What should be tested 
To decide how to proceed with the tests we first had to know what we needed to find 
out. Since Volvo was involved in the project the main focus on the test should be car 
related and we had this in mind during the brainstorming.  
 
5.1.1 Method 
Together with our supervisor we first performed one Brainstorming about what 
should be tested.  
 
5.1.2 Result 
The results of the different brainstorming are presented in this chapter. 
 
What can be tested, areas that are hard to simulate 
This brainstorming resulted in six categories of tasks that would be interesting to 
simulate. These are service, driver environment, how to get in and out of a car, 
assembling, car safety-seat and loading the trunk. With service tasks means changing 
oil, changing light bulb etcetera. 
 
Simulation tests 
What tests can be performed if one wants to simulate the categories above 
There are many things that can be tested.  
 
Since simulations today are done in mainly static postures it would be interesting to 
see how a person gets to a specific position in the car for example standing, leaning, 
sitting and kneeling. How the actual moment of entering in and out of the car 
regarding both production design and car design aspects could be tested. How does it 
look when a person bends in and under a thing, how does the posture look and what 
does the person see. 
 
Another thing to test is sources of error, how much do they disturb the result. Sources 
of error could be the environment (metal, fluorescent lamp, reinforcement bar, earthed 
sockets, computer screens), wrong placement of the box, the inbuilt error of the 
motion capture system, the placement of the markers (the cables prevent the motion) 
and also the human error. Regarding the error causes by metal objects, for example a 
car; one could try motion capture with the electromagnetic transmitter positioned 
inside the car instead of outside. Could this reduce the metal errors? 
 
Another thing to test is to integrate a VR helmet and a VR glove. This would be 
interesting to try both with and without a mock up model.  
 
To test the loading of heavy things a test person could try to lift a case of beer into the 
trunk or a baby seat into the front seat. 
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The auto scale function in the computer programme Jack could be tested and 
compared to traditional methods for anthropometric measurements 
 
Another thing to test is the placement of the markers. 
 
Different ways to fasten the marker could also be tested (tape, Velcro, suit, glue) and 
errors caused by the different methods could be noted and compared. 
 
Specific test methods 
Mainly there were three problems that need to be solved. These are how to measure 
the anthropometry, how to fasten the markers and how to place the markers correctly. 
The anthropometry can be measured in different ways. You can either use the auto 
scale function in Jack or you could do measurements manually.  
 
Anthropometry 
The anthropometry could be measured either with manual measurements or by the 
built in auto scale in Jack. 
 
Placement 
There are two main problems that need to be solved, how to connect the sensors to the 
manikin’s sites and how the sensors should be placed on the body.  
 
When connecting the sensors on the human to the sites on the manikin one method 
could be to use a box to place, for example, the foot in. If the same box is represented 
in the virtual environment it would be possible to check it the site is correctly placed 
according to the box. Another way could be to use the attachments that can be bought 
from Ascension. A third alternative could be to hold the arms and legs in a 90-degree 
angle and compare to the manikin if it also has the same angle. 
 
A way to place the sensor on the body could be to measure the anthropometry, scale a 
corresponding manikin and then place the sensors according to the sites in Jack. One 
important thing to find out is what sensors are most important. 

 
Fastening 
An important issue with the fastening of the sensors is how the placement would be 
affected.  
There is a variety of fastening techniques to try, for example Velcro, tape, glue and 
the MotionStar suit.  If the sensor are put on the clothes and not directly on the skin it 
would be interesting to find out how muck error this would give the results. 
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5.2 Brainstorming 2 - How to measure the anthropometry  
How to measure the anthropometry was one of the results in the first brainstorming. It 
is an important area and further brainstorming was performed to find different ways to 
measure the body. 
 
5.2.1 Method 
The biggest area in the result from brainstorming needed further investigation. 
Another brainstorming was conducted to find methods in how to measure the 
anthropometry. See chapter 2.2 Accepted methods for more detailed information.  
 
5.2.2 Result 
Through the brainstorming different ways to measure the anthropometry were 
discussed. 
 
We decided to focus on six different ways to measure and develop them and then 
compare them to each other. One alternative is to use an ordinary measuring-tape but 
then the accuracy may not be satisfying. Another way could be to use an 
anthropometric slide calliper. A third way could be to build a chair with right angles 
to ensure correct body angles when measuring. This chair could also be in use when 
you want to place the markers. The correct right angles of the chair would make it 
easy to compare the body angles of the human and the manikin. A fourth way would 
be to use the built in auto scale function in Jack. This will only work if the markers 
are placed at the exact right place on the body. A fifth way would be to take 
photography of the test person and a ruler. The measure could then be taken by 
measure manually at the picture and translate the scale to the reality with help of the 
scale in the picture. The last way to take the anthropometric measure would be to use 
a body scan. 
 
Ordinary measuring-tape 
This is a simple way to measure, since a measure tape is cheap and easy to find. Jack 
uses straight measure instead of circumferences that makes the accuracy difficult to 
get satisfying using measure tape.  
 
Anthropometric slide calliper 
A slide calliper will probably increase the accuracy compared to measure tape. But an 
anthropometric slide calliper is expensive and more difficult to find.  
 
Use the built in auto scale 
Jack has a build in function to scale the human. First you place the birds on the 
person’s body and then you press the auto scale function to get the manikin scaled.  
 
Photograph 
Since the body is round and the measures are straight, photos might be a way to get 
the straight measure more correct. A photo will be taken in the sitting and standing 
positions that are used in Jack advanced scaling. A ruler will be used to measure and 
the results will be transformed depending on the scale of the picture. 
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Anthropometric chair 
The idea of this chair came from the fact that when doing anthropometric 
measurements sitting posture are used for some measure. The sitting posture involve 
the angle between the foot and the shin, the thigh and the shin, the upper and lower 
part of the body and between the upper arm and forearm should be 90 degrees to get 
correct measurements. To ensure to easy get those angles no matter if the person in 
extremely tall or short a chair with adjustable foot rest and back rest could be used. 
The person could first be measured in a sitting position. The back and footrest should 
be adjusted to fit the person. To measure in standing position the footrest will be 
removed and the backrest moved to create a wall for measuring the whole body. To 
get more accurate results the heights will be marked on the backrest using a setsquare. 
Then the ruler will be used to measure the marked distance. 
 
Body scanning 
A body scanning might be an easy and accurate way to achieve body measurements. 
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5.3 Brainstorming 3 - How to build an anthropometric 
chair  

Since one of the method in how to measure the anthropometry is to use an 
anthropometric chair this has to be developed. Brainstorming is conducted to get ideas 
on how this can be built. 
 
5.3.1 Method 
A third brainstorming was conducted to find out how an anthropometric chair could 
be built. For more information about the brainstorming method, see chapter 2.2 
Accepted methods. 
 
5.3.2 Result 
The anthropometric chair will be made to get the correct anthropometric sitting 
posture for everybody, no matter how tall or short you are. It was decided to use 
Jack’s 95 percentile and 5 percentile as a reference of tall and short people. As the 
general population has grown taller and Scandinavians are known as tall people the 
possibilities too adjust the chair were increased even more.  
 
The chair should preferably have adjustable footrest and backrest. This can be used to 
make the chair fit different persons, but also to make it possible to use the chair as a 
wall when measuring in standing posture. To facilitate the measuring, measure tape 
and a length measurer can be fastened on the chair. A composing stick can be made to 
use as a tool when measuring.  
 
The backrest can be used to mark on, when measuring. This can be done by putting a 
paper on the backrest, by painting the backrest with a blackboard colour or by using 
adhesive to mark with.   
 
As the chair will be used in an electromagnetic field it is of great importance that the 
chair does not include any metal. Therefore it should be built using wood, plug and 
glue. Several drawings were made of the chair. See appendix 4 for the final drawing. 
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6 Development 
In this chapter the development of the method of how to use motion capture and 
computer manikins will be described in detail. The development was performed 
through tests. The results from the first test were used in the second and so on. 
Questions that aroused in one test were answered in next test. The three questions 
that arose through the brainstorming, how to measure the anthropometry, how to 
place the sensors and how to fasten the sensors were answered. A way to put the 
anthropometric values into Jack was developed and the affect the metallic 
environment has on the results was checked.   

6.1 Description of the used environment 
Tests 1-3 were performed in a room with approximately four meters from ceiling to 
floor. The room had reinforcement bar in the floor and fluorescent lamps in the roof. 
As described in the theory chapter this could have an affect on the accuracy of the 
results. A 45centimetres high scene was used to decrease the source of error due to the 
floor. This scene was 244centimetres wide and 243centimetres long. The edge 
opposite the electromagnetic transmitter will here be called the front of the scene. The 
electromagnetic transmitter will also be called cube in the text below. The 
electromagnetic cube was placed in the back of the scene, see figure 5 below.  
 
In table 3 some distances to nearest metals are presented. It should be noted that it 
also existed tables and shelves containing metal in a closer distance than described in 
the table. 
 
The temperature could also be a source of error, since the specifications to the used 
motion capture system are valuable only if the tests are performed in an environment 
with a temperature of 30 degrees Celsius ± 10 degrees. During test 3 the temperature 
was measured and was about 21 degrees Celsius. The temperature in previous test had 
probably been much lower since there was a problem with the heating system in the 
room. Some of the results in test 1 and 2 may therefore have been affected negatively. 

 
TABLE 3. Distance from the scene to the environs 
Distance to the ceiling with fluorescent lamps Approximately 400centimetres 
Distance to walls with metal on the left side 268centimetres to the left wall 
Distance to the metal shelf at the wall on the right 
side 

376centimetres 

Distance to floor with reinforcement bar 48.4centimetres 
Distance to the computers in the front of the scene 122centimeters 
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(Centimetre) 
           Back of stage 

 
 
 

 
                                 Front of stage 

 
Figure 5. The measurements on the used stage  
 

6.2 Test 1 - Testing motion capture 
This test was performed only on ourselves. To measure the anthropometry a chair was 
built and then tests were performed on the stage.  

  
6.2.1 Method 
The purpose of this test was to find out how Motion Capture works and develop a 
method for how to use it. This method should answer the three questions that aroused 
during the brainstorming, how to measure the anthropometry, how to place the 
sensors and how to fasten the sensors. 
 
This test was performed on a UNIX computer with specifications according to table 4. 
 
TABLE 4. Computer specifications 
MODEL SILICON GRAPHICS OCTANE 
CPU 195MHz MIPS 
RAM 256MB 
Graphics MXI, “Impactsr” 
OS IRIX 6.5 
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Preparations 
Both a physical and a virtual environment were created. 
First an anthropometric chair was constructed. The idea of the chair was developed 
using brainstorming as described in the brainstorming chapter above. Several 
drawings were made to get an idea of how to construct the chair. A tool to make it 
easier when measuring the anthropometry was also created. 
 
Since the chair will be used in an electromagnetic field, metal have to be eliminated to 
reduce sources of error. Therefore the chair was made of wood, glue and plug. The 
final drawing can be found in appendix 4. 
 
A scene was created in Jack that consisted of the stage and the anthropometric chair 
that were represented by simple cubes. The dimensions of the stage were 243 x 
244centimetres as described in figure 5 and the chair was 92,5centimetres high, 
100centimetres long and 90centimetres wide, according to appendix 4. The backrest 
and the footrest were not created in the virtual environment since they were only used 
when measuring the anthropometry. To place the electromagnetic transmitter at the 
correct position in Jack, a site was created and placed at the coordinates that 
corresponded to the real cubes placement. The virtual box that corresponded to the 
cube was then placed in this site using the snap function. 
 
In the real environment the chair was placed where the electromagnetic field was 
supposed to be strong, as described in figure 6. The chair was placed close to the right 
edge of the scene to save some free space that was needed for the exercises on stage 
during the tests. The tests in sitting position were performed with the test subject 
sitting on the chair facing left. The tests in standing position were performed in the 
area in front of the chair. 
 

 
 

 
 

 
Figure 6.  Placement of the anthropometric chair 
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To find out if the motion capture system gave accurate results and where on stage the 
results was good enough a calibration was performed. It was suspected that the 
metallic in the environment could influence the results. 
 
A 60centimetres long stick was used and a sensor was put in each end. Then the ruler 
in jack was used to check that the value was 60centimetres everywhere on stage. 
 
Conducting the test 
The test was performed on ourselves only but twice on both authors. 
 
How to put the Anthropometric values into Jack 
The anthropometry was measured using the anthropometric chair that was built, a 
setsquare, a flat plate and a ruler. To measure the measurement where either the 
acromion or head height are included the position was marked with a pen on the 
backrest of the chair and then measured with a ruler.  
 
When creating a manikin out of the anthropometric measures a problem was 
discovered- the Jack manual did not have a description of how to fill in the 
anthropometric data into the advanced scaling dialog in Jack. The advanced scaling 
dialog can be seen in appendix 5. To find out a way of how this could be done some 
different methods were tested and the results noted. It was also noted how the 
measurements correspond to each other, if one measurement depend on another and 
so on. 
 
Positioning the sensors 
After a manikin had been created, the sites were switched on in Jack. The sensors 
were placed at nearly the same position on the test subject, as these sites on the 
manikin. The motion capture system was then switched on.  

 
Attachment of the sensors 
Each sensor had been prepared and Velcro had been glued on every bird. To attach 
the birds on the elbow, palm, waist, knee and foot, elastics were fastened with Velcro 
around each body part, see figure 7 below. Then the bird was fastened on the elastics 
using Velcro. The head bird was attached on a cap and the neck sensor was fastened 
using rubber band and Velcro. Non-metallic clothes were used because metallic might 
affect the electromagnetic field. Tight clothes are preferable since loose clothing 
could affect the placement of the sensors. 

Some advices when attaching the sensors were noted and are presented in 
Appendix 6, Tip for fastening sensors. 
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a)     b)  
 

Figure 7. Visualization of the used fastening technique in Side view (a) and Back view (b) 
 

Test on stage 
A form was made where notes could be noted during the test, see table 5. 
 
TABLE 5. Test form 
SENSOR ACTION WHAT HAPPENS TO THE MANIKIN 
   
   
 
First one sensor at a time was moved up, down, to the left and to the right and the 
effect the specific movement had on the manikin was noted. The purpose was to find 
a placement were the manikin looked the same as the test subject. The same test was 
performed but instead of moving the sensors they were flipped up, down to the right 
and to the left. The results were noted in a word document see table 5 above and the 
Jack posture was saved using screen capture. A digital photo camera was used to 
register the best sensor positions. 
 
6.2.2 Result 
The purpose of this test was to learn about the equipment, try different ways to put the 
anthropometric data into Jack and attach the sensors using elastics and Velcro.   
 
Preparations 
The anthropometric chair is presented in figure 8 below. The backrest and footrest is 
adjustable to fit all sizes of people. To enable the use of the chair as a wall to stand 
against when measuring anthropometry in standing position, the footrest is removable. 
We also thought of building armrests to keep the upper arm and forearm in 90 degrees 
angle. This thought was eliminated since it might cause the shoulder to raise and give 
wrong measure values. It was considered to attach a length measurer to the backrest 
of the chair to make it possible to measure stature, acromion height, sitting acromial 
and sitting height. Since the floor of the scene was not flat this would have given the 
wrong stature results and the length measurer was put on the wall instead.  
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The backrest can be used to mark distances on. The tool that was created consists of 
two battens with an angle of 90 degrees. The idea to it came from an ordinary set 
square and it can be viewed in figure 13. 
 

 
 

a)       b)  
 

Figure 8. The anthropometric chair prepared for sitting measurement (a) and for standing measurement 
(b) 

 
Result from the calibration showed that the best place to conduct the test is in the 
middle of the scene. Jack shows bad values when moving on the edges of the scene or 
if one moves to close to the transmitter. 
 
Conducting the test 
The results from the actual test are described below in a chronological order. 
 
How to put the Anthropometric values into Jack 
First we measured the values required using an ordinary measure tape and a chair. 
This method was difficult use and it was concluded that this method needed to be 
tested more before one can rely on its results. Instead the anthropometric chair, a 
ruler, a setsquare and a flat plate was used.  
 
To find out a good way to fill in the advanced scaling dialog some different ways 
were tried and the result was noted. During all tests the interpupil distance (no.6) and 
thumb tip reach (no. 26) were not filled in. Jack was let to decide these measurements 
and the values that the program suggested was used. The reason why the interpupil 
distance was not used is because it is difficult to measure correctly with the tools that 
was available. The thumb tip reach was not used because we didn’t have information 
about how to measure it.  
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Then the values were entered from the start to the end in the advanced scaling dialog 
without marking the values as locked. It was noted that some of the values that 
already had been filled in changed when new values were added. All values except 
five changed. To avoid this, another method was used were all values were locked 
after they had been filled in. This however made the manikin look unnatural because 
the manikin became over constrained.  
 
Next time a method was tried where the values were entered from the top to the end 
without locking them, like in the previous test. This time the thirteen values that had 
changed the most were adjusted again. This made the thigh look extremely thin from 
a side view.  
 
Next the values were changed back and it was attempted to lock or unlock some of 
them to make the manikin look correct. This did not help and it was shown that it was 
not possible to achieve a truthful manikin by going back and change the values again.  
 
