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Summary 
 

This thesis contains a description of the redesign of the Omnideck platform and in addition 

what process has been preceded in order to develop this redesign. The redesign of the 

Omnideck platform has been conducted with the main purpose to reduce the assembly time of 

the Omnideck system. The Omnideck system has originally been developed as a simulation 

tool to train ground military personnel. The system would allow military staff for safe training 

for hazardous situations before they face these in reality.  

 

Installing the original version of the Omnideck system required 250 labour hours at a 

customer location. In order to reduce the assembly time the main question of this project was 

formulated: 

 

“What is an appropriate design for a modular Omnideck in order to reduce the assembly 

time?” 

 

First of all a method had to be constructed in order to find the most appropriate redesign. 

Literature about product development, has been consulted, whereupon an own product 

development process has been constructed. Additionally, literature about modularity and 

design for assembly have been consulted. This knowledge has later on been used during 

application process, while executing the design. In this, special attention has been taken into 

account to modularity in production and assembly time improving techniques.  

 

Before starting developing a new design, it appeared to be necessary to identify the 

composition of the current assembly time, this in order get more tangible design targets. 

After identifying those targets the self-developed product development process has been 

applied. This resulted in a newly selected structure, which has been used to proceed with 

developing a final concept. On this concept several aspects of modularity and design 

assembly have been applied.  

 

This resulted in a final conceptual design, whereupon multiple major improvements have 

been incorporated. The final installation has been made less time consuming, by incorporating 

solutions to operations which in the original Omnideck were time demanding. These 

operations include placement of rollers, alignment of the supporting frame and the friction 

adjustment of between the rollers and drive belt. The improvements were derived from the 

design for assembly method, which focusses on maximising the ease of assembly. The 

placement of rollers, frame alignment and friction adjustment have been incorporated into the 

modules. This reduced the estimated installation time to 6% of its original installation. 

Thereby the placement of rollers and friction adjustment are transferred to the pre-assembly 

phase and the modules realise self-aligning during installation. This and other improvements 

concerning design for assembly made it possible to even more reduce the total assembly time. 
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Sammanfattning 
 

Denna rapport innehåller en beskrivning av omkonstruktionsarbetet för produkten Omnideck, 

samt vilka processer som användes för att utföra detta arbete. Omkonstruktionen utfördes med 

målet att reducera den tid det tar att sätta samman ett helt Omnidecksystem. Systemet har 

ursprungligen utvecklats för att träna markpersonal inom militären. Systemet gör det möjligt 

för personal att på ett säkert sätt träna på farliga situationer innan de utsätts för dessa i 

verkligheten. 
 

För att installera det nuvarande Omnidecksystemet hos en nylig kund krävdes 250 

arbetstimmar. Med syfte att reducera denna monteringsstid formulerades en frågeställning för 

detta projekt: 

 

”Hur ser en passande konstruktionslösning ut för ett modulärt Omnidecksystem med syfte att 

reducera monteringstiden?” 
 
För det första behövdes en metod skapas för att möjliggöra sökandet efter en lämlig 

konstruktion. Litteratur kring produktutveckling, utifrån vilka en egen 

produktutvecklingsprocess har skapats. Därefter diskuterades modularitet och design för 

montering ur ett teoretiskt perspektiv. Denna kunskap användes ärefter under tillämpningen 

av produktutvecklingsprocessen. Speciell hänsyn har tagits till modularitet kring produktens 

produktionsprocess samt förbättringar kring dess monteringstid. 

 

Innan arbetet med omkonstruktionen inleddes var det uppenbart att det var viktigt att 

identifiera nuvarande monteringsmoment för att kunna definiera konkreta mål. Efter att dessa 

mål hade identifieras kunde den egenutvecklade produktutvecklingsprocessen tillämpas. Detta 

resulterade i en ny struktur som användes som bas för utveckling av det slutliga konceptet. 

För detta koncept har flera aspekter kring modularitet och design för montering applicerats. 

 

Arbetet resulterade i en slutlig konceptuell konstruktion där flertalet förbättringar har 

inkluderats. Slutmonteringen har gjorts mindre tidskrävande, genom inkludering av lösningar 

till moment som i det ursprungliga Omnidecksystemet var tidskrävande. Dessa moment 

inkluderar utplacering av rullar, justering av en stödram samt justering av friktion mellan 

rullar och drivrem. Förbättringarna härleddes utifrån design för monteringsmetoden, som 

fokuserar på att maximera enkelhet i monteringen. Utplaceringen av rullarna, justeringen av 

stödramen samt justering av friktionen har inkorporerats i moduler. Detta reducerade 

monteringstiden till uppskattningsvis 6% av den ursprungliga monteringstiden. De moment 

som berör utplaceringen av rullar samt friktionsjustering förflyttas därmed till 

förmonteringsfasen, där modulerna möjliggör självjustering av systemet under installationen. 

Tillsammans med andra förbättringar medförde dessa förbättringar en ytterligare reduktion av 

den totala monteringstiden.  
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Abstract 
 

In this report a product development process is constructed and used to redesign an 

omnidirectional treadmill, the Omnideck. The current design of the Omnideck platform is 

designed without regard for assembly. Using modularity and design for assembly theories, 

incorporated with the product development process, the Omnideck platforms design is 

improved in respect to assembly time. The original design required 175 labour hours to 

install. The result is an improved design which requires ten and a half hours to install at a 

customer. This is achieved by redesigning the Omnideck into individual modules which allow 

for a faster installation.  

 

Keywords: product development, design for assembly (DFA), modularity, modularity in 

production (MIP), assembly time improving techniques, omnidirectional treadmill. 
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Preface 
 

This thesis contains a description of the redesign of the Omnideck platform and what process 

has been preceded in order to develop this redesign. The project was  provided by Omnifinity 

AB, in order to improve the current design of the Omnideck. Thereby has the project been 

conducted as final degree project during the education of Mechanical Engineering at bachelor 

level. We were studying at Windesheim University of Applied Sciences in Zwolle (the 

Netherlands) and were graduating during our Double Degree exchange period of one year at 

Linnaeus University in Växjö (Sweden).  

 

The product whereupon the development has been applied during this thesis is a 

omnidirectional treadmill. This treadmill in combination with virtual reality computing tools 

forms the Omnideck system. First of all this report can be interesting for readers who have an 

affinity with innovation of one or more of the mentioned subjects. Thereby can this report be 

valuable to readers who are interested in product development, design for assembly and 

modularity. The report can be read by anyone who has an academic background. However 

additional technical knowledge will make the report easier and more suitable to read.  

 

Readers who are mainly interested in information about how to use product development, 

design for assembly and modularity, can find this information in chapter 3. It is worth 

mentioning that a product development process, taking into account applying design for 

assembly and modularity, has been developed by ourselves based upon the literature read. 

The application chapter 4 will be in interest of readers who would like to be presented with an 

example of how to develop a product in general, but of course also by readers who are 

specifically interested in the process of redesigning the Omnideck platform.  

 

We would like to thank the Peter Thor, Richard Guilfoyle and Daniel Hopstadius for the 

collaboration, the shared thoughts and the good times we had. Thereby we would like to thank 

Omnifinity AB and the people involved in Företagsfabriken to provide us with the 

comfortable working environment and the games of  “pingis”. We would like to thank our 

supervisor Valentina Haralanova for her feedback, which added great value structuring and 

describing our work. We also would like to thank Samir Khoshaba, for coordinating the 

degree project. Finally we would like to thank all teachers, Dutch, Swedish and other which 

have educated, helped or inspired us in anyway during our studies.  

 

 

 

 

 

     Växjö, June 2016 

 

    Hanne Brinks & Mathijs Bruins 
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Nomenclature 

 

Acronym Definition Description 

MSE (AB) Michael Schmitz 

Engineering 

(Aktiebolag) 

Engineering company owned by Michael Schmitz, mother company 

of Omnifinity  

VR Virtual Reality A computer simulation of an artificial environment, which it is 

presented to a user. The user experiences this as being that close to 

reality that he/she accepts it as a real environment. 

 

ISO, 

ASTM, 

SIS, NEN 

- Different abbreviations of (international) standards used around the 

world. Respectively: International, American, Swedish and Dutch 

standardisation organisations.  

 

DFA Design for assembly Within product design a designing field with the focus on improving 

the product its assemble suitability. 

SMART Specific, Measurable, 

Acceptable, Relevant, 

Time-bound. 

Each letter represents a word, which is can be used as a criteria to 

write a more specific and quantified project goal description. 

OR Originating 

requirement 

An originating requirement is a requirement which will have more 

sub-requirements branching of its requirement. 

SWOT 

(-analysis) 

Strength, Weakness, 

Opportunities, Threats, 

-analysis 

Method of analysis to identify positive and negative aspects of a 

product or market, while also mapping internal and external factors.  

WSM Weighted sum method Method to breakdown to break down a decision into smaller more 

quantified assessments, while taking into account the priority of 

different criteria. 

 

MIX Modularity in “X” DFX is modularity used for a specific goal. The “X” can have 

multiple definitions. The “X” can for instance represent use, 

production or design. 

 

MIU Modularity in use Modularity used to make the product more attractive to the user, by 

allowing to customize their product by exchanging the modules.   

 

MIP Modularity in 

production 

Modularity used to allow for more efficient way to produce a 

product. 

MID Modularity in design Modularity in design is used to build up a full assembly out of sub-

assembly, whereby multiple designers can work parallel focussing on 

their sub-assembly.  

HMD Head mounted display A display which is mounted to the head of the user.  
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1 Introduction 
 

The opening chapter covers the background, aim and purpose, relevance and delimitations of 

this project for this thesis.  

1.1 Background 

MSE Omnifinity AB is a daughter company of the company MSE Engineering AB. MSE 

Engineering AB is a company which has been successful in engineering “intelligent and 

modular simulation hardware platforms”. A big part of their business is related to the defence 

industry. For which MSE has been supplying the defence industry with several training and 

simulation tools, for example a target pulling system in order to let soldier practice shooting. 

After the development of an aircraft simulation system, MSE discovered that at this moment a 

good similar system for ground personnel is non-existent. This sparked the idea to introduce a 

new product within the ground personal training market, the product would be called the 

Omnideck. 

 

The original purpose of the Omnideck was to provide a high-impact ground personnel 

trainings simulation system. The Omnideck system would allow safe training for hazardous 

situations before entering the actual situation, for example raids or rescue operations. 

However, the way of working required, to develop such a system, did not correspond with 

MSE’s usual strategy and therefore the company Omnifinity AB was founded. The newly 

raised daughter company created the first Omnideck, which has originally been combined 

with a dome and beamers to project a virtual world to imitate the reality (Figure 1.1). The 

Omnideck is a 360° treadmill with diameter of four meters, which detects the user’s 

movement while moving back and forth on it.  

 

While introducing the Omnideck at an exhibition high interest of the gaming industry was 

attracted as well, especially when the Omnideck has been combined with the Oculus Rift 

(Figure 1.2). The Oculus Rift s is a wearable virtual reality system in the form of goggles 

which allows the user to look around within a simulation. The rapid rise in wearable VR 

(virtual reality) goggles allowed Omnifinity to strip the projector screen dome and go for a 

slimmer and more immersive approach. Combining the Omnideck together with the Oculus 

Rift hardware and software can make the user walk, jump, crouch and crawl through a VR 

world. The system is also able to detect the user’s hands in order to make them usable in the 

VR world as well.  

 

 

Figure 1.1 The Omnideck with a protected virtual world in a dome. 
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Figure 1.2 The Omnideck combined with the Oculus Rift, left showing a soldier crawling. On the 

right a person using the Omnideck, his VR vision can be seen on the screen as well. 

1.2 Aim / Problem formulation 

Omnifinity keeps improving the Omnideck with every edition, one of the major drawbacks of 

the original model is the instalment time. All individual components are at this moment 

shipped separately and installed on site. Installing this version of the Omnideck system 

required 250 labour hours. The installing includes the on-site build of the Omnideck platform 

as well as the instalment of the tracking cameras and operator station. However, the 

instalment of the floor was estimated to be the biggest portion of the time, at least 70% of the 

total installing time. Therefore the main objective for this project is to design a partly 

preassembled and modular version of the Omnideck platform.  

 

To shorten the duration of the assembly all aspects of the Omnideck are up for review. With 

the original Omnideck, being closer to a prototype than a well-developed product. Choices in 

the design might not have been the best option to use in some respect, this especially 

regarding installation and assembly time. Therefore, besides improving the original design’s 

components, methods for transmission and construction are reviewed, too. In order to execute 

this a design review a  product development process has been constructed. Thereby 

knowledge considering modularity and design for assembly studies were emphatically applied 

during the process. 

 

The main question will be: 

“What is an appropriate design for a modular Omnideck in order to reduce the assembly 

time?” 

 

A preliminary research question which had to be answered before finding the most 

appropriate design will be: 

“What is an appropriate design methodology to find this design?” 

 

The developed design methodology should contain an appropriate approach for the specific 

aspects of the project. 
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To achieve the appropriate design some sub task must be fulfilled. The following three sub 

tasks should be done in order to answer the main question: 

 An extensive literature research on product development, modularity design for 

assembly have to be performed.  

 Develop a suitable product development process to suit the project at hand. 

 The product development process must be validated by executing this process and 

developing an appropriate design.  

1.3 Relevance 

Reducing the installation time is important for three different reasons. First of all it reduces a 

lot of cost, since 250 hours of hourly wage is a significant cost. Beside, reducing the installing 

time will massively increase the ability to promote their product in the future. Omnifinity will 

be more flexible in installing the Omnideck at a (potential) customer location to give 

demonstrations. Also it will make it for Omnifinity to participate in several (defence, 

simulation or gaming) exhibitions easier. Another purpose of creating an Omnideck out of 

modules is to make it easier to disassemble and assemble in order to make it easier for 

customers to eventual relocate the Omnideck.   

 

1.4 (De) Limitations 

To which extent modularisation is feasible is a play between complexity, effectiveness and 

costs. In project the aim will be investigating the platform component of the Omnideck 

system. The complete Omnideck system is a system with a distinct electrical and mechanical 

part. Suiting the mechanical engineering background, the focus of the project will be on the 

Omnideck platform. However, the electrical and mechanical sides of the system are 

intertwined and cannot be seen completely separate. Therefore design decisions on the on the  

electrical side are also to be made. These decisions will be thoroughly discussed with 

individuals with ample knowledge on this part. The Omnideck platform will be redesigned 

with an eye on faster on site assembly and installation. 

 

The spring semester of 2016 is the time within the project has to be finished, to make sure the 

limited amount of time is used effectively a planning has been made. The planning used in 

this project can be found on page 10 of the plan of approach, which can be found in Appendix 

A: Plan of Approach. This is a document containing project management and company 

information. 
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2 Methodology 
 

This chapter contains descriptions of methods and approaches, related to research work. 

Thereby it contains an explanation of the methods and approaches used to set the foundation 

for the research in this thesis work.  

2.1 Scientific View 

The scientific view can be divided into two antithetical perspectives, one is called positivism 

and the other one hermeneutics.  

 

Positivism 

Positivism is conception that knowledge can only be achieved by empirical science, the 

knowledge can only be acquired by applying scientific method in the correct way. The 

knowledge should be based on how the nature works and the properties and relations within 

the nature. Positivism prefers concrete thinking over abstract thinking, the researches should 

stick to what can be observed and measured. A positivistic research is based on realism, with 

the philosophy that there is only one real world which should be tried to understood by 

science (Walliman, 2006). 

 

Hermeneutics 

Hermeneutics is the antonym of positivism. Hermeneutics has everything to do with how 

people explain things they perceive. How to proceed with those observations: What kind of 

interpretations are there within an observation? It is all about what will be rationally done 

with the information and how it comes to a conclusion (Trochim, 2006).   

 

The Scientific View in this Study 

The project for this thesis work uses both sides of scientific views. First of all an own product 

development process has been created according to multiple theories which have been written 

about this subject. This can be characterized as the hermeneutics side of the study, a lot of 

qualitative information has been gathered and concluded into an own process. The application 

part of this study (to prove the proposed theory works) is almost exclusively positivism. 

Tangible ideas will be created and worked out further in the application part. 
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2.2 Scientific Approach 

In the world of scientific research there are two main approaches, deduction and induction, as 

well mix between the two called abduction. Each approach is further elaborated in this part. 

 

Deduction 

Deduction is a convergent way of approach, the deductive approach goes starts off with a 

general concepts or theories and narrows down to more specific subjects. It can be recognized 

as a top-down approach. First a theory will be elaborated, then a hypothesis will be 

formulated (the general concept) followed up by observations taking place, those observations 

should then confirm or reject the alleged hypothesis. A flowchart of how a deductive 

scientific approach generally goes is shown in Figure 2.1 (Walliman, 2006). 

 

 

Figure 2.1 Deductive top-down approach flowchart 

 

Induction 

Induction is the opposite approach compared to deduction. An inductive approach starts off 

with observing, whereupon the results will be generalized. After this has been done the 

researcher would look for a pattern in the observations. This pattern would be concluded into 

a conjectural hypothesis after which the researcher is going to explore and develop a theory. It 

is also known as a bottom-up approach. A flowchart of the inductive way of approaching is 

shown in Figure 2.2 (Walliman, 2006).  

 

 

Figure 2.2 Inductive bottom-up approach flowchart 

 

Abduction 

Abduction is a mixture of the two approaches, deduction and induction. It uses existing 

theories and sets of data to start off with the research. Thereafter those theories and data will 

be used to build up a theory about a specific scoped problem.  

