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Abstract 
The present work has as aim the fulfilment of redesigning an existing housing for a wireless 
remote control. This project is carried out in cooperation with the company Tele-Radio AB, 
which develops, manufactures and markets radio control systems for industrial use. 

The new intended version must improve its predecessor by fulfilling detailed 
requirements and needs that have been researched throughout the project. 

The main followed method is the Engineering design process. It is compiled on the 
subsequent stages: definition of the problem, background study, requirement specifications, 
creative methods for generating ideas, concept selection, prototype and communication of 
results. 

In general, it has been developed a redesign version with bigger dimensions and 
implemented new features. These new features are focused on the top surface working area 
of the remote control; it has been designed with enough space for at least three joysticks 
and more than two switches of the same measures. Handles have experienced an 
enhancement in terms of ergonomics and also are adapted for being used whilst wearing 
industrial gloves. Innovative aesthetic and functionality have been taken into account. 

Keywords 
Industrial radio remote control; redesign; ergonomics; DFMA; handles; industrial 
environment; CAD model; prototyping: 3D printing. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

III 
 



 

 
Acknowledgments 
I would like to thank those who have helped me and served as inspiration during the 
process of the final project: 
Dan Högberg, Associate Professor in Integrated Product Development, 
Gunnar Bäckstrand, Adjunct Senior Lecturer at University of Skövde. 
Peter Thorvald, Senior Lecturer in Product Design Engineering at University of Skövde. 
Erik Brolin, PhD Student at University of Skövde. 
Christian Bergman, Lecturer in Product Design Engineering at University of Skövde. 
Øystein Karlsen, Sales Manager at Tele Radio Norge AS. 
Lars Elvind, Sales Manager at Tele-Radio AB (Headquarter). 
Weller, Tooling Engineer at JOB-Tech, Tele-Radio ASIA. 
 
 
 
 
 
 
 
 
 
 
  

 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 

IV 
 

http://his.se/om-oss/Organisation/Personalsidor/dan_hogberg/


 

 

Table of Contents   

1. - Introduction.......................................................................................................................... 1 
1.1. - What is a Wireless radio remote control? .................................................................... 1 
1.2. - Organizational environment.......................................................................................... 2 
1.3. - Description of the product to be redesigned ................................................................ 3 
1.4. - Purpose: Aims and objectives ....................................................................................... 4 
1.5. - Structure of the report .................................................................................................. 5 
1.6. - Methodology ................................................................................................................. 6 

2. - Preliminary study ................................................................................................................. 8 
2.1. - Customers ...................................................................................................................... 8 

2.1.1. - Target market ......................................................................................................... 8 
2.1.2. - User identification .................................................................................................. 9 
2.1.3. - Interaction analysis ............................................................................................... 12 
2.1.4. - Identifying customer needs .................................................................................. 13 

2.2. - Market research .......................................................................................................... 13 
2.3. - Competitors ................................................................................................................. 14 
2.4. - Study visits ................................................................................................................... 15 

3. - Theoretical framework ....................................................................................................... 16 
3.1. - Ergonomics .................................................................................................................. 16 

3.1.1. - Anthropometric analysis ....................................................................................... 16 
3.1.2. -Shape ..................................................................................................................... 20 
3.1.3. -Surface ................................................................................................................... 20 

3.2. - Manufacturing ............................................................................................................. 22 
3.2.1. - DFMA .................................................................................................................... 22 

4. - Product design specifications ............................................................................................. 24 
4.1. - Requirements specification ......................................................................................... 24 

4.1.1. - Demands ............................................................................................................... 25 
4.1.2. - Whishes ................................................................................................................. 26 

5. - Concept generation and selection ..................................................................................... 27 
5.1. - Sketches ....................................................................................................................... 27 
5.2. - Concept exposure ........................................................................................................ 30 
5.3. - Concept selection ........................................................................................................ 33 
5.4. - CAD Model ................................................................................................................... 35 

5.4.1. - Representation into Jack software ....................................................................... 36 
5.4.2. - Concept 3D modeled ............................................................................................ 37 

5.5. - Color and material selection ....................................................................................... 38 
6. - Physical model .................................................................................................................... 41 

6.1. - Prototype ..................................................................................................................... 41 
6.2. - Rapid prototyping ........................................................................................................ 42 

7. - Final product ...................................................................................................................... 46 

V 
 



7.1. - Checklist ....................................................................................................................... 46 
7.1.1. - Demands ............................................................................................................... 46 
7.1.2. - Whishes ................................................................................................................. 48 

8. - Discussion and conclusions ................................................................................................ 52 
8.1. - Followed methods and possible improvements ......................................................... 52 

8.1.1. - Quality function deployment (QFD) method. ....................................................... 53 
8.1.2. - Morphological chart method ................................................................................ 53 
8.1.3. - Weighted objectives method ............................................................................... 54 

8.2. - Conclusion ................................................................................................................... 55 
References ................................................................................................................................ 56 
Appendix ................................................................................................................................... 61 
 

VI 
 



 

 

1. - Introduction 
The present work deals with the redesign of a casing for an existing industrial wireless 
remote control. The development itself has been carried out in cooperation with the 
company Tele-Radio AB and it is intended to improve the prior version by fulfilling detailed 
requirements and needs that have been pointed out from customer reviews that the 
company has received.  

The market was demanding to have at their disposal a bigger version which would allow 
implementing more switches, buttons and joysticks than the current version. 