When one value was entered, other values changed even it they were kept looked. 
This might cause the manikin to appear abnormal. The most common reasons and 
their consequence are described in the table 6 below. 
 
In table 6 it is also shown that Acromion height affects the thigh clearance. Our test 
shows that if you want to lock acromion height, it should be done from the beginning 
instead of later in the process. The result seems to be the best if thigh clearance 
(no.25) stays undefined. 
 
No method of the best way of filling the values in could be presented to use in the 
next test. It had to be investigated more in that test.   

 
TABLE 6. What values affect what body part? 
MEASURE WHAT OTHER BODY PART WILL BE AFFECTED 
Acromion height Thigh clearance 
Biacromial breath The thickness of the arms seen from a front view 
Bideltoid breath The thickness of the arms seen from a front view 
Shoulder elbow Arm breath seen from side view 
Sitting acromial The neck length 
Sitting eye The neck length 
Sit knee height The legs and buttock seen from a side view 
 
Positioning the sensors 
Before the test of how to position the sensors starts, we made sure that the 
anthropometric values in Jack were correct. This could otherwise be a fault of error.  
 
Eleven sensors were used throughout the tests. In this first test the supposed correct 
placement was found by trying to put the sensors correctly with the help of looking at 
the sites on a standard manikin in Jack. Some adjustment had to be done to make the 
sensors correspond to the sites and to make the manikin look good. This method 
seemed to work quite well except the placement of the sensors on the hands, feet and 
the neck. The manikin’s hands, feet and neck did not look good when the test subject 
moved.  
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When the sensors were mapped, an area on the body was connected to a site in Jack, 
for example knee sensor to knee site. This is called that the sensors are constrained to 
the sites in Jack. In table 7 it is shown what each part of the body corresponds to in 
Jack. 
 
TABLE 7. Which site in Jack the sensors corresponds to 

SENSOR WHAT IT CORRESPONDS TO 
Head sensor Corresponds to the bottom head site. 
Cervical sensor  Corresponds to the upper torso site. This position is by the big 

vertebra. 
Elbow sensor Corresponds to the upper arm site. This position is a little bit lower 

than the middle of the upper arm. Seen from the back the position is 
in the middle. 

Waist sensor Corresponds to the lower torso site. The position is found by moving 
2/3 down from the waist. 
 

Knee sensor Corresponds to the upper leg site. The position is 2/3 from the knee. 
You can manipulate the right turning position by looking in the front 
view in jack. Here the legs should be straight. 
 

Foot sensor Corresponds to the foot site.  
 

Hand sensor Corresponds to the palm site 
 

 
Attachment of the sensors 
Elastics and Velcro were useful because it allows the person to move freely. On the 
palm and foot they needed to be better attached to prevent the birds to move which 
affect the manikin’s appearance negatively. A solution could be to use knitted 
stockings to the feet and gloves to the hands. This would make it possible to attach the 
Velcro provided bird directly to the tight fitting stockings and gloves. To attach the 
neck sensor with a rubber band and Velcro was not comfortable and did not keep the 
sensor in place very well. Other solutions had to be discussed for next tests. When 
testing the placement it was found that the attachments of the markers are very 
important. Especially the markers on the feet, neck, waist and hands need to be 
attached so they by no circumstances do not move. The best way to attach them might 
be to use tape. 
 
Test on stage 
In this test all sensors were moved separately and it was noted what happened with 
the manikin. 
 
During the test we noticed that sensor 1 and 5 started shaking when the system had 
been turned on more than 30 minutes. Since they were shaking the part on the 
manikin that was connected to those sensors also shook. This made it difficult to see if 
the manikin in general looked good or not. 
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The manikin looked normal or abnormal depending on how the birds were placed. 
The results of what happened when moving or tilting one bird at a time in different 
directions are presented in appendix 7, Result test 1. 

6.3 Test 2 - Develop method 
In this test an improved method was developed with the results from the previous tests 
as a basis.  
 
6.3.1 Method 
This test was made on five test subjects, three male and two female. The execution of 
this test was made to solve the problems that had arisen during the earlier tests of 
motion capture. The method that had been developed in previous test was used. This 
test was performed on a windows computer see specifications in table 8. 
 
TABLE 8. Specification Windows computer 
CPU P4 2,6GZ 
RAM 1GB 
Graphics GeForce FX 5200 
 
Preparations 
One week before the tests started some preparations where made. A few of the test 
subjects had dropped out the day before the first test. To get hold of two new test 
subjects’ posters were put out all over school. 
 
The environment had to be prepared both in jack and in reality again. In Jack the same 
cubes that represent the scene and the anthropometric chair in the previous test where 
used. Since it had been noticed that there was an area on the stage that gave bad 
results in the previous test the stage was moved. It was suspected that the causes of 
these results were some cables in the floor that could affect the results negatively. 
Then the stage was cleaned and the chair was moved to the opposite side than before, 
which changed the layout of the environment.  
 
The last phase of the building of the chair was to paint it. After this had been made, 
three disks to put under the feet where also built and painted. A tool was created to 
make it easier when measuring the anthropometry. The chair was positioned 10 cm 
from one edge and 33 cm from the edge where the electromagnetic transmitter was 
placed see figure 9 below. 
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Figure 9. Layout of the scene in test 2  
 
A new calibration was performed since the stage had been moved. The calibration 
was performed using the stick used in previous calibration test. 
 
To ensure that the fluorescent lamps did not affect the electromagnetic field the area 
was calibrated with the lamps on and off. The two results were then compared.  
 
New improved attachments were created see figure 10 and 11. They were made so 
that both big a small test subjects could use them. The new attachments were: 

• Two extra elastics for the upper arms 
• Two bigger elastics for the wrists 
• Two elastics to the ankles 
• Elastics to fasten the cables on the leg  
• More Velcro on the waist elastic to make it more adjustable 

 
Also some new equipment was bought. Non-metallic hair ribbons were bought to use 
to prevent long hair from disturbing the placement of the cervical bird. Bandage was 
bought to fasten the cervical bird, see A in figure 10 below. A new cap was bought 
since it had shown that the previous cap contained metal, see C in figure 10. Two 
sweatbands were bought to use on the hand sensors to prevent them from moving see 
B in figure 10. 

 Cube 

 Stage 

Chair 
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a) b)  

c) 
 

Figure 10. New fastening equipment; new cap (a), sweatbands and extra elastics to the upper arm (b) 
and a bandage (c) 
 
Control testing was made where the test formula was followed step by step. Also it 
was checked that the scene and cube in jack were correctly placed when comparing to 
the real stage. 
 
Conducting the test 
There where two different aspects that should be tested. One was to find out which 
anthropometric measuring method that is best and the second was to use the method 
developed in the previous test and do some exercises on stage. 
 
Anthropometric tests 
To find the best method for measuring the anthropometry, four different methods 
were tested and compared.  
 
Test formulas and measure instructions were created for the test persons with the 
advanced scaling window in Jack as basis see appendix 8, Anthropometric measure 
instructions. The test subjects used these instructions and performed the four different 
anthropometric measurements on one of the authors. All measurements were 
performed on the right side of the body. The same instructions were used in each test. 
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Photos 
Pictures were taken of a person in sitting and standing postures see appendix 9. The 
scale was 1:8 on the sitting posture and 1:9 on the standing posture. During the tests 
the test person used an ordinary ruler to measure 24 anthropometric values.  
 
Measure tape 
The test subjects were asked to measure the 24 values using an ordinary chair and a 
150-centimetre measure tape. The chair was used when measuring the values in 
sitting position. 
 
Auto scaling in Jack 
There is a built in auto-scaling feature in the Jack program. In this the programme 
uses the defined position of the sensors to calculate the appearance of the manikin. 
This method was tested to see if it could be used for collecting anthropometric data 
instead of measuring all 24 values manually. 
 
Anthropometric chair 
The test persons used the anthropometric chair and two slide callipers to measure the 
24 values. When adapting the chair for standing and sitting posture they got help since 
this was not explained in the instructions. 
 
Body scanning  
The equipment used is a VITUS/smart 3D full body scanner from Human Solutions. 
The equipment consists of a modul system with four columns. In each column there is 
a stereo lamp (CCD) and a laser lamp. The time to measure standing posture is 20 
seconds and to measure sitting posture, 20 more seconds.  
 
Test of the method 
Test instructions were prepared by making instructions for the test subjects. These 
should then be used in the Manual, See appendix 10, Test on stage - test formula. 
 
First the test subjects where measured by using the anthropometric chair and two slide 
callipers. Then the anthropometric values where put into Jack to create a 
corresponding manikin. The sensors where then placed on the test subject and they 
where asked to do some exercises. Notes where made on each exercise and later these 
where concluded in a table, see result test on stage.  

 
How to put the Anthropometric values into Jack 
The anthropometry was measured using the anthropometric chair and the aids 
described above. It was noted how the values were entered in Jack and also how long 
time it took. Some different methods were used to try to find a good method on how 
this could be done the best way 

 
Positioning the sensors 
The sensors where positioned on the same place on all test subject. These places are 
the same as the ones used in previous test, testing motion capture (chapter 5.5) 
 
After positioning the sensors the manikin in Jack was constrained to the birds and 
further adjustments where made to get the figure in Jack look good. 
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Attachment of the sensors 
The elastics used in earlier test were kept. The head bird was fastened on the new cap. 
The cervical sensor was attached with a bandage that was wrapped around the neck 
and shoulders. To prevent the hand sensor of moving sweat bands where used to 
cover it. In figure 11 the new fastening technique is presented. 
 

 
 

a)  b) 
 

Figure 11. Presentation of the new attachments method for the whole body 
 
Test on stage 
The test subject was asked to do some exercises and the result was written in the 
prepared test formula, see appendix 10, Test on stage - test formula. 
 
These motions had been selected because it was assumed they would show if the used 
fastening and position technique would suffice for extreme postures.  
 
6.3.2  Result 
The tests were performed in to two steps. One was the anthropometric measurement 
and the other one was to do some exercises on stage wearing the motion capture 
system.  
 
Preparations 
Results from the calibration were the only actual results from the preparations. When 
calibrating the motion capture system with a stick with two markers 60 centimetres 
apart from each other the results showed between 56 and 61centimeters over the 
entire scene. The calibration showed the best place on stage to perform the tests as 
shown in figure 12.  
 
When calibrating the area with the fluorescent lamp switched off and on we found 
that the fluorescent lamp did not have a significant affect on the motion capture 
system.  
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The calibration made after moving the stage did not show that the results differed 
from the previous calibration in test 1. The cables were not a cause of error; the faults 
occurred due to the distance to the reinforcement bars in the floor. 
 

 
 
 
 

 
 

Figure 12. The best area on stage to perform the motion capture tests according to the calibration 
 
Conducting the test 
Results from the two tests are presented below. 
 
Anthropometric test 
Four different methods were used and compared to find the best method to measure 
the anthropometry.  
 
The variance of the values in each method was checked. If a big variance then the 
method was not a good one.  
 
Also one measurement was made by our selves, were the measurements were 
carefully measured. In this measurement the anthropometric chair, a metallic ruler, a 
big slide calliper, a small slide calliper and a setsquare was used, se figure 13 below. 
The values this measurement gave were used as reference when comparing the 
different methods. 
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Figure 13. The measure tools used in the measure process. Seen from the left: a setsquare a long ruler, 
a short, ruler, a small slide calliper and a big slide calliper 
 
Photos  
This method showed not to be an accurate one.  It was hard to see the body contours 
due to the shadows. Almost every of the measured values were a few centimetres 
wrong. Only one measurement of 24 was accurate, the foot breath.   
 
Measure tape 
This method was better than using photos.  Nine measurements of 24 were correct.  
 
Auto scaling in jack 
This method was not a good one the manikin did not look like a human using this 
method. The manikin looked distorted and sometimes some part of the manikins body 
disappeared or grew out of proportion to the rest of the body. 
 
Anthropometric chair 
This seemed to be the best way to measure the anthropometry. 15 times out of 24 this 
method showed an accurate result. 
 
Body scanning  
It was not possible to let the test objects try this method, so it was therefore not 
included in the comparison. The authors tried body scanning though and found a fast 
and easy method where wanted measures can be achieved. A negative aspect of body 
scanning is that the equipment is very expensive. 
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Test of the method 
This test was made on the five test subjects.  
 
How to put the anthropometric values into Jack 
Generally the values 1-25 in the advanced scaling dialog (appendix 5) were entered 
starting with number 1 the stature value. This worked well but sometimes we had to 
change the Stature value afterwards because it had changed. Almost every time we let 
Jack decide value 20, Shoulder –Elbow. Also the values 18-25 were changed with 
caution. In average it took twenty minutes to put the values in Jack and get a 
satisfying figure. 
  
Positioning the sensors 
The markers were positioned at the same place on all test subjects.  
The sensors were placed according to the results in test 1. Sometimes the sensors had 
to be adjusted after the manikin had been constrained to make the manikin look well. 
 
Attachment of the sensors 
The new fastening technique was much better than in test 1. The test subject could 
move freely on stage without being disturbed of cables. The hand and feet sensors did 
not move when the test subject moved as they had done in the previous tests. Still 
some problems remained especially with the cervical (neck) and waist sensors. 
 
Test on stage 
During the first test it was noticed that the anthropometric chair was placed to close to 
the cube.  
 
Therefore no exercises were performed on the side of the chair closest to the cube. 
It was also noticed that the virtual environment was wrong. Two new environments 
were created, one for sitting exercises and one for standing exercises.  
  
During the tests a test form were filled in, see appendix 10. In table 9 information is 
concluded from all the tests that were conducted in sitting posture. 
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TABLE 9. Results in sitting posture 
WHAT HAPPENED IN JACK 
 

 HOW FAULTS WERE AVOIDED 

Sit straight 
1. Arms 
 
Almost every one of the test objects had a 
strange inclination of the arms when having 
them in a right angle. Also the arms turn 
slightly up when putting them straight up. 
 
The problem with the arms could have to do 
with the fact that the test person’s body 
contours in Jack differed from the real persons. 
 
An external sensor was used and slid on the 
real test person’s head and down on the 
shoulder and it could be seen that the head and 
shoulder in Jack are placed much lower. 
 
This difference varied from test person to test 
person. 
 
The best arm results were found on the 
smallest test person, female 160centimeters 
tall. 
 

1. Arms 
 
The hand sensor was moved forward 
to the fingers and the elbow sensor 
was moved up on the arm. This did 
not solve the problem but the result 
was slightly improved.  
 
It was suspected that the direction of 
the cable on the hand sensors 
affected the arms. The result was 
improved when the cable was 
moved from the outside of the hand 
to the inside. 
 
 
 
 
 
 

2. Waist 
 
This sensor controls the entire body in Jack. 
Many faults were caused by the displacement 
of this sensor. 
 
During the tests this sensor may have been to 
badly fasten. Almost instantly when the test 
person moved this sensor moved and the 
manikin flipped. 
 
When the back looked strange this probably 
depended on this sensor. It probably also 
depended on the displacement of the neck 
sensor. But this sensor seems to control the 
shoulders rather than the back. 
 

2. Waist 
 
We noticed on all male test persons 
we had to correct the direction of 
this sensor. We had to put a cloth 
inside the upper side of it to get the 
right angle. 
 

Put hands on the table 
All test objects managed this exercise without 
any problems. The jack manikin looked the 
same as the test object. 
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Put right foot on left foot 
All test objects managed this exercise without 
any problems. The jack manikin looked the 
same as the test object. 
 

 

Put hands together 
This exercise seemed to be a difficult one.  
This probably depended on the fact that the 
shoulders in Jack were not placed at the same 
place as the shoulders on the test persons. 
 
 

If the hands were put together in 
front of the test subjects’ chest the 
palms did not reach each other in 
Jack. If this was done at the same 
height as their face the hands will 
reach each other. 

Put one hand on the head 
Every time the hand reached the head sensor, 
but since this was “flying” above the head the 
hand never touched the head. 
 
The result varied from person to person, 
sometimes the head sensor was near and 
sometimes it was not depending on the test 
person’s anthropometric values. 
 

It was tried to move the site for the 
head sensor in Jack. 

Reach to one corner of the table 
All test objects managed this exercise without 
any problems. The jack manikin looked the 
same as the test object. 
 

 

Cross the arms 
All test objects managed this exercise. The 
result wasn’t always perfect but good enough.  
The jack manikin looked the same as the test 
object. 
 

 

Cross the legs 
All test objects managed this exercise. 
Sometimes the legs coincided in Jack but this 
probably was due to the fact that the manikin 
could not feel collisions. 
 

 

 
In table 10 concluded results from the exercises that were performed in a standing 
position are presented. These were the same as for the sitting posture and some of the 
results did not differ from the ones in sitting position. 
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TABLE 10. Results in standing posture 
WHAT HAPPENED IN JACK HOW FAULTS WERE AVOIDED 

 
Stand straight 
Almost every time adjustments had to be made 
to get the manikin look natural.  
 
Usually the manikin seemed to bend the back 
or legs. 
 
 
 
 
 

This problem was tried to be solved 
by either move the waist sensor or 
change the direction of it.  
 
It was noticed that on all of our male 
test objects the sensor had to be 
directed so much that a cloth had to 
be used. This was put behind the 
sensor and then the manikin looked 
better. 
 

One time the shin had a slight angle 
backwards. 