 

The Scientific Approach in this Study 

This study is mainly characterized by deduction. First of all a problem will be sketched in 

order to know what kind of solutions the study will work ahead on. After this a theoretical 

framework is setup to be used to create methodological approach to find an answer to the 

problem. The methodological approach will be applied to approve the built up theory, this is 

done by applying the product development process created in the theoretical framework.  
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2.3 Research Methods 

A research method can have the characteristic of being a quantitative or a qualitative research 

method. Both classifications are being described in this sub-chapter. Afterwards it has been 

described how the study within this thesis work can be characterized.  

 

Quantitative studies 

Within quantitative research the researcher is looking for a data-proven results which can be 

measured and identified by a number, amount or percentage (Davies, 2007). In a lot of cases 

the outcome of a quantitative research will be a statistical indication of a matter, which has 

been investigated. A quantitative research will have the focus upon measurability and 

delimitations. An often used example of research strategy, which is characterized as being 

quantitative, is a survey. The quantitative research approach in case of a survey can be used to 

execute a study on a larger scale, wherein specific variables will be measured.  

 

Qualitative studies 

Qualitative research is used in the case when expertise and deep knowledge of a certain topic 

is desired. The focus of the research will be relaying on specific knowledge about a specific 

topic. The research will be executed to found relations, similarities and patterns a specific 

field of knowledge (Davies, 2007). Those relations will be used to conclude something knew 

within the field of research.  

 

Used Research Method in this Study 

This study contains mainly qualitative research. First of all, several resources (books, articles 

and previous education) have been used to construct a process in order to effectively execute 

the development of a product. Thereafter this product development process has been used 

within the study, wherein a lot of knowledge about technical components has to be consulted 

to find appropriate solutions for the product design. Within the application of the product 

development process parts, which allowed it, have been quantified. This in order to 

furthermore prove and get a more tangible result.  
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2.4 Research Strategy 

Multiple types of research strategies have been used while carrying out a study. The most 

common strategies are the following and are explained in the text below.  

 

Survey 

A survey is a technique to collect facts and information. A survey can be a questionnaire or a 

structured interview, commonly on a large scale of participants (Bell, 2010). Related to 

products surveys can be used to measure facts about the product in terms of how people use 

the product and/or how the experience the quality of a product. 

 

Case Study 

A case study is a study wherein the theory of a process, procedure or methodology is applied 

on a single scope. The case study is used prove that the written theory is correct and that it is 

applicable in a certain scope. By applying the theory missing pieces and errors the theory can 

eventually be found.  

 

Experiment 

An experiment can be used to prove something which has been found in theory. Instead of a 

case study it should not be proven by finding out if a certain theory works, but it should 

confirm that certain assumptions or findings within a theory are the right ones. An experiment 

is designed to have maximum control over the variables. This is done in order to identify the 

influence of certain controlled variables where around the experiment is designed. The to be 

identified influence of the variables should be based on a hypothesis.  This hypothesis should 

be based on theories and literature related to the subject of to be investigated research. This 

will be done in order to make relevant predictions about the effects or events occurring during 

the experiment.  

 

The Research Strategy in this Study 

In this research a case study has been applied. First of all multiple literature sources has been 

consulted to find information about product development, design for X and modularity. 

Afterwards an own product development process has been constructed, to be suitable for 

developing a product, while taking care of design for assembly. The application part of the 

study is the case study part wherein the created product development process has been applied 

and used.  

2.5 Data Collection 

Within basically every research data should be collected. Collecting data is about gathering 

information which enables the researches to answer relevant questions and evaluate on the 

outcomes.  

 

Primary Data 

Primary data is the data collected by the researcher him- or herself. The data has been 

gathered for the first time by the researcher and has never been collected before by anyone 

else.  

 

Secondary Data 

Secondary data is data that comes from what others have collected. The data from other 

sources can be written in articles, books or other literature. A researcher can use multiple data 

from different sources to base a new conclusion upon or use the same data from one source to 

draw a new conclusion.  
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Interview 

An interview is a dialogue between a researcher and an interviewee. The researcher has the 

goal to gather information which will be relevant for his research. Hereby the researcher 

should carefully select his interviewee to get the most relevant answers. Within the interview 

the researcher will be controlling the conversation pointing out questions and subjects of 

discussion whereof he wants to elaborate or get specific answers on. Although it will be 

unavoidable the researcher should minimize affecting the responses of the interviewee, while 

carrying out the interview. An interview can be planned or happen spontaneously.  

 

Document 

A document can be anything written down or illustrated. Within research for a company four 

types of documents can be used as important resource. First of all a document can be internal 

papers from a company, containing information written down by (former) employees. The 

second type of documents can be papers and catalogues from suppliers of the company. 

Another type of document resource can be a certain standard (ISO, ASTM, SIS, NEN, etc.). 

The last type of documents can be (Magazine/Journal) articles. 

 

Observation 

Observations can be done by the researcher himself or even by an observation team. An 

observation is about perceiving and writing down what is being observed about a certain 

phenomenon. A researcher could plan the observations by preparing categories and 

classification, in that case he is doing structured observation. If the researcher is fully aware 

of the idea behind an observation he can also start observing without planning, this is called 

an unstructured observation (Bell, 2010). It is also possible that a researchers writes about an 

observation which has been observed in the past, while not being conscious of the relevance 

at the particular time of the observation taking place.  

 

The Data Collection in this Study 

All techniques has been used to collect data within this study. Primary and secondary data has 

been used to construct a theory about product development. Interviews have been taken place 

in an interactive way since the contact was non-restricted over the time. Documents internal 

from the company and suppliers catalogues has been consulted. Observations have been used 

to determine and measure the original installation time of the Omnideck and identify the 

bottlenecks.  
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2.6 Reliability and Validity 

Reliability and validity are characteristic of scientific work which determines the quality of 

the work. Both are non-quantified characteristics, however it is possible to describe the 

quality of the work. Reliability and validity are explained further below and thereby is 

explained how they appear in this study.  

 

Reliability 

Reliability is a term which can be used to describe the quality of the work. If a study is 

considered as being reliable it means that it is trustworthy. A study retains a high reliability if 

the outcome of the study will be the same when the study will be repeated, even if the study 

will be carried out by a different researcher (Bryman, 2015). It is important that the outcome 

should not differ because of different interpretations of the results within the study.  

  

Validity 

A valid observation is a correct observation. It has to do with the measurement done within a 

study. Thereby should be considered if the measurements result really measured what was 

intended to measure. Within studies, validity is often used as a preservation to ensure 

measurements will not be misinterpreted without noticing it, leading to the wrong conclusions 

(Bryman, 2015). Especially within studies containing experiments or interviews validity can 

be very important to strengthen the appended claims in the conclusion part of the research.  

  

The Reliability and Validity in this Study 

Despite of repeating the constructed product development process in this study, it will not 

always lead to the same result. This does not mean that the study is not reliable in any way. A 

creative process is not always repeatable, however, making design choices understandable for 

someone outside of the process protects the reliability by explaining/ legitimising the choices. 

This is done by making large design choices in an (partial) objective way by appointing 

scores to the different options. The determination of the results highly relays on the solutions, 

which will be made up during the exploration phase of the development process. The input 

data (the requirements) will be used to judge on the solutions, about which structures will be 

created, this enhances the reliability. The outcome of rating the structures will result in the 

same outcome if the same solutions had been explored.  

 

The outcome of the product development process will be a final concept, from which can be 

judged if the concept fulfils the requirements defined at the start of the product development 

process. In this way can be checked if the outcome will be valid. 
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3 Theory 
 

This chapter contains the description of theoretical foundation for the methods and techniques 

which has been used to find the most appropriate design. This chapter contains first of all a 

description of the developed product development process which is adapted to the project 

scope. Afterwards it describes what modularity is and especially modularity in production 

(MIP), whereof the information has been used during the application to get a better final 

design. Thereby it contains description of Design for Assembly (DFA), whereof the 

information has been used to execute the design in a more assembly suitable way. 

3.1 Product Development 

In order to realise a product which fits the needs, a product development process should be 

used. The aim of product development can be a new product or an improvement to an existing 

product. Over the last decades a lot of literature about product development has been written. 

Consulted literature about product development contained multiple, slightly varied 

approaches (Mital, 2014; Siers, 2004; Hvam, 2008; Jackson, 2010; Pahl, 2007 and Ulrich, 

2012). 

 

There are several traits which all the literature about product development have in common. 

The first aspect is a structure, a product development process uses a defined structural 

approach. This approach is written and commonly described in several steps or phases. The 

purpose of those steps and phases are to make sure the engineers and designers, which are 

working with the product development process, are iterating while developing the product. It 

prevents the engineers to go and focus on one solution and aims to prevent tunnel vision. Thus 

it creates an overview of the design activities, which not only the engineer constructing the 

product understands, but also other engineers or designers who look into the work afterwards. 

The product development process also reduces the chance of essential things being neglected 

or overlooked. Therefore the process ensures that the made decisions are as rational and well-

documented as possible in a responsible way. This all leads to a final concept which fits its 

purpose tightly.  
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For this thesis an own product development process (Figure 3.2) has been constructed 

inspired by the information gathered from previous education, former project experiences and 

multiple literature sources (Mital, 2014; Siers, 2004; Hvam, 2008; Jackson, 2010; Pahl, 2007 

and Ulrich, 2012). The product development process can be summarised into four phases of 

which the details will be further elaborated upon later this chapter. The process makes sure 

iterations happen during the development process. The process switches between being 

converting and diffusive, which ensures those iterations, while finally bringing the engineer to 

its final concept. For every iteration the continuous improvement circle applies, which is 

known as “plan-do-check-act circle” (Figure 3.1) (Jackson, 2010). The continuous 

improvement circle always starts with a plan, where after there should be done something. 

After working out what has been planned the result will be evaluated in the check step. As 

final step in the cycle there should be acted to upon the outcome of the evaluation. This cycle 

will be repeat itself until the final required result will be obtained. The furthermore the 

engineer comes in the product development process the more the iterations will become on a 

more detailed level. 

 

 

Figure 3.1 The continuous improvement circle (Jackson, 2010) 

 

Every product development process starts with a demand, this demand comes from a problem 

or a wish for a product. The company has a need to solve the problem or realise a wished 

product and therefore needs an engineer realise this. Besides, a third party can be involved as 

well, in this case a university, which has academic interest and the engineer will be an 

engineering student. The company, the engineer and the university can have a different vision 

on solving the problem or realising the final product. Therefore it is of high importance to 

define the problem, which is the task of the engineer. The problem definition is the most 

critical aspect of the product development process, since the input of the project will be 

determined, thereby a wrong input will result in a wrong output. Ergo, the problem definition 

is the first phase. The first phase also prevents the engineer to have a vague description of the 

problem, which can demotivate the engineers and cause a failure to start (Jackson 2010, p.13). 

This first phase ensures that the engineers head forward to define the problem, sketch the 

context and formulate project boundaries which can be approved by the company to ensure 

agreement on the project. It gives a good input for the further analysis to go on with within the 

project.  
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After the problem definition phase a market research should be done. This in order to explore 

what kind of solutions or similar product are readily available on the market, which will 

prevent to start solving problems which have already been solved. Following the market 

research, a check of opportunities is to be made. This creates ideas how to progress with the 

new solution or product. Those first two steps have to do with creating ideas and discover the 

market (marked red in the model, Figure 3.2), they are critical to set an aim on where to go 

with the to be developed concept. However the rest of the whole product development goes 

according to a pull system, the orientation phase field has to do with push side of a product. 

Pull and push have in this case to do with working towards a certain goal or creating a certain 

goal, or better said: a vision. Wherein pull means that there is a demanded goal where will be 

worked towards to and push is about discovering opportunities on the market, to create a new 

product which and be pushed into the market and thereafter create its own demand.  

 

After this the real development part of the process starts up. The defined problem will be 

divided into functions, those functions represent sub-problems which have to be solved in 

order to solve the overall problem. For each function multiple solutions will be explored. It is 

very important to think about as many solutions as possible, but also to find the most effective 

solutions. After the solutions for al functions have been explored, structures will be created. 

For each function will be chosen what kind of solutions should be used. A connection of 

solutions will form a structure.  

 

Those structures will be evaluated according to the product objectives. They will be rated and 

the objectives will be weighted. This together creates a score which will conclude into the 

most appropriate final structure. After this has been done the determined set of solutions are 

given in the final structure. However the layout of those solutions can differ, therefore final 

structure configuration variations will be created, which contain different layouts of the final 

structure. After evaluating those layouts by discretion of the engineer and the company 

together, the final concept will be selected, which means that the layout will be fixed as well.  

 

At this point the final concept idea of the product is selected, what follows is to come from the 

idea to a realised product. Realising the product will include a 3D-model and a cost estimate.  
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Figure 3.2 Model of the product development process developed in this thesis work. 
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3.1.1 Problem definition phase 

 

In the problem definition phase the demands and wishes of all the involved associates 

combined with the engineering capacity, are translated into a project goal, project context, 

product objectives and into product requirements. The input, which are those several 

demands, is transformed by a series of consecutive steps into an output. This output will be 

used as a foundation for the exploration phase and helps in an informative way to start the 

orientation phase. This should be done translating the demands of the different associated 

parties into concrete project goals and boundaries, while illustrating a certain context. Product 

functions and requirements are the input of the exploration phase, together with information 

from the orientation phase, thereby it is not a necessarily need to have a defined project 

context, but it will help to limit the interpretations. The consecutive steps composing the 

problem definition phase are shown in Figure 3.3. 

 

 

Figure 3.3 flowchart of the problem definition phase 

  

Define the project goal 

A clear project goal should be defined at the start of the product development phase. The 

problem goal should be defined in an objective and verifiable manner. An approach of 

achieving this objective and verifiable manner is defining the project goal SMART (R. Grit, 

2011). S.M.A.R.T. summarises the elements which make the goal comprehensive, being an 

acronym for each element the project goal description should contain, each individual letter 

has been described here below (Lawlor & Hornvak, 2012).  

 

The “S” stands for specific, which ensures the description won’t be too tenuous. The written 

goal should be unambiguously and must be linked and measurable to a quantitative result. The 

goals should be clear and define what the project team is going to do and accomplish.  

The “M” represents measurable. It should contain the description under which (measurable) 

limitations the goal will be achieved. The project goal description should make clear how the 

project team will know when their goal will be reached.  

The “A” symbolises acceptable. The project goals should contain a goal which is reasonable 

and acceptable for the people involved in the project.  

The “R” stands relevant. The project goal must be challenging, but achievable in order to 

motivate the involved project members. It should be relevant and meaningful for the project 

members in order to motivate them achieving the described goal. 

The “T” is time-bound. There should be a starting date and an ending date for the project, a 

time frame in which the project will take place. 



 

 

   15 | P a g e  

  

Describe the project context 

The project’s context is of importance in identifying the requirements as well as the project 

boundaries. A good method to visualise the context is by sketching the physical environment 

wherein the product is used. This will create an overview of the physical context of the 

product. It makes the engineer understand the product better (F.J. Siers 2004). 

 

 Identify project boundaries 

Establishing distinct project boundaries is an important step to ensure both the 

project team and the client agree on the scope of the project. The different 

parties working on a project are likely to have different opinions on the tasks to 

be executed. With well-defined project boundaries, all teams know what is 

expected and ensure no aspect of a project is unassigned at the beginning of the 

project. Unassigned project tasks are tasks which will not be taken up in the 

planning and are therefore prone to delaying the project. (P.L. Jackson, 2010 

p.25). 

 

Analyse product in- and output: Black box 

The black box method defines the in- and output elements of the product. Examples for the in- 

and output can be information, signals, energy, matter (F.J. Siers, 2004; G. Pahl et al., 2007). 

Reducing the product to a black box which takes input and converts into an output makes 

analysing boundary condition requirements possible. Boundary condition requirements are 

requirements related to adjacent systems which are not within the project scope, nevertheless 

are an essential part of the overall system. The black box method requires distinct project 

boundaries to be of full use.   
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Requirements 

The set of requirements is the main input of the development process. The requirements can 

be split up in two type of requirements, functional requirements and non-behaviour 

requirements. Wherein the non-behaviour requirements can have directive requirements, for 

example making the product as compact as possible, but also requirements which will contain 

the limitations if it has to be as small as within a certain area size for example, including the 

measurements. The functional requirements have to do with, as the word say, the functions of 

the product. The functional requirements are directly connected to what the product should 

do. For both types of requirements will be determined if each of them is a fixed, variable or a 

desirable requirement (F.J. Siers 2004). A fixed requirement is a requirement which the 

product meets, this can be checked with a “yes” or a “no”. The answer should always be yes 

since it was required. A variable is a requirement which the product should contain, but it is 

not furthermore quantified, the product should meet the requirement in some way. A desirable 

requirement is a requirement whereof it would be nice to have the product meeting it, but it is 

not necessary. Table 3.1 shows an example of how the requirements list could be constructed, 

this accounts for both functional as non-behaviour requirements. OR as abbreviation in this 

table stands for originating requirement. The list of requirements give a basis to evaluate the 

concepts during the development process at the moments where evaluations and decisions 

will be made. 

 

 Functional requirements 

Functional requirements are directly related to the purpose of the product. The 

functional requirements are related to actions and reactions from and within the 

system, or said in another way: how the product proceeds with things. 

Functional requirements can be well-defined or split up into sub-functional 

requirements. Wherein the main functional requirement act as stubs out of 

which the requirements will branch.  