Nowadays, the company count on an entire department collaboration  just for hardware 
customizations, that means that when a customer needs an extra paddle or joystick, this 
department deals with modifications on the actual version by drilling its casing and moving 
components in the interior. Since it is a non-ideal procedure for providing quality products, 
the company decided to develop its PCB (printed circuit board) for providing more 
possibilities from the beginning, but such decision has derived into the need of having bigger 
space in its interior; therefore it is vital to design a bigger-dimensions casing. The new design 
must cover this important request, and also yield into a renovated style for the industrial 
market, which needs as in every product´s cycle, a refresh in terms of appearance in order to 
do not become an antiquated device from its launch. It must confer as well an allusion to 
Tele-Radio products. 
Besides the main request, other important requests were highlighted, such us: 

- Improve its waterproof sealing. It has been noticed that when the product is used in 
humidity conditions and rainy environments, it has a weak point on the sealing edge which 
allows some liquids to soak through inside, and therefore may damage its functionality. 

- The shape of the handles must be enhanced; it must provide a proper adaptability to 
the user hand. The present product does not achieve a comfortable usability to the user and 
nor offer a good feeling. It just fulfills the requirement of being easy to be manufactured. 
Moreover, a proper maneuverability should be applied as a key improvement in its 
functionality.  It is decisive for obtaining a quality product that it combines functionality and 
ergonomics as the main aspects to be considered. 

1.1. - What is a Wireless radio remote control? 
‘Wireless radio remote controls are used for radio signals to remotely control a machine by 
buttons on its surface which are programmed to work in specific commands. It is used in 
industry for such devices as overhead cranes and switch-yard locomotives. Radio controlled 
tele-operators are used for such purposes as inspections, and special vehicles for disarming 
of bombs’ (Tele-Radio, 2014).  

Wireless radio control systems are devices widely used all over the world in many 
applications, some others may be found in figure 1.1. 
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Figure 1.1 Wireless radio control systems applications (www.tele-radio.com). 

1.2. - Organizational environment  
The company which has taken part on this project is called Tele Radio AB, a head-quarter of 
an international group. It develops, manufactures and markets radio control systems for 
industrial use.  

The company was founded in Lysekil (Sweden) in 1955, starting as a small company for 
electronic devices, and has since then grown into a widespread group, the Tele-Radio Group. 
The head office is currently located in Askim just outside of Gothenburg and there are ten 
subsidiary companies around Europe, USA and Asia. In addition to its subsidiary companies, 
they also cooperate with their dealers and partners all over the world (Tele-Radio, 2014).  

‘The research and development of all their products is done by Tele-Radio. With more 
than 50 years of experience they have solid knowledge and experience of radio control 
systems’ (Tele-Radio, 2014).  

The industrial field that this company focuses most is related with the industrial remote 
controls for small and big machinery for remotely controlling mobile or fixed industrial lifting 
machinery. The opportunity of operating different types of machinery by remote control 
greatly increases accuracy and safety levels as well as the manoeuvrability of the machinery. 
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‘Their products are used for 
controlling a wide range of 
applications such as 
electrical overhead 
traversing cranes, winches, 
trucks, doors and gates, 
cleaning equipment, stone 
crushers and conveyor belts. 
Tele-Radio products are 
made to last and for use in 
tough environments where 
dust, cold, heat, dirt and oil 
are commonly found (Tele-
Radio, 2014).  

A collection of the most 
popular transmitters and 
systems that they have 
currently market is shown in 
figure 1.2. 
 

Figure 1.2 Tele-Radio products catalogue. 
 (www.tele-radio.com)  

1.3. - Description of the product to be redesigned 
The current design that has been selected for a redesign is a robust remote control for big 
machinery. See figures 1.3 and 1.4 below: 

.  
 

It has two joysticks for controlling 
movements and two switches on the top-
surface. Additionally, two lateral buttons-
one-step, located on both sides. 
 
 
 

Figure 1.3 Top-perspective of a Tele-Radio Joystick. 
                         (www.tele-radio.com)  
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A small display shows all the functions that 

are being used. It is possible to select different 
features by using an implemented menu.  

Two metal clips are assembled for 
adjusting to the user's belt. Moreover, a red 
emergency stop-button which is hidden into a 
cavity for safety reasons is located on the right-
lateral bottom part. 

 
 
 

Figure 1.4 Tele-Radio Joystick, front perspective.    
(www.tele-radio.com)  

 1.4. - Purpose: Aims and objectives  
As Desa et al. (1987) expounded in the Estero Design Review Committee (EDRC), page 1: 
‘Redesign is the process of modifying or changing an existing design with the objective of 
improving one or more of its aspects’.  

Therefore, since this definition is stated, it will be easier to understand that the present 
work deals with the redesign of the existing wireless industrial remote control described 
before. 

In order to identify opportunities for launching the product, it has been taken into 
consideration some proactive approaches. Among others, these are mainly suggestions that 
usual customers experienced with the existing product.  

Moreover, a thorough study of competitors´ products (section 2.3) on ongoing basis 
(competitive benchmarking) has provided several inputs as well. Likewise, as Ulrich and 
Eppinger (2008) defined, tracking the status of emerging technologies would facilitate to 
transfer the appropriate technologies from basic research and technology development into 
product development. Consequently, the main aims for the company regarding this project 
are compiled below:  

- Aim 1. Develop a redesigned version with bigger dimensions. Details may be found on 
requirements specifications, section 4.3. 