When the feet sensors were moved 
towards the toes the manikin looked 
good. 
 

Put hands on the table 
All test objects managed this exercise without 
any problems. The jack manikin looked the 
same as the test object. 
 

 

Put right foot on left foot 
All test objects managed this exercise without 
any problems. The jack manikin looked the 
same as the test object. 
 

 

Put hands together 
Same result as in Sitting posture. 
 

 

Put one hand on the head 
Same result as in Sitting posture. 
 

 

Reach to one corner of the table 
All test objects managed this exercise without 
any problems. The jack manikin looked the 
same as the test object. 
 

 

Cross the arms 
All test objects managed this exercise without 
any problems. The jack manikin looks the 
same as the test object. 
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Cross the legs 
All test objects managed this exercise without 
any problems. The jack manikin looks the 
same as the test object. 
 

 

Reach exercises 
All these exercises looked good and the test 
person always reached what he/she was 
supposed to. The movement pattern looked 
realistic. 

 

 
General faults that occurred during the tests and suggested actions to avoid them are 
presented in table 15 and 16 in the discussion chapter. 

6.4 Test 3 - Improve method 
In this test the method used in test 2 (chapter 5.6) was developed more regarding the 
fastening technique of the sensors and how to place them. 
 
6.4.1 Method 
In this test the method developed from the results in test 1 and 2 was used. The test 
was performed on four test subjects.  
 
Preparations 
The same environment was used, as in previous test. Only some adjustments of the 
placement of the chair were made, see figure 14 below. A new environment in Jack 
was created. The same computer as in test 2 (chapter 5.6) was used. The length 
measurer was placed on the wall to make it possible to get more accurate stature 
measure results. 
 
A new virtual scene was created in Jack to make sure it has the correct values. This 
scene includes the stage, the carpet and the anthropometric chair without the backrest 
and footrest. The carpet was included since it has a height on one centimetre. It would 
look like the manikins feet were walking through the floor if this was ignored. 
 
On stage the anthropometric chair was placed 10centimetres from the right edge of 
the stage and 45centimetres from the front of the chair to the back of the stage as 
presented in figure 14. The electromagnetic transmitter was adjusted to give a better 
field since it had shown that the field was slanting. 
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Figure 14. Layout of the scene in test 3  
 
To calibrate the scene, a sensor was placed at the floor of the scene. The sensor was 
moved in x- and y- direction. It was moved in one direction at a time. The same test 
was performed in the same height as the electromagnetic transmitter (87centimetres). 
This is where the field is the widest. The test was also performed accomplished at the 
height of 166centimetres. The levels were chosen to simulate a human’s full body, the 
feet, the middle of the body and the head.  In appendix 11 more information about 
how the calibration was performed can be found. 
 
To make the sensors stay in place, new improved elastics were created. To avoid the 
waist bird from moving up and down, when the human go from sitting to standing 
position, a harness was created that attached the waist elastic to elastics around the 
thighs, see a) in figure 15. Another problem with the waist bird was that it tilts easily 
and therefore a belt was sewn to cover the sensor, see b) in figure 15. The same 
solution was used for the elbow sensors.  The cable to the hand sensors often makes 
the direction of the sensors move. A long glove without fingers was used, see e) in 
figure 15. This will keep both the sensor and its cable in position. The sweatbands that 
were previously used for the hands will now be use for the feet see c) in figure 15. 
The neck bird has been one of the hardest sensors to fasten properly. Also a harness 
was created for this purpose, see d) in figure 15. There have been many thoughts of 
how to solve this problem. The reason is that is has to be attached closely to the skin 
without being too tight to the throat. Solutions with polo neck have been considered 
but that solution will not make it possible for the bird to be positioned low enough. A 
solution with a polo neck attached to a harness has been considered as well. The 
harness that finally has been made is made of elastics and Velcro. The attachment of 
the head bird has been stabilized by a band around the bird and head, to keep it in 
place, see f) in figure 15.  

Cube
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10
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   - 
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a)    b)  
 

c)   d)  
 

 e)   f)  
 

Figure 15. Waist belt with cover (a), waist belt without cover (b), feet (c), new cervical (d), new gloves 
(e) and new hair bond (f) 
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Conducting the test 
The test was performed on four test subjects, two male and two female. The method 
developed from the previous test was used and exercises where made to find solutions 
to some problems that had been discovered in test 2 (chapter 5.6). 
 
How to put the anthropometric values into Jack 
First the anthropometry was measured as described in previous test using the 
anthropometric chair. 
 
The stature and weight were filled in, in the basic scaling dialog. Then the 14 first 
values in the advanced scaling dialog were filled in beginning at the top of the form. 
The head breath, height and length were left with Jack values in those cases the 
manikin still looked like the test person without filling them in. The following values 
(18-25) almost every time affect the manikin negatively; therefore those values were 
changed only if they differed more that about 1.5 centimetres. During the whole 
process the manikin’s similarity with the test person was checked. This was made 
simply by looking at the test subject and then at the manikin to se that the proportions 
of body parts were approximately the same.  
 
Positioning the sensors 
In the new method developed from the results of test 1 the sites of the specific 
manikin will be used when positioning the sensors. Hopefully this would solve the 
common problem with the shoulders being to low. 
 
Attachments of the sensors 
Some of the elastics that had been used in earlier tests where used. Also the new 
designed elastics were used, see figure 16 below. 
 

 
 

a) b)  
 

Figure 16. Visualization of the used fastening technique in test 3, (a) side view and (b) back view 
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Test on stage 
A test form was created (appendix 12) to help performing the test and to answer the 
following questions;  

• Why are the shoulders lower at the manikin than at the human? Are other body 
parts incorrect as well? 

• Men often seem to have bent legs in standing posture. Why? 
• Do the birds have to be correctly positioned before constraining? 
• What happens if you move the waist site? 

 
The method used to try to answer these questions was 
1. Measure the anthropometry on the test subject. 
2. Enter the values into Jack, using the method described in test2 (chapter 5.6). 
3. Use the sites on the created manikin to see where to place the birds. 
4. Constrain the manikin 
5. If the result looks better than in test 1, use the test form. If not, continue at number 
7. 
6. Fill in the test formula, see appendix 12 
7. Check the human body contours similarity with the body contours of the manikin 
using a separate bird. Let the bird follow the body contours and check if it looks the 
same in Jack. 
8. To check if the birds need to be well positioned before constraining, place the 
sensor badly and constrain the manikin. Position the birds correctly. Does this give 
the same result as when the person was constrained in the beginning of this test or 
does he human look strange? 
9. Create a new manikin the same way as above, but this time you let Jack decide all 
measures that have to do with the arms and shoulders. Does the manikin look better 
than during in test1? If yes, go to number 6 the test form. 
 
6.4.2 Result 
Presented below are the results that came out of the tests. 
 
Preparations 
Results of the calibration can be found in appendix 11, but mainly it was shown that 
the angle of the magnetic cube had to be adjusted. Also a better view of the field’s 
extension was given. 
 
Conducting the test 
The results from the actual test are presented below. 
 
How to put the anthropometric values into Jack 
The method used was to insert the stature and weight in the basic scaling dialog and 
then insert the 14 first values in the advanced scaling and only changing the rest if 
they differ much or if the manikin does not look like the test person. This method 
seems to be accurate enough for the motion capture and it was fairly fast to perform, it 
took 15-20 minutes.  
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Positioning the sensors 
The purpose of the test was to find out if there are different ways to position sensors 
depending on the shape of the body. The sites of the specific manikin were used to 
view the motion capture sites. According to the sites, sensors were positioned on the 
body of the test person. This method was easy to perform. This will probably 
eliminate the motion capture faults since the birds are uniquely positioned for every 
person.  
 
Attachment of the sensors 
The new attachments work really well. It all enables the test subject to move more 
freely on stage and it also gives a better-looking manikin. The only improvement that 
needs to be done is to fasten the knee sensors the same way as the elbow birds. To 
fasten and adjust the sensors take about 15-20 minutes.  
 
Test on stage  
In table 11 the concluded results in sitting posture from the test formula are presented.  
 
  TABLE 11.  Results in sitting posture 
WHAT HAPPENED IN JACK PERFORMED ACTIONS 

 
Sit straight 
The manikin had a ducktail look in most 
cases. The reason was that the lower torso 
site had a different direction than the 
buttock.  
 
 
 
 

One solution was to put something 
under the bird to change its direction. In 
this test, a shoulder-pad was used.  
A better solution was to move the site 
constrained to the waist sensor. It should 
be moved down until a place where the 
buttock is flat, seen from side view. 
 

In most cases the angle of the arms showed 
less than 90 degrees angle. The reason was 
that the lower torso site had a different 
direction than the buttock. 
 

We solved this by moving the site 
constrained to the waist sensor as 
described above. 

The manikin appeared to be sitting in the 
chair 

The manikin should sit through the 
chair, because the shape of the body 
does not change in Jack depending on if 
you are standing or sitting, but in the 
reality it does. 
 

Lean forward 
If the person had a skinny neck and the 
vertebra stands out, one shoulder could 
move forward if the person looks to the 
side. The reason is that the bird tilts on the 
vertebra. 
 

We could not do anything to this 
problem but to note that the solution is 
to make a better harness to attach the 
bird with.  
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Put hands together 
No problem 
 

 

Put one hand on the head 
The manikin touched the head bird. The 
bird’s position depended on what height in 
the field the action is being performed. If 
the person was sitting down on the floor 
the bird was above the manikin’s head. 
 

We tried to keep the most important 
body parts in the middle of the field. 

 
In table 12 the results from the exercises being performed in standing position are 
being presented.  Under it the results to some of the questions that should be answered 
are being presented. 
 
TABLE 12. Results in standing posture 
WHAT HAPPENED IN JACK PERFORMED ACTIONS 

 
Stand straight 
When standing, after adjusting the sensors in 
sitting position the manikin sometimes got a 
little ducktail look. The reason was that 
Jack’s buttock did not change from sitting to 
standing position the way the human buttock 
did. 
  
The legs used to be a bit bent in standing 
posture. This did not appear during this test 
and it probably has to do with the moving of 
the lower torso site. 
 

We adjusted the sensor so it is placed 
a bit lower, where the buttock is more 
flat seen from the side.  
   Sometimes we instead moved the 
lower torso site down. 

Lean forward 
See lean forward, sitting posture. 
 

 

Put hands together 
See put hands together, sitting posture. 
 

 

Put one hand on the head 
See put one hand on the head, sitting posture.  
 

 

Squat 
Very well. 
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7. Check the human body contours similarity with the body contours of the 
manikin using a separate bird. Let the bird follow the body contours and check if 
it looks the same in Jack. 
 
This looks really well, better than in earlier tests. The strength of the electromagnetic 
field affects how well the body contours correspond to the human. In the middle of 
the field the body contours correspond very well. High in the field the manikin seems 
to be even higher than the test person. This is easy to detect, because then the birds is 
on the specific body part. If the test is performed very low in the field the manikin is 
lower than he should be. This can be recognised by the sensors being over the body.  
 
In figure 17 the faults that can occur before the waist sensor has been moved are 
presented. The test person’s shoulders are higher than shown on the manikin. An 
external sensor shows that the shoulders are much higher in reality than on the 
manikin. The manikin appears sitting through the table because the waist sensor is not 
placed in its site. 
   

 
 

 
 

Figure 17. Before the waist sensor has been moved down 
 
After the waist has been mowed down to its site the result is much better see figure 
18. The external sensor is on the shoulder and the arms have a 90-degree angle and 
the back looks better. 
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Figure 18. After the waist sensor has been moved 
 
8. To check if the birds need to be well positioned before constraining, place the 
sensor badly and constrain the manikin. Position the birds correctly. Does this 
give the same result as when the person was constrained in the beginning of this 
test or does he human look strange? 
 
The placement of the sensors before constraining does not affect the manikin, at least 
not if they are only a little wrongly positioned. 

 
9. Create a new manikin the same way as above, but this time you let Jack decide 
all measures that have to do with the arms and shoulders. Does the manikin look 
better that during test1? If yes go to number 6, the test formula. 
 
To use a manikin that has the original arms was tried at one person. This did not affect 
the angle of the arms when sitting with the arms in an angle of 90 degrees. To solve 
the problem with the angle of the arms a better solution is to move the site constrained 
to the waist bird. 
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7 Designing a manual 
A manual was written by using the results from the previous chapter. It was important 
to get this manual to be easy to use. This chapter describes how this was done.  
 
The manual describes the developed method in detail: How to use the motion capture 
system MotionStar and the computer manikin Jack to make a recording of a motion.  
 
One guideline that was used when constructing the manual was that it should be 
separated to the report. A person should be able to read and use it without looking in 
this report. 
 
It was written in the program Word and many pictures were included to make it easier 
to understand. The chapters were described in a logical order so that the person using 
it easy can follow the steps and do not need to turn over the pages to find what he/she 
is looking for. Numbered lists were included when this was necessary to make it 
easier to use.  
 
During test 2 (chapter 5.6) the first rough copy to the manual was written. Then 
changes were made in it as the method was further improved.  
 
The anthropometric instructions were tested during test 2 (chapter 5.6). When 
comparing the different anthropometric methods the same instructions were used and 
it was noted if there was something in the instructions many test subjects did not 
understand or asked about and then improvements were made. 
 
The final verification of the manual is described in next chapter. 
 
The manual is attached as a separate appendix to this thesis to simplify the use of it in 
practical work. 
 
 



 

 66 
 



 

 67 
 

8 Verification 
Both the method and manual were verified through tests. To verify and show that the 
method can be used in real work applications, a comparing study was performed 
between the method developed in this thesis and the one that simulation engineers use 
at Volvo. The manual was verified by a usability test. This chapter describes how the 
tests were conducted and the results of it. 

8.1 Test 4 - Comparing study 
To perform the comparing study some preparations were made. Instructions were 
created to ensure that the same information was used on Volvo Car Corporation 
(VCC) and Chalmers. 
 
8.1.1 Method 
These tests were made on four Volvo employees that work with ergonomic 
simulation. Three cases where developed similar to the way assembly worker work in 
the final assembly line at Volvo.  These cases were then tested with our method and 
the method Volvo uses. The two methods were then compared regarding time and 
result. Only static analyses (static pictures) were compared due to lack of time. 
 
Preparations 
To start the comparing study a meeting was arranged with the simulation engineers at 
Volvo to talk about what tasks would be of interest to the study. After a visit to the 
Volvo factory the guidelines to the cases were decided in cooperation with the thesis 
supervisor at Chalmers. It was also decided that the three cases required three new 
physical and virtual environments to be built. 
 
Instructions where made where the three cases where described in detail, see appendix 
13. The same instructions were used for the two different methods of solving the 
cases. Since the stage had not been altered since test 3 (chapter 5.7), no calibration 
was needed. 
 
The three physical environments were built by increasing the anthropometric chair, 
figure 19. The purpose was to make the chair symbolize a car in manufacturing. Tools 
were made to resemble the actual tools that were used during manufacturing. 
 
To the first case a T-beam was made and a cut was made in the chair, see a) and b) in 
figure 19. To the second case a tabletop was used.  It was suppose to serve as the car 
floors, see c) and d) in figure 19. This piece was then put on carbon boxes to get the 
same height as the actual height in some of the workstations in the Volvo factory. To 
the third case a roof was made see e) and f) in figure 19.  
 
Since Volvo uses Ramsis for simulation, the virtual environment had to be prepared 
for both Jack and Ramsis. This was done first by building the anthropometric chair 
and its new components in the program ProEngineer (ProE). The data was then 
transferred to Jack/Ramsis.  
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  a)       b)  
 

     c)      d)      
 

     e)       f)  
 

Figure 19. Case 1(a+b), Case 2 (c+d) and Case 3 (e+f) 
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Conducting the test 
The simulation engineers at Volvo used the same instructions as used in the motion 
capture tests. Volvo created pictures in critical end positions of the three cases, like 
they normally do in their daily work. On Chalmers static pictures were created with 
motion capture and also a movie was made to show the use of motion capture in 
dynamic analyses. 
 
Method using motion capture 
A new stage was built directly in Jack to enable the carpet on stage to be shown. After 
importing the components to each scene in Jack they were saved as environment files 
(case1, case2 and case3), see figure 19 above. 
 
Control tests had been made on the authors and on the test subjects during test 3. The 
environment was then checked and the test subjects were asked to follow the written 
instructions and perform the three cases. Pictures were made and also a recording was 
made on each case and afterward a movie was created. 
 
These tests where conducted on the four Volvo simulation engineers. A recording of 
the three cases was made with the motion capture system and then the recorded data 
was used to make pictures. An additional movie was created were the whole motion 
sequence could be viewed.  
 
How to put the anthropometric values into Jack 
The anthropometry was measured and the values were put into Jack according to the 
method described in the attached instruction manual “how to use computer manikins 
and motion capture”. It was noted how long each step took. When putting the values 
in Jack it was also noted how this was done on each test subject. 
 
Positioning the sensors 
After the manikin was defined in Jack, the motion capture sites were turned on. The 
markers were then placed according to these sites. The position of these sites could 
vary from person to person. After they were put on the test subjects’ body the manikin 
in Jack was constrained to the markers. The waist site was then adjusted on the 
manikin in Jack. 
 