 

 Non-behaviour requirements 

The non-behaviour requirements are all the requirements which have nothing to 

do with the direct functioning of the product. Within the non-behaviour 

requirements the restrictions and limitations of the product requirements are 

listed up. However the non-behaviour requirements do not only have to do with 

restrictions and limitations. The non-behaviour requirements can also represent 

something to take in account while creating the product, for instance such 

objective can be: “the product must be made as compact as possible”.  

 

Table 3.1 Requirements table 

 

Requirements 

 OR. No. Description Fixed Variable Desirable 
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Deploy product into functions 

Functions are the things a product or system should do. Functions are extracted from the 

functional requirements. A function description lists what the product should do, but does not 

include any information on how to do the task (Jackson, 2010 p.35). It is important to refrain 

the functional requirements into functions to prevent steering the process towards a specific 

solution and consequently starting a tunnel vision process (G. Pahl et al, 2007 p.165). 

Inability to meet a function in a design directly implicates a failure in design.  

 

 Function tree 

Categorising the functions into a tree or root structure identifies the relationships 

among functions. A function which can be performed without the need of other 

systems is a lower level function. Higher level functions need one or more, lower level 

functions to be completed (O. Atilola et al., 2015). Higher level functions contain a 

more general description of what should be done, whereby the lower level functions 

contain a description of a more specific action which should be done to fulfil the 

higher level function. Structuring the different level functions on a plane results in a 

tree diagram, ending in a main function. The purpose of  a function tree is ensuring the 

complete function array is identified, no matter how insignificant or obvious a 

function appears, Figure 3.4 exemplifies how a function tree splits into the lower level 

functions. Later on the lower level functions will be used to find solutions in the 

exploration phase. By finding those solutions for the lowest level of each branch 

within the tree the main function will be fulfilled automatically.   

 

 

Figure 3.4  Function tree for peanut peeler (O. Atilola, 2015) 
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3.1.2 Orientation phase 

 

The orientation phase explores what has already been used to solve similar problems. Figure 

3.5 shows the in- and output of the orientation phase and with it the actions which will be 

performed during the orientation phase to process the input put into the output. The problem 

definition phase is being used to clarify the project goal and define the boundaries. With the 

project goal and context similar products which already exist, created to satisfy similar goals, 

with eventual similar boundaries can be explored. At the same time comparing those 

competitors can be used to identify gaps within the market, which will result in finding an 

opportunity for a new product or improving an existing product. The exploration of 

competitors and comparing them is the market analysis. This information can be used to adapt 

the product objectives according to the discovered market opportunities. Thereby the 

discovered solutions of competitors can be used later on in the exploration phase to create 

solutions.  

 

 

Figure 3.5 Flowchart of the orientation phase 

 

Market analysis 

The market analysis ensures the engineer to take a look at the (partial) solutions which have 

already been created to solve the faced problem. Besides it prevents from creating something 

already existing. Thereby looking into comparable solutions and problems will create new 

ideas and possible solutions. The most relevant competitors will be documented in a way 

containing a general description of each competitor, including a list of pros and cons.  

 

 Benchmarking 

Benchmarking will be used to create an overview of the existing competitive 

products (P.L. Jackson, 2014). The benchmark models will compare different 

product objectives or properties of the products. A property can, for example, be 

the price of the product. A product property is a certain characteristic the 

product has to possess, the main function being the most relevant. The 

benchmarking process will give a better insight of where an existing gap on the 

market is and to target this gap. Two charts can be used to compare a products 

properties in a visual way, namely a radar chart or a 2-by-2 comparison chart. A 

radar chart (Figure 3.6) can be used to compare multiple properties. The radar 

chart will give an overall impression of the multiple properties and how 

competitors perform on those properties. However the radar chart can give a 

good impression, at the same time it might contains lot of properties, which 

makes it hard to keep the overview. For this reason it cannot always be that easy 

to compare competitors when using the radar chart. For this reason a 2-by-2 
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comparison chart (Figure 3.67) has been derived from the radar chart, wherein 

instead of multiple axis (properties) only two axis will be used. A 2-by-2 

comparison chart can be used to create a clear overview of multiple competitors 

in the market, by comparing them on two properties. In this way a gap in the 

market on different properties can be found. What can be useful in a lot of cases 

is to compare the price to a second property of a product, which in case of a car 

can be speed. All kind of variations between multiple types of cars are possible 

in the chart, the whole chart area represents the “the market” area. Filling in all 

the competitors in the 2-by-2 comparison chart will give an impression of the 

market and can help to visualize the eventual gaps within the market.  

 

  

Figure 3.6 Radar chart   Figure 3.7 2-by-2 comparison chart 

  

Product potential 

After the exploration of the market, the engineer has ample knowledge about the current 

solutions for similar problems. The potential of the, to be developed, product can now be 

further examined. The original product will have strong properties which should be kept and 

or enhanced. The original product is very likely to contain some negative properties which 

should be diminished. 

Opportunities can be identified in existing solutions and analysing where competitors are 

lacking in. The, to be developed, product has to possess an edge to compete on the market, 

characteristics which are advantageous to a product can (A. Mital 2008, p.24): 

 Provide excellent value for the money spent, not only to buy the product but also in 

use. 

 Have excellent quality compared to their competitors experienced by the customers. 

 Satisfy the customers in a more effective way then competitors. This can be achieved 

by having unique features and by avoiding problems which are known at similar other 

products. 

 Have highly visible and perceived useful benefits and features.  
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According to Ulrich (2012, p.34) an opportunity can also be seen as a hypothesis. This 

hypothesis should include an expected value the product might create, this hypothesis can in 

case related to a product be called the product potential. Summarised while exploring the 

opportunities, the engineer will discover where the chances are to distinct from similar 

products and thus define the product potential of the to be develop product. Furthermore it 

will focus the engineer more focus when working from a hypothesis, thinking out what 

features the, to be created concept, should contain. One tool to discover and list all aspects 

related to the product potential is a SWOT-analysis. 

 

 SWOT-analysis 

A tool which can be used to support the opportunities chapter is a SWOT-analysis 

(Figure 3.8). A SWOT-analysis is a method also used in business and marketing 

studies to explore different aspects of a product or business idea (Ghazinoory et al., 

2011). The letters of the abbreviation SWOT stands for Strengths, Weaknesses, 

Opportunities and Threats. The strengths and weaknesses are the internal related 

factors to the product, which makes it perform better or worse. The opportunities and 

threats are related to external factors, which has to with influences from the market 

where the product will compete in. By analysing the internal and external factors the 

engineer will become more aware of the factors which influences his product. The 

internal factors will be the factors where the engineer will have the most influence on 

to by changing them in the design of the improved product. In case of strengths he 

should try to keep them or improve them even further more. In case of weaknesses he 

should try to avoid or minimize those negative aspects. The external factors will be 

more useful for the people which has to do with the business around the product, for 

instance the salesman within the company. The opportunities in case of design can be 

thought about the where competitive products lack of, but this has already been deeper 

been analysed in the opportunity part above. The threats are external issues which can 

influence the (development) product in a negative way, which can be a change in 

demand from the market, of the product which is in the product development process.  

 

 

Figure 3.8 SWOT-analysis model  
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3.1.3 Exploration phase 

 

The program requirements formulation marks the start of the exploration phase in which the 

wishes and needs of the project and customer are translated into functions and later concept 

structures. With finding solutions for the individual functions the majority of plausible 

concept fragments are produced. These concept fragments combine to generate several 

concept structures, each with different combinations of concept fragments. The following 

Figure 3.9 visualises the steps within the phase.  

 

 

Figure 3.9 Flowchart of the exploration phase 

 

Generate concept fragments 

With the product’s functions identified, concept fragments can now be generated. Concept 

fragments are possible mechanisms to actualise a function. Concept fragments can be 

conceived in numerous ways, among others brainstorming, brain writing and the 653 method 

(F.J. Siers, 2004). To improve on the assembly time of the product, the guidelines listed in 

sub-chapter 4.2: modularity and design for assembly are to be taken in consideration and as 

inspiration. Unrealistic ideas are not undesired in this stage, for these are reason for discussion 

and are more likely to lead to new ideas than the conventional solutions are. However after 

the concept fragment generation the unrealistic ideas can be excluded, for they have served 

their purpose and are a waste of energy to incorporate into the morphological chart. 

Constructing a morphological chart is done by listing the functions and their corresponding 

concept fragments into a table (F. J. Siers, 2004, p.67). A sketch of each concept fragment is 

placed in the morphological chart to give a visual overview.  

 



 

 

   22 | P a g e  

  

Generate structures 

By combining concept fragments structures are created. Connecting the concept fragments in 

the morphological chart identifies these structures (Table 3.2). Each line in Table 3.2 

represents a structure with its combination of concept fragments. The amount of combinations 

between concept fragments is theoretically limitless, in reality not all concept fragments 

function together. If a sketch can be made of the concept, the structure is a plausible 

combination (F.J. Siers, 2004 p.68). Unlike the previous step of generating concept fragments, 

generating concepts has a more pragmatic tone and is aimed to create sensible structures to 

use in the design decision phase.   

 

Table 3.2 Morphological chart 

 
 

Structure summarisation table 

The structure summarisation table summarises every structure, as shown in Table 3.3. The in 

the morphological chart created paths look unorganised, the structure summarisation table 

provides a systematised overview of all the created structures. Whilst not adding new 

information to the process, this step organises the information generated in the concept 

generation. 

 

Table 3.3 Structures summarisations 

 
 

Elaborating on structures 

After summing up all the structures, each structure will be sketched and described in detail. 

The description should contain an explanation of how the structure works, contain its unique 

features and an evaluation of the advantages and disadvantages. 
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3.1.4 Design decision phase 

The design decision phase contains selection and decision. This phase uses techniques to find 

the most appropriate concept. First of all the structures created during the exploration phase 

will be screened and at the end the most appropriate structure will be selected. Two screening 

rounds will take place in order to find the right structure. A diversity of configurations of the 

selected structure will be created and the most appropriate configuration will be selected. 

After selecting the most appropriate concept, the concept will be evaluated with the people 

involved from the company. After eventual final adaptation related to the configuration the 

final concept will be selected. Figure 3.10 illustrates the process in this phase with first three 

consecutive steps followed by an iteration cycle. The output of this face is a final concept 

which can be prepared for production.  

 

 

Figure 3.10 Flowchart of the design decision phase 

 

Rating of the structures 

The several structures created in the morphological chart provide handles to initiate the next 

phase. The solutions, of which some are more feasible than others, which make up the 

structures are to be rated on their compatibility among them (P.L Jackson, 2014; F.J. Siers, 

2004). While one function’s solution combines with another without trouble, some solutions 

are not so easily combined. Structures in which these less compatible combinations have been 

chosen need to be identified, however this can prove to be quite challenging. Experience is 

one of an engineer’s greatest tools and when applied properly, can identify these faulty 

combinations the quickest. Since starting engineers lack experience this in turn allows for 

more ‘wild’ ideas. Later mentioned rating methods will be used to filter the first selection of 

structures, before consulting with a more experienced engineer.  

 

 Weighted sum method  

The objectivity in a design choice is always up for debate, therefore a number of 

rating methods have been developed to provide a finer degree of objectivity. 

These methods generally rely on breaking down the choice into a selection of 

smaller, more accessible ratings of, in this case, structures. Demands for the 

design, described as objectives, are used to rate the structures on each of the 

demands. Although these sub-choices can still be subjective, they can be 

justified and substantiated. The weighted sum method (WSM) uses this 

approach in combination with weight factors, hence weighted sum (Marler & 

Arora, 2009). 
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First of all the objectives should be created, which will be derived from the list 

of the requirements. An objective can be one requirement or a property covering 

multiple requirements. The ranking of the objectives can be done in numerous 

ways, for instance one to five, with one being low priority and five the highest. 

The weight factor multiplies with the rating on each objective, to incorporate 

priorities in the design. The result of each structures multiplication is an 

indication of how well a product is designed with respect to this objective.  

 

In this product development process two iterations of the weighted sum method 

will be used. First of all an initial screening (Table 3.4) which only contains a +, 

- or 0 score will be used to rate the structures. This screening method is also 

called the Pugh method (P.L. Jackson, 2014). The Pugh method can be 

interpreted as a simplified version of the weighted sum method. After this 

screening the three most appropriate structures will be found quickly.  

 

Table 3.4 Initial screening 

 
 

The remaining structures are proceeding to the second screening round. Those 

structures will be rated in a more detailed way (Table 3.5). The structures will 

be rating with scores from one to five, wherein five is the highest score and one 

the lowest. The outcome of this second screening round will be the most 

appropriate structure, which will be called the concept.  

 

Table 3.5 Detailed screening 
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Configuration variations 

With a final structure selected only a selection of solutions has been made. Intuitionally these 

solutions have a roughly set physical location in the solution, however configuration varying 

explores different set-ups for a concept (F.J. Siers, 2004). In forcing to think about different 

configurations, new degrees of compactness or effectiveness can be achieved than with some 

conventional set-ups. The theory of sub-chapter 3.2 “Modularity and design for assembly” 

will be used extensively in this step. By designing and rating the different configurations on 

their assembly and installation qualities, the final concept will be fitting the scope of the 

project. Following the creation of multiple variations is another cycle of rating and evaluating 

the concepts. The evaluation of the created concepts often leads to a discussion and once more 

the experience of engineers is of great value. A preliminary filtration can once again be done 

by using a multi-criteria decision analysis.  

 

3.1.5 Design Execution 

The design execution consists of the final steps to prepare the created concept, which is the 

output of the product development process, for production. Creating a 3D-model and 

calculating eventual machine components are the most important parts in this phase. After 

that is done technical drawings should be made, since those are required as an input to be able 

to start production. Cost calculations should be made for business purposes, the total cost can 

be estimated more detailed after this step has been done. Verifying requirements is the step 

before the 3D-model will be created to give everyone involved a final chance of input, it also 

realizes a better  

 

Validate design 

The final concept has been selected. In order to proceed with the concept first of all it is 

important to evaluate the found result (P.L. Jackson, 2014). This will create awareness from 

the whole project team and the people involved. The most important part of this step is getting 

everyone involved again in working out the final result (the concept). In this step the engineer 

should make sure he has presented and discussed his concept with all the people involved. 

This will generate more trust and give some space for eventual improvements, but also for 

general defending of his created concept. 

  

 Conduct design reviews 

A great method to validate the created concept is conducting a design review 

(P.L. Jackson, 2014 p.217). An internal design review is a presentation to a 

subject matter expert within the company of the, to be developed, product. The 

expert should be someone who is maybe not directly involved in the project, but 

he should have a deep knowledge about the important aspects of the product 

(development). Those aspects can be the design, engineering, selling, logistics 

or manufacturing the product. It is recommended to be the director of the 

associated department within the company which will produce, assemble, sell 

and distribute the product. He will be evaluating on all aspects, but also on the 

business suitability of the created concept.  

 

3D-model 

A detailed 3D-model of the concept should be created.  This model will contain all the 

relations within the product. The can be seen as the first prototype of the product, but then a 

virtual prototype. 
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3.2 Modularity and design for assembly 

 

To be able to apply modularity, a system or product must lend itself to do so. If a structure has 

repetitive functional sections which could work independently or distinct separation of the 

functional subsystems (i.e. no functional components which require specific techniques or 

methods to work). Then, it is a logic step to think about modularity. Modularity has been 

studied in theory and the findings useful for this project have been described in the modularity 

sub-chapter. Not only modularity have been studied but also design for assembly (DFA). The 

DFA part abstracted a list of “assembly time improving techniques” which have been taken 

into account during the design execution in the application part of this thesis.  
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3.2.1 Modularity 

The term modularity is used to describe multiple similar methods to design and construct 

systems and products. At its core, modularity allows for interchangeability of individual 

components of a larger system. The concept of modularity is physical separation of the 

functions by use of functional modules (G. Pahl et al., 2007). The connection of different 

modules demand for a standardised system of physically connecting the function modules. 

This interchangeability can be expressed in multiple forms. Baldwin and Clark (2004) state 

three forms of modularity; modularity-in-use (MIU), modularity-in-production (MIP) and 

modularity-in-design (MID).  

 

Modularity in use (MIU) 

MIU allows the end user of a product or system to individualise the final product. This way of 

modularity depends heavily on standardisation of the market. MIU is the form of modularity 

in which a customer can buy different components of a product at different manufacturers and 

combine these components after their own liking. This is common in consumer based 

industries such as furniture, electronics protection and ironware.  

  

Modularity in production (MIP) 

When a manufacturer wants to outsource a part of its production to another factory, it gives 

the precise specifications. MIP is the interchangeability of manufacturing sites for a product. 

Modularity in design is allowing the design process to be split up in modular nodes. If 

components of a larger product or system are manufactured in different locations and later 

assembled, the manufacturer of the individual components is not of great importance for the 

end production, as long as the requirements are met. A company specialised in producing a 

specific component or sub-assembly, will have more expertise in doing this. This results in 

being able to produce or assemble the component faster and cheaper. If a well-defined 

architecture is established, multiple teams can work on the different parts of the design 

simultaneously. This method is well-suited in large systems. An additional advantage with 

MIP it is for a company easier to manage the risks of production, as a result the company is 

not relying on one specific manufacturer. 

  

Modularity in design (MID) 

Engineering Design (G. Pahl et al., 2007) states that the modules of a system each perform 

their own function. In MID functions are analysed to be divided into primary, auxiliary, 

special, adaptive and customer-specific functions. This division separates the crucial functions 

from the niche functions, which sets the boundaries for the use of modularity. Designing a 

modular system is higher in engineering costs than regular system design, but it allows for 

more freedom and flexibility.  