- Aim 2. Implement at least three joysticks and more than two switches on the top 
surface (figure 1.3 and 1.4). 

- Aim 3. Increase number of lateral buttons from two into at least three buttons. 
- Aim 4. Complete redesign of the handles must be developed, which needs to be more 

ergonomic in terms of handling and functionality. 
- Aim 5. Improve aesthetic in general. But it must preserve the same style as the current 

design, by capturing its efficient and well-designed parts and providing a similar appearance 
for an easy recognition as a product made by Tele-Radio. 
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- Aim 6. Deal also with a process, which should provide saving costs, either in the 
assembly and the design itself for manufacture. DFMA suits perfectly for this purpose. 

- Aim 7. Fit properly with the user belt, which will be the same as the one that it is being 
used for the actual model (figure 1.5). The intention is to use as many components and tools 
as possible from the actual version. This also will contribute for saving costs.     

 
Figure 1.5 Official belts for Tele-Radio products.  

(www.tele-radio.com).  
Furthermore, it is important to state that there is a special target market, mostly 

associated to laborers at construction. A thoroughly study regarding the special range of age 
and main measures that may affect directly for handling the device will be addressed, all is 
described in section 2.1. More detailed data regarding specifications and requirements are 
described in section 4.1. 

1.5. - Structure of the report 
The present report follows the chronological process that has been performed for a redesign 
of an actual concept. Since a preliminary study of the product is carried out by gathering 
data, key aspects of development are identified for future stages. 
 These previous gathered data consisted in: firstly developing a methodology, which 
permits to yield good results, and then identify customers and users. Competitors are also 
addressed in order to detect their strengths and weaknesses. As well as a brief market 
research; this may analyze the situation nowadays for a possible market opportunity.  
 Next step was to research about theoretical studies, which contributed valuable 
knowledge, for improving the concept to be developed with appropriate design solutions 
that meet identified requirements.  
 Concerning the fields related with this theoretical study, which are stated below, it is 
needed to be clarified in advance that those fields are quite wide, and accordingly, in order 
to define the main goal of the project, as the redesign of an actual product, it is intentioned 
to consult theoretical studies as a complement, and not as a main objective to implement on 
the final product. Therefore, they are not fully researched due to the total workload on the 
project. Consulted fields are focused on: 
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 - Ergonomic studies by anthropometric research and a consulted cognitive functionality 
literature. 
 - Manufacturing process is taken under consideration by applying some methods as 
DFMA (Design for manufacturing and assembly). 

- Redesign of the product according to assembly guidelines. 
 Once the literature review has been studied, then crucial early requirement 
specifications are able to be defined. Hence, it makes possible to continue with the product 
development. Consequently, a concept generation is carried out by a brainstorming 
consisting in some methods, that combined will yield in a final solution. This result is a 
subsequence of sketching process and several renders. 
 After that, on a concept selection stage, an explanation of the reasons for merging onto 
this final solution will be detailed. 

Proceeding with a meticulous CAD model, which has been made by CREO Parametric 
software; additionally, there is included an accurate physical model which has been 3D 
printed in 1:1 scale at University of Skövde by the Makerbot 2X-replicator printer.  

As a final appraisal, a thorough conclusion is carried out to summarize all the process 
and studies that have been carried out to yield onto the final concept. A comparison 
between the old model and the new one is detailed part by part to highlight the main 
changes that have been fulfilled to improve the product. Furthermore, a self-criticism is 
elaborated in order to state which conclusions have been learned through this product 
development. References are addressed at the end of the report for further interest on the 
field. 

1.6. - Methodology  
During this chapter it will be defined what an ‘Engineering design process’ is and a 
description of all its stages, since it is the main followed method for this present project. 
Figure 1.6 illustrates the process for this product development. 

It is remarkable, as Ertas et al. (1996) stated, that engineering design process is the set 
of steps that a designer takes to go from first, identifying a problem or need to, at the end, 
creating and developing a solution that solves the problem or meets the need.  

Therefore, below there is a description of the different sections in which the selected 
process is divided to (Ertas et al. 1996): 

1) Define the problem. At the earliest stage, it is addressed what is the problem to be 
solved, who has the problem and why it is important to be solved. 

2) Background study. Customers targeted are detailed in section 2.1; a market research 
is carried out as well, detailed in section 2.2. Furthermore, a market study is made in 
order to identify competitors and their strengths and weaknesses, detailed in section 
2.3. As well as some literature review to be implemented as an added value to the 
product design process, detailed in section 3. 

6 
 



3) Requirements. After gathering data, requirements have been interpreted and 
subsequently have been divided into demands and wishes. Study visits to the 
company have definitely improved the redesign development process. This stage has 
helped to state all the important characteristics that the final solution must meet in 
order to succeed. Described in section 4. 

4) Creative methods for generating ideas. Generation of ideas by design methods as 
mind-mapping and related-stimuli as a starting point. It has been developed a 
compendium of different ideas, resulting on providing several inputs that yielded into 
a proper design, which has considered different aspects and perspectives. Detailed in 
section 5.  

5) Selection. Process that has been neatly carried out consisting in whether each 
possible solution meets the design requirements or not. Moreover, exposition of 
rejected solutions that do not meet the requirements that have been stated. Details 
in section 6. 