Attachment of the sensors 
The same fastening technique that had been used in test 3 (chapter 5.7) was used.  
 
Tests on stage 
First the test subjects performed a couple of control tests in sitting and standing 
postures. Then the three cases were performed and recorded. The time was noted in a 
test formula, see appendix 14. After the recording of the motions was made, a movie 
was done for each test subject on each case. Pictures in critical postures were made 
using the recording and the feature screen capture in Jack. The pictures were saved as 
jpeg pictures. The time to make these was noted and then compared to the time it took 
for the Volvo simulators to do the same pictures. 
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Method at Volvo 
A virtual environment, a cell, was constructed. A cell is a virtual copy of a real 
environment. It consists of every, for the simulation, critical object that is present in 
the real environment, for example tools, fixtures, persons etc. In this case the files 
from ProE including the chair and stage were used in the creation of the cell. These 
files were converted at Volvo so that they could be used in eM-Engineer, a simulation 
software from Tecnomatix.  
 
All Simulation engineers created their own ergonomic manikins based on their own 
weight and height. These manikins were then positioned in the environment as 
described in the case instructions. Pictures were taken with screen capture in Paint 
Shop Pro 7. These were then saved as .jpg pictures. 
 
The time it took for each simulation engineer to create the simulation was 
documented. 
 
When ergonomic analyses are performed at Volvo the simulation engineers does not 
create their own ergonomic manikins. Instead three pre-determined Ramsis ergonomic 
manikins, based on percentiles are used. The mannequins are a 95 percentile male 
(approximately 191centimeters), a 50 percentile male (approximately 179centimeters) 
and a 5 percentile female (approximately 156centimeters). When pictures are used for 
internal use on Volvo the simulation engineers use a presentation template created in 
PowerPoint. In this pictures and occasionally movies are included. 
 
Comparison 
The results from the two methods were compared both regarding precision and time 
consumption. Values that had been noted were compiled in an excel document, see 
appendix 15. 
 
8.1.2 Result 
The results from the both methods will first be described separately. Then the results 
from the two methods will be compared. 
 
Conducting the test 
 
Method using motion capture 
The anthropometric values were put in Jack in the same way as in test 3 except that 
the time was checked. Also the positioning and attachment of sensors was done the 
same way as in test 3 (chapter 5.7) except that the time was checked.  
 
Test on stage 
The test subjects conducted the three cases and the times each moment took were 
written down in the test formula, see appendix 14. 
The times were then concluded for the four test subjects and compared as you can see 
in table 13 below. 
 
During the tests one person had to make sure that the cables where not in the way for 
the test subject. This person also had to check that the markers did not move or 
change direction. 
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Method at Volvo 
Each simulation engineer noted the time it took to make the pictures and these times 
were then written in the created excel document. The results could vary from engineer 
to engineer. And this is due to the fact that each simulation engineer has his/her own 
way of dealing with a problem. 
  
Comparison 
Described below is the comparison between the two methods first regarding precision 
and then regarding time. Figure 20-22 show the results from one the four test subjects. 
This test subject is a female 180centimetres tall. The results are further discussed in 
the discussion chapter. 
 
Regarding to precision 
To show this, comparable pictures are presented on each case. Generally it is shown 
that the posture of the Jack manikin is more like the real one if compared to the 
Ramsis manikin. Often there are a variety of ways of performing a task and it could 
be performed in many different postures. In the first case (figure 20) the test posture 
in Ramsis is a different one than the actual and this shows that it is difficult to know 
which posture to choose without performing the task in its real environment. 

 

a)  

b)       c)  
 

Figure 20. Comparison Case1. Digital photo (a), Ramsis picture (b) and Jack picture (c) 
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In Case 2 (figure 21) exercises were made both with and without vision demand. The 
pictures presented are with vision demand, which means that the test subject has to 
see what she is working with. 
 

 

a)  
 

b) c)   
 

Figure 21. Comparison Case 2. Digital photo (a), Ramsis picture (b) and Jack picture (c) 
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The exercise In Case 3 (figure 22) was the most complex one. Two critical end 
positions were chosen and in figure 22 one of these is presented. 
 

 

a)  
 

b)  c)  
 

Figure 22. Comparison Case 3. Digital photo (a), Ramsis picture (b) and Jack picture (c) 
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Regarding time 
In table 13 the time required for each moment are presented, for both methods. The 
times presented are mean values for all the four test subjects. 
 
TABLE 13. Comparison between the our times and the simulators 
ACTIVITY TIME MOTION CAPTURE 

(MINUTES) 
TIME VOLVO 

(MINUTES) 
   
Create manikin 26.42 - 
Measure anthropometry  15.18  
Put anthropometric values in jack  11.24  
   
Motion capture 25.07 - 
Fasten sensors 10.90  
Place sensors 5.29  
Control test * 8.88  
   
Time study Case 1 12.54 14.6 
Prepare for recording 1.20 - 
Record motion 0.21 - 
Time to make static picture at B 2 14.6 
   
Time study Case 2 14.67 18.7 
Prepare for recording 1.62 - 
Record motion 0.80 - 
Time to make static picture at D. 3 18.7 
   
Time study Case 3 26.01 58 
Prepare recording 4.64 - 
Record motion 0.70 - 
Static picture at F 2 31.7 
Static picture at I. 2 26.3 
   
Total 69.66  91.3 
 
It took about 50 minutes to prepare the motion capture tests but it then takes little time 
to make the pictures. It takes about 2-3 minutes to make a photo. To make a movie of 
the whole recording took about 15 minutes. The time required is valid for the specific 
computer used in this test. 
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8.2 Test 5 - Usability test 
A test was performed on one test subject. The person was asked to perform a motion 
capture test on one the authors using the developed method presented in the attached 
instruction manual “How to use computer manikins and motion capture”. Case 1 
mentioned in test 3 (chapter 5.7) was used as a testing example. Notes were made 
during this test and after each chapter in the manual the test subject was interviewed. 
The test was performed on the same computer as in test 1-3.  
  
8.2.1 Method 
The method used is the one described in the manual. 
 
An environment that already had been used in previous tests was used both in Jack 
and in reality and because of this no further calibration was needed. 
 
Conducting the test 
One test subject who was asked to perform a test on one of authors performed the test. 

 
The anthropometric values were put into Jack as described in the Manual. Also the 
positioning and attachments of the sensors were done as described in the Manual. 

 
The test was performed on one of the authors with help of the manual. After each 
chapter we asked the test subject to explain if the information described was adequate 
or not. Notes were made in a paper copy and were then put in the Manual 
 
8.2.2 Result 
The results of the usability test showed that only a few small changes needed to be 
done.  
 
Conducting the test 
 
The end result of this test was good and showed that the manual generates the result 
that was intended. Some adjustments however were needed. The chapters in the 
manual did not have a logic order and this was taken care of. More pictures were 
included to increase the understanding of the method. Some adjustments to the text 
were also made to make the manual easier to read. 
 
The test subject only had a few questions and remarks after each chapter. These 
questions were mainly regarding the anthropometric measure instructions and 
fastening and placement of sensors. The anthropometric measure instructions needed 
to be further explained, and preferably the explaining pictures in standing and sitting 
position needed to be on the opposite side of the instructions to make it easier to use. 
The placement and fastening chapter of the manual needed to be improved. More 
pictures on how to fasten, step-by-step pictures and not only the result should be 
presented. In appendix 16 the times each activity took are presented. It was the first 
time the test subject used a motion capture system and this is the reason why some 
activities took relativity longer time when comparing to the time in all previous tests.  
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9 Discussion 
In this chapter the results are discussed in a wider perspective. The areas discussed 
are needs analysis, brainstorming, development tests and verifying tests. 

9.1 Need analysis 
The results of the need analyse show that there are not many manufacturing 
companies in Sweden who can see benefits using motion capture. Often people are 
very interested since it is a relatively new technique but they can not see the benefit 
they would have when using motion capture.  
 
Motion capture will probably not have its real break trough point before it is further 
developed, less expensive and easier to use. Since the use of computer manikins is 
growing, the use of motion capture may also grow because more companies can see 
the benefits of integrating their manikin with motion capture to reduce the time to 
make simulations.  
 
Since there are not many companies that use computer manikins today (especially in 
Sweden) the developing process will probably go slow and motion capture may not be 
integrated during the next couple of years.  

9.2 Brainstorming 
The results from the brainstorming show that to be able to develop a method the basic 
difficulties when using magnetic motion capture need to be solved. These problems 
are common when comparing our study with others.  
 
Regarding the anthropometry it has to be considered that all people look different. 
The technique developed has to be useful on people of different height and weight. In 
our tests we did not have the opportunity to use an anthropometer, but probably this 
could show even more accurate results and it will probably decrease the measurement 
time. 

9.3 Development 
There are some aspects in the development tests that are interesting to discuss. These 
are the main three areas from the brainstorming and also problem areas that arose 
when the tests were performed. These are further described below. 
 
9.3.1 How to measure the anthropometry 
From the results it can be concluded that it is important to use an anthropometric 
method that gives accurate results. If not, the manikin will most certainly appear to 
look abnormal later on. If the anthropometric chair is further developed the time to 
measure the anthropometry could be decreased. For example slide callipers could be 
attached to it and then all length measurements could be measured easily.  
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9.3.2 How to put anthropometric data in Jack 
The results show that the values in the advanced scaling dialog in Jack are more 
advanced than expected.  It is not possible to just write all your anthropometric data 
in, as you like. This has to be done in a special order and in many cases it is better to  
use the suggested value in Jack than to change it. It was during test 1 we realized that 
the values are connected to each other and therefore it might be better to only change 
one value that controls three others rather than change all three separately.  Most 
important is not to have the correct anthropometric values in Jack, it is to have a 
good-looking manikin since it is this that decides how well it would work when using 
motion capture. Another conclusion from the results in test 1 is that if a value is 
changed you could not just change it back. This is because the manikin is relatively 
scaled, it scales regarding to the actual figure not the original one. 
 
9.3.3 Positioning the sensors 
One significant conclusion is that the waist sensor is the most important one. In test 1 
it was shown, and also in the jack manuals it says, that this sensor controls the whole 
figure in Jack. This sensor affects the manikin posture if it sits or stands straight or 
not. From all tests it can be concluded that if the manikin looks abnormal it in the 
most cases is because this sensor is placed wrongly. In test 3 it is shown that moving 
the lower torso site (waist) down to where the manikin’s buttock is flat, eliminates 
errors that previously existed. The early problems in test 1 and 2 with arms showing 
less than 90 degrees, shoulders on a wrong height, and the waist bird that needed to be 
adjusted when changing posture were all solved using this method. 
 
From the test results one can distinguish a difference between male and female test 
subjects. The males often needed more adjustments to the waist sensor. This could be 
due to that females usually have a curvier buttock than the males. It could also have 
something to do with the scaling module in jack. It may be different for working with 
a female manikin or a male manikin. 
 
Results from test 1 also show that the angle of the hand and foot sensors is more 
important than the placement. 
 
Results from test 3 shows that it can be very useful to use an external sensor to check 
the body contours. When using an external sensor the anthropometry of the manikin 
can be checked, for example the foot length by placing it on the toe and on the heal 
and see it placed the same in Jack. 
 
One important conclusion from test 3 is that the sites in jack seem to be set at 
different places depending on which anthropometric values the manikin has. There 
fore one need first to study the placement of the sites in Jack before placing the 
sensors on the test subject. 
 
From the test form in test 3, see appendix 12, two tables were made were the 
conclusions from the results are shown as examples on what can go wrong and how it 
can be prevented. Errors that can occur depends on if something is wrong with the 
placement of the sensors. In figure 23 an example of how a good sitting posture 
should look like is presented. This can be compared to the examples on bad postures 
in table 12. 
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a)             b)  
 

Figure 23. A good sitting posture in side view (a) and front view (b)   
  

Examples of what can go wrong are presented below in table 14. Also suggested 
solutions to the problem are presented. 
 
TABLE 14. Sitting straight 
WHAT COULD GO WRONG IN JACK AND 
HOW THIS CAN LOOK 
 

SUGGESTED ACTIONS 

Head 
Flying head sensor in jack • Move the Mo Cap head site in 

jack 
 

Hands 
Wrong angle • Adjust the angle on the hand 

sensor. 
 

Arms 
Wrong angle. 
 

 
 

• Move the hands sensor 
forward to the fingers and 
move the elbow sensor up on 
the arm. 

• Move the cable to the hand 
sensors from the outside of 
the hand to the inside. 
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Waist 
The back could look bent. 
 

   
 
 

• Check the waist sensor. Move 
this up or down. 

 

The person seems to be flying or to sit in the table. 
 

   
 

• Check the waist sensor. Move 
this up or down. 

 

Knees 
The legs could either be turned outwards or 
inwards. 

   
 

• Adjust the knee sensor. Move 
this in or out depending on 
what seems to be the 
problem 

Feet 
Wrong angle. 
 

• Adjust the angle on the feet 
sensors. Be certain that you 
have fastened these good. 
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In figure 24 an example of how a good standing posture should look like is presented. 
Many faults in standing posture are the same as in sitting. 
 

 
 

a)     b)  
 

Figure 24. A good standing posture in side view (a) and front view (b) 
 
In table 15 what can go wrong and how it can be prevented in standing posture is 
shown. 
 
TABLE 15. Stand straight 
WHAT COULD GO WRONG IN JACK AND 
HOW THIS CAN LOOK 
 

SUGGESTED ACTIONS 

Back 
The back could look bent 

  
Bent back 
 

 
• Move the waist sensor or 

change the direction of it. 
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The legs could look bent 

 
 

 
• Move the waist sensor or 

change the direction of it. 
 

Legs 
The legs could have a strange angle. 

   
 

 
• Move the feet sensors 

towards the toes. 
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Described in table 16 are some examples of errors that can occur when doing certain 
exercises. These exercises were performed in test 2 and 3 and shown in the table are 
conclusions 
 
TABLE 16.  Example exercises 
INSTRUCTION WHAT COULD GO 

WRONG IN JACK 
SUGGESTED ACTIONS 

Put hands on the 
table 
 
 

The angle could be wrong. • Adjust hand sensor. 

Put right foot on 
left foot 
 
 

This can look strange, the 
angles on the feet may not be 
right. 

• Adjust feet sensors. 

Put hands 
together 
 
 

The elbows, hands or both 
may not reach each other. 
 

 
 

• This problem has to do with the 
waist sensor. Either move it 
on the test subject or move 
the site on the manikin in 
jack. 
  

• One can move the elbow 
sensor toward the body. This 
make the elbows meet but the 
problem with the hands 
remains. 

Put one hand on 
the head 
 

The hand doesn’t reach the 
head. 

• Move the head site in Jack. 

Cross the arms 
 
 

This can look strange • Move the waist sensor that 
probably has moved. 

Cross the legs 
 
 

The legs can intersect each 
other. 

• Move the waist sensor that 
probably has moved. 
The legs almost always 
coincide a little because jack 
can’t feel compressions 
 

Lean forward The shoulders could have an 
abnormal angle 

• Adjust cervical sensor 

 
Compared to test 2 the method used in test 3, were the waist site was moved, was 
much better and the results were more accurate. 
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9.3.4 Fastening the sensors  
The developed fastening technique goes hand in hand with the placement since if the 
sensors are loose they will move and not stay at the right place. This will then affect 
the manikin’s appearance. When the placement is known the next step is to try and 
fasten the sensor on that exact place as good as possible. A good fastening technique 
will make the test subject move freely on stage and not be concerned with tripping 
over cables or worry about a sensor being loose.  
 
Below in figure 25 the development is presented with pictures. The fastening 
technique in test 1 was not a good one since the cables were loose and many of the 
sensors were fitted loosely. In the second test the ability for the test subject to move 
around on stage had increased a lot. There was still however problems with some of 
the sensors that moved and mad the manikin look unusual. In test three all problems 
were solved and they could move without t he sensors moving or changing direction. 

 

 
 

a)   b)   c)  
 

Figure 25. Development of the fastening technique in test 1 (a), test 2 (b) and test 3 (c)  
 
9.3.5 Check errors due to the environment 
The effect the environment has on the results had to be noted. Otherwise the results 
are not reliable. The best cause of action to avoid sources of errors due to the 
environment is to make sure that the tests are performed in a wood building with 
wood floor and walls. Another thing could be to use a stage that is high enough to be 
shielded from the disturbances the floor can cause. 

9.4 Construct a manual 
It is important to have many pictures in the manual since they make it much easier to 
understand the method described in it. The person that is going to use the manual has 
to have some basic knowledge on the computer manikin Jack and also be familiar to 
what is written in the motion star installation guide.  

9.5 Verification 
The results show that our method using motion capture is a good method to use in real 
work application.  They also show that by using the manual accurate results can be 
achieved. 
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9.5.1 Test 4 - Comparing study 
One of the purposes with this thesis was to show that motion capture actually could be 
used in real work applications. This has been shown since the results one gets with 
motion capture are at least as good as the ones with Volvo method. There are 
advantages and disadvantages with both methods. In table 15 below some advantages 
and disadvantages with both methods are presented regarding to time and precision 
for a static analyse.  
 
The results that the motion capture method generates are not as accurate as the ones 
with the traditional method but the accuracy could easy be improved by for example; 
use a Virtual Reality (VR) glove. Mostly the accuracy is good enough for the analyses 
that are being made.  
 