 

The implementation of a modular system brings a wide range of advantages for both the 

manufacturer and user in flexibility, shorter delivery times and improving isolated sections of 

the product. Some drawbacks of modularity are more expensive one series customisations and 

the shape of modules is governed more by the connectivity instead of technical features.  
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3.2.2 Design for assembly (DFA) 

Design for assembly can often be a part of modularity (Deschinkel et al. 2011) and is used to 

design easier assemblable products. Design for assembly can be executed in different forms, 

to limit the costs, time and parts associated with the assembly of products and systems. They 

state in their article that design for assembly is preferably addressed early as possible in the 

design process, to prevent major redesigns later. Right after the creation of concepts, design 

for assembly methods can be used to identify the ideas which are too complex and too costly 

to make, as well as revaluate concepts to practical solutions.  

 

Since most processes in which design for assembly is useful are mass productions, in which 

every minute has to be accounted for, some aspects of reducing assembly time might not be as 

relevant as others. In the article ‘A simplified approach to design for assembly’ (Moultrie and 

Maier 2014, p.47) three improvement areas are named. The first being functional analysis, 

evaluating components on relative movement, necessary material differences and need for 

later adjustment. If a component is deemed non-essential, the component can be reviewed to 

be taken out completely or combined with another component. A fixing analysis on the 

connection of parts of a product can bring an improvement on the assembly time. By using 

self-aligning instant fixtures such as conical pins opposed to screws or glue, assembly time 

can be greatly reduced. The last analysis mentioned is the handling/ feeding analysis. In this 

analysis one reconsiders the size and weight of different components. This is to prevent time 

loss in fiddling with small parts or changing tools too often. ‘Product design and 

development’ (Ulrich & Eppinger 2012, p.269) elaborates on the analysis of handling and 

feeding. ‘Product development: a structured approach to consumer product development, 

design and manufacture’ (A. Mital et al. 2014 p.160) mentions three types of assembly: 

manual assembly, automated assembly and robotic assembly. For each assembly type 

practical improvement items are listed. The assembly time improving techniques of DFA 

literature are the following:  

A.) Part is inserted from the top of the assembly: repeated rotation of the product delays 

the assembly process, 

B.) Part is self-aligning: not requiring fine and precise movements for assembly quickens 

the process, for example by use of chamfered edges on pins, 

C.) Part requires no tools: repeated tool change slows the process, no tools keep both 

hands free for assembly, 

D.) Part is assembled in a single, linear motion: driving a screw requires more time than a 

(conical) pin and quick fixtures should be considered where possible, 

E.) Part is secured immediately upon insertion: having components which are fixated by 

tightening, curing of adhesive or another part added to them result in a slower 

assembly process.  

F.) Minimise the amount of unique components such as different length bolts by using 

multipurpose components. 

G.) Minimise the amount of components by combining multiple components into one, if 

the individual components functions allow this. 

H.) Ensure open access for assembly process: avoid hidden and hard to reach fixtures 

(Boothroyd & Dewhurst, 1989 p.2-21).  

 

In what extent these guidelines should be used is depending heavily on how easily the part 

should be able to be disassembled.  
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4 Application 
 

Applying the previously portrayed theory will, besides providing a final concept, validate the 

theory, too. The phases addressed in this chapter will follow the same structure as the phases 

in the previously described theory chapter. The first part, existing of  the first four phases 

(chapter 4.1 up to 4.4), is about discovering the original product. But also defining the project 

goal in a product development more suitable way. Thereafter different solutions and the most 

suitable combinations of solutions are selected. The second part is the design execution phase 

wherein the bottlenecks, as described in the empirical findings, have been used as points of 

attention while working out the new design. Specifically on the bottlenecks and in the overall 

design, the assembly time improving techniques described in the DFA theory, have been 

applied to find the most suitable final design.  

4.1 Problem definition 

The problem definition phase defines the project within the product development process, 

before starting with the development itself. The phase is used to define the project goal in a 

more specific way. Thereby it gives a better understanding of the product by describing the 

system and thereafter the project boundaries. After that the requirements have been worked 

out ending up with derived functions which will later on be used to find solutions for in the 

exploration phase.  

  

Define the project goal 

The project goal is defined in a SMART way in the following phrase:  

“Find and work out the most appropriate design, which can be installed by two persons on site 

in one day), for the (modular) Omnideck within a timeframe of two months.” 

 

Within the original design of the Omnideck, the platform is build-up twice and teared down, 

before it is fully installed at the customer location. One build-up and teardown cycle is done at 

the factory, followed by a second build-up (during the installation) at the customer. This is 

done to ensure the product transported to the customer is verified and working. Constructing 

the Omnideck out of individual verifiable modules avoids repetitive disassembling, assuming 

that the individual modules are transportable. Leaving only the final installation, instead of 

starting from individual components. This is illustrated in Figure 4.1. 

 

 

 

Figure 4.1 Indicative illustration of the assembly process of the original Omnideck platform. 
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In this respect installation means all the handlings taken place on site, assembly is regarded as 

putting loose components together. However all components do not per se have to be put 

together during instalment, this can also be done in-house as pre-assembly. Concluding that 

the total assembly time is the pre-assembly time added by the installation time as illustrated in 

Figure 4.2. 

  

 

Figure 4.2 Assembly time = pre-assembly time + installation time 

 

Additional to possibly not having to go through two rounds of Omnideck build-up, avoiding 

on-site instalment is preferable. By pre-assembling units in a factory leads to an easier 

environment for the mechanic, where the working environment can be set up specifically for 

this pre-assembly. Concluding that, by transferring installation activities to the pre-assembly 

the total assembly time will be reduced. Therefore as many activities as possible should be 

transferred to the pre-assembly.   

 

Describe the project context 

The Omnideck (system) can also be called an Omnidirectional Treadmill System. Wherein the 

system exists out of three different sub-system, which sub-systems will be the treadmill 

platform, operator station and the tracking system. Dividing the Omnideck system into 

sections can be used to describe the information and action-reaction flow of the system. This 

has been furthermore done in the “black box” part later on in the problem definition phase.  

 

To further understand how it works a model has been created shown in Figure 4.3, describing 

the system on the basis of a classic PC-system. Actually the complete system works the same 

as a classic PC-system, the only different is the hardware used within the system. The signals 

within the system can be considered as similar. A classic PC-system can be divided into three 

sections a computing, controlling and a display section. Wherein the computing section exists 

of a desktop which makes the calculations and “manages” all the information. The display 

section is used to show the result and information of the computer, making the user able to 

work with it. A mouse and a keyboard are used to navigate through the system, which are the 

controlling section of a computer. Within the Omnideck system the computing section is kept 

the same, a desktop is used for this. The computer monitor in the display section is replaced 

by a head mounted display (HMD). The purpose of the Omnideck is simulating movement 

motions. In order to do so the controlling section of the system contains of a 360° treadmill, 

while using a human’s body, combined with the tracking to take the control. The 360° 

treadmill makes it possible for the user to control the system with natural movements 

(walking, jogging, crouching and jumping), while staying within a physical surface area. The 

treadmill realizes that the user will not get out of this area and camera’s track movement 

within the surface area to allow the user to control the system. In the virtual theatre a monitor, 

keyboard and mouse are still shown, those are just backups within the system in to order to 

make the controls and displaying not depend on the HMD and cameras.  
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Figure 4.3 Explanatory model of the Omnideck system 
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Identify project boundaries 

It had shown that at least 70% of the labour hours install the Omnideck system 

is taken by building up the treadmill platform. Therefore the project will be only 

focussing on redesigning the Omnideck platform.  

  

 The original Omnideck platform 

It is valuable to understand the current mechanical composition of the Omnideck 

platform. A better understanding will help to improve the original system, with 

the main focus to lower the assembly time. The original Omnideck platform 

consist out of a circle which can be divided up into sixteen sections (Figure 4.4). 

Each section contains 48 rollers, which are individually mounted into place in 

the construction. A partly dismantled view of two sections of the Omnideck 

platform is shown in Figure 4.5. Each section contains one belt unit (number 1 

in Figure 4.5), this belt unit drives the rollers. All sixteen belts units are 

connected around the full circumference of the Omnideck and are driven by one 

motor. This is realised by connecting the belt units with each other by shafts 

(number 3 in Figure 4.5). A gearbox containing bevel gears (number 4 in Figure 

4.5) is used to change the direction of the shafts 90 degrees. In order to connect 

the belt units by shafts, which are placed under an angle next to each other, 

universal joints are used.  

 

 

Figure 4.4 Schematic image of the Omnideck platform. 

 

 

Figure 4.5 Two sections of the original Omnideck platform half-way assembled. 
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Analyse product in- and output: Black box Analyse in- and output 

The Omnideck system is an intricate system which reacts to the user’s movements and in-

simulation actions. While this requires a high level of control engineering and mathematical 

algorithms, a simplified schematic of the system can be seen in Figure 4.6. In this figure the 

Omnideck system is composed of three distinct components: the tracking system (T), the 

operating station (O), the platform (P) and the visualisation apparatus (V). The user (U) is 

represented in the red circle and is the input for the Omnideck and receives the output. The 

system components are analysed using the black box method, since the platform is a 

subsystem, information on this part of the total system is required. The tracking system tracks 

the user’s movement and sends the location of user on the Omnideck to the operating station, 

which is used to determine the speed and direction of movement. The speed of movement is 

translated to a required rotational motor speed to drive the platform. The direction the user is 

looking in is tracked by the tracking system, together with the speed and direction of 

movement the operating station calculates the virtual reality simulation. This simulation is 

send to the visualisation apparatus to formulise the visual image the user experiences. The 

whole Omnideck system is electrically powered, this is left out of the diagram to maintain a 

coherent overview of the internal signals.  

 

 

Figure 4.6 Omnideck sub-systems signal and energy flow. 
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Requirements 

The company formulated a list of requirements. This list can be found in Appendix C on page 

6 and 7. The list has been divided into functional and non-behaviour requirements. Some of 

the requirements are marked between square brackets and coloured red. These only have to do 

with the Omnideck system, but will have no influence on designing the Omnideck platform.  

 

Functional requirements 

What can be seen in the functional requirement list (Table 4.1) is that there is only one 

relevant functional requirement given for the Omnideck platform. The requirement is 

however too general to start generating solutions, therefore this requirement has been 

divided into multiple sub-requirements. This has been done in the function 

deployment. 

 

  Table 4.1 Functional requirements 

Functional Requirements 

OR. No. Description Fixed Variable Desirable 

1 Enable a human to perform natural walking in a virtual 

world. 

    

2 [ Enable a tracking system to track the head and hand 

in 6 degrees of freedom. ] 
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Non-behaviour requirements 

The non-behaviour requirements are also market as fixed, variable or desirable and can 

be found in Table 4.2. The non-behaviour requirements will later on be used for the  

assessment of the structures.  

 

Table 4.2 Non-behaviour requirements 

Non-behaviour requirements 

OR. No. Description Fixed Variable Desirable 

3 [ specifications tracking system: 

Max. tracking diameter: 6m 

Max. tracking height: 2,5m (above platform) 

Max tracking latency: 16ms ] 

    

4 avoid the use of hazardous, banned or scarce material     

5 the redesign should be evaluated and designed with 

regards to standardisation and modularisation 

    

6 the redesign should not require purchasing of expensive 

manufacturing machines  

    

7 enable off-site pre-assemble activities     

8 takes no longer than 64 hours to pre-assemble     

9 account for typical shipping and installation 

requirements 

    

10 enable an omnidirectional treadmill system to be 

installed on-site in 72 hours 

    

11 enable adjustment of horizontal alignment of the 

floor platform in 2 hours, with small adjustments to 

be made in 15 minutes 

    

12 enable assembly and disassembly of sub-parts of the 

treadmill (to allow the treadmill to be moved) 

    

13 enable a staff of two people to perform the whole on-site 

construction and installation (system) 

    

14 enable exchange of critical-to-function components 

upon failure 

    

15 be able to be centred against a reference point within 

a tolerance of +/-1cm (XY-plane, top-down view) 

    

17 have a target weight of 720 kg      

18 be able to be driven using single phase power      

19 be able to be controlled from one operator computer     

20 be configured to have a walkable surface between 

2.5m to 4m in diameter (incl. static centre plate) 

    

21 not be higher than 20 cm above the ground     

22 allow a daily average uptime of 10 hours     

23 be serviced by authorized personnel max. 8hrs a year     

24 be able to withstand forces from a person weighing 

140 kg while jogging 

    

25 identify standard / COTS components and use them 

where feasible 
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Deploy product into functions 

By analysing the product, its functions can be isolated. The Omnideck’s main product output 

is “Enabling the user to have natural movement in a VR environment”. This however, is a 

result of several layers of functions. The function tree analysis (Figure 4.) is a tool to identify 

the basic functions of a product so that these can be used as the input for a later stage of the 

redesign.  

 

 Function tree 

The functional requirement “Enabling the user to have natural movement in a VR 

environment” has been taken and split up into several sub-functions (Figure 4.7). This has 

been done in order to find functions from which  new solutions can be explored. The red 

market field within the figure are branched sub-functions which has to do with the 

Omnideck system, but not with the Omnideck platform, for this reason the branch stops 

there. The lowest level sub-functions will be later on used in the exploration phase to 

come up with new solutions to satisfy Omnideck’s platforms functions.  

 

 

Figure 4.7 Function tree analysis of the Omnideck 



 

 

   37 | P a g e  

  

4.2 Orientation 

In this part of the application the competitors have been studied for a market analysis and the 

product opportunities have been identified. In order to do this the competitors have been 

compared.  

 

4.2.1 Market analysis 

The Omnideck is a type of omnidirectional treadmill and not the only omnidirectional 

treadmill on the market. These treadmills can be either an active or a passive system; an active 

system depends on actuators to keep the user within the system’s bounds, were as a passive 

system keeps the user from translational movement entirely. Common methods of preventing 

translational movement are low friction floors or rolling elements to allow for the sliding of 

the feet. Another approach is an active system which locates the user’s position and velocity 

and responds by moving the floor in the opposite direction of movement. Localising the user 

is done either by a harness, an optical camera or laser system. For each of the investigated 

systems, the strengths and weaknesses are summarised. All investigated competitor systems, 

their description and analysis can be found in Appendix D.  

 

Benchmarking 
Benchmarking has been done to find a possible gap in the market, by doing this product 

opportunities will be identified. In the benchmarking the different systems (Appendix D) are 

plotted in a graph, with the two axis representing different characteristics. One obstacle with 

this method is to quantify the characteristics. Only a few characteristics have a numerical 

value associated with them, for instance cost price or maximum walking speed. Properties like 

freedom of movement or mimicking of natural walking are hard to quantify. To bypass the 

obstacle of quantification the properties are split up into yes and no characteristics.  

  

In Figure 4.8 each omnidirectional treadmill system is plotted with on the X-axis the cost 

price of a system and on the Y-axis the score on how each system scores on several key 

characteristics linked to mimicking reality. These characteristics are the following shown in 

Table 4.3: 

 

Table 4.3 User experience characteristics 

 

 

 

 

 

 

 

 

 

 

 

 The system allows the user to lay down 

 The system does not have a sliding on ice effect 

 The system allows the user to crouch 

 The system allows the use to walk on a flat surface 

 The system allows the user to run 

 The system does not force the feet of the user in a walking angle 

 The system allows the user to make a quick direction change 

 The system does not use a harness 

 The system allows the user to freely move his arms and legs 
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A system can either fulfil or not fulfil one of the key characteristics. The sum of the fulfilled 

characteristics gives the experience score. The cost price scale of the diagram on the X-axis is 

logarithmical. In Figure 4.8 a price gap is visible, between $2 000 and $100 000 the quality 

level stagnates and drops one point with the Virtusphere.  

 

The conclusions related to the graph are described and evaluated in the next sub-chapter 4.2.2 

“Product potential”. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.8 User experience vs cost price graph 
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4.2.2 Product potential 

This part of the orientation describes and elaborates on the things where the product has 

potential which should be kept into mind while redesigning the Omnideck.  

 

Benchmarking conclusion 

What can be seen in the graph is that the Omnideck excels in user experience, even higher 

than the more expensive Cyberwalk. What also can be seen is that there is a big price gap 

between the Omnideck and the cluster lower scoring competitors. Since the price scale is 

logarithmical there is a big opportunity for the Omnideck to shrink the price gap by 

developing an Omnideck which contains a lower price. A big opportunity for the Omnideck 

will be lowering its price while keeping the experience score high. The uniqueness of the 

Omnideck is the great user experience.  

 

SWOT analysis 

Analysing the Omnideck in a SWOT analysis as a stated in the theory will help identifying 

the favourable characteristics of the Omnideck, as well as the points of improvement. The 

Omnideck’s SWOT-analysis is shown below in Table 4.4. 

 

Table 4.4 SWOT-analysis of the Omnideck 

 

Conclusion 

As already concluded in the benchmarking lowering the costs of the Omnideck will create a 

bigger  reach within the market. Thereby lowering the installation time will make it more 

suitable to relocate the Omnideck faster, which will increase the potential to promote the 

product extensively. 

 Positive aspects (improve/enhance) Negative aspects (decrease/prevent) 

In
te

rn
a
l 

 

Strengths 

 

 Large surface area allows for realistic 

acceleration. 

 Allows all body positions including 

jumping. 

 Unharnessed experience. 

 

Weaknesses 

 

 High cost price 

 Requires a large room, for the 

walking surface and tracking 

system. 

 Expensive tracking system. 

 Long installing time. 

E
x
te

rn
a
l 

 

Opportunities 

 

 Smaller Omnideck design might open up 

a new high-end gaming market. 

 Omnideck could open up a market for 

architects and (interior) designers. 