6) Prototype. Mock-up is 
made by a 3D printer for 
testing and study several 
potential improvements 
and contributes a better 
perspective of how might 
be its final dimensions.  

7) Communicate results. 
Exposition of the results 
from the complete 
development and 
presentation of a final                                                                                 
1/1 scale prototype as a 
visual outcome. As well as 
a discussion and self-
criticism concerning used 
methodology and 
obtained results. 

Figure 1.6 Chart of the process for product development in ‘Engineering design process’.   
Consulted in Tayal, S. P. (2013); based on Ertas, A. and Jones, J. (1996).  

Source: (www.sciencebuddies.org) 
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2. - Preliminary study 
During this early stage of the product development, some noteworthy findings have been 
gathered and compiled. Identification of who are the final customers has been studied, as 
well as the market where these users belong to and the potential competitors that Tele-
Radio AB faces nowadays. 

2.1. - Customers 
It is important to state, among all possible target markets, to what sector is focused to the 
final product, because there may be several possibilities. Therefore, this section identifies 
the primary market as well as any secondary markets that should be considered in the 
development effort.          

Moreover, user identification is needed in order to study the relation between user and 
product, which will provide the customer needs. This crucial information along with 
researches about market and competitors may produce the necessary data for setting the 
requirement specifications, which are detailed in section 4.  

2.1.1. - Target market 

As Janhager (2005) defined, the user is not only the people who use the product; it can be 
anyone that comes in contact 
with the product, at any time 
during its life cycle.  

The ability to remote control 
the machines, is important from a 
security and working 
environment point of view. It 
must offer to customers an easy-
to-handle and reliable remote 
control (Tele-Radio, 2014).  

 
Figure 2.1 Image of an example for using an industrial remote control,  

(www.tele-radio.com).  
The main customers are mostly laborers at constructions or in industrial environments 

wearing safety clothing such as coveralls and big gloves that may influence on the using of 
control systems. 

These products are used on an average of 8 hours per day and 5 days per week. The 
working environment is normally harsh and corrosive; the product must resist low and high 
temperatures (-20ºC / +55ºC) as well as fortuitous impacts. 
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Figure 2.2 Tele-Radio products in a harsh and aggressive environment, 

(www.tele-radio.com). 

 2.1.2. - User identification 

An interesting approach it is the application of a method called ‘User classification’ 
developed by Janhager (2005) for identifying the user type that are somehow related with 
the product, it is shown below in table 2.1.  

Table 2.1 Four types of users; adapted to an industrial wireless remote control. 
(Janhager, 2005) 

 
During product development, it is essential to consider all these groups of individuals, 

since they may have requirements on the product.  
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It is possible for a person to have more than one of these user roles at the same time, 
and that person could be directed either towards different products or towards the same 
product. Furthermore, a product may have more than one user (e.g. primary users, 
secondary users, side users and co-users) and there are different kinds of relations between 
these users.  

A user can, for example, control (figure 2.3), collaborate with, perform/demonstrate for 
(figure 2.4), meet, influence or prevent another user through the product (figure 2.5). On the 
case where these relations exist, they may affect the conditions and requirements for the 
design. 

 
 
 
 
 
 
 
 
 
 

Figure 2.3 User controlling an Industrial remote control.                        Figure 2.4 Industrial remote control fair.  
                           (www.tele-radio.com)                                                                        (www.controlchief.com) 
 
 
 
 
 
  

 

 

 

Figure 2.5 Security button to avoid wrong usage, or any accidents. 
(www.nuovaceva.it) 

 

Primary users’, secondary users’, side users’ and co-users’ relations through the product 
may be based on control, collaboration, performance/demonstration, meeting, prevention 
and social relationships (Janhager, 2005). Detailed below in table 2.2 A and B. 
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Table 2.2-A. Relations between users, based on ‘Theories and Methods’; (Janhager, 2005). 
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Table 2.2-B. Relations between users, based on ‘Theories and Methods’ (Janhager, 2005). 

 

2.1.3. - Interaction analysis  

Analysis based on the basic interaction among the user/human, product/machine and 
environment, described in chapter 1 ‘Introduction to Ergonomics’, table 1.1 in Bridger, 2009. 

(H = Human, M = Machine, E = Environment, > = Causal direction) 
- H>M: The human presses the device’s buttons in order to control a machine with an 

assigned operation.  
- H>E: When pressing the device’s buttons, it will activate some movement (lifting, gate 

opening and closing, cranes, etc.).  
- M>H: It is going to be handled by the human and therefore it has to be a safe material 

and ergonomic shape for the operator. Also the screen provides information about the 
status of the controlled machine.  

- M>E: The device must have a certification mark employed on electronic products 
manufactured or sold in determined countries, which certifies that the electromagnetic 
interference from the device is under limits approved by the Federal Communications 
Commission.  

- E>H: If the electromagnetic interference reacts in a hazardous way with the working 
environment where the human is, it may be dangerous to his physical integrity.  

- E>M: It is possible that the exposed environment suffers a modification and it may 
cause overheating on the device. An example of this case may occur in a foundry, where the 
industrial remote controls have to deal with high temperatures and some others work 
conditions.  
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2.1.4. - Identifying customer needs 

Identifying customer needs is itself a process for which it has been carried out a three step 
method. It facilitates effective product development practices as a starting point for 
continuous improvement and refinement (Ulrich and Eppinger, 2008). 