When using motion capture one gains time compared to traditional method. This 
because a recording only has to be made ones and then an unlimited amount of 
pictures can be made afterwards. If one is going to use motion capture continuously it 
is best if the tests are done on the same group of test subjects. Then the 
anthropometric measurement is a one-time job. The time to use our method will then 
noticeably decrease and it will be more motivated to use this method. 
 
The time it takes to make a movie and pictures depends on the computer used. If it is 
a fast one then it will go fast to make the movies and pictures.  
The size of the movie has an influence on how long it will take to make it. When 
noting the time needed for making a movie, it was only noted for one test object. The 
reason to this was because the same computer and the number of frames give the 
same amount of time.  
 
TABLE 17. Advantages and Disadvantages regarding to time and precision 

MOTION CAPTURE TRADITIONAL METHOD 
+ - + - 

It goes very fast to 
make pictures. 

The precision is not 
exact (see figure 20-
22). 

The precision is 
exact (see figure 20-
22). 

Since it is time 
consuming only a 
picture of the 
critical end position 
is made. 

You can freeze the 
recording and easy 
make pictures in 
every critical 
moment of the 
motion. Not just in 
the end position. 

No metal can be 
used in the field. 

 The posture may 
not be accurate 
since one has to 
guess how to 
perform the 
exercise.  

You get the real 
posture that actually 
is being used in a 
certain exercise. 
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If putting aside the time and precision aspects there are two disadvantages with the 
developed motion capture method. Firstly this method requires more resources 
regarding staff. At least two persons have to attend the test, one test subject and one 
instructor. On Volvo only one person is needed. The second disadvantage is that 
percentiles cannot be tested. On Volvo they only use percentiles because they then 
have a large spectra and ten know that the specific analyse will work for both large 
and small persons. If using motion capture one have to search for assemblers that are 
as small as possible and as big as possible and always use them in the tests and this 
may not be as easy as it seems.  
 
It is important to know that this comparing study only was made with static analyses. 
In the beginning it was supposed to also include dynamic analyses. Movies of motion 
sequences would also have been compared. This could not be done due to lack of 
time. One field of application with our method (using motion capture) however is 
exactly this, to analyse motion sequences.  During the interviews it was learned that it 
could take several hours to make a movie directly in a manikin program and also that 
the result sometimes did not look realistic. The verification test showed that the when 
using motion capture it only takes minutes to make a movie and also that the manikin 
have a realistic movement pattern Also we did not know the quality and accuracy a 
motion capture made movie would be. This has shown to be well over our 
expectations and the motions look real and the accuracy is good enough. In appendix 
17 some examples of motion sequences are shown. These were made using the 
recordings to the cases in the comparing study.  
 
To sum up it can be said that if a static analyse should be made there is no preferable 
method to use, but when dynamic analyses should be made the use of motion capture 
is best.   
 
9.5.2 Test 5 - Usability test 
The results from this test show that it is important to use many pictures in a manual, 
since this makes a difficult text easier to understand. When using the system for the 
first time one has to expect some additional time for learning the system and asking 
questions. It is therefore important to remember that the noted time this test took will 
decrease the second time the subject uses it and will continue decreasing until all 
stages of the method are learned. When the system has been used a couple of times 
the time will probably be at a level that makes motion capture well worth using. One 
can for example look at the times it took us to perform a test (appendix 15) in the 
comparing study and compare to the times in the usability test (appendix 16). This 
shows that an experienced user can perform the test twice as fast as a beginner. 
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10 Opportunities for continuing work 
Motion capture is a relatively new technique and its use, as a tool in ergonomic work 
is not yet implemented. Therefore there are many areas where research could be 
done. 
 
A continuing work on this thesis could be to make the manual digital, since this would 
ease the use of the method that has been developed. This could be made with flash 
programming and user test could be performed. 
 
Another interesting area could be to integrate other VR devices in our method such as 
VR helmet and glove. It would also be interesting to know if this method could be 
used for an optic motion capture system instead of a magnetic one. 
 
When using magnetic motion capture one can use multiple transmitters (cubes) to 
increase the magnetic filed. It would be interesting to see if this would affect the 
results of the accuracy. 
 
This method could be further developed and especially a better way to fasten the 
sensors should be researched about. 
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Time Plan 
 

The time plan was made in excel which made it difficult to bind in this report. That is why it 
can be found on the attached cd, see appendix 17. 
 
The time plan illustrates the distribution of the 25 weeks of the project. 
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Work plan 
 

The work plan describes each activity and its purpose in detail. 
 
Information retrieval 
Information will be collected about three main subjects: anthropometry, ergonomics and the 
ergonomic tools; computer manikins and motion capture. 
 
The purpose of this activity is first to get enough information about anthropometry to perform 
correct anthropometrical measurements, furthermore to get basic ergonomic knowledge to be 
able to understand the need of motion capture and manikins in the work with ergonomic 
simulation at a car manufacturer. Finally to find out what kind of manikins and motion 
capture systems exists today and what they are used to. The information will be collected 
using searches on the internet, databases and literature. 
 
Need analyse 
The intention of this activity is to collect existing and future needs of motion capture and 
computer manikins for ergonomic simulation at manufacturing companies. The information 
will be retrieved from web searches, database searches, technical papers and scientific 
journals. The need analyse will be completed by interviews at four different manufacturing 
companies. 
 
Development 
Since instruction manuals do not exist on how to use the motion capture system the aim is to 
develop a method for using motion capture. The method should be applicable on ergonomic 
simulation in the production of a car manufacturer.  

 
Brainstorming 
Brainstorming will be used to find out what should be tested and how these tests can be 
performed. The activity should answer the following questions: 

1. In what areas can motion capture be used for testing? 
2. What kind of tests could be interesting to do? 
3. What problems are there with motion capture and how does one solve them? 

 
Tests 
The purpose of the tests is to solve the problems that aroused during brainstorming. Three 
tests were performed performed with the magnetic motion capture system Motion Star and 
will be carried out in a lab environment on a stage. The test should result in a method that will 
give the same results regardless of who the test performer and its subject are. The tests are of 
experimental character, which means that the method will develop from one test to another.  
 
Test 1 - Testing Motion Capture 
The purpose of this test is to learn the motion capture system, MotionStar. The result should 
be a suggested method for how to measure the anthropometry, how to fasten the sensors and 
how to place the sensors. 
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Test 2 – Develop method 
The purpose of test 2 is to develop the method discovered in test 1. The test should also 
investigate what anthropometric method that is the best. The result should be an improved 
method regarding how to measure the anthropometry, how to fasten the sensors and how to 
place them. 
 
Test 3- Improve method 
In this test the improved method should be tested and if possible, even more improved. 
 
Constructing a manual 
The purpose of this activity is to write a manual for how to use motion capture and jack. 
Anyone should be able to read and use it. 
 
Verification 
The aim of this activity is to verify the developed method and manual. The method will be 
verified by showing a comparing example of how motion capture can be used as a step in 
every day work in a Volvo factory. The manual should be tested in a usability test. 
 
Test 4 – Comparing Study 
The purpose is to make sure the method is useful for real work applications. Tests should be 
done with our motion capture method and the method a car manufacturer uses. The two ways 
to programme the manikin should then be compared regarding time and precision. 
 
Test 5 – Usability test 
The aim is to test the new manual to make sure it is easy to use, easy to understand and that 
the results one gets when using it are correct. 
 
Writing the thesis 
The purpose of this activity is to write a thesis in English.  
 
Presentation 
The aim is to tell interested companies about the results. This will be done with a verbal 
presentation and a motion capture demonstration. 
 



Appendix 3 

 1

Interview questions 
 
 

1. What are your work tasks? 
2. What other tasks does the ergonomic department have? 
3. Are there any calculations done, concerning how much money you save on doing the 

ergonomic evaluation early in the production development process? 
4. What is the name of you department and what other departments concern about 

ergonomic questions? 
5. How many persons have ergonomic knowledge at your company? Do you think this 

number will increase or decrease in the future? 
6. How are the tasks to be simulated being chosen? 
7. Do you cooperate with the occupational health service? Do you sometimes send 

commissions to them? 
8. What tools are you and your colleague using? 
9. Are simulated and manual ergonomic evaluations being equally valued? Do any of 

them play a more important role? 
10. How do you validate your results? 
11. What limitations are there with your way of working? 
12. Would it be helpful to be able to make sequences of moving manikins? 
13. Have you been using ergonomic simulation tools such as computer manikins and 

motion capture? 
14. How many ergonomic simulations are being done, approximately? Do you think the 

amount will increase or decrease in the future? 
15. What strengths and weaknesses do you find with your way of working today 

compared with using ergonomic simulation? 
16. In what consistency do you think ergonomic tools could be useful for you? 

- ergonomic analyses 
- geometrical analyses, such as reach ability and eye view 
- visualisation 

17. Do you know what the company/ the management thinks about ergonomic simulation? 
If negative, what do you think would make them more interested? 

18. Are you interested in trying computer manikins? 
19. For what purposes are the computer manikins used today? 
20. What problems are there with the computer manikins today? 
21. Do you have any experiences of using motion capture systems? 
22. Would you like to try motion capture? 
23. Can you imagine any conceivable areas where motion capture could be useful? 
24. What would you like to try/get more information about? 
25. What plans does your company have to develop the ergonomic work? 
26. Do you have any plans to start using computer manikins or motion capture? 
27. Do you think your company uses computer manikins and motion capture in 10 years? 

How do you think you use it? 
28. How do you think your ergonomic work will be done in 10 years? 
29. How do you think your company evaluates the ergonomics in 10 years?  
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Sketches of anthropometric chair 
All measurements are given in centimetres. 
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Main box 
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Back rest 
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Advanced scaling dialog in Jack 
 
 
Weight:  
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Tip when fastening sensors 
Described below are some tips to think about when fastening the sensors on the body. 
 
Head 
This sensor can easily move but fastening it better should prevent this.  
 
Cervical (neck) 
It is important to fasten this marker correctly so that the direction of it is unaffected 
when the test subject is moving. 
This sensor corresponds to the site upper torso in Jack. This position is by the big 
vertebra in the neck. 
 
Elbow 
This sensor corresponds to the upper arm site in Jack. This position is in reality placed 
a little bit lower than the middle of the upper arm. Seeing from the back the position is 
in the middle. 
 
Waist 
This sensor corresponds to the lower torso site in jack. The position is found by 
moving 2/3 down from the waist. 
 
Knees 
The position is 2/3 from the knee and these sensors corresponds to the upper leg sites 
in Jack You can manipulate the right turning position by looking in the front view in 
jack.  
 
Feet 
Remember to fasten these markers correctly so that the direction is correct and 
doesn’t change. 
 
Hands 
Remember to fasten these markers correctly so that the direction is correct and 
doesn’t change. 
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Results test 1 
(What happens when the sensors are being manipulated?) 

 
Described below is the result of test 1, what happened when each sensor on the body was 
moved and tipped up, down and to the sides. 
 
Head sensor 

• If the sensor is being moved or tilted forwards the manikin will look down. 
• If the sensor is being moved or tilted backwards the manikin will look up. 
• If the sensor is being moved or tilted to the left the manikin will lean the head to the 

right 
• If the sensor is being moved or tilted to the right the manikin will lean the head to the 

left. 
 
Cervical sensor 

• If the sensor is being moved or tilted up this will cause the manikin to bend the back 
forward. 

• If the sensor is being moved or tilted down this will cause the manikin to bend the 
back and move the shoulders to the backside, see figure 1. 

 
 

 
 

Figure 1. How the manikin looks when the cervical sensor is being moved or tilted to down 
 

• If the sensor is being moved or tilted to the right this will cause the manikin to move 
both shoulders down and forward, and the right shoulder will be turned forward, see 
figure 2. 
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Figure 2. How the manikin looks when the cervical sensor is being moved or tilted to the right 
 
•  If the sensor is being moved or tilted to the left this will cause the manikin to move 

both shoulders down and forward, the left shoulder will be turned forward. 
 
Waist sensor  

• If the sensor is being moved down this will cause the manikin to appear moving down 
through the floor as shown in figure 3. 

 
 

 
 

Figure 3. How the manikin looks when the waist sensor is being moved down 
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• If the sensor is being moved up this will cause the manikin to appear flying above the 
floor, see figure 4. 

 
 

 
 

Figure 4. How the manikin looks when the waist sensor is being moved up 
  
• If the sensor is being tilted up or down this will cause the palm- and elbow birds to 

move in or out of their sites, which affects the reach ability and movements. Legs will 
be bent and the manikin will appear standing on tiptoes or the back will be bent and 
look like a ducktail, see figure 5. 

 
 

A       B   
 

Figure 5.  How the manikin looks standing on tiptoes (A) or has a ducktail (B) as a result of the 
manipulation of the waist sensor 
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• If the sensor is being moved or tilted to the right this will cause the manikin to bend 

the upper and lower body to the left as shown in figure 6. 
 

 

 
 

Figure 6. How the manikin looks when the waist sensor is being moved or tilted to the right 
 
• If the sensor is being moved or tilted to the left this will cause the manikin to bend the 

upper and lower body to the right.  
 
Elbow sensor 

• If the sensor is being moved up this will cause the manikin to straighten the arm. 
• If the sensor is being moved down this will cause the manikin to bend the arm. 
• If the sensor is being moved on the back of the arm towards the body this will cause 

the manikin’s forearm to be twisted away from the body, see figure 7. 
 

 

 
 

Figure 7. How the manikin looks when the elbow sensor placed back on the arm is being moved towards the 
body. 
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• If the sensor is being moved on the back of the arm away from the body this will cause 

the manikin’s forearm to be twisted towards the body as shown in figure 8. 
 

 

  
 

Figure 8. How the manikin looks when the elbow sensor placed back on the arm is being moved from the body 
 
Knee sensor 
This bird should be placed on the front side (not in the hollow of the knee). 

• If the sensor is being moved or tilted up/down this will cause the manikin to 
bend/straighten its legs as shown in figure 9. 

 
 

A        B   
 

Figure 9. How the manikin looks when the knee sensor is being moved or tilted up (A) or down (B)
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• If the sensor is being moved to the inside or outside of the leg this will cause the 

manikin to be knock-kneed or bandy-legged, see figure 10. 
 

 

A        B  
 

Figure 10. How the manikin looks when the knee sensor is being moved outside (A) or inside (B)  
 
Foot sensor 

• If the sensor is being moved to the front this will cause the manikin to move the lower 
leg and foot forward. 

 
•  If the sensor is being moved to the back this will cause the manikin to move the lower 

legs and feet backwards, see figure 11. 
 

 

 
 

Figure 11. How the manikin looks when the foot sensor is being moved back 
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• Tilt the sensor to the front will cause the manikin to twist the foot to the inside. 
• Tilt the sensor to the back will cause the manikin to twist the foot to the outside. 
• Move or tilt the sensor to the inside of the foot will cause the foot to tilt and the 

manikin will appear standing on the outer part of the foot. 
• Move or tilt the sensor to the outside of the foot will cause the foot to tilt and the 

manikin will appear standing on the inner part of the foot. 
 
Hand sensor  

• Move or tilt the sensor in the direction of the fingers/wrist will cause the manikin to 
tilt the hand up/down. 

• Move or tilt the sensor towards/away from the thumb will cause the manikin to turn 
the hand down to the inside/outside of the hand. 
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Anthropometric measure instructions 
 
The measurement will be performed in sitting and standing postures. 
The numbers in the measure description correspond to the numbers on the formula 
where the values will be noted see appendix 5, Advanced scaling dialog in Jack. 

Sitting posture 
Remove shoes, stockings etcetera to avoid inaccurate measurement. Sit on the 
antropometric chair and adjust the footrest so you get an angle of 90 degrees between 
you foot and lower leg and between your upper leg and lower leg. Sit straight and 
adjust the backrest so it touches the buttock1. Relax in your shoulders and let your 
lower arm form a 90 degrees angle to your upper body. Keep your hands flat (figure 
1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.Explanation of the anthropomtric landmarks used in this measure process in Sitting posture 
 

                                                 
1 bakdel 

The most forward 
point of the knee/ 
the highest point on 
the patella.  

The most forward 
protruding point on 
the abdomen. 

The most rear 
point of the 
buttock. 

The bottom/the 
rear back of the 
curvature of the 
elbow. 

Outward 
protrusions of the 
bones of the first 

The point in-between the 
eyebrows.

The seat surface. 

The uppermost 
point on the thigh. 
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Measure by marking the position on the backrest of the anthropometric chair, in 
sitting posture. 

- no 23, sitting height  
- no 22, sitting eye 
- no 21, sitting acromial 
- no 9, elbow rest height 
-  

Measure with a setsquare 2and a ruler3, in sitting posture. 
- no 8, buttock-knee 
- no 25,thigh clearance 
- no 24, sit knee height 
- no 12, foot length 

 
Measure with a slide calliper4, sitting on stage to facilitate the measure process. 

- no 15, head  breath 
- no 16, head height 
- no 17, head length 
- no 20,shoulder-elbow 
- no 10, elbow-fingertip 
- no 2, abdominal depth 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

                                                 
2 vinkelhake 
3 linjal 
4 skjutmått 



Appendix 8 

 3

Standing posture 
Remove shoes, stockings etc to avoid inaccurate measure. Stand fully upright with 
feet together. Keep your shoulders relaxed. (Figure 2). 
 