 Quicker assembly can increase the 

amount of potential customers and 

exposure on exhibitions.  

 

Threats 

 

 VR does not develop as expected. 
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4.3 Exploration 

The exploration of ideas and solutions following the method set in the theory compiles this 

chapter. 

4.3.1 Generate concept fragments 

For each function from the function tree multiple solutions have been conceived. A 

morphological chart (Table 4.5) is used to map all solutions and show all solution, which are 

found for each function. First of all the functions and their solutions are described after which 

the morphological chart is presented in Table 4.5.   

 

All solutions have been categorised on the basis of the function they fulfil. For each solution a 

short description is given: 

 

Exert force on user 
Solutions have been thought out to apply force to the user on the Omnideck 

platform. This “force” will move the user back to the centre of the Omnideck.  

 

Rollers 

Rollers mounted in the sections are driven to push the user back.  

 

Woven bent rollers 

Rollers made from a woven tube are bent with different radii. In addition to 

providing a walking surface, this also allows for smoother transition between 

segments since the bending of the rollers makes the angle on the section joints 

near to nothing. This in turn also allows for a very tight fit with the 

neighbouring section and less unused space in between.  

 

Shackles 

A track of shackles will be used to as surface. The track of shackles can be seen 

as a (treadmill) belt in how it should work to move the user. However the 

possible advantage of having tracks is the ease to maintain and adapt the length 

of the tracks. A standardized shackle can be used to create different sized tracks. 

 

Drive cable rollers 

A flexible drive cable is used to create the bending, with walking elements 

mounted on the drive cable. These walking elements will form the walking 

surface and are placed as tight as possible. 

 

Walking belts straight 

Belts wrapped around the rollers to allow for the usage of less rollers compared 

to the “rollers” system. Multiple belts will be mounted parallel to cover the 

triangular section surface. This does possibly increase the dead space in between 

the segments.  

 

Walking belts overlapping 

By placing belts in an overlapping pattern, the walkable surface will increase the 

further out from the centre. This happens because the belts will slide off each 

other until completely free, then wrap around the driving shaft to be sliding over 

each other again going towards the centre. In the centre the belts overlap the 

most. 
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Finger walk 

Using fingers made from micro sized piezoelectric motor the user is moved a 

continuous movement of the “fingers”. This movement is a result of a voltage 

being applied to the crystal, making it change size. By sequential and timed 

contraction and expansion of a line of fingers a pushing back motion is created. 

This method can perhaps be scaled to a macroscopic level. 

 

Transmitting power 
There are multi ways to transmit power from the power source within the 

system, the possible solutions to do this are summed up below. 

 

Universal joint (cardan axle) 

Drive axles connected with universal joints make a driving ring around the 

platform. On this driving ring the force exerter is attached. This is used in the 

original system. 

 

Gear 

Gearing can be used to apply a transmission ratio. It is recommended to use 

helical gears since those are less noisy then spur gears.  

 

Belt 

A common method to transmit power is to use a belt. Difference in pulley 

diameter can be used to achieve an eventual required transmission ratio.  

 

Chain 

Each roller has a sprocket mounted on it and a chain drives all the sprockets and 

in turn the rollers.  

 

Belt using friction 

The original Omnideck uses this method: a driving flat belt pushes on the 

underside of the rollers and by a friction force the power is transmitted.  

 

Twisted belt 

A driving axle running over the full length of the segment has for each rolling 

element a flange with a groove in which a round or v-belt falls into. This belt 

then wraps around a flange on the rolling element of the floor with a 90 degree 

twist. This in turn drives the rolling elements.  

 

Planetary gears 

It had been discovered that using multiple small motors with the right 

specifications can result in a quite high motor cost. It has been discovered that a 

high rotational speed motor is way easier to find if you look for a lightweight 

and smaller motor, but also for a lower price. A planetary gear can help applying 

a transmission ratio in order to lower the rotational speed by attaching it directly 

to the output of the (servo)-motor.  
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Bevel gears 

The power from the motor is split using conical gears to drive the different 

segments. The power of one shaft will be split over 16 drive shafts going into 

the sections.  

 

Friction wheel 

A wheel pushing against rollers or belts and uses the friction between the wheel 

and roller to drive the system. The wheel is most likely made of rubber.  

 

Power the system 
In case of the Omnideck platform there are three ways to power it.  

 

One motor 

One solution can be using one motor. A motor can be placed in the centre or of 

the platform or outside the platform itself. Placing it in the centre will make the 

system more   

 

Motor per section 

Another solution can be using one motor for each of the sixteen sections.  

 

Motor per two sections 

Another solution where have been thought of is using one motor per two 

sections by placing it in between, however this solutions was found out to be not 

applicable and have been pruned for that reason.
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Table 4.5 Morphological chart 

 

Morphological chart 

 

Functional 
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(helical) gear 

 

Belt 

 

 

Chain 

 

 

 Belt using 

friction 

 

 

“Twisted belt” 

(line shaft roller 

conveyor) 

 

 

Planetary gears 

 

 

Contact 

wheel 

 

Bevel 

gear(s) 

 

 
 

Power the 

platform 

One electrical 

motor 

Electrical 

motor per 

section 

Electrical 

motor per 

two section 
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4.3.2 Elaborating on structures 

Out of the morphological chart structures have been derived. Those structures are 

schematically worked out in a 3D-model and described in this part.  

 

Structure summarisation table 

By making use of the morphological chart six structures have been created and judged to be 

relevant and good to evaluate as a suitable structure for the Omnideck platform. Both rollers 

and overlapping belts have been theorised as well-suited candidates. Other solutions seemed 

either hard to develop or disadvantageous to the original method for exerting force on the 

user, which are rollers. For transmitting the power it can happen that multiple solutions at the 

same time are being consulted. This depends mainly on how the system will be powered 

which can result in the need of having multiple transmission steps. The structures are 

summarized in Table 4.6 here below.  

 

Table 4.6 Structure summarisation table 

 Exert force on 

user 

Transmitting power Power the system 

Structure 1 rollers twisted belt + bevel gears one motor 

Structure 2 rollers twisted belt one motor per section 

Structure 3 rollers friction belt (double rollers)+ universal 

joints 

one motor 

Structure 4 rollers friction belt (double rollers) one motor per section 

Structure 5 rollers friction belt (plate) + universal joints one motor 

Structure 6 rollers friction belt (plate) one motor per section 

Structure 7 overlapping belts friction wheel + universal joints one motor 

Structure 8 overlapping belts friction wheel one motor per section 
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STRUCTURE 1 

 

Figure 4.9 Structure 1 

 

In this structure (Figure 4.9) one motor drives bevel gears (2) which are attached to linear 

shafts running perpendicular to the rollers. Belts wrap around the rollers and the drive shaft 

with a 90 degree twist to change the direction of spin (1). A relative powerful motor shall be 

used, since it has to drive the whole Omnideck. The advantages and disadvantages of this 

structure are summed up in Table 4.7. 

 

Table 4.7 Pros and cons of structure 1. 

Advantages Disadvantages 

Small number of components. Due to the motor length and bevel gearing, 

this solution will be higher than 20 cm. 

All heavy parts are in the middle of the 

system. 

Heavy motor, requires 3 phase power. 

 The gearing has to be tailor made for this 

solution. 
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STRUCTURE 2 

 

 

 

Figure 4.10 Structure 2 

 

In structure 2 (Figure 4.10) a motor in each section drives a linear drive shaft (2). Belts are 

wrapped around the rollers and the drive shaft to transmit the power. The advantages and 

disadvantages of this structure are summed up in Table 4.8.  

 

 

Table 4.8 Pros and cons of structure 2. 

Advantages Disadvantages 

Small number of components. Bands require a smart solution to allow for 

easy maintenance. 

Single phase power is possible, since not all 

systems need to active at a given time. 

 

The motor and rollers form one replaceable 

unit. 

 

Each section can be driven individually.   
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STRUCTURE 3 

 

 

 

Figure 4.11 Structure 3 

 

 

 

This structure (Figure 4.11) uses rollers to move the user. The rollers are moved by a belt 

sandwiched between another layer of rollers (2), powered by a shaft system which wraps 

around the whole floor. This shaft system is powered by one motor and universal joints allow 

for the direction change (1). The advantages and disadvantages of this structure are summed 

up in Table 4.9. 

 

Table 4.9 Pros and cons of structure 3. 

Advantages Disadvantages 

Highly feasible design Drive shaft and universal joints generate 

vibrations. 

Plain rollers, no grooves or teeth.  
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STRUCTURE 4 

 

 

Figure 4.12 Structure 4 

 

Similar to structure 3, in this system (Figure 4.12) rollers are driven by a belt sandwiched 

between another set of rollers (1). Structure 4 however uses one motor per section to drive this 

belt (2), eliminating the drive shaft with universal joint system. The advantages and 

disadvantages of this structure are summed up in Table 4.10. 

 

Table 4.10 Pros and cons of structure 4. 

Advantages Disadvantages 

Highly feasible design. Might require a third pulley for the belt. 

Plain rollers, no grooves or teeth.  

Smaller motors allows single phase power.  

 



 

 

   49 | P a g e  

  

STRUCTURE 5 

 

Figure 4.13 Structure 5 

 

 

This structure (Figure 4.13) is the original Omnideck system with a belt driving rollers, 

supported by a low friction plate (1). The belt is driven by a shaft with universal joints (2) 

powered by a single motor. The advantages and disadvantages of this structure are summed 

up in Table 4.11. 

 

Table 4.11 Pros and cons of structure 5. 

Advantages Disadvantages 

Proven technique. High friction between plate and belt. 

Plain rollers, not grooves or teeth. Drive shafts and universal joints cause 

vibrations. 
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STRUCTURE 6 

 

Figure 4.14 Structure 6 

 

 

 

Compared to structure 5, this system (Figure 4.14) uses a single motor per section (2) to drive 

a belt sandwiched between the rollers on which the user walks and a low friction plate (1). 

The advantages and disadvantages of this structure are summed up in Table 4.12. 

 

Table 4.12 Pros and cons of structure 6. 

Advantages Disadvantages 

Proven technique. Might require a third pulley for the belt. 

Plain rollers, not grooves or teeth. High friction between plate and belt. 

Smaller motors allows single phase power.  
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STRUCTURE 7 

 

Figure 4.15 Structure 7 

 

This structure (Figure 4.15) is consisting of a walking surface with belts which overlap in the 

centre (2) and fan outward (1). The belts are driven on the perimeter shaft by a contact wheel 

using friction. The wheel is connected to drive shafts which use universal joints to wrap 

around the Omnideck (1). The belts are supported by a trapezoid shaped plate. The 

advantages and disadvantages of this structure are summed up in Table 4.13. 

 

Table 4.13 Pros and cons of structure 7. 

Advantages Disadvantages 

Flat walking surface High friction between belts and under plate. 

Less interferences between segment 

boundaries because of a smaller angle 

between the adjacent belts of different 

platforms 

Lots of engineering required to develop this 

structure. 
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STRUCTURE 8 

 

Figure 4.16 Structure 8 

 

Structure 8 (Figure 4.16) uses overlapping belts, which overlap fully in the centre (2) and 

diverge out and are separate when on the perimeter shaft. The belts are driven by a contact 

wheel which in turn is driven by a pulley and motor. Each section has an individual motor (1). 

A trapezoid shaped plate is supporting the belts. The advantages and disadvantages of this 

structure are summed up in Table 4.14. 

 

Table 4.14 Pros and cons of structure 8. 

Advantages Disadvantages 

Flat walking surface. High friction between belts and under plate. 

Less interferences between segment 

boundaries because of a smaller angle 

between the adjacent belts of different 

platforms 

Lots of engineering required to develop this 

structure. 

One motor per section possibly allows for 

single phase power. 

High friction between plate and belt. 
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4.4 Design decision 

Possible structures have been created in 5.3.2 “Elaborating on structures”. At this point the 

most valuable structure will be selected to proceed with. Then this structure will be further 

developed, in a further detailed way, according to the points of attention from a DFA 

perspective.  

4.4.1 Rating the structures 

In order to select the most appropriate structure, objectives have been created. Every objective 

has been derived from the list of the requirements. The objectives are formulated to represent 

the requirements and are explained and summed up below. 

 

Technical feasibility  

An estimate on how well a proposed technique will function.  

 

Price 

A rough estimate for the total price and costly components combine into a score 

on this objective. 

 

Ease of assembly 

Ease of assembly is regarding the assembly done in a factory environment. A 

structure scores high on this objective if most of its total assembly can be 

executed in there. Plus the overall ease of assembly is taken into regard. 

 

Ease to install  
Focusses on the installing and assembling on site at the customer. The less 

installing at a customer the better the score. The inevitable on site installing is 

taken into account as well.  

 

Complexity 
A structure can be technically very feasible but very complex. A structure is 

rated complex if a large number of components and transmission steps is 

included in the structure.  

 

Maintenance 

The ease of maintenance and wear of a structure is rated with this objective.  

 

Maximising user experience 

The user experience covers sounds created by the solution and overall walking 

surface quality. The more the walking surface resembles a homogenous surface 

the higher the score is. 

 

Engineering development 

Engineering development required to realise the structure in sense of non-

standardised component development. 
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Initial screening 

The initial screening (Table 4.15) contains all structures created in the sub-chapter 4.3.2 

“Elaborating on structures”. Structure five has been used as reference structure since this is 

the structural composition of the original product. After this each structure has been compared 

and given a -, + or 0 if the structure scores less, better or the same on each objective. Structure 

2, 4 and 6 all score three points, these ended up with the highest score in this screening.  

 

Table 4.15 Initial screening of all eight structures. 

 
 

Detailed screening 

With the initial screening completed, a screening with a higher detail level is performed 

(Table 4.16). This screening uses a weight factor to prioritise the objectives. The sum of the 

priority levels equals 100%. Technical feasibility, price, ease of assembly and ease to install 

are weighted high for these are crucial points in this development. Technical feasibility is an 

expectation on how practical the mechanical composition of the structure is. Assembly and 

installation time are the two main issues with the original design and the foremost items to 

tackle in this project. Complexity is not a crucial characteristic, however a lower level of 

complexity is an indication of an efficient design and thus desirable. Maintenance, 

maximising user experience and engineering development are valued as of lower importance. 

Maintenance in a good design does not have to occur frequent and maintenance can be 

partially bypassed with replacing components. Replacing components is categorised under 

ease of assembly and is aimed at in factory replacement. Maximising user experience is not a 

main focus in this design development and thus rated as a low priority, it was however 

mentioned in the requirements. Engineering development, how much is left to engineer, is 

regarded lower than the other criteria within this specific project because the end result is 

conceptual work, leaving engineering work regardless.  

 

Table 4.16 Detailed screening of structure 2, 4 and 6. 

 
 



 

 

   55 | P a g e  

  

This all results in a final score wherein structure 2 scores the highest total score. This means 

that structure 2 will be further worked out according to multiple design configuration, 

containing twisted belt, rollers and a single motor per section to fulfil the Omnideck platforms 

functions.  

4.4.2 Configuration variations 

Configuration variations have been carried out internally within the company, with brainstorm 

and discussions sessions. The most suitable configuration variation has been proceeded with 

in the design execution phase. The outcome of this brainstorm and discussion sessions have 

not been administrated in such a way that it could be put on paper without too much effort. 

Since the time for the project was limited it has been decided to focus more on the design 

execution instead of documenting the less valuable configuration variations discussions. 

Thereby the knowledge is known and transferred to the company employees. Focussing on 

the design execution has been assessed as being more valuable.  

4.5 Design execution 

The design execution contains a description of major improvements made while working out 

the selected structure 2 from the exploration phase. This has been done to create a more 

valuable concept which realises a lower installation time of the Omnideck. In order to create 

this concept the bottlenecks have been used as focus points while executing the redesign. 

With the bottlenecks as focus points and the knowledge gained about modularity and DFA, 

the improvements presented arose. Those improvements combined form the new concept. 

 

Observations 

In order to reduce the assembly time of the original Omnideck’s design it is necessary to 

gather data on the sequences which lead to the high assembly time. To get more focus on the 

improvement of the assembly time it is required to identify the sequences leading to the 

lengthy assembly time, so-called bottlenecks. In this report the word bottlenecks will be 

frequently used with the following definition: bottlenecks are tasks in the assembly and 

installation which take a considerable amount of time. Those bottlenecks should be avoided as 

much as possible in a better design. In order to discover bottlenecks, installation knowledge is 

required. The information on bottlenecks are focal points used during the design execution. 

Multiple ways to obtain installation knowledge are used. First and foremost is first-hand 

experience by disassembling the Omnideck, secondly interviews and conversations with 

experienced staff. A detailed description of the conclusions from the interviews, in-house 

location instalment and customer visit can be found in Appendix B: “Observations”. 

 

A partial Omnideck, containing two sections of a complete Omnideck, was present at the 

mother company MSE. This opportunity disassemble and reassemble the Omnideck for a 

first-hand experience. Secondly, during the project, an opportunity to visit a customer came 

across unexpectedly. A customer requested to relocate and rebuild an existing Omnideck, 

which allowed to gain first-hand experience of the full Omnideck. During the rebuilt, the 

duration of each task was noted and specific observations supplied insight into task durations. 

Interviews and conversations with Omnifinity employees confirmed and added to the 

bottlenecks that were identified during the first-hand experience sessions.  
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Concluding the first and second hand knowledge five major bottlenecks have been identified. 