Firstly, gathering raw data from experts. Secondly, organize the needs into a hierarchy 
of ‘demand’ (must be achieved), ‘wish’ (secondary importance to be achieved). And finally, 
reflect on the results and the process. 

The company does not make any customer studies; they possess experience on the 
market, and also track competitors for new implementations. Therefore, it is very important 
to maintain a fluid communication with the customer in order to address all the 
requirements and needs. The most relevant have been analyzed and stated into a wishes 
and needs table, which is described in table 4.1, section 4. It is divided by type of 
requirements, such as: technical features, material, production, environment, ergonomics, 
safety, aesthetics and cost.  

2.2. - Market research 
Market research is any organized effort to gather information about target markets or 
customers. It is a very important component of business strategy. Moreover, it is a key factor 
to maintain competitiveness over competitors. It provides important information to identify 
and analyze the market needs, market size and competition (McQuarrie, 2005).  

There are two strong aspects to take into consideration for a new product development: 
the push that comes from new technology and the pull of market needs. These two aspects 
are usually called technology push and market pull (Cross, 2008). 

The design itself is intended to succeed by trying to plan a product development in 
terms of matching both technological seeds and customer needs. Below in figure 2.6, a chart 
shows the opportunities for product development and innovation. 

 
Figure 2.6 Engineering design methods: strategies for product design. Product development and innovation 

depending on key factors as: ‘Current technology’ and ‘Market needs’ (adapted from Cross, 2008).  
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Main statements regarding market research are addressed by briefly answering these 
four following questions: 

1) Why there is an opportunity for this new design on the market? Which lack there 
are? 

Because the firm typically specifies a particular market opportunity and lays out procedures 
before development project starts. The market is always needed of a high quality product at 
the lowest possible price; also robustness appearance and ergonomic functionality are key 
factors for acquiring the customer attention.   

2) How this design can fulfill the gaps? 
This present design is intentioned to satisfy the customers by achieving all the requirements 
specifications that have been addressed (section 4). 

3) Is there market for this product? 
Yes, there is. Industrial remote controls area is an increasing and expanding market. Today it 
is used in industry for such devices as overhead cranes and switchyard locomotives and many 
other different environments.   

4) Why they want it? 
Because, despite of all the requirements pointed before, there is always a challenge for 
developing the most affordable product. It may make a significant difference among the rest 
of competitors on the market. 

2.3. - Competitors 
The principal competitors around the world are: HBC (Germany), Hetronic (Germany), NBB 
(Germany), ScanReco (Sweden), DATEK (Sweden), Akerstroms (Sweden), Ikusi (Spain), Autec 
(Italy) , Imet (Italy), Jay Electronique (France), Cattron (USA). 

Two specific companies that have been taken into account for studying its designs were: 
HBC (Germany) and Datek (Sweden), due basically to the good customer reviews about their 
star products (figure 2.7). Main strengths and weakness of these competitors’ products are 
detailed in table 2.3.  

 
Figure 2.7 Datek (left) & HBC (right) designs. Datek radio remote control systems & HBC Radiomatic, (2014). 

(www.datek.net) & (www.hbc-radiomatic.com). 
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Strengths and weaknesses of the previous competitors’ products have been compiled in 
cooperation with Tele-Radio AB by gathering customers’ reviews at international trade fairs 
for construction and machinery, such as ‘Bauma-China, 2013’ and ‘Hannover-Messe, 2013’. 
This useful information has been used on further developments. 

 
Table 2.3 Principal strengths and weaknesses of competitors’ products. 

 
 

 

 

 

2.4. - Study visits  
At the early stages of the development, it was deemed appropriate to implement study visits 
at the company in order to improve the communication by a fluid and efficient interaction. It 
certainly gave profitable results and increased the pace of working.   

Brief explanations about their business were received. Furthermore, during every 
meeting, several feedbacks from the department of customer service were noted down as 
crucial information for further researches and interpreted as requirements specifications 
(section 4) in order to point out the aims of the project. Also safety aspects were addressed 
to take into consideration.   

Along the project, renders and sketches were exposed, and it is worth to mention that 
they were well received by the company, showing a good impression about the ideas.  
Consequently, an interesting decision arrived at by consensus. It was purposed the 
possibility of taking part in the real product development in cooperation with the company. 
The reason was because the company recognized that there was a dormant good design on 
sketches, perceiving a new and fresh point of view for a product development. This 
encouraged them to take into consideration the possibility of a potential future delivery to 
China for mass production. 

These meetings have been crucial for proceeding properly with the product 
development. 
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3. - Theoretical framework  
As literature review, some fields have been consulted in order to implement an added value 
to the product design process. These theoretical studies comprise: firstly, an ergonomic 
approach of anthropometric measures of the hand complemented with a cognitive 
functionality literature, and secondly, a DFMA method as a guideline for minimizing costs 
and timing. 

 3.1. - Ergonomics  
The present section deals with the ergonomic analysis of the product. Strengths and 
weaknesses of the actual version are addressed (figure 3.1), serving as a guideline for a later 
new concept generation.  This information has been compiled also in cooperation with Tele-
Radio AB by gathering reviews from customers at the international trade fairs before 
mentioned. 

An anthropometric pre-study 
of the handles will show key 
measures of the hand based on the 
targeted group. It will provide 
useful data to the product 
development. This compiled data 
will be studied along the measures 
of the current version in order to 
heighten its functionality aspect. 