 
 

 
 
Figure 2.Explanation of the anthropomtric landmarks used in this measure proce in Standing posture. 
 
 
 
 

The high point of the 
scapula where the bones 
of the shoulder complex 
meet. 

The most outward point 
of the bone. 

The middle 
fingertip. 

The most outward point 
of the deltoid muscle.

Inside edge of the foot and  
the most outer point of the foot. 

The outer most point 
above the ears. 

The most outward point 
of the hip or tight, use 
the one that is the 
broadest. 
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Measure by marking the position on the backrest of the anthropometric chair, in 
standing posture. 

- no 1, stature 
- no 4, acromion height 
- no 3, ankle hight 
- no 5, arm length 

 
Use a slide calliper in standing posture. 

- no 6, biacromial breath 
- no 7, bideltoid breath 
- no 18, hip breath 
- no 11, foot breath 

 
Stand close to the chair with your hand and underarm resting horizontally on the 
chair. Measure with a small slide calliper and a ruler, if needed. 

- no 13, hand breath 
- no 14, hand lenght 
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Photos for anthropometric measurements 
 

 
                        Picture1. Sitting posture 
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                 Picture2. Standing posture 
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Test on stage-test form 
 
Date: 
Name test subject: 
Instructor: 
 
Instruction What happens in Jack Suggested actions 
Sitting posture 
Sit straight 
 
 

  

Put hands on the table 
 
 

  

Put right foot on left foot 
 
 

  

Put hands together 
 
 

  

Put one hand on the 
head 
 
 

  

Reach to one corner of 
the table 
 

  

Cross the arms 
 
 

  

Cross the legs 
 
 

  

Standing posture 
Stand straight 
 
 

  

Put hands on the table 
 
 

  

Put right foot on left foot 
 
 

  

Put hands together 
 
 

  

Put one hand on the 
head 
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Reach to one corner of 
the table 
 

  

Cross the arms 
 
 

  

Cross the legs 
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Calibration 
Described in this appendix are the two calibrations that were conducted. 

 
Calibration 1 
The first calibration was performed with the environment file ny_scenmiljo3 in jack. It was 
performed during the preparations to test 2. 

Method 
First a sensor was placed on the stage floor and was moved in x- and z direction to control the 
magnetic field. First one direction was checked and then the other. The numbers in figure 1 
shows which points were checked. 
 
The same test was performed but on approximately 87 centimetres from the stage floor 
(middle of the electromagnetic cube). Then the test was performed on 166 centimetres from 
the stage floor. These heights were selected to cover test subjects feet, middle on the body and 
head. 
 

 
                          

 

  
 

Figure 1.The points that where checked on stage 

1
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3

4

5
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1011
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9
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Cube
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 Carpet 
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Result 
Table 1 describes how it looked in Jack when the sensor was put on the points illustrated by 
numbers in figure 1 above.  
 
TABLE 1. What happened with the sensor in Jack at the points on stage 
NUMBER ON 
STAGE 

X Y Z 

1 ~15 cm in on 
stage 

½ down to the floor ~15 cm in on 
stage 

2  ½ down to the floor  
3  ¼ down to the floor  
4  1/8 down to the floor  
5 On stage On stage On stage 
6  1/10 down to the floor  
7  The sensor appears have been 

sinking, its cable is in the same 
height as the floor. 

 

8  The sensor has sunken through the 
floor. 

 

9  The sensor has started to float. The 
distance increases, as the sensor 
gets closer to the edge. 

 

10  The sensor floats and does not 
appear be lying on the edge. 

 

11 Looks good Approximately 3 cm above the 
stage. 

A few cm in on 
the stage. 

12  The sensor in the same level as the 
carpet. 

 

13  ¼ down to the floor  
14  ½ down to the floor 

 
 

15 ¼ in on the 
stage 

½ down to the floor Looks good 

16  ½ down to the floor  
 
 The results from test at 87 centimetres height and 166 centimetres height are presented in 
figure 2. Here it is shown where in the field the test can be performed on stage without any 
disturbances. The best field is the area towards the cube. 
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  (Centimetres) 
 
 

 
 

Figure 2. Where the field is best on different heights 
 
 

 154 ± 2 cm 
88 cm 
height 

166 cm 
height 

148.5 cm 
122 cm
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Calibration 2 
This calibration was also performed with the environment file ny_scenmiljo3 in Jack. It was 
performed during the preparations to test 3. 
 

Method 
The following method was used: 
 

1. Since the floor is not really flat and the electromagnetic transmitter stands on the floor, 
the box has been a little angled compared to the scene. This angle has been small, but 
does still affect the motion capture so that it looks like the manikin walks though the 
floor more than he/she should, see figure 3 below. 

 

 

     
 

Figure 3. How the manikin appear to be walking through the floor in Jack 
 
To find the correct gradient of the electromagnetic box, cartons were placed on top of 
each other to create a straight line, from the middle of the electromagnetic transmitter 
to the front of the scene. Twelve sensors were positioned on the cartons, a height of 87 
centimetres. This line is in z-direction in Jack. A side view was used in Jack to view 
the straight line that was created of the sensors. The electromagnetic transmitter was 
adjusted until the line of sensors seems to be straight and on the correct height (figure 
4).  

2. The field decreases as you come further away from the box. To find in what distance 
the field is good it was noted where the straight line started and stopped to be straight.  

3. A straight line of markers placed on cartons was created in x- direction as well. y = 87 
centimetres and z = 128 (124) centimetres. 

4. Another straight line was created in x-direction, 24 centimetres from the left edge. y = 
87 centimetres and z = 199 (195) centimetres. 

5. A straight line in z-direction. x = 24 centimetres and y = 87 centimetres. 
6. A straight line in x-direction. z = 52 (48) centimetres and y = 87 centimetres. 
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Figure 4. Visualization on how the boxes were placed on stage. 
 

Results 
The results were as follows: 
 

1. The line of sensors is at an acceptable level when the electromagnetic box is adjusted 
with a water level to correct positioning.  

2. At 87 centimetres height the field is strong enough between 44 and 149 (39 and 145) 
centimetres from the box in a straight line to the front of the scene. Outside this area 
the field decreases which will cause the manikin to walk trough the floor in Jack. 

3. The field is strong all the way cross the stage. 
4. The field is strong cross the scene, but at 62 centimetres from the left edge of the 

scene, the field seem to decrease. There is therefore a difference between the left and 
the right side of the scene. This might depend on metal disturbance. 

5. The field is strong from the very back of the scene to 153 (149) centimetres from the 
back of the scene. 

6. Strong field. 

Insights 
Above tests were performed with the middle of the cube placed 17 centimetres up from the 
stage in Jack. After the test it was realized that this measurement should have been 21 
centimetres. We made an assumption that this error could be corrected by adding 4 cm to all 
z-values presented. This assumption was then controlled and calibration test 2 was performed 
once again and this time with the cube at the correct position in Jack. Instead of z=39.5 cm it 
was 43 cm and instead of z= 145 cm it was 156 cm. These measurements came from the point 
were the line star to bend. These values were not exact and the conclusion was made that it 
seems reasonable to adjust the above z- values with 4 cm. The old values still remain, within 
parenthesis. 
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Test form- Test 3 
 
6. Test form 
 
Instruction What happens in Jack Suggested actions 
Sitting posture 
Sit straight 
(Arms in right angle?) 
 

  

Lean forward 
 
 

  

Put hands together 
 
 

  

Put one hand on the 
head 
 
 

  

Standing posture 
Stand straight 
Kolla böjda ben 
 

  

Lean forward 
 
 

  

Put hands together 
 
 

  

Put one hand on the 
head 
 

  

Squat 
 
 

  

 
7. Body Contours: 
 
8. Bad placement of sensors: 
 
Alternative test 
 
7. Let Jack decide arm length, no. 5: 

 
 

8.  Let Jack decide all measurements that can change arms and shoulders: 
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Case Instructions 
Described in this appendix are the three cases that will be simulated and tested with motion 
capture. 
 
The instructions presented below will be used both when simulating and when using motion 
capture.  This will make the results from the both methods comparable. It is very important 
that the time simulating is noted because it will then be compared to the time when using 
motion capture. 
 
All cases are meant to resemble different assemble exercises in a Volvo car at approximately 
400 and 900 millimetres height. These measurements and the exercises are approximate and 
are not directly comparable with specific tasks in the factory. 
 

Case 1 
Instruction to manikin/test subject: 

• Stand straight and relaxed at A with your back towards the chair. Hold tool 2 in your 
hand (tool 2 is shown on page 5). 

• Fasten tool 2 by the pins at B. The tool should be turned so that the test subject can see 
a small square on it. 

• Complete the exercise by returning to the start position.  

 

 
 

Figure 1. The environment in Case 1. A represents the manikin/test subject start position and B shows where the 
assembly will take place. 
 
Case 1 illustrates assembling of a side collision curtain or a similar exercise. 
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Case2 
Instruction to manikin/test subject: 

• Stand straight and relaxed at C with tool 1 in your hand (tool 1 is shown on page 5). 
• Fasten tool 1 in hole D. At least one foot must be on the floor throughout the exercise. 
• Complete the exercise by returning to the start position.  

 
 

 
 

Figure 2. The Environment in Case 2. C shows the manikins/test subjects start position. D shows where the tool 
should be placed. 
 
Case 2 illustrates different assemblies inside the car where the visibility is bad and where the 
assembler in addition has to reach out to be able to complete the assembly. 
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Case3 
In the physical model a cross is marked on the car floor. This cross illustrates the girders that 
limit the assemblers motions in the car. The girders are illustrated with measurements in 
figure 5. 
 
Instruction to manikin/test subject: 

• Stand outside the “car” at E. 
• Enter in front of the B-pillar (the front is as the arrow shows). 
• Turn towards F and fasten tool 2 by the pins at F. The tool should be turned so that the 

test subject can see a small square on it (tool 2 is shown on page 5). 
• Take the sit-box, named toolbox, from the corner G and place it at H (the toolbox is 

shown at page 5). H represents the central girder of the car. 
• Take a seat on the box. 
• Assemble the strip at I. In reality this strip is a cloth with a frame of Velcro (the strip 

is shown on page 5). 
• Sit relaxed. 

 
 

 
 

Figure 3. The Environment in Case 3. At F tool 2 is assembled. The toolbox is placed at G and is then moved to 
H. I illustrate the sunroof of the car. 
 

I F
Roof with 
roof hatch 

B-pillar 

Front door 
opening  
of the car 

H 
G 

The floor 
in the car  
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Figure 4. Positions for assembling of tool 2 at F and the strip at I. E is the start position in the exercise. 
 
 

 

 
 

Figure 5. The car floor seen from above. The cross illustrates the girders that limit the assemblers’ motions. Due 
to lack of space, the middle of the car (Y0) is not in the middle of the physical environment.  
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Case 3 illustrates entering a car and assembling of rear-view mirror/lamp and sunroof. 
 
 

 

 
 

Figure 6. Tools that are being used in the exercises described above: Strip, Tool 1, Tool 2 and Toolbox. 
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Times simulating 
Below is a table (table 1) where times can be filled in after each stage. The manikin is created 
differently on Chalmers and Volvo. At Chalmers 24 measurements are made and then put into 
Jack. At Volvo a manikin is made in Ramsis regarding to the test subjects length and weight. 
When the cases are performed the motion will be recorded at Chalmers. At Volvo the motions 
will be animated. 
 
TABLE 1. Time study 

Activity Time (minutes) 
 

Create manikin  
• Measure anthropometry (is only made on Chalmers)  
• Put anthropometric values in Jack (is only made on 

Chalmers) 
 

• Create manikin in Ramsis (is only made on Volvo)  
 

 Case 1  
• Record motion/ make animation  
• Time to make static image at B.  

 
Case 2  

• Record motion/ make animation  
• Time to make static image at D.  

 
Case 3  

• Record motion/ make animation  
• Static image entering.  
• Static image at F.  
• Static image when placing toolbox at H.  
• Static image at I.  
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Things to remember! 
Below are a few things to remember before the motion capture tests. 
 

Clothing 
Soft and preferably tight clothes are recommended to ease the body measuring 
procedure and the fastening of sensors (a training suit works). The motions are 
performed in an electromagnetic field and therefore no metal should exist in 
the test area. The test subject should wear non-metallic clothes (no metallic 
zippers, buttons etc) and remove jewellery and metallic hair ribbons. 
 

Test 
First an anthropometric measurement will be made. This takes about 30 
minutes. Then the measurement will be put in Jack on the computer. This can 
take from 20 minutes to one hour. 
 
When the manikin is finished the sensors will be placed on the test subject and 
a control test will be made to make sure the sensors are correct placed. This 
will take approximately 30 minutes 
 
When everything is working the different cases are made. This will at the most 
take two hours provided that all goes well. 
 
All stages can only be performed on one test subject at a time. 
 
Best regards 
Anna and Lina 
 

If you have any questions please contact us: 
 
 
 

Lina Åström    Anna Johansson 
linast-7@student.luth.se   anajoq-7@student.luth.se 

0702-55 80 87   070-656 37 85 
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Test formula – Time study Chalmers 
 
Name: 
Date: 
 
Table 1. The time each moment take.  

Activity Time (minutes) 
 

Create manikin  
• Measure anthropometry   
• Put values in Jack    

 
Motion capture  

• Fasten sensors  
• Place sensors  
• Control test*  

 
Time study  

• Prepare recording  
• Record motion  
• Make movie  
• Make picture at B  

 
Time study Case 2  

• Prepare recording  
• Record motion  
• Make movie  
• Make picture at D  

 
Time study Case 3  

• Prepare recording  
• Record motion  
• Make movie  
• Picture entering  
• Picture at F  
• Picture taking toolbox  
• Picture when toolbox is placed at H  
• Picture at I  
• Picture going out  

* In the control test different postures are checked. For example arms in a right angle, 
lean forward, put hands together and touch the head. 
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Compilation of time studies on Chalmers 
and Volvo 

Described in this appendix are the times for each test subject using motion capture 
(table1) and the method Volvo uses (table 2).  

 
TABLE 1. Compilation of times using Motion capture on Chalmers 

ACTIVITY SUBJECT 
1 

SUBJECT 
2 

SUBJECT 
3 

SUBJECT 
4 

AVERAGE
TIME (MIN)

      
Create manikin     26.42 
Measure 
anthropometry 

15.75 17.98 14 13 15.18 

Put values in Jack 19.81 7.1 9.06 9 11.24 
      

Motion capture     25.07 
Fasten sensors 12.56 10 8.06 13 10.90 
Place sensors 3.21 5 5.13 7.8 5.29 
Control test * 10 14 5.11 6.42 8.88 
      
Time study Case 1     12.54 
Prepare recording 1.21  1.06 1.33 1.20 
Record motion 0.13 0.17 0.33 0.18 0.21 
Make movie 10.25 8 9.14  9.13 
Make picture at B  2   2 

      
Time study Case 2     14.67 
Prepare recording 1.63  1.5 1.73 1.62 
Record motion 0.5 0.23 1.83 0.62 0.80 
Make movie 9.25 9 9.5  9.25 
Make picture at D  3   3 

      
Time study Case 3     34.01 
Prepare recording 4.65  4.17 5.1 4.64 
Record motion 0.78  0.5 0.83 0.70 
Make movie 18.33 15 16.68  16.67 
Picture entering  2   2 
Picture at F  2   2 
Picture when taking 
toolbox 

 2   2 

Picture when placing 
toolbox at H 

 2   2 

Picture at I  2   2 
Picture when stepping 
out 

 2   2 
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*In the control test different postures are checked, for example arms in right angle, lean 
forward and put hands together. 
  
There are some empty spaces in the table since the time was not always noted because we 
did not have the time. 
Pictures were only made on one test subject since it had shown previously that this time 
always is about 2-3 minutes. 
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TABLE 2. Compilation of times using Volvo method 

ACTIVITY SUBJECT 
1 

SUBJECT 
2 

SUBJECT  
3 

SUBJECT 
4 

AVERAGE 
TIME (MIN)

      
Time study Case 1 12 9 23  14.6 
Make picture at B 12 9 To create 

the end 
position 
took 23 
minutes.  
 
Then 2 
more 
positions 
were created 
and then 
connected, 
this took 
another 17 
minutes. 

  

      
Time study Case 2 10.5 13 32.5 15 17.75 
Make picture at D Position a 

10 
 
Position b 
11 

 

13 First a 
posture with 
one knee on 
the table 
was made. 
This took 20 
minutes.  
 
Then a 
posture with 
both knees 
on the table 
was created 
and this 
took 45 
minutes.  

15  

      
Time study Case 3 59 30 85 75 62.25 
Picture at F 35 15 45 50 36.25 
Picture at I  24 15 40 25 26 
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Result- verification test 
 
In this table the time for each activity can be filled in. 
 