The most time-consuming bottlenecks of the assembly listed below:  

 

1. Roller instalment. 

2. Tuning the friction between rollers and the belt. 

3. Circular alignment of the supporting profiles. 

4. Hard to reach fixtures. 

5. Levelling the Omnideck. 

 

 

Hereby a reference to the modularity and DFA knowledge applied to tackle the bottleneck is 

added. This all is done by mentioning the bottlenecks referring to its number, the type of 

modularity and the assembly time improving techniques (designated by their respective 

letter).  

 

 

Improvement 1 

Improvement 1 is aimed at the most time consuming bottleneck during the instalment of the 

Omnideck. The bottleneck which has been tackled is the long roller instalment time 

(bottleneck 1). Reducing the roller instalment duration has been done by splitting the 

Omnideck into groups which can be assembled separately. In the original situation the 

Omnideck exists of individual components which all have to be assembled at customer 

location. By making use of MIP, as mentioned in chapter 3.2.1 “Modularity” the composition 

of the Omnideck has been divided into two groups, a supportive frame and  roller segments, 

as shown in Figure 4.17. Applying MIP has resulted into a reorganisation of the installation 

and the assembly. In the original system the full assembly is carried out during the installation 

at the customer. With the new system the roller segment can be produced beforehand and 

thereby pre-assembled in a properly equipped working environment. For the installation the 

only proceedings left is transporting the frame fragments and the roller segments to the 

desired location. After which the frame and roller segments can be fixated together to form a 

fully working Omnideck.  

 

 

Figure 4.17 The new Omnideck’s supportive frame (1) and a roller segment (2). 
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Original assembly:  

While installing the original Omnideck, the supportive frame is built up at 

customer location. After the assembly of the supportive frame has been done, a 

plastic mount for the rollers will be screwed onto beams of the supportive frame. 

Following the plastic roller fixation, the roller assembly can take place. Hereby 

every single roller (48 per section) will be mounted into place.  

 

New assembly: 

For the new design the only the frame will be built up at customer location. 

After this the roller segments, containing all the rollers, will be positioned into 

the frame one by one. Figure 4. shows a fully assembled supportive frame, 

wherein one roller segment is positioned. Figure 4.19 presents the supportive 

frame containing all roller segments.  

 

 

 

Figure 4.18 The new Omnideck’s supportive frame with one roller segment assembled. 

 

 

Figure 4.19 The new Omnideck’s frame with all roller segments assembled. 



 

 

   58 | P a g e  

  

Improvement 2 

The second major improvement which has been made in the execution of the Omnideck’s 

design is related to the tuning of the friction between the roller and the belt (bottleneck 2). In 

the new system the whole mechanism of a belt driving the rollers has been replaced in by 

applying the solution of structure 2. The newly used system will be a line shaft conveyor 

system. The line shaft conveyer strings still have to be tensioned.  

 

Using the already explained separation of structural frame and roller segments, the required 

pre-tension of the line shaft can be incorporated in this unit. Enabling belts to be tensioned in-

house has a few advantages. The required pretension can be measured and carefully applied to 

the belts and the pretension can be tested and adjusted for prior to instalment. By tightening 

the bolts the bearings will be pulled in position and thus the shaft will lower, as shown in 

Figure 4.20 (from situation one to two). The arrow indicates the direction of the shaft when 

tightening the screws. This in turn increases the distances between the rollers and the shaft, 

thus tensioning the belts.  

 

 

Figure 4.20 Tensioning system of the line shaft conveyor belts. 

 

Original friction tuning:  

In the original system, the tuning of the friction is done after rollers are installed. 

To check if the right amount of friction is acquired, the Omnideck needs to run 

for a while before a mistuned belt can be identified. If and when a roller section 

and belt are not making enough contact, or too little, the rollers need to be taken 

out before the belt can be raised or lowered. Then the system needs to run again 

for some time to confirm the right traction. With no measurements on how much 

friction is needed, this whole process is intuitive instead of quantified.  

 

New friction tuning: 

During the in-house pre-assembly, each roller segment will be pre-tensioned. 

Using a defined level of pretension obtained from the belt manufacturer, either 

the belt elongation or bolt force can be used to quantify the level of pretension. 

A test set-up can be used in the workshop to confirm the required pretension is 

met. After transportation the section should still be in this configuration, 

assuming the pretension is set sufficiently. 
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Improvement 3 

The third major improvement is related to the alignment of the circular shape of the 

Omnideck platform (bottleneck 3). For this improvement multiple assembly time 

improvement techniques have been used. The roller segment will be placed into the frame and 

then be pushed inward (Figure 4.21). The frame’s beams fit in the Z profile, illustrated in 

Figure 4.. The Z profiles in the section are fixed in a 22.5° angle and force the supporting 

beams to follow this angle. Thus the pushing inward of the roller section forces the system to 

self-align (assembly time improving technique B). Two adjacent roller sections leave the 

exact space needed for a supporting beam between their Z profiles.   

 

This correct angle and the fact that the beam and Z-profile perfectly slide over each other as a 

results of their parallel surfaces (designated by the arrows in Detail A Figure 4.22). This will 

ensure the right alignment of supporting frame, whereby the parts are self-aligning (assembly 

time improving technique B).  

 

 

Figure 4.21 Self aligning section by inserting the roller segment. 

 

 

Figure 4.22 Self-aligning roller segment position in its aligned position. 
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Original alignment: 

In the original system the complete aligning is done by adjusting the 

connections of the beams from the supportive frame. However, if misaligned, 

the final connecting beam will not fit. To in- or decrease the distance between 

the supporting beams, all screws need to be loosened and brute force is needed 

to pull or push the other beams in the right direction. Yet, this has proven to 

require significant muscle power and the possibility of accidental dislocating a 

different connecting beam proved to be high.   

 

New alignment: 

The alignment of the Omnideck platform is realised by inserting the roller 

segments into the supportive frame. The pre-assembled and fixed shape of the 

roller sections will give the supportive beams their right angle and realise the 

right alignment. Exploiting the property that the Omnideck consists of a closed 

circular shape, all roller segments will be adjacent to each other. This has the 

result that the segments will only fit in one possible way.  
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Improvement 4 

Improvement 4 addresses the problem of hidden and hard to reach fixtures (bottleneck 4). 

Using the parallel surfaces of improvement 3 is used to tackle this bottleneck. Two pins on the 

supporting beam match two slots in the Z profile. The roller section is pushed forward starting 

at the position show in step 1 in Figure 4.23. As described in the improvement 3, the pins and 

slots will align, here after the whole section will drop down as shown in step 2 in Figure 4.23 

(assembly time improving technique D). This will lock the segment in X and negative Y 

direction (assembly time improving technique E). Because the roller segment is already 

locked in the Z direction due to the circular property of the Omnideck, only the positive Y 

direction remains unlocked. Theoretically, gravity will prevent the segment from floating 

upward, to increase the stiffness of the whole Omnideck and prevent metal on metal vibration 

noise, bolts on the far ends of the Z profile fully secure the segment. These bolts are easily 

accessible and will be later covered by the centre plate and end cover plates (assembly time 

improving technique H). 

 

 

 

Figure 4.23 “Falling” into place of a roller segment. 
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Improvement 5 

The fifth major improvement which has been made is related to the bottleneck of levelling the 

Omnideck (bottleneck 5). The biggest problem with levelling the Omnideck is the 

inaccessibility of the height adjustment bolts. A new design incorporating DFA assembly time 

improvement techniques is conceived. Instead of using two nuts and a threaded insert as 

illustrated in the original design shown in Figure 4.24. By using a bolt which can be reached 

by a screwdriver or an Allen key, a hole in the top of the profile allows the installer an easy 

reachable adjustment of the height (assembly time improving technique A and H). Also, 

incorporating multiple components into one shortens assembly time (assembly time 

improving technique G). If the threaded insert used in the original design is replaced by a 

threaded insert with a nylon ring installed, the lock-nut principle can be used and the two 

extra nuts become obsolete. This also removes operation of tightening the nuts after height 

adjustment.  

 

 Original 

To adjust the height of the foot, first the two nuts need to be loosened. Now the 

bold can be turned to lower or raise the foot, from the underside. With the 

required height achieved, the two nuts need to be retightened. 

 

 New 

A long screw is used either a flat or star head screw or an Allen key, which can 

be reached from the top due to the hole in the beam.  

 

 

 

Figure 4.24 Original and improved design of the levelling system. 
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5  Results 
 

The redesigns covered in chapter 4.5 “Design execution” enable the separation of assembly 

and instalment. The consequence of these changes is that some original instalment operations 

are significantly shorter or can be skipped altogether. Estimating the new instalment time 

gives insight in the on the effect of the chosen redesigns. The new instalment operations of the 

redesign are listed below. For each operation their respective durations are estimated, based 

on the duration of similar operations in the original design.  

 

 

1 The installation of the Omnideck starts with placing the 

structural steel profiles in a circle. This can be done 

without an attention for precision, since the beams will 

later be aligned by the roller segments. 

 

2 The second step is installing the motor supporting beams. 

This will lock the outside perimeter of the circle in its final 

shape. 

 

3 With the outside perimeter fixed, the placement of the 

roller segments will fix the angle between the profiles and 

due to the circular nature of the Omnideck, the whole deck 

will fit in one configuration only, namely the angle of the 

roller segment. 
 

4 After all roller segments are installed, they are to be 

secured in position. This will be done by fixating the 

segments by using four bolts.  

 

 

5 With the position of the support feet now on their final 

location, the levelling of the Omnideck is next. This step is 

dependent on the flatness of the floor.  

 

 

6 Following the levelling is installing and coupling the 

motors to the line shaft. 
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7 After completing the motor instalment, the centre plate is 

placed and secured. 

 
 

8 Final operation is placing the cover plates around the 

perimeter. This finalises the instalment of the Omnideck.  

 

For each operation their respective durations are estimated, based on the duration of similar 

operations in the original design.  

 

1 Placing profiles in a rough circle 15 min total 

2 Placing connecting motor supporting beams 20 min total 

3 Inserting segment modules 5 min per section (16x) 

4 Securing segment modules 5 min per section (16x) 

5 Levelling the profiles 0-45 min total* 

6 Installing motors 5 min per section (16x) 

7 Installing centre plate 10 min total 

8 Placing bording plates 2 min per section (16x) 

   

 Total installing time 5h12min 

  

*Depending on the floor on which the Omnideck will be installed. A flat floor such as in an office environment 

will require little to no levelling, whilst installing the floor on an concrete underfloor could require a more 

lengthy levelling operation.  

 

Five hours and twelve minutes of assembly is based upon the assumption that two persons are 

working on the task. Two persons are necessary since the roller segment are too heavy and not 

manageable for one person. This equals roughly a total installation time of ten and a half 

labour hours. Comparing to the originally stated 175 labour hours (which was given to be 

70% of the total 250 labour hours) of installation time, the installation time is reduced 

seventeen times in relation to the original installation time (down to 6% of the original).  
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Since the new design avoids disassembly of the modular parts before transportation, no 

reassembly at the customer has to take place. Thereby the modular part will retain its 

verification which is done during the pre-assembly. This major change shortens the total 

assembly time by one full build-up and teardown cycle, resulting in a shortened total 

assembly time. Figure 5.0.1 gives an indication of the modification of the assembly process 

between the original and the redesigns. Note that the improved situation still has a final 

verification, this is a confirmation on the systems performance. This confirmation includes 

testing the system in combination with the operating system and is excluded from the ten and 

a half hours of installation.  

 

 

 

Figure 5.0.1 Original and improved composition of assembly time (indicative).  

 

With a pre-assembly of modules, each module can be assembled and tested without having to 

need the full Omnideck’s frame. This brings forth another advantage which will decrease the 

pre-assembly time, therefore decreasing the total assembly time. This advantage is the non-

sequential assembly of one Omnideck. The bottleneck regarding the fine-tuning of the friction 

between belt and roller consisted mainly of waiting time. To test the friction, the system 

needed to run for nearly half an hour, in which the installers cannot do anything but wait. The 

testing of the friction calibration is with a modular build possible to do in parallel to the other 

handling during the pre-assembly, thus avoiding unnecessary waiting times and maximising 

efficiency.  
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6 Conclusion / Discussion 
 

Constructing and using a four phase product development process revisited the original design 

of the Omnideck. The original design of the Omnideck required a building it up twice and one 

teardown session, one build-up and teardown session prior (during the pre-assembly) and one 

build-up post shipment during instalment. Re-evaluating the original design and improving on 

the dual execution of the assembly shortened the duration of the assembly. The theory of 

modularity was used to divide the product into modules which do not require disassembly 

before transport.  

 

The structure which is the outcome of product development process can be interpreted as a 

similar structure as the original design, however with two major differences. Instead of using 

one motor to drive the whole system, this structure uses a smaller motor for each roller 

segment. Another difference is the choice of using a line shaft conveyor system to drive the 

rollers. Line shaft conveyors are used in industrial applications and are a proven technique to 

drive conveyors.  

 

As shown in the results the major improvement has been done by re-composing the Omnideck 

platform in modular parts. The improved modular design reduced the installation time to ten 

and a half labour hours, a fraction of the original 175 labour hours. This is achieved by 

designing the modules in such a way that these are fine-tuned and transportable units, which 

only need to be combined with the structural frame to finalise the installing. The final 

installation has been made less time consuming, by incorporating solutions to operations 

which in the original Omnideck are time demanding. These operations include placement of 

rollers, alignment of the supporting frame and the friction adjustment of the rollers and the 

drive belt. The improvements were derived from the design for assembly method, which 

focusses on maximising the ease of assembly. The placement of rollers, frame alignment and 

friction adjustment have been incorporated into the modules. The placement of rollers and 

friction adjustment are transferred to the pre-assembly phase and the modules realise self-

aligning during installation. Transferring several operations performed during the installation 

to the pre-assembly phase means that these operations can be performed in a factory 

environment. This is preferable because this environment can be tailored to maximise the 

production efficiency whilst this is not possible at a customer.  

 

The improved design is not limited to the structure proposed, but can be used on the original 

used structure too.   
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7 Recommendations 
 

The original version of the Omnideck is a functional system and the use of a drive belt caused 

issues with a high motor load. For this reason, among others, the line shaft conveyor was 

selected in the product development process. The technology of line shaft conveyors has been 

used in the conveyor industry for many years. For this reason this technology might be an 

interesting one to explore since more experience using this technique exists than with the 

current way of driving the rollers.  

 

The presented CAD drawings have been constructed with mainly standard components, 

though this is not explicitly stated in the report. Due to uncertainties about motor load and 

forces, the CAD drawing has not been fully specified regarding dimensions and materials. 

However we expect it is highly feasible to produce the proposed concept almost exclusively 

with off the shelf products. Preliminary machine design calculations have been done to 

validate the feasibility of an eventual execution of the concept.  

 

With the on-site installation time estimated, a follow up study could be desirable to explore 

the possibilities and bottlenecks for the in-house pre-assembly phase of the total assembly. 

Research on further using the techniques of design for assembly could be of great value, 

especially if annual sales of the Omnideck rise. 

 

Further development of the modular system and a study on the complexity of customer 

installation, has the potential to eliminate the need for skilled technicians during the 

installation. If this achieved, the Omnideck could be send as a package to customers and be 

assembled solely by following a thorough manual. 
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1 Introduction 
 

This report is as a guide to start the project by clarifying the first steps of a project. The 

document defines the aim of the project, as well as the foreseen activities to fulfil this aim. 

These activities allow for an initial planning and risk analysis which in turn make way for a 

better understanding of what if feasible in the time.  

Background 

MSE Omnifinity AB is a daughter company of the company MSE Engineering AB. MSE 

Engineering AB is a company which has been successful in engineering “intelligent and 

modular simulation hardware platforms”. A big part of their business has been related to the 

defence industry. Whereby they have been supplying the defence industry with several 

practice/simulation tools, for example a target pulling system in order to let soldier practice 

shooting. The owner of the company was inspired by the aircraft simulations and has been 

further exploring simulation applications. Hereby the idea of the Omnideck (shown in Figure 

A-1) has been created, original combined together with a dome and beamers to imitate the 

reality (also called virtual reality). The Omnideck itself is a 360° treadmill with diameter of 

4meter, which detects the user’s movement while moving back and forth on it. The idea 

behind this is to use virtual reality (VR) to imitate severe cases as they may possibly occur in 

real life, for example for the Special Forces. This makes it possible to use the VR imitated 

case to practice and train military staff members to by using the Omnideck, without having to 

send them out to real hazardous and dangerous environments (as they exist in the real world). 

To further develop the Omnideck and realize the idea of an ultimate VR training tool for the 

defence industry the company MSE Omnifinity AB has been created. While introducing the 

Omnideck at an exhibition high interest of the gaming industry has been attracted as well, 

especially while the Omnideck has been combined with the Oculus Rift. The Oculus Rift 

gives a next dimension to the product, the Omnideck. In order to explain this combination 

furthermore, it is necessary to understand what the Oculus Rift is and does. The Oculus Rift is 

a virtual reality goggle, which places the user into a virtual world, while wearing the goggles. 

The user is for the rest completely visual isolated from the real world, since the Oculus Rift is 

placed directly in front of the eyes.  

 

  

Figure A-1 The Omnideck 
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2 Project assignment 
 

Omnifinity keeps improving the Omnideck with every edition and one of the major 

drawbacks of the original model is the built up time. All individual components are at this 

moment shipped separately and installed on site. Therefore the main objective of Omnifinity 

is to have a preassembled and modular version of the Omnideck to save time in the 

installation process. Thereby Omnifinity wants to furthermore improve their product, as 

secondary targets. Those improvements should be implemented in the redesign, the 

improvements can be created by improving the quality or specifications of the Omnideck. 