3.1.1. - Anthropometric analysis  

Anthropometry is the branch of 
ergonomics that deals with body 
shape and size. People come in all 
shapes and sizes, therefore in order 
to design anything that someone 
will use, it is essential to take these 
physical characteristics into 
account (Pheasant and Haslegrave, 
2006).  
 

Figure 3.1 Strengths and weaknesses of the prior version. 

As Chandra et al. (2009) defined, incorporating anthropometric data for designing 
machines and devices would produce more efficient designs, ones that are more user 
friendly, safer, and enable higher productivity. 
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According to Chandra et al. (2009) in the Analysis of hand anthropometric dimensions of 
male industrial workers of Haryana (India), the lack of properly designed machines and 
equipment may lead to lower work performance and higher incidence to work related 
injuries. Furthermore, poor ergonomic hand tools design is a well-known factor contributing 
to biomechanical stresses and increasing the risk of cumulative trauma and carpal tunnel 
syndrome disorders of users. It is possible to state that hence measurement of small 
difference in hand size is important in understanding gripping forces.  

Anthropometric measurement of human limbs plays important role in design of hand 
tools, manual tasks and many products for human use (Tahir et al. 2011). 

Therefore, the intention for this ergonomic study is to provide useful data in order to 
design a suitable handle for industrial workers, who are indeed, the targeted user group for 
using this device.  

It is noteworthy that the samples that have been taken under consideration are more 
focused on male laborers, due to the tradition of most dominated occupations on the 
industrial field. To illustrate this statement, the following table 3.1 describes the percentage 
of women who work on these environments. Less than 2% of the employees in all of these 
occupations are women. 

Table 3.1 Nontraditional occupations of employed women in the U.S. (Department of labor, 2010). 

Occupation 
Total number of 

people in 
occupation 

Share of women employees 

Brickmasons, blockmasons, and stonemasons 162000 0.10% 
Cement Masons, concrete finishers, and 

terrazzo workers 88000 0.30% 

Electrical power line installers and repairers 124000 0.40% 

Carpet, floor, and tile installers and finishers 209000 0.50% 
Heating, air conditioning, refrigeration 

mechanics and installers 392000 0.60% 

Structure iron and rebar workers 59000 0.60% 

Bus and truck mechanics and diesel engine 
specialists 339000 0.70% 

Miscellaneous vehicle and mobile equipment  
mechanics, installers, and repairers 99000 0.80% 

Tool and die makers 68000 0.90% 
Roofers 214000 1.00% 

 
Hence, it is required to set which body measurements are relevant for this particular 

research. It has been deemed necessary to include four measures: ‘hand breadth’, ‘thumb 
length’, ‘hand grasp’ and ‘hand depth’. 

Below in table 3.2, it is possible to find hand anthropometric data of adults from USA, 
which has been selected due to its trustworthy measures broken down in the 2,5th, 50th 
and 97,5th percentile of the population.  
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Table 3.2 Hand measures data of adults from USA divided in percentiles (Tilley, 1993). 

  Percentile (inches) Percentile (mm) 

Hand dimensions 2,5th 50th 97,5th 2,5th 50th 97,5th 

Hand breadth 3.2 3.5 3.8 81.28 88.9 96.52 
Thumb length 2.4 2.7 3 60.96 68.58 76.2 

Hand grasp 0.75 1.5 1.75 19.05 38.1 44.45 
Hand depth 1.02 1.17 1.31 25.908 29.718 33.274 

The previous data would be used to develop a 3D modeled concept (stage detailed in 
section 7). It would take in account as well a key factor, highlighted by the company and 
based on previous experiences, as it is the possibility of the user to wear industrial gloves.   

The following figure 3.2 shows drawings of the hand measurements previously mentioned. 

 
Figure 3.2 Hand measures data (Tilley, 1993). 
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As shown in figure 3.3, percentiles are 
shown in anthropometry tables and they 
provide whether the given measurement in 
the tables relates to the 'average' person, or 
someone who is above or below average in 
a certain dimension. 

 
 

Figure 3.3 Graph of a frequency distribution over a normal distribution. (Nordstedt, 2008).  
(http://epubl.ltu.se). 
 

Another interesting source to compare with, it is the ‘Antropometri för design, 
produktutveckling och arbetsplatsutformning’ at Högskolan i Skövde (2014). It provides 
general anthropometric hand measures of Swedish male population. A sample may be found 
in figure 3.4. 

 
Figure 3.4 Hand breadth vs hand length of Swedish males. (Högskolan i Skövde, 2014). 

 

Moreover, it is important to pay special attention to an essential measure, which is ‘grip 
diameter’, also known as ‘hand grasp’ for designing handled devices, as it is needed for this 
present project for developing its handles (figure 3.5). 
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Figure 3.5 Illustration of a power grip with different handle diameters (Patkin, 1996). 

(http://ergonomics.uq.edu.au) 

A simple way to determine an individual person’s grip diameter is to use the ‘OK 
method’. Making the OK sign using the thumb and index finger forming a circle, and then 
measuring the diameter of the ‘O’ formed by these fingers. The measurement corresponds 
to the optimal grip diameter for that individual.  

On this present case, the diameter never will be wider than this ‘OK measure’ of the 
smallest percentile, in order to ensure that is suitable for the rest of the population. 