TABLE 1. Times during the verification test 

ACTIVITY TIME (MINUTES) 
  
Create Manikin  
Measure anthropometry 47.54 
Put values in Jack 16.04 
  
Motion Capture  
Fasten sensors 46 
Place sensors 2.19 
Control test * 6.06 
  
Time study Case 1  
Prepare recording 3.59 
Make recording 3 
Make picture at B 2 
Make movie 5 
* In this test different posture both standing and sitting are checked. For example arms in a 
right angle, lean forward, put hands together etc. 
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CD 
The movements shown are the results of the performance of the three cases, according to 
case instructions (appendix 13). 
 
Contents 

 
1. Animated motion capture session of case1. 

Male, length: 181cm, weight: 96kg 
 

2. Animated motion capture session of case2. 
Female, length: 180cm, weight: 86kg 
 

3. Animated motion capture session of case3. 
Male, length: 172cm, weight: 75kg 
 

4. Excel sheet of the Time plan (see appendix 1) 
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Description of some common used words 
 
Anthropometry The science of the human body measurement  
 
Bird   Another name for a motion capture sensor 
 
DC Short for Direct Current 
 
Electromagnetic transmitter A transmitter used for electromagnetic motion 

capture 
 
Ergonomic simulation tools Computer programs such as Jack, Ramsis etc 
 
ERT Short for Extended Range Transmitter, the 

“box” that generates an electromagnetic filed. 
 
Manikin A three dimensional computer model of the 

human body 
 
MoCap Short for Motion Capture, a technique to 

record the movements of a human 
 
Site A definition Jack uses to define position and 

orientation of coordinates in 3D space.  
 
VR Short for Virtual Reality 
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1 Introduction to Motion capture and Jack 
This manual is an appendix to the thesis “How to use computer manikins and motion 
capture” (Johansson, Åström, 2004). Motion capture is the name of a technique for 
capturing motions. The main application areas for motion capture today are in the 
computer game and movie industry.  There are mainly two different types of systems 
available today, optic and magnetic. This book only describes a magnetic system 
developed by the company Ascension Technology Corporation. This system is called 
Motion Star and has a DC magnetic field. 
 
Jack is a computer manikin from the company UGS. A computer manikin is a three-
dimensional computer model of the human body. The manikins are mainly used for 
ergonomic simulation. 
 
To use this manual it is required to be familiar with basic Jack usage. A Jack manual 
and MotionStar manual might also be needed. 
 
To perform a motion capture session, you first need to get dressed in tight clothes that 
make the anthropometric measurement possible and the body movements free. The 
measuring process is done in two steps, sitting and standing posture. Then the 
measurements will be inserted into Jack to create a manikin that corresponds to the test 
person. The sensors are fastened to the human body, using elastics and Velcro. The 
placements of the sensors differ from person to person and the correct positions are 
found at the sites positions on the manikin in Jack. To make sure that the placement is 
correct a control test will be performed. When the human is constrained to the manikin, 
the manikin is able to move in real-time and pictures and movies can be recorded.  
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2 How to measure the anthropometry 
This chapter guides you through the tools and technique needed to measure the 

anthropometry. The measures will later be used to create a manikin with the same 
proportions as the real human. 

2.1 How to be dressed during the measure process 
To enable correct measurement of the body, the person should be dressed in tight-
fitting clothes to make it possible to see and feel the landmarks used for measuring 
(figure 5 and 6).  

2.2 Measurement tools 
The anthropometric measurement is measured in both standing and sitting posture. The 
anthropometry is measured using an anthropometric chair (figure1), a length measurer, 
a scale, a big slide calliper a small slide calliper, a set-square, and a ruler (figure 2). The 
anthropometric chair can be adjusted to use for both standing and sitting posture (figure 
1).  
 

 
 

a)  b)  
 

Figure 1. a) Anthropometric chair, sitting position. b) Anthropometric chair, standing position 
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Some measurements will be measured by marking the body parts position on the 
backrest of the anthropometric chair using reusable adhesive. A ruler will be used to 
measure the distances between the markings. Another tool that will be used is a scale 
and a stadiometer. During the measure process the values will be noted in the advanced 
scaling dialog in Appendix 1. Instruction of what tool should be used for what 
measurement will be described later.  
 

 
 

 
 

 
Figure 2.The measurement tools used in the anthropometric measure process. Seen from the left: a set-
square a long ruler, a short, ruler, a small slide calliper and a big slide calliper 
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2.3 Measure instructions 
24 anthropometric values will be measured to be able to create a proper manikin for 
motion capture. The measure process is divided into sitting and standing posture. 

2.3.1 Sitting measure instructions 
Preparations 
Prepare the anthropometric chair for sitting posture (figure 2). Let the person being 
measured sit down on the chair with an angle of 90 degrees between the foot and the 
shin, the thigh and the shin, the upper and lower part of the body and between the upper 
arm and the forearm. The hands should be kept flat and shoes and stockings should be 
removed. The shin and the heel should be positioned against the chair, see figure 3. 
 

 
 

a)    b)  
 

Figure 3. a) Sitting posture, side view. b) Sitting posture, front view 
 
Adjust the backrest of the chair so it touches the buttock. Adjust the footrest so that 
there is an angle of 90 degrees between the thigh and the shin. Add one to three plates 
under the feet if necessary. The measures that will be measured are the one in the 
advanced scaling dialog (figure 9). The landmarks used for measuring in sitting posture 
are illustrated and explained in figure 5.   
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Performance 
Position the person to measure as described above. The measure procedure for sitting 
posture is divided into three steps. The landmarks used, are described in figure 4. All 
measurements should be measured on the right side of the body. The numbers below 
correspond to the numbers in figure 5 and appendix 1. Note the measured values in 
Appendix 1. 
 
Step 1 
Measure the following measurement by marking the position with reusable 
adhesive on the backrest of the anthropometric chair and measure the distance 
between the marked points with a ruler, in sitting posture.  

• No 23, sitting height  
• No 22, sitting eye 
• No 21, sitting acromial 
• No 9, elbow rest height 

 
Step 2 
Measure the following measurement with a set-square and a ruler, in sitting 
posture. 

• No 8, buttock-knee 
• No 25,thigh clearance 
• No 24, sit knee height 
• No12, foot length 
 

Step 3 
Measure the following measurement with a slide calliper, in sitting posture. 

• No 15, head breath 
• No 16, head height 
• No 17, head length 
• No 20,shoulder-elbow 
• No 10, elbow-fingertip 
• No 2, abdominal depth 
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Figure 4. Explanations of important landmarks in sitting posture 
 



 

Copyright ©2004 Anna Johansson and Lina Åström 
 

10

2.3.2 Standing measure instructions 
Preparations 
Prepare the anthropometric chair for standing posture (figure 2). The person that is to 
be measured should stand fully upright, with relaxed shoulders and feet together. Shoes 
should be removed to avoid inaccurate measure. The landmarks used for standing 
posture are illustrated and explained in figure 6.  
 

 
 

a)   b)  
 

Figure 5. a) Standing posture, side view. b) Standing posture, front view 
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Performance 
Position the person to measure as described above in chapter 2.3.3. The measure 
procedure for standing posture is divided into four steps. The landmarks used, are 
described in figure 6. All measure should be measured from the right side of the body. 
The numbers below correspond to the numbers in figure 6 and appendix 1. Note the 
measured values in Appendix 1. 
 
Step 1 
Measure the values using a scale and a length measurer. 

- Weight 
- No 1. Stature 

 
Step 2 
Measure by marking the position on the backrest of the anthropometric chair, in 
standing posture.   

- No 4, acromion height 
- No 3, ankle height 
- No5, arm length 

 
Step 3 
Use a slide calliper in standing posture. 

- No 6, biacromial breath 
- No 7, bideltoid breath 
- No 18, hip breath 
- No 11, foot breath 

 
Step 4 
Stand close to the chair with your hand and underarm resting horizontally on the 
seat of the chair. Measure with a small slide calliper and a ruler (figure 7).  
 

 
 

 
 

Figure 6. Illustration when measuring hand breath and hand length 
 

- No 13, hand breath 
- No 14, hand length 
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Figure 7.  Explanations of important landmarks in standing posture. 

2.3.3 Values not measured 
The thigh clearance, thumb tip reach and inter pupil distance will not be measured. The 
thigh clearance is not measured since entering the measured value will give the manikin 
extremely thin legs. The reason why the thumb tip reach and the inter pupil distance are 
not measured is that it is difficult to get correct measure results and that they are not 
necessary when creating a manikin good enough for motion capture. 
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3 How to enter anthropometric values into 
Jack 

The measured values should be entered in the advanced scaling dialog to create a 
manikin that looks like the human. Inserting all values does not necessary generate a 
correct manikin and the values therefore need to be inserted with caution. When using 

motion capture there is a need of a manikin with the correct proportions. If not, the 
manikin will move strangely because the distance between the markers are not the same 

for the manikin and the person attached to the motion capture system. This guide will 
help you to get a manikin good enough for motion capture. 

 
1. Start the programme Jack. 
2. Open a manikin with the same sex as the person. Human/Create/Default male 

(or Default female). 
3. Click the right mouse bottom at the human. 
4. Choose Scale. Build Human basic scaling dialog appears (figure 8). 
 

 
 

 
 

Figure 8. Basic Scaling dialog 
 
5. Insert the stature and weight.  
6. Click scale existing, to apply the height and weight. 
7. Click Advanced Scaling to go to the Build Human advanced scaling dialog 

(figure 9). 
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Figure 9. Advanced scaling dialog 
 
8. Place the manikin next to the advanced scaling dialog and make sure to watch 

the way the manikin changes throughout step 8 and 10. Sometimes the manikin 
can become abnormal even if the correct values are entered. By noticing the 
way the manikin changes the value that causes the manikin to look odd can be 
detected, and a better looking manikin can be created.   

9. If the values recommended by Jack, differ much from the measured values, we 
recommend you to note the values suggested by Jack. Sometimes it can be more 
useful to use this value instead of the measured value to get a normal looking 
manikin. 

10. Enter the measured values, starting with stature and fill all values in until hand 
length in left column. The values will automatically be locked. We recommend 
inserting those 14 first values and only changing the following if they differ 
much (+/- 2cm) or if the manikin does not look like the test person.  
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11. Enter the values for head breath, height and length only if it is necessary to 
make the manikin look like the real human.  

12. Enter the values in the right column (hip breath until thumb tip reach) only if the 
values recommended by Jack differ more than approximately +/- 2cm from the 
measured values. Those values should be changed with caution since they can 
make the manikin look strange.  

13. If the manikin does not look like the human. Delete the manikin and start from 
step 1 again. Changing the same value over and over again could make the 
manikin look very strange, and therefore we recommend you to use a new 
manikin every time you want to re-change a value. 

 
To add the manikin to the menu 
14. Insert a name for the manikin in the name box. 
15. Click Add to menu to add the new manikin to the human/create menu.  
 
To save the manikin and its properties 
16. Right click at the manikin/properties. In the properties dialog it is possible to 

change clothes, name etcetera. 
17. Right click at the manikin/save to save the manikin and its properties.  
18. Choose the manikin you want to save. 
19. Click ok. 

 
The reason why some values should be changed with caution is that even though values 
are kept locked they change when other values are changed. To help you, if the manikin 
does not look like the human, table 1 describes the most common changes (table 1). 
  
Table1. Other measures that are affected when one measure is changed 
 
MEASURE 

 
WHAT OTHER MEASURE WILL BE AFFECTED 

Acromion height Thigh clearance 
Biacromial breath The thickness of the arms seen from a front view 
Bideltoid breath The thickness of the arms seen from a front view 
Shoulder elbow Arm breath seen from side view 
Sitting acromial The neck length 
Sitting eye The neck length 
Sit knee height The legs and buttock seen from a side view 
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4 How to start MotionStar 
The most critical item in installing an Extended Range Transmitter (ERT) is selecting a 
location for the placement of the transmitter. A poor location will result in degraded 
measurement accuracy by the Motion Star. If metal objects are near the transmitter or 
sensors the result of the position and angle measurements will be affected.  A metal 
object is considered being near if the distance between the transmitter and sensor is the 
same as the distance between the transmitter and the metal object. Examples of metal 
objects that can affect the accuracy are metals desks, bookcases, floor, ceiling and 
walls. Usually the largest error is due to the floor since they often are constructed of 
concrete that contains a mesh of reinforced steel bars. 
 
To use the sensors at a distance of 2.5meters from the ERT, the ERT and sensors 
should be located 2.5meters away from the floor, ceiling, walls or other large metal 
objects. The only way to know how the surroundings effect the equipment is to install 
the ERT and determine if the accuracy is satisfactory for the actual application. The 
accuracy degradation can be evaluated by taping one sensor to a cardboard box. When 
moving the box farther away from the ERT in the x-direction the sensors z-position 
output can be recorded. If the floor is not causing a large error the z-value will remain 
relatively constant as you move away from the transmitter. 
 
The ideal location for the ERT is in an all wood building or in a large room with a stage 
above the floor for mounting the transmitter and using the sensors. How to cable the 
system together is described in the Installation and operation guide, pages 9-14.  
 
When everything is installed and correctly connected the system can be switched on. If 
you see the sensors coordinates on the screen everything is working correctly. If not use 
the Installation and operation guide for error search. 
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5 How to start Motion Capture in Jack 
Motion capture module is available for windows (2000/NT) and SGI (IRIX). The 
hardware supported by Jack are: 

• MotionStar by ascension Technologies, Inc 
• Flock of birds by ascension Techologies, Inc 
• Vicon Tracking System by Vicon, Inc 
• Cybergloves by Virtual Technologies, Inc 
 

This instruction manual will only describe the MotionStar system.  

5.1 Motion Capture module 
1. Start the motion capture system. 
2. Start the motion capture module at modules/motion capture –real-time (figure 

10). All motion capture functions will be found here. Some of the functions 
available are described below.  

 
 

 

 
 

Figure 10. Motion Capture- Real- Time dialog 
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5.1.1 VR Devices 
This dialog allows you to add a VR Device. 
 

1. Open the VR Devices dialogs at modules/ motion capture – Real-time/VR 
Devices (figure 11). 

 
 

 

 
 

Figure 11. VR Device dialog 
 

2. Select a VR Device from the drop list Add Device. 
3. Select the device settings. 
4. Select connect and start. 
5. Click save to save settings for the device. This only has to be done the first time. 
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5.1.2 Tracking  
1. Start the tracking dialog from Modules/Motion Capture – Real-Time/Tracking 

(figure 14). 
2. Optional: Click mapping to change how the bird mapping matches your setup 

(figure 12). Perform the changes. Click apply mapping to apply your changes. If 
you are not familiar with the constraints in Jack, we suggest you to use the 
default values for  
tracking constraint parameters. 
 

 
 

 
 

Figure 12. Tracking setup with Mapping selected 
 
3. Optional: Click the mapping button, to set constraint for fine tune tracking 

(figure 13). Select apply after each constraint you modify. If you are not 
familiar with constraints in Jack, we recommend you to use the default values 
for the tracking constraint parameters. 
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Figure 13. Tracking setup with mapping selected 
 

4. Click save, to save all tracking configurations. This only has to be done if you 
have changed something 

5. Make sure the test subject is standing still and then click constrain, to constrain 
the human to the trackers.  

 
Further information about the Motion Capture module can be found at help/MoCap 
help. 
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5.2 Settings for how the constraints are solved 
At Edit/System Defaults/Solver the time limit and step factor can be found. Those two 
parameters affect how the constraints are solved and consequently the accuracy and 
smoothness of the manikin’s movements. 

5.2.1 The time limit (ms) 
To evaluate the constraints, Jack uses an iterative numerical procedure to evaluate the 
constraints. The time limit is the amount of time Jack spends solving this problem 
during one iteration, before giving up and accepting a less than optimal solution. A 
higher time limit will give more accurate movements but will take longer time to solve. 
We recommend you to use a time limit at 30 ms. 

5.2.2 Step Factor (m) 
The motion of the manikin is likely to be smoother if the distance that the goal moves 
in one iteration is small. The step factor sets a limit on the distance between the end 
effecter and the goal. Instead of using the actual goals, Jack uses intermediate goals 
placed in the direction of the end effectors but only a fixed distance away.  A small step 
factor will cause the manikin to move more smoothly, but because the constraint it 
solved at intermediate step points more time will be required to reach the goal. We 
recommend you to use a step factor of 10 m. 
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6 Placement and fastening of sensors 
This chapter includes a description of how to fasten every sensor. 

6.1 How to place the sensors on the test person 
The exact placements of the sensors differ from person to person. In general eleven 
sensors are placed on the head, neck, elbows (right and left), hands (right and left), 
waist, knees (right and left) and feet (right and left). The sites and sensors that 
correspond to each other have different name. Each sensors placement will be presented 
below. The waist sensor is often placed to high after scaling a manikin to the preferred 
size.  Therefore it has to be moved down and sometime in, towards the manikin’s body.  
 

1. Open the manikin that you created in chapter 4. 
2. Start the tracking dialog from Modules/Motion Capture – Real-Time/Tracking 

(figure 14). 
 

 
 

 
 

Figure 14. Tracking setup 
 

3. If no tracking configuration is listed in the configuration name list, select a new 
tracking configuration. 

4. Select a human to track. 
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5. Open the MoCap toolbar from Modules/Motion Capture –Real-Time/MoCap 
toolbar. 
The MoCap Toolbar gives you quick access to functions that are commonly 
used. Each function is described in figure 11. 
 