 

To which extent modularisation is feasible is a play between complexity, effectiveness and 

costs. Therefore the components which require the most time to assemble have to be 

identified and the corresponding information has to be gathered. Changes in the design are 

most likely to result in a need to alter or reconsider the drive system of the whole system. The 

drive train redesign will be secondary to the modularisation of the system, but still an item to 

take in consideration.  

 

Research question 

“What is an appropriate design to create a modular Omnideck in order to reduce the 

assembly time?” 
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3 Expected project results 
 

At the end and at moments throughout the project several milestones and results are expected. 

The following is a preliminary list of results. 

 Literature study 

 Engineering report  

 Calculations 

 Prototype/ proof of concepts 

 Design report 
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4 Project activities 
 

To create an overview of the tasks which has to be done to result in succeeding with the 

project, an overview of the relevant activities, which can be thought of at the initiation of the 

project, has been summed up in the list below. Those activities are mainly summed up in a 

chronological way.  

 

1. Defining the problem 

a. Writing a plan of approach 

b. Gather information on original situation 

c. Locate the bottlenecks in the original design 

d. Delimit the problem and set project boundaries 

 

2. Literature studies 

a. Research product development 

b. Research modularisation 

c. Research similar systems 

d. Research market competitors 

 

3. Product development studies 

a. Use different product development methods to devise a method suited to the 

project. 

b. Translate gathered information on the original situation into functions. 

c. Evaluate different concepts 

 

4. Designing prototypes and/or proof of concepts 

a. Develop the found solutions into working concepts 

b. Engineer/design the concept with correct measurements and materials 

c. Apply relevant machine design calculations 

d. Identify the weak components and calculate safety factors 

e. Manufacturing prototypes and proof of concepts 

 

5. Comparing designs 

a. Develop comparison and test methods 

b. Test compatibility with the other subsystems of the Omnideck 

 

6. Formulating a conclusion and recommendations 

a. Translate the empirical findings into conclusions 

b. Relate the empirical findings with the literature 

c. Evaluate/discuss the founded results (the final concept) 

 

7. Execute a one-series production 

a. Finish final technical drawings of the product. 

b. Write a assembly manual 

c. Order/Manufacture the parts 

d. Carry out the assembly 
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5 Project boundaries 
 

This chapter contains the boundaries of the project. The project will be successful for the 

students if the university and the company are satisfied with the work they have done. The 

university will accept the students work as sufficient if the students show they have worked 

out a project which is relevant for their selves, the research society and the industry and 

thereby presented in the correct academical way. The project for the company will be 

remarked as successful if the project members have found an appropriate solution for research 

question which can be applied to create their product.  

 

Time:  

There is a limitation in time to work on the degree project. The time which has been reserved 

for this project is five months, whereof three months can be considered as fulltime (40hours a 

week) and 2months halftime (20hours a week). The deadline to present the material is thereby 

the 31st  of May and to hand in the final report 17th of June.  
  

Activities:  

The project activities which has to been executed before the project could be considered as 

successful according to the university are all the activities mention from “defining the 

problem” up to “formulating a conclusion and recommendations”, which are presented in step 

one up the six in the previous chapter. It would a wish from the project members and the 

company to fulfil the step “execute a one-series production”, but this won’t be necessarily 

done within the time period, as it is still will be desirable outcome within the five months.  
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6 Quality 
 

While most of the following points go without saying, the points have to be met to maintain 

the level of quality. 

 Regular check-ups and meetings with the LNU supervisor and Omnifinity have to take 

place.  

 The improvements on the old design must lead to quicker installing time, whilst 

keeping the costs in mind.  

 Any improvements cannot lessen the user experience.  

 Any plans to manufacture a prototype or prove of concept will be evaluated according 

to the schedule and available company resources.  

The software used will be Microsoft Office 2015 and SolidWorks 2014. 
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7 Project organisation 
 

This project describes which members are taking part in the project. Thereby describes this 

chapter what kind if responsibilities each individual member has.   
 

Project members: 

This project is executed by two mechanical engineering (bachelor level) students: 

 

Name:   Hanne Brinks 

E-mail:   hb222jq@student.lnu.se 

Phone:   +31 (0)6 27893042 

Address:  Stallvägen 21:104 

  35252, Växjö 

University:   Linnaeus University, Växjö. Hogeschool Windesheim, Zwolle. 

Availability:   fulltime 

 

Name:   Mathijs Bruins 

E-mail:   mb223th@student.lnu.se 

Tel:   +46 (0)76 316 65 71 

Address:   Stallvägen 21:201 

  35252, Växjö 

University:   Linnaeus University, Växjö. Hogeschool Windesheim, Zwolle. 

Availability:  fulltime 

 

Supervisor university: 

Name:   Valentina Haralanova 

E-mail:   valentina.haralanova@lnu.se 

Phone:   - 

Address:  351 95, Växjö 

University:   Linnaeus University, Växjö. 

Availability:   - 

 

Supervisor company: 

Name:   Peter Thor 

E-mail:   peter.thor@omnifinity.se 

Phone:   - 

Address:  342 21, Älmhult 

Company:   MSE Omnifinity AB. MSE AB. 

Availability:   - 
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8 Planning 
 

 

Figure A-2 Initial planning of the project
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9 Risk analysis 
 

One of the methods which can be used to check if the project is due to fail is a risk analysis. 

According to R. Grit [1] the risk analysis model (table A-1) can be used to create an 

indication of the projects risks. Thereby it indicates the risk failure, which can eventually help 

to decide project should be cancelled or not at the begin stage, due to a too high risk of failure. 

The risk indication is shown in a percentage value of failure.  

Table A-1 

 Risk-analysis Print    

   28-1-2016    

      

      

At a risk percentage >50%, then the project should be cancelled.    

Category Risk Value * 
Factor 

** 
Weight 

** Risk tot. 

Time factor 
maak 
keuze       

1 Estimated time of the project 3 - 6 months 1 4 4 

2 Has the project a definite deadline? Yes 2 4 8 

3 Is the time sufficient to realise the project? Sufficient 1 4 4 

Complexity of the project 
maak 
keuze     

  

4 

Amount of functional sub-systems that is involved 

3+ 3 4 12 

5 Amount of functional sub-systems that is going to make 
use of the results 

1 0 2 0 

6 

Is it going to an development or is it a new project 

Big 
development 

2 5 10 

7 To what extent will the existing responsibilities have to be 
modified 

Average 2 5 10 

8 

Are there other projects depending on this project? 

No 0 5 0 

9 What will be the attitude of the users Interested 1 5 5 

10 Are there any sub-projects, will the progression be 
dependent upon the coordination between them? 

Somewhat 2 3 6 

De project group composition 
maak 
keuze

      

11 What kind of employees are involved in the project? Mainly intern 0 4 0 

12 What is the geographical distribution of the project?  1-3 1 2 2 

13 Number of project members that is involved during peak 
times (>80%) 

1-5 0 5 0 

14 Ratio compared to subject matter experts relative to 
project experts. 

Good 0 5 0 

15 Do the users participate in the project? Reasonable 1 3 3 

De project lead 
maak 
keuze

      

16 Is the project management subject matter expert. Reasonable 
expert 

2 3 6 

17 Hoe deskundig is de projectleiding mbt de projectplanning Reasonable 
expert 

2 3 6 

18 How much experience does the project manager with 
projects like this? 

Little 
experience 

3 3 9 
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19 How knowledgeable are the advisers? Reasonable 
expert 

1 5 5 

20 How knowledgeable are the subject matter experts to 
investigate? 

Reasonable 
expert 

1 5 5 

21 In what way are the responsible line managers involvled 
in the project? 

High 
involvement 

0 5 0 

22 It is likely that the composition of the project group 
changes during the project? 

Average 
chance 

2 5 10 

23 Does the project group make use of standard methods? Yes, some 2 4 8 

      
     
           

Categorie Risico Waarde * 
Factor 

** 
Zwaarte 

** Risicotot. 

Clearity of the project. 
maak 
keuze

      

24 Is the problem and the objective clear enough for all the 
project members? 

Yes, 
everyone 

0 5 0 

25 Is the field of research accurately fixed? Reasonable 2 5 10 

26 Is the demarcation with other projects sufficient? Sufficient 0 4 0 

27 Is there enough time planned for consultation and 
decision-making? 

Sufficient 0 4 0 

28 Are the boundary conditions clear enough? The most do 1 4 4 

29 Do the boundary conditions work restrictive enough? Reasonable 2 5 10 

   Total    137 

   
Risk percentage 
*** 

32% 

Remark: This model gives only a very rough indication of risks    

 Paragraph 3.12 of the book gives a thorough analysis method of risks during the project.  

* value chosen by project manager.     

** Height factor and value are fixed.     

*** Risk percentage is the total score divided by 433 (maximum score) times 100. 
Watch out:  this is just an 
indication. 

      
Since the risk percentage has an overall overview, it is possible that a certain category may   

creates a high risk. Below is a breakdown by categroy to show possible improvements.   

      

      
Category (with maximum score versus real score)         

Time factor   Maximum 40 Score 16 

Complexity of the 
project   Maximum 80 Score 43 

The project group   Maximum 65 Score 5 

De project lead   Maximum 129 Score 49 

Clearity of the project   Maximum 119 Score 24 

      

 
 

 

 

 

 

 

 

 

 

 

 

 
 



  

   13/14 | P a g e  

  

 

Conclusion: For tihis project the project group and the clearity are strong factors, the compostion is clear 
and the tasks are clear to all the contributors. The project lead should be quite settled, 
together with the experience of the company and university supervisors the project should 
be lead in a succesfull way. The main thing where has to be taken care of by the project 
group is the complexity of the project. Thereby the time is running and should be managed 
aswell, but should not be a factor to concen to much about. It is very likely that this project 
wll be finished in a succesfull way, which ofcourse depends on the dedication of the project 
team. 

 

  

  

  

  

  

  

  

  

  

      

 

Internal risks: 

 Lack of contribution  

o From project members 

o From company supervisor 

o From university supervisor 

 Miss prediction of time 

 

External risks: 

 Company get a big order and priorities in the company change. 

 

Actions: 

This part contains the conclusion part of the internal and external risks. The actions can help 

to prevent from failing the project due to the risks which can occur. Per risk it is described 

what can be done to try and control or at least act in the most effective way if such kind of a 

risk occurs to happen. 

 

1.) Lack of contribution:  

The persons in this list should have a smooth and open communication lines in order 

to make sure that everyone contribute in such a way that the project will be successful. 

The project members should maintain the communication lines and are responsible for 

a good relation with their supervisors, but also for the relationship between their 

university supervisor and the company supervisor.  

 

2.) Miss prediction of time: 

The time should be managed by not only creating a planning, but also evaluation and 

adapting this planning where necessary. 

 

3.) Company get a big order and priorities in the company change:  

As it is said that this is an external risk it is not possible to prevent such risk to happen 

if it occurs to be. Therefore it is wise to think about a plan “how to act” when such a 

thing happens. What should be done in such a case is focussing on the thesis work and 

make sure the degree project work will be done presented and reported in a correct 

way. Since the company will have a lack of time to guide the project members and 

communicate with them, because of their priorities. The project members should ask 

more time from their university supervisor to make sure their work can continue and 

they can start up their own research (related to the subject). This to be able to complete 

their project work in a successful way. 
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10 References 
 

This chapter contains the references which has been used to write an effective plan of 

approach, some methods has been used, which requires references. For the general setup of 

the document [1] has mainly been used as reference.  

 

[1] Grit, R. (2011). Project Management. 6th ed., Groningen/Houten, Netherlands: Noordhoff 

Uitgevers bv.
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1 Introduction 
 

The observations to identify the bottlenecks have been taken place in-house, at customer 

location and done by interviewing experienced Omnifinity employees. This appendix contains 

descriptions of those observations. This appendix starts with the observations in-house, 

followed by the observations at customer location and thereafter data collected from 

interviews. All information gathered is concluded in the conclusion chapter 4 of this 

appendix. 
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2 In-house observations 

31th of May, 2016 
 
At the location of the mother company MSE engineering in Älmhult two sections of the 

Omnideck platform were present. Those have been disassembled and assembled to get more 

experience and knowledge about the original design. One of the reason to do this is getting an 

impression how long it takes to install a whole Omnideck, but also to identify time consuming 

items of the assembly (bottlenecks). Thereby it gives a impression of the composition of the 

original Omnideck and eventual (handling) inconveniences can be identified.  

 

2.1 The disassembly and assembly 

As mentioned before the two sections in Älmhult have been taken apart. Here below a 

registration with photos and time can be seen to get an impression which items in the 

assembly take which amount of time. The major handlings have been administrated and were 

relevant supported by pictures as shown below. Note that the full operation of assembling and 

disassembling has been carried out by two mechanics whom did not have experience handling 

the Omnideck. 
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Disassembly 

 

 Start situation 11:30 

 

Figure B-1 

 

 Rollers taken out of one section 12:05 

 

Figure B-2 

 

 All rollers disassembled 12:20 

 

Figure B-3 

 

 Fully disassembled 12:30 

 
End disassembly 
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Assembly 

 

 Start assembly 13:40  

(the starting situation looks similar to the latest picture shown at the end 

of the disassembly)  

 

 Tensioned the belt 13:55 

 Partial assembled roller section 14:40   

 

Figure B-4 

 80% done with the roller assembly 15:15 

 

Figure B-5 

 Finsihed the assembly 15:55 

 

Figure B-6 

End Assembly 
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2.2 Conclusions 

The information gathered from assembling and dissambling should be used to identify the 

bottlenecks within the original design, by doing items will be identified which are points of 

attention in the redesign.   

 

The total disassembly took one hour and the assembly two hours and fifteen minutes. First of 

all what can be concluded after the full operation is that the disassembly takes less time and 

effort then the assembly. What can be learned from the assembly is that putting all the rollers 

into place takes a tremendous amount of time and effort. Thereby which has not been 

administrated in the timeschedule, neither in the pictures, it has been discovered that leveling 

the floor takes a lot of time and effort. What has to be mentioned there is that the bolts to 

adapt the floors hight are beneath the longitudinental beams and therefore hard to reach 

fixtures. Also has been discovered that the mounting strips, which mount the rollers are bolted 

on the frame top down, but there is no logical sequence which can be used to avoid struggles 

to mount the rollers or screw the roller mount onto the frame.  

 

The bottlenecks which have been discovered: 

 The leveling is circuitous, the fixtures are hard to reach and covered by other 

components. 

 Mounting all the rollers is thought and since they should be placed individuale it takes 

a lot of time during the installation.  
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3 Customer visit in Milton Keynes 
18th to the 22nd of April, 2016 

3.1 Introduction 

In Milton Keynes a customer had acquired an Omnideck system little over two years ago. In a 

renovation of their office space, they have asked Omnifinity to disassemble and reassemble 

the Omnideck platform. The sole purpose of this rebuilt has been so the Omnideck platform 

would be sitting on the concrete underfloor and hence sit flush with the false floor above it, 

thus purely cosmetic. However this was a good chance to gain experience with disassembly, 

reassembly and walking experience with the floor. All instalment operations were carried out 

by one mechanic with prior Omnideck experience and two inexperienced office workers. 

What can be said to manage the time that the whole operation took place by three person if 

not mentioned otherwise in the timetable.  

 

The overall experience with tearing down the floor was that this was a relatively straight 

forward task, even though meticulous care was taken of numbering each component to ease 

the reassembly process. The reassembly however required more planning and measuring. First 

off ensuring the floor was on level ground all over meant tiles had to be placed under the 

supporting feet of the Omnideck. Secondly the profiles had to be carefully placed into near 

final position. To ensure the Omnideck would come together in the right way, all screws had 

to be loosely tightened at first, until all profiles were in place. This required all screws to be 

handles at least two times. Roller placement was a tedious task due to the sheer number of 

them. Mounting the centre plate required the necessary force as well. 

 

After the assembly of the components came the fine tuning of the system. Due to a rather 

narrow tolerance between the belts and rollers, with no exact numbers, this had to be done by 

touch. This meant that the system had to be turned on for about 20 minutes to identify belts 

which were too tight or loose to the rollers. These then had to be adjusted and rechecked. This 

took in this case three iterations, but it has to be noted that this system had not undergone any 

rough handling as one would expect with for instance transportation. This meant the system’s 

adjustments were hardly unchanged compared to its former rightly attuned state.  

 

An experience while using the Omnideck was that the gaps between roller segments was at 

sometimes too wide to ensure good grip with the foot. If a foot was placed with one side on 

the rollers and the other in the gap, the friction between the foot and the bottom of the gap 

could prove too great for the friction between the sole and the roller to overcome and thus 

stopping the movement of the foot.  