To summarize this pre-study of anthropometric knowledge, some key aspects to 
consider on the product development are addressed (Nordstedt, 2008): 

3.1.2. -Shape 

If the grip is constructed so that it should twist round the handle, it should be shaped 
cylindrically. If it is assembled with an axle inside, a handle that is slightly flattened will give a 
more secure grip. A tool where you want to allow sliding, for example the back of an axe 
handle, a uniform diameter and smooth surface along the length is recommendable. If there 
is a need to secure against sliding, the handle should be thickened centrally. To prevent 
unwanted twisting, preferable for example on saucepan handles, the handle should be 
designed with a flattening for the thumb and fingers. 

The area of grip should be free from sharp edges and high spots since they decrease 
comfort, strength and security of grip to an extent, which can be measured seeing as they 
may cause injuries. However an edge or a raised area is useful in the end of the non-grip 
area of the handle. 

3.1.3. -Surface 

If the handle is designed in such a way that it is conclusive for it to slide or rotate within the 
handle it is better if it is non-reflective, to avoid glare in brightly lit work. Roughness is in 
many cases a deliberate feature to create a handle with better grip. Knurling on the other 
hand is in many designs used carelessly. Instead of being an ergonomic feature, it is 
ineffective or overdone as on the tops of many jars and bottles. Knurling is when a pattern is 
pressed into a round section. The pattern is normally used as a grip for a handle. 
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Furthermore, it is important to consider human factors, such as that most of the 
targeted users use to wear industrial gloves whereas using the remote control, hence this 
extra value will be added. 

As figure 3.6 illustrates, it will be easier or harder to leave the user’s thumb freedom of 
movements for joystick operating depending on which diameter will be selected for hand 
gripping. 

 
Figure 3.6 Different views of the geometric model used in Sancho-Bru et al. (2003) simulating a hand gripping 

two cylinders of different diameters (www.intechopen.com). 

Lateral buttons: for designing a suitable distance between handles and buttons, it is 
necessary to take undo consideration the finger’s length and the ergonomic shape of the 
handle whilst pressing the button.   

 
Figure 3.7 shows how the functionality is 

for pressing a lateral button on the current 
design. An early finding that has been noticed it 
is that the handle’ shape does not fit properly to 
the user’s hands, it feels uncomfortable. 
Furthermore, from the user’s visibility, it is not 
easy to know which button is needed to be 
pressed, it is hard to visual reach the 
functionality labels.  
 
 
 

Figure 3.7 Pressing lateral buttons, Top part handles. 
 

On this sector, as it is the Industrial market, it is important for the user to offer them 
products that create an image of high quality for safety issues, good aesthetic, ergonomic 
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and moreover a robust appearance. If the product combines all these factors, it would 
success on the market. 

The user’s first impression is important for the competitiveness, to be able to expand 
into a global market is necessary to capture their feelings and impress them.  Therefore, it 
was deemed appropriate to address those important inputs for the following design work, 
described below in table 3.3. 

Table 3.3 Anonymous users’ reviews concerning the current version. Compiled in collaboration with 
Tele-Radio AB. 

  
USERS 

IM
PR

ES
SI

O
N

S 

Appearance 
‘It looks more attractive than most of the current products on the market. Its 
shape, colours and design in general, offer a characteristic image which confers 
a distinction from the rest’. 

Ease of use 
‘It's easy to use in general terms, but sometimes it is hard to read the symbols 
of the lateral buttons because the handles cover part of them from the top 
view’. 

Size 

‘It is quite handy, and not too big as some of the competitors models, this 
certainly confers a great manoeuvrability. But, it lacks a bit of space on the top-
surface, in order to be able to implement more switches and levers if needed in 
customisations’. 

Safety 

‘The red emergency stop button is well located on the right side, hidden from 
falls or any accidental use. Another great safety feature is the height of the 
handles, which is the boundary for the levers height; by this, wrong usages are 
avoided if the joystick is through away or accidentally drops to the floor’. 

Handles 
‘It is easy to reach, but it feels not ergonomic or well adapted to the human 
hand. It feels a bit uncomfortable when using for several hours. Also I have 
noticed some problems when using industrial gloves’. 

 
 3.2. - Manufacturing 

The company decided to carry out the housing’s manufacturing process by plastic injection 
in a ‘mass production’, which is the production of large amounts of standardized products, 
including and especially on assembly lines. With ‘job production‘ and ‘batch production’, it is 
one of the three main production methods (BBC GCSE Bitesize, 2014). The reason was 
because it is the process that Tele-Radio uses nowadays for their products, due to the great 
profits that it is possible to obtain when the production is considerably big, which means 
more than a thousand pieces per batch. 

In order to reduce costs on this process, a brief approach of DFMA (Design for 
manufacture and assembly) research is carried out. 

3.2.1. - DFMA  
As Boothroyd et al. (2002) defined in ‘Product design for manufacture and assembly’ 
DFMA is the combination of two methodologies: ‘Design for manufacture’ which means the 
design for ease of manufacture of the parts that will form a product and ‘Design for 
assembly’ which means the design of the product for ease of assembly.  
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According to Gerhardt et al. (1991), DFMA is the analysis and redesign of a product or 
concept to make it easier to produce with minimum time, effort and cost, it helps to reduce 
assembly time and combine functions to provide higher value products. 

The practice of applying DFMA is to identify, quantify and eliminate waste or inefficiency 
in a product design (Boothroyd et al., 2002). Studies have revealed that this approach can 
reduce the production time by 75% and production cost by 8% (Prasad et al., 2014). 

Some of the DFMA principles that Boothroyd et al. stated in ‘Product design for 
manufacture and assembly’ (2002) are addressed in order to improve the product: 

- Minimize the number of parts.   
- Minimize the number of assembly operations.   
- Improve access and visibility.   
- Maximize part compliance.   
- Apply modular designs principles.   
- Mistakes-proof part.  
- Ensure that each part is feasible to be manufactured. 
- Aiming to design parts that have end-to-end symmetry and rotational symmetry about 

the axis of insertion. If this cannot be achieved, attempt to design parts having the maximum 
possible symmetry. Design parts that, in those instances where the part cannot be made 
symmetric, are obviously asymmetric. 

- Provide features that will prevent jamming of parts when stored in bulk. 
- Avoid parts that stick together or are slippery, delicate, flexible, very small, or very 

large or that are hazardous to the handler. 
Therefore, this method will be considered along the concept generation and selection. It 

will certainly vary the shape considering tool machine feasibility.   
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4. - Product design specifications  
Once literature review has been studied, it is turn for identifying product design 
specifications of the selected product to be re-designed. But firstly, it is convenient to define 
what a product design specification (PDS) is.  

As Ulrich and Eppinger (2008) defined, PDS is a listing of the critical parameters, 
specifications and requirements for the product it is being designed. It is a statement of 
what the product should be and should do. The PDS is created during the problem definition 
activity very early in the design process. Much of the product design specification is driven 
by customer needs. It is intended to show what it is trying to be achieved, not what it will 
end up with.  

4.1. - Requirements specification 
Research has revealed consistently that innovations that address market needs have the 
highest record of success (BS 7000-1:1999).  

Hence, there has been a fluid connection, whereas the project was running, with the 
department of customer service at the company, which deals with the actual demands of 
the market. Important feedbacks regarding goals needed to be achieved were addressed, as 
well as any information related with the final solution.  

Thereupon, an accurate performance specification is developed. It sets up some 
boundaries to the solution space within which will be searched. At the end of the design 
process, the performance specification will be used in evaluating proposed solutions, to 
check that they do fall within the acceptable boundaries (Cross, 2008).  

Thus, requirements specifications were addressed for clarifying demands and wishes of 
the customers for a successful product development. They are detailed and compiled below 
by chronological order on eight types of requirements (table 4.1).  
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Table 4.1 Requirement Specifications. Based on Ulrich and Eppinger (2008). 

 

4.1.1. - Demands 

Demands need to be expressed; thereupon they can be controlled by fulfillment. Thus, the 
objective design must follow these demands: 

- Technical features. The design itself must provide a ‘water and dust proof system’ 
(sealing edge). In addition, four metal pins must be adapted at the bottom, in order to 
separate the casing from abrasive surfaces. It is possible to use the same as the current 
version. 

- Material. The selected material must be ABS, which allows resistance for harsh 
environments. A more detailed study about materials may be found on section 5.5. 

- Production. Ease of assembly will be reached if fewer steps are needed. Furthermore, 
ease of manufacture, will be accepted if besides fewer steps, it helps the tooling process. 
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- Ergonomic. Its shape must provide an easy handling (study of anthropometric 
requirements, measurements of the hand shown in section 3.1.1). In addition, its front part 
(abdomen side), must be adapted to the body. An important demand regarding ergonomic 
and its subsequent reflections are the general dimensions that should not be exceeded: 
Wideness  330mm; Depth  170 mm; Height  175 mm. Furthermore, the company 
advised to take in account the possibility of using industrial gloves, thus an increase of 5 mm 
will be considered in the distance between handles and the faceplate. 
 - Safety. It must have a security wall on the abdomen edge. Emergency button and 
joysticks must be covered for falling down or possible accidents.  Furthermore, when 
placing it on a flat surface, it must be stable, and not leaning at all. 
 - Aesthetic. The final concept must be innovative, with a fresh and new appearance. It 
must go beyond the traditional straight lines designs whilst taking in consideration safety 
requirements. As Frankelius (2009) stated ‘the term innovation can be defined as something 
original and more effective and, as a consequence, new, that breaks into the market or 
society’. Therefore, our design will be innovative if it reaches those terms.  
 As customer expectations grow, it is no longer acceptable for an industrial product to be 
purely functional; it must have style, quality, enhanced functionality, and be easy to use 
(Keeping et al., 2004). 

4.1.2. - Whishes 

Addressed wishes will be considered as well, but they will be not crucial on the final idea. 
Some of them are:  

- Robust appearance and durability; these would be met if the perception that it 
provides to the user is similar than an industrial device, which means durability and resistant 
in terms of tough environments.  

-Improve view angle issue; it relies on the screen position and its orientation facing the 
user vision. The angle should be adjusted for a better performing.  
 - Brand influence; preserving the same style as the company’s products is a wish, 
because the most important is to develop a new concept. Although, it is always 
recommended that products from the same brand should have similar characteristics, which 
may allow to the customer an easy recognition to the product. This feature applies to the 
company as well. 

- Lightweight; this characteristic is ambiguous in industrial devices, because it should be 
heavier than normal remote controls. This statement is one of the user’s perception 
compiled in study visits. When holding an industrial device, is commonly related to heavy 
staff, and thus when holding a very light device, it might feel comparable as holding a low 
quality product or not enough robust. Therefore, this requirement must follow similar values 
as described in the requirement specifications