 
 

 
 

 Show/hide MoCap toolbar buttons 
 

 Open tracking setup dialog 
 

 Open Scale tracker dialog 
 

 Create/destroy eye view windows 
 

 Toggle tracker figures display 
 

 Toggle MoCap sites display 
 

 Toggle stickman display 
 

 Auto scale jack figure to trackers 
 

 Constrain jack figure to trackers 
 

 Record motion data
 

Figure 15. Mo Cap toolbar 
 

6. Click the MoCap sites display, to view the sites of the manikin. To make the 
sites more visible it is sometimes useful to change the colour of the background. 
This can be done at edit/system defaults/colour. 
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7. Move the lower torso site down, until it reaches the height of the hip-joint (se 
figure 16). This will increase the accuracy of the manikin’s movements. To 
learn how to move a site, see the Jack manual. 

8. Move the site horizontally until it touches the buttock, if it is not placed on the 
body. If it is already placed near the body, no further movements have to be 
done. 

 
 

 

a)          b)  
 

Figure 16. a) Manikin with sites. Human.lower_torso.MOCAPsite is in its original position. b) Manikin 
with sites. Human.lower_torso.MOCAPsite after its been moved down 
 

 
To add the new manikin to the menu 
9. Insert a name for the manikin in the name box. 
10. Click Add to menu to add the new manikin to the human/create menu.  
 
To save the new manikin and its properties 
11. Right click at the manikin/properties. In the properties dialog it is possible to 

change clothes, name etcetera. 
12. Right click at the manikin/save to save the manikin and its properties.  
13. Choose the manikin you want to save. 
14. Click ok. 
15. Place the sensors on the person being tested, at the location of the sites of the 

specific manikin using the fasten sensor instruction.  



 

Copyright ©2004 Anna Johansson and Lina Åström 
 

25

6.2 How the test person should be dressed 
Tight-fitting clothes should be used during the motion capture session to avoid the 
clothes to restrict the movements and the sensors to move out of its position. To avoid 
distortion all metal should be eliminated from the electromagnetic field which includes 
the clothes as well. 

6.3 How to fasten sensors on the test person 
Elastics are used that can be fastened with Velcro around each body part. Velcro is also 
glued on the sensors so that they can be fastened with Velcro on the elastics. Pictures 
below show example of a fastening technique that can be used when using elastics and 
Velcro. For description of how the attachments were created, see the thesis “using 
computer manikins and motion capture chapter 6. To find out what sensor should be 
attached to what body part, check you settings at Modules/Motion Capture – Real-
Time/Tracking. 

6.3.1 Fasten the head bird  
1. Place a tight wool cap on the head. 
2. Attach the head sensor where the bottom head site is located at the manikin in 

Jack. 
3. Put a Velcro piece on the cap to fasten the cable to make sure the sensor 

placement does not move, see figure 17. 
 

 
 

 
 

Figure 17. The cable is fastened with a peace of Velcro, to avoid it from moving 
 

Velcro 
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4. Put a headband around the head. This will be done to cover the sensor in the 
front and the cable in the back and make them stay in place.  

 
 

 

           
 

Figure 18. Attachment of the head sensor 

6.3.2 Fasten the cervical bird 
1. Fasten the cervical harness firmly according to picture 19.  
2. Place the cervical sensor where the upper torso site is located at the manikin in 

Jack. 
 

 
 

 
 

Figure 19. Cervical harness with the cervical sensor attached  
 

Sensor 

Headband 

Harness 
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3. Place the textile cover over the sensor to keep it in place (figure 20). 
 

 
 

 
 

Figure 20. Attachment of the neck sensor 

6.3.3 Fasten the waist bird 
1. Fasten the waist harness rather hard, by attaching elastic around each leg and 

around the waist. Attach the waist and leg elastics with elastics over the buttock 
(figure 21). 

2. Fasten the waist bird where the lower torso site is located.  
 

 
 

 
 

Figure 21. Waist harness and waist sensor 

Sensor with 
textile 
cover 

Waist bird 
Attachment of 
the waist and leg 
elastics. 
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3. Adjust the elastics that attach the waist elastic to the leg elastic. It should be 

enough stretched to keep the waist bird in place, no matter it the person stands 
straight or bend the back.  

4. Put the textile cover over the bird to keep it in place (figure 22). 
 

 
 

 
 

Figure 22. Attachment of the waist bird  

Textile cover 
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6.3.4 Fasten the elbow and hand birds 
1. Put a knitted glove on you hand. 
2. Right click on the manikin in Jack/postures/seated_straight, to get the manikin 

into the seated straight posture. This will make it easier to find the correct 
location of the site. 

3. Ask the human to position the arms in 90 degrees, like the manikin in straight 
seated posture. 

4. Attach the hand sensor to the glove where the palm site in located. 
5. Cover the bird and cable with a long glove to keep it in place. 
6. Fasten the elbow elastic relatively hard and fasten the hand cable under it. 
7. Attach the elbow bird at the location of the upper arm site. 

 
 

 

     
 

Figure 23. Attachment of hand and elbow birds 
 

8. Cover the elbow bird with the textile elbow cover. 
9. Fix the hand and elbow cable pretty hard with an elastic at the upper arm.  
10. Perform step 1-7 for the other arm. 

 
 

 
Figure 24. Attachment of the hands and elbows birds. The elbow is covered with the textile elbow cover  

Attachment 
of cables 

Hand cable attachment. 

Elbow sensor 

Hand sensor 

Elbow cover. 
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6.3.5 Fasten the knee and foot birds 
1. Put a knitted sock on the foot. 
2. Fasten the foot sensor to the sock where the foot site is located  
3. Attach the foot cable tightly with elastic (figure 25a). 

 
 

 

a)      b)  
 

Figure 25. Foot sensors attached to knitted socks. b) Attachment of the knees and feet sensors 
 
4. Fix the foot bird by putting a sweatband over the sensor (figure 25b). 
5. Attach elastic closely for the knee bird and let the foot cable be led under it 

(figure 25b). 
6. Right click on the manikin in Jack/postures/seated straight, to get the manikin 

into the seated straight posture. This will make it easier to find the correct 
location for the knee sensor. 

7. Ask the human to sit with his knees in 90 degrees angle, like the manikin in 
straight seated posture. 

8. Fasten the knee bird where the upper leg site is positioned. 
9. Fasten the cables from the knee and foot under the waist belt, straight over the 

knee. This is done to keep the sensors in the correct direction and to facilitate 
the movements and get rid of the cables.  

10. Repeat step 1-7 for the other leg. 

Knee bird and 
knee elastic 

Foot sensor and 
sweat-band Foot cable 

fastener 
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6.3.6 Fasten the cables to the back and the leg 
Having eleven cables hanging from different parts of the body makes the movement 
limited and is a fault of error since the free cables cause the sensors to move. Therefore 
we recommend you to fasten all cables except the waist cable at one leg. The waist 
cable is not included since it will be turned to one side and gets a wrong placement. 
 

1. Ask the person to stretch the arms forward and bend the back, to make sure the 
possibilities to move will not be limited. 

2. Collect the hands, elbows, neck and head cable at the back and fasten it hard 
around the upper body, using elastics, see figure 26. 

 

 
 

 
 

Figure 26. Fastening of cables from the upper body 
 

3. Fasten all cables, except the waist cable hard, around the thigh, the shin and the 
ankle (figure 27). 

4. Ask the person to move into extreme postures to make sure no movements are 
bounded. Adjust the cables if needed. 
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Figure 27. How to fasten the cables to one leg 

6.3.7 Control of sensor position 
Make sure the sensors are correctly placed in the position of its corresponding sites, 
according to table 2.  
 
Table 2. The sensors correspondence to the sites at the manikin 
 
SENSOR 

 
CORRESPONDING SITE 

head sensor bottom head site 
cervical sensor    upper torso site 
waist sensor lower torso site 
hand sensor palm site 
elbow sensor upper arm site 
foot sensor foot site 
knee sensor upper leg site 
 

6.3.8 Prepare the environment for motion capture 
Open the manikin that matches the test person. If a certain virtual environment will be 
used, it needs to be created and opened. Before MotionStar is started, make sure to 
remove all metal near the electromagnetic field to eliminate the distortion caused by 
metal. 
 

Cable  
fastener 

Cable  
fastener 

Cable  
fastener 

Cable 
fastener 
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7 Control test 
Before the actual test is being performed, some control exercises can be done to check 
that the sensors are right placed and that the manikin looks good. What to do when the 

manikin look strange is described in chapter 8. 
  

1. Open the manikin that matches the human and an environment. 

7.1 Sitting posture 
2. Prepare the anthropometric chair for sitting position (figure 1). 
3. Ask the person to sit down on chair, according to picture 28, with: 

- 90 degrees between the foot and the shin,  
- 90 degrees between the thigh and the shin,  
- 90 degrees between the upper and lower part of the body and  
- 90 degrees between the upper arm and forearm.  
- Hands kept flat.  
- shin and heel positioned against the chair 

 

 
 

a)    b)  
 

Figure 28. a) Sitting posture, side view. b) Sitting posture, front view 
 

4. Constrain the manikin according to the chapter “how to start motion 
capture” page 14. 

5. Open the side view and front view at View/Window Sets/Four Panels 
6. Check in side- and front view that all criterions described in step 3 are 

correct at the manikin. 
7. Check the correspondence of the human and the manikin doing 

following exercises: 
- Hold arms in a right angle 
- Lean forward 
- Put hands together 
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7.2 Standing posture 
8. Prepare the anthropometric chair for standing position (figure 1). 
9. Ask the person to stand fully upright, according to picture 29, with: 

- Relaxed shoulders 
- Feet together 

 
 

 

a)   b)  
 

Figure 29. a) Standing posture, side view. b) Standing posture, front view 
 

10. Check in side- and front view that all criterions described in step 3 are 
correct at the manikin. 

11. Check the correspondence of the human and the manikin doing 
following exercises: 

- Hold arms in a right angle 
- Lean forward 
- Put hands together 
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8 How to make recording, movies and 
pictures 

The motion capture can quickly be recorded to make movies and pictures of any 
posture. 

8.1 Recording 
1. Open the figure and environment that has been created. It is important that the 

environment and manikin have been saved so that they can be retrieved later 
when making the actual movie.  

2. Constrain the figure to the motion capture sensors. See chapter 2.1.4 Tracking. 
3. Open the Recording dialog from Modules/Motion Capture-Real-

Time/Recording. A Recording set up menu will then be opened (figure 30). 
 

 
 

             
 

Figure 30. Recording setup dialog 
 

4. Press the add scene icon to select everything in the window. 
5. Enter the numbers of frames you want to record. This is done in the Max. 

number of frames to record box. 
6. Click the Start button to start the recording. 
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7. Press Save to save your recording. The recording will be saved as an 
environment file in Jack and can be used as a chanelset.  
Chanelsets are used when making animations. These are a way to save multiple 
motions or channels into one motion. Chanelset files can be read back in and 
added to an animation. 

8. Now the motion capture system can be switched off.  

8.2 Playback recording 
1. Open the saved environment and figure to enable to watch the recording. 
2. Open the recording that was saved in step 7 in the chapter above. This can be 

done from Modules/Motion Capture-Real-Time/Playback/Tracker Motion Data. 
The Animation window is then opened (figure 31). 

 
 

 

 
 

Figure 31. Animation Window 
 

3. Press Generate to generate the recording.  
4. At Timeline/Show Frames you can change to show the time in frames instead of 

seconds if needed.   
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8.3 Picture 
1. Perform step 1- 4 in the chapter playback recording. 
2. Drag the red line horizontally. This way you can choose to stop anywhere in the 

recording. Stop where you want a picture to be saved. 
3. Select File/Screen Capture to save a picture. 
4. Choose the window you want to save. 
5. Click OK. 
6. Select where to save the picture. 

 

8.4 Movie 
1. Open the environment you want to record. 
2. Adjust the environment to the view you want to record. 
3. Toggle the tracker figures display off if you do not want the trackers to be in the 

movie. This can be done at Mo Cap toolbar/tracker figures display. 
4. Open the export window under File/Export Animation (figure 32). 

 
 

 

         
 

Figure 32. Export Animation 
 

5. Select the right window in the view box. 
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6. Write the name of the movie and the place where the movie shall be saved 
under Path/ Basement. 

7. Mark the Rendered Image icon and choose what rendered quality you want. If 
you choose a high number it will take longer for the computer to make the film, 
4-8 will in the most cases suffice. 

8. Select The Resolution wanted. 
9. Choose Movie MPEG. 
10. Press Start. 
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9 What can go wrong and what you can 
do about it 

Presented below are some examples of how it can look if something is wrong with the 
placement of the sensors and how you can adjust it. 

9.1 Sitting posture 
There are several faults that can occur when sitting in a straight position. Most of these 
problems depend on the wrong placement of the waist sensor. Presented in figure 33 is 
an example of a good sitting posture.  
 

 
 

a)             b)  
 

Figure 33. A good sitting posture in side view (a) and front view (b)  
  
The good posture in figure 33 could be used to compare the pictures in table 3, were 
examples of bad sitting postures are presented and also what can be done to avoid them. 
 



 

Copyright ©2004 Anna Johansson and Lina Åström 
 

40

TABLE 3. Sitting straight problems and solutions 
WHAT COULD GO WRONG IN JACK 
AND HOW THIS CAN LOOK 
 

SUGGESTED ACTIONS 

Head 
Flying head sensor in jack • Move the Mo Cap head 

site in jack 
 

Hands 
They can have the wrong angle • Adjust the angle on the 

hand sensor. 
 

Arms 
They can have the wrong angle. 

 
 

• Move the hands sensor 
forward to the fingers 
and move the elbow 
sensor up on the arm. 

• Move the cable to the 
hand sensors from the 
outside of the hand to 
the inside. 

 

Waist 
The back could look bent. 
 

  
 
 

• Check the waist sensor. 
Move this up or down. 
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The person seems to be flying or to sit in the 
table. 
 

  
 

• Check the waist sensor. 
Move this up or down. 

 

Knees 
The legs could either be turned outwards or 
inwards. 

     
 

• Adjust the knee sensor. 
Move this in or out 
depending on what 
seems to be the 
problem 

Feet 
They can have the wrong angle. 
 

• Adjust the angle on the 
feet sensors. Be certain 
that you have fastened 
these good. 
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9.2 Standing posture 
The correct standing posture is presented figure 34. To help you find solutions to 
common problem, faults and solutions are presented in table 4. Many faults in standing 
posture are the same as in sitting. 
 

 
 

a)    b)  
 

Figure 34. A good standing posture from the side (a) and front (b) view 
 
In table 4 what can go wrong and how it can be prevented in standing posture is shown. 
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TABLE 4. Stand straight problems and solutions 
WHAT COULD GO WRONG IN JACK 
AND HOW THIS CAN LOOK 
 

SUGGESTED ACTIONS 

Back 
The back could look bent 

   
Bent back 
 

 
 
• Move the waist sensor 

or change the direction 
of it. 

 

The legs could look bent 

 
 

 
• Move the waist sensor 

or change the direction 
of it. 

 

Legs 
The legs could have a strange angle. 

   
 

 
• Move the feet sensors 

towards the toes. 
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9.3 Example exercises 
In table 5 examples of errors that can occur when doing certain exercises are presented. 
These exercises are a good way to use when checking the positions of the sensors. 
 
Table 5. Suggested actions if the manikin looks odd. 
INSTRUCTION WHAT COULD 

GO WRONG IN 
JACK 

SUGGESTED 
ACTIONS 

Put hands on the 
table 
 
 

The angle could be 
wrong. 

• Adjust hand sensor. 

Put right foot on 
left foot 
 
 

This can look 
strange, the angles 
on the feet may 
not be right. 

• Adjust feet sensors. 

Put hands together 
 

 

The elbows, hands 
or both may not 
reach each other. 

• This problem has to 
do with the waist 
sensor. Either move 
it on the test subject 
or move the site on 
the manikin in jack. 
  

• One can move the 
elbow sensor 
toward the body. 
This make the 
elbows meet but the 
problem with the 
hands remains. 

Put one hand on 
the head 
 

The hand doesn’t 
reach the head. 

• Move the head site 
in Jack. 

Cross the arms 
 
 

This can look 
strange 

• Move the waist 
sensor that probably 
has moved. 

Cross the legs 
 
 

The legs can 
intersect each 
other. 

• Move the waist 
sensor that probably 
has moved. 
The legs almost 
always coincide a 
little because jack 
can’t feel 
compressions 
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10 Are the results reliable? 
The result one gets depends on many variables such as in what environment the tests 
are being performed. A metal environment will affect the accuracy. Another source of 
error could be the cables to the sensors that the test subject has to wear. These can 
prevent the person to make accurate movements. The computer used during the tests 
could also affect the results. If it is fast then it will not have any problems showing the 
manikins movements correctly. If it is slow, the computer cannot handle the amount of 
data and the result one sees on the display may not be the actual one. 
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bideltoid breath · 11 
bottom head site · 32 
build human advanced scaling dialog · 13 
buttock-knee · 8 

C 
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the step factor · 21 

thigh clearance · 8, 12 
thumb tip reach · 12 
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Appendix 1 

Advanced scaling dialog 
 
Weight:  
 

 

    1 
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