 

Next follows a detailed description of tasks and their duration.  
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Disassembly 
 

Monday 18th of April 

 

Table C-1 

Started taking down one section of the Omnideck 25-30 minutes 

Dismounted the protective side plates 10min 

Removing all the universal joints 30min 

  

 

 

Figure C-1  
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Tuesday 19th of April 

 

First 2:15 hours used to strip 8 sections of rollers: 

Table C-2 

Unscrewing three rollers to allow access to the belt from both 

sides and remounting the strips 

5min per section (8) 

Passing tape under the rollers 2min per section (8) 

Unscrewing all the plates 4min per section (8) 

Using the tape to bundle all the rollers at once, directly out of the 

‘Christmas trees’ 

1min per section (8) 

Remounting all the plates 4min per section (8) 

 

 

Figure C-2  

 

Last 1:15 hour used to dismount the sections and move to other side of the room 

 

Table C-3 

Unscrewing all the connecting screws 15min total 

‘Breaking open’ the Omnideck 3min total 

Dismounting centre plate 3min 

Moving belt elements and complete segments 25min 

 

End disassembly 
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Assembly  
 

Wednesday 20th of April 

 

Table C-4 

Laying out the carpet tiles and floor slabs 25min 

Laying out the 8 sections 1h40min 

Aligning sections 1h10min 

Placing belt sections (sections without rollers) 30min 

Placing borders and making everything with the belt sections and borders 1h30min 

Centre plate instalment 30min 

Universal joints and shafts instalment 1h 

Roller instalment of one section (2persons) 1h10min 

 

 

Figure C-3 
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Thursday 21st of April 

 

Table C-5 

Installing rollers, placing and clamping down with the plates 5h40m 

Putting computer hardware in place, (power) cables and computers 1h 

Test run and torque testing + adjustments 5h20m 

 

 

Figure C-4 

Friday 22nd of April 

Table C-6 

Adjusting, fine tuning 2h30m 

Placing border plate covers 20min 

 

 

Figure C-5  

 

End assembly 
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3.2 Conclusions 

After the assembly and disassembly of the Omnideck done at a customer location the 

bottlenecks of the assembly from the Omnideck platform have been identified. What can be 

abstracted from the time tables are the following conclusions: 

 

 Aligning the sections and inserting the belt unit takes a significant amount of time 

(9hours 30minutes of labour) 

 Installing the centre plate does not take too much time, however it takes some force 

(physically).  

 Connecting all sections with universal joints takes a slight amount of time.  

 Installing rollers for the whole platform took a lot of time (19hours and 20minutes of 

labour).  

 A lot of (waiting) time was spend to test and adjust the platform.  

 Installing border plates did not take a lot of time (1hrs of labour).  

 

The bottlenecks: 

 Aligning the sections and inserting the belt unit takes a significant amount of time 

(3hrs 10mins) 

 Installing the rollers is though and takes a lot of time. 
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4 Interviews with employees 

 

Interviews have taken place in an interactive way with the company employees. In this way 

struggles and bottlenecks with in the original design have been identified. 

 

Summary of interviews 

Adjusting each roller and aligning the steel profiles are named as the installations which took 

the longest. The alignment of the steel profiles has to be done considerably accurate in order 

for all the sixteen segments to fit together and the roller elements to correctly fit between the 

profiles. The adjusting of the rolling elements, to enable the drive system to function properly 

is described as ‘tedious’, for every roller has to be hand adjusted and tested for the right 

amount of contact with the belt. The installation of the tracking system and wiring takes a 

considerable amount of time, too, but significantly less than the installation and fine-tuning of 

the platform.   

 

Major struggles and bottlenecks abstracted out of interviews related to the Omnideck platform 

are: 

 Roller instalment takes a lot of time and is complicated. 

 Adjusting the friction between the belt and rollers is though and takes a lot of 

iterations. 

 Aligning the segments requires accurate working, which is though. 

 Adapting the Omnideck’s height (levelling) it in the right way takes a lot of effort and 

time. 

 

Besides helping to identify the specific operations which demanded the most time, light was 

shed on the original pre-assembly, too. Currently, the whole Omnideck is assembled at MSE 

in Älmhult so that the Omnideck can be verified. This includes the fine-tuning of the belts as 

well as the levelling on a flat surface. Next the Omnideck is disassembled into near individual 

components to allow for shipment. After transport to the customer, the Omnideck is re-

assembled and re-verified.  
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5 Conclusions 

 

Out of every single one of the observation one major conclusion can be made. Some 

bottlenecks are mentioned and discovered at both in-house, customer location and abstracted 

from views. This just means that there are multiple confirmations for this item. The following 

conclusion have been made after all the observations. Listing the items, which extend the 

installation time the most, from highest to lowest priority:  

 

1.) Roller instalment. 

2.) Tuning the friction between rollers and the belt. 

3.) Circular alignment of the supporting profiles. 

4.) Hard to reach fixtures eventual requiring partial disassembly to reach. 

5.) Levelling the Omnideck. 
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1.       Scope of document 
 
This document contains requirements for improving the Omnideck 6 omnidirectional 

treadmill created by MSE Omnifinity AB with respect to modularity. 
 

 
 

2.       References 
 

[1] N/A 
 

 
 

3.       Nomenclature 
 

 
 

Omnidirectional Treadmill System Includes: 

•    Treadmill platform 

•    Operator station 

•    Tracking system 

  

 

 

4.       Background 
 
For customers wanting to be able to move naturally and untethered in a virtual world MSE 

Omnifinity AB offers the omnidirectional treadmill called “Omnideck 6”. By physically 

walking (in a finite physical space) on a surface consisting of active rollers it enables a human 

to immerse herself in an infinite virtual environment. 

 
Due to its complexity, the installation and set-up time of the whole system – which includes 

more than the Omnideck 6 treadmill platform – was in the region of 300 hours. This is not 

acceptable. To improve the situation a student project was initiated to run in parallel with 

redesign activities at the company. This document captures the scope of work and 

requirements related to the student project. 
 
 

 
N/A 

4.1     Contact details
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5.       Scope of work 
 
The scope of this work focuses on assessing and improving the modularisation aspects of the 

Omnideck 6 omnidirectional treadmill product family. This requires a knowledge of the 

whole system. 

 
The main objective is to A) identify current solutions to omnidirectional movement with the 

purpose of B) finding solutions that enable (but not necessarily being limited to) ease of 

manufacturing, assembly, installation and maintenance. This includes identifying features and 

metrics that are positive or negative in respect to modularisation theory. 

 
The secondary objective is C) identify how these findings will influence the different 

departments and product development phases at the company. Depending on the available 

time there is a wish to receive D) recommendations/best-practise for how the company could 

work with modularisation as a driver in early phases of product development. 

 
Since an omnidirectional treadmill is part of a complex system a complementary objective is 

to E) perform orientation activities to understand to what levels a user is able to interact with 

a virtual environment. This stage will be assisted by the company. 
 

 
 

6.       Expected results 
 

The result of the work should render in a report (for academy and company) and a prototype 

illustrating the conclusions and the recommended solutions (physical mock-up if possible).
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7.       Functional requirements 
 
A categorisation of functional requirements for the project can be seen below: 

 

Category ID Functional requirement 

   

Human-machine interface   

The solution 

must 

16.1 enable a human to perform natural walking 

in a virtual world (walk, jog, crouch) 

The solution 

should 

16.2 enable a tracking system to track the head and 

hand in 6DOF – with the following 

characteristics maximum tracking diameter: 6m 

maximum tracking height: 2.5m (above platform) 

maximum tracking latency: 16 ms 

   

Material   

The solution 

should 

16.3 avoid the use of hazardous, banned or 

scarce material 

   

Manufacturing   

The solution 

should 

16.5 be evaluated and designed with regards 

to standardisation and modularisation 

 16.6 not require purchasing of expensive 

manufacturing machines (weigh outsourcing vs. 

inhouse manufacturing) 

   

Pre-assembly   

The solution 

should 

16.10 enable off-site pre-assemble activities 

 16.11 take no longer than 64 hours to pre-assemble 

 16.12 account for typical shipping and 

installation requirements 

   

Installation   

The solution 

should 

16.21 enable an omnidirectional treadmill system to 

be installed on-site in 72 hours 

 16.22 enable adjustment of horizontal alignment of the 

floor platform in 2 hours, with small adjustments 

to be made in 15 minutes 

 16.23 enable assembly and disassembly of sub-parts of 

the treadmill (to allow the treadmill to be moved) 

 16.24 enable a staff of 2 people to perform the whole on- 
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  site construction and installation (system) 

 16.25 enable exchange of critical-to-function 

components upon failure 

 16.26 be able to be centred against a reference point 

within a tolerance of +-1cm (XY-plane, top-

down view) 
Cost   

The solution 

should 

16.40 have a target (material) cost of X USD (~10 pc 

serial production)  

Weight   

The solution 

should 

16.50 have a target weight of 720 kg (not 

including operator station or tracking 

system)    

Infrastructure   

The solution 

should 

16.60 be able to be driven using single phase 

power (if possible) 

 16.61 be able to be controlled from one operator 

computer 
Dimensions   

The active surface 

should 

16.70 be configured to have a walkable surface 

between 

2.5m to 4m in diameter (including a static 

centre plate)  16.71 be constructed of 16 sections as a reference and 

20 sections as an option 

 16.72 not be higher than 20 cm above the ground 

Uptime   

The solution 

should 

16.80 allow a daily average uptime of 10 hours 

 16.81 be serviced by authorized personnel once per 

year in 

8 man hours  16.82 MTBF: N/A 

   

External dynamic loads   

The solution 

should 

16.90 be able to withstand forces from a person 

weighing 

140 kg while jogging 
Supply chain   

The project  

should 

16.110 identify standard / COTS components and use 

them where feasible 

 16.111 

 

 

 

 

 

 

identify long lead time items and where suitable 

find alternative solutions 
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The Cyberith Virtualizer 

 

  

Figure D-1 Cyberith Virtualizer (www.cyberith.com)  

 

The Cyberith (Figure D-1) is a system aimed at high-end home gamers. Similar to other home 

oriented omnidirectional treadmills the price is within the range of expensive consoles and 

computers, €1499* for a system without computer or VR goggles. The Cyberith uses a low 

friction floor and a harness to keep the user on the same location. The harness measures the 

direction and magnitude of the force, which the system uses to calculate the in-game speed 

and direction. The user, wearing low friction socks, can walk and run on the platform as if 

walking on ice. This system does allow for the natural direction the foot would go in when 

walking outside of the Virtuix. The user is able to take on a crouching and sitting position, but 

not able to lay down.  

 

 

 

Table D-1 Pros and cons of the Cyberith Virtualizer  

Strengths Weaknesses 

+ Allows crouching position 

+ No forced walking angle 

+ Low price 

- Sliding floor  

- Harnessed system 

- Does not allow for laying position 

http://www.cyberith.com/
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Virtuix Omni  

 

  

Figure D-2 Virtuix Omni (www.virtuix.com) 

 

The Virtuix Omni (Figure D-2) is another consumer omnidirectional treadmill system, with a 

cost price of $699* for the bare system it is in the price range of high end mobile phones. 

Similar to the Cyberith it uses a low friction floor and harness, however instead of a flat 

surface a concave surface is used. The surface has grooves in it radiating outwards to the 

edge. These grooves match a ridge in Virtuix Omni shoes. This groove-ridge system provides 

extra stability and a smaller contact area which lowers the friction. These grooves do however 

restrict the direction of foot movement to one line. Since the grooves radiate outwards, the 

grooves are not at all times parallel which can feel unnatural to the user. This will later be 

referred to as a forced walking angle. The use is only able to take a standing position. The 

harness ring of the Virtuix Omni allows for standing, crouching and sitting positions.  

 

Table D-2 Pros and cons of the Virtuix Omni 

  

Strengths Weaknesses 

+ Low price 

+ Allows for crouching and sitting position 

- Sliding floor  

- Harnessed system 

- Concave walking surface 

- Forced walking angle 

- Does not allow for laying down position 

http://www.virtuix.com/
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Infinadeck 

 

 

Figure D-3 Infinadeck (www.infinadeck.com)  

 

The Infinadeck (Figure D-3) is an active omnidirectional treadmill. Using a harness to keep 

the user centred, an XY-movable treadmill moves opposite to the users walking direction. The 

walkable surface consists of a series of smaller conveyors assembled to move in one direction, 

whilst the complete selection of small conveyors work as a large conventional treadmill 

perpendicular to the smaller conveyors. This method of translating the surface allows for an 

entirely natural way of walking and the Infinadeck is currently the only system applying this 

method. However the high mass of components in motion prevents the system from rapid 

accelerations and therefore quick direction changes make for a delayed response and unsteady 

system. Roadtovr.com mentions the Infinadeck to be sold around ₤1000 and the Infinadeck 

website states gaming, rehabilitation, industrial training and tactical training to be their 

primary markets.  

 

Table D-3 Pros and cons of the Infinadeck 

Strengths Weaknesses 

+ Allows crouching position 

+ No forced walking angle 

+ Active system 

- Slow reaction time  

- Harnessed system  

http://www.infinadeck.com/
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Walkmouse 

 

 

Figure D-4 Walkmouse (www.walkmouse.com)  

 

Compared to the Omnideck the Walkmouse is comparable in design, also using concentric 

rollers to push the user to the centre (Figure D-4). Where the Omnideck is a polygon system 

with straight rollers, the Walkmouse is a circle with bend rollers. The bend is acquired by 

using a spring attached to smaller rolling elements, driven from a central belt drive as seen in 

grey in (right). The spring allows for the curvature and the rolling elements provide the 

walking surface. The arced nature of the system forces, as with the Cyberith and Virtuix, the 

feet of the user to move towards one another.   

 

Table D-4 Pros and cons of the Walkmouse 

  

Strengths Weaknesses 

+ Allows crouching position 

+ Unharnessed system 

- Forced walking angle 

- Small walking surface 

http://www.walkmouse.com/
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Wizdish ROVR 

 

 

Figure D-5 Wizdish platform (left) and Wizdish shoes (right) (www.wizdish.com)  

 

The Wizdish ROVR (Figure D-5) is a low friction omnidirectional treadmill or locomotive 

platform as Wizdish themselves describe it. Using modified shoes in combination with a low 

friction surface it enables the user to walk without leaving the platform, with the harness 

pushing the user back. This way of walking is slightly unusual as it can feel like sliding on 

ice, however this feeling might disappear after a while and does not interfere with the 

experience. The floor of the ROVR detects the foot of the user by use of contact sensors, 

which the system converts into a movement in the VR space. This system, without head 

mounted display costs $399*.  

 

Table D-5 Pros and cons of the Wizdish 

Strengths Weaknesses 

+ Allows crouching position 

+ No forced walking angle 

+ Low price 

- Harnessed system  

- Does not allow for laying position 

- Sliding floor 

http://www.wizdish.com/
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Cyberwalk 

 

 

Figure D-6 Cyberwalk (www.cyberwalk-project.org)  

 

The Cyberwalk (Figure D-6) and the Infinadeck are similar in design, the Cyberwalk is a 

larger version of the Infinadeck in most extent. However, the increase in walkable surface 

gives more buffer space for the software to smoother compensate for the users movement 

changes. This in turn does not require the user to be harnessed in place. By using parallel 

conveyors to move the user in one direction, all conveyors can move perpendicular to the first 

direction to create a giant XY-movable surface of conveyors. When an individual conveyor 

comes to the end of the surface, it rolls under the neighbouring conveyor and moves to the 

other end of the surface. Due to the sheer size and mass of the system, it will either require a 

lot of power to rotate the conveyors at a high tempo and could be noisy or the system is not 

able to rotate at high velocities. The system uses motion capturing cameras to track the user’s 

position on the deck.  

 

Table D-6 Pros and cons of the Cyberwalk 

  

Strengths Weaknesses 

+ Allows crouching position 

+ No forced walking angle 

+ Active system 

+ No harness  

- Slow reaction time or energy consuming 

at high speeds 

 

http://www.cyberwalk-project.org/
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Virtusphere 

 

 

Figure D-7 Virtusphere (www.virtusphere.com)  

The Virtusphere (Figure D-7) is a locomotion platform that allows the user to interact with a 

virtual reality world. The principle of the Virtusphere is based on a hamster-ball and has an 

approximate diameter of 3 meters, in Fout! Verwijzingsbron niet gevonden. the Virtusphere 

with a user is shown. The ball is mounted on rollers which allows the ball to rotate freely into 

any direction, while detecting the direction and speed of the ball. The user will be using a 

wireless head mounted display (HMD) to see the virtual image, at the same the sensors within 

the HMD send data to the computer so that the user’s sight movement can be replicated in the 

virtual world. However at the same time the user will be walking in a sphere shape which 

does not fully replicate walking in real life since walking in the real world is most likely to be 

on a flat surface. Wireless HMD’s cannot provide the same frame rate as wired HMD’s. 

Either the user wears the computer or uses a wireless HMD, in both cases some form of 

battery pack must worn. Several sources cite different prices for this product, ranging from 

$28,000 to $100,000.  
 

Table D-7 Pros and cons of the Virtusphere 

 

 

  
 
 

Strengths Weaknesses 

+ Allows crouching position 

+ No forced walking angle 

+ Active system 

+ No harness  

- No cables can get into the sphere 

- No laying down position possible 

 

http://www.virtusphere.com/
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KAT Walk 
 

 

Figure D-8 KAT walk (www.katwalkvr.com)  

 

The KAT Walk (Figure D-8) is a VR treadmill which allows the user to move within a virtual 

world without feeling restrictions around his body. It has an overhead support structure which 

allows the user the use his arms and legs free in the space around it. In this way it differs from 

the closest competitors the Virtuix Omni and the Cyberith Virtualizer. The user can now 

jump, run walk and swing around his arms without any restrictions. However the KAT Walk 

has some restrictions in the vertical direction (jumping and crouching), but still both are 

possible to do on the KAT Walk. It uses a high friction surface and wheeled shoes to let the 

user move without displacing from its neutral spot. The KAT walk is supposed to sell for 

$799*. 

 

Table D-8 Pros and cons of the KAT Walk 

Strengths Weaknesses 

+ Free arm and leg space 

+ No forced walking angle 

+ Low price 

- No laying down position possible 

 

http://www.katwalkvr.com/


 

 
 
Fakulteten för teknik 

391 82 Kalmar | 351 95 Växjö 

Tel 0772-28 80 00 

teknik@lnu.se 

Lnu.se/fakulteten-for-teknik 

 

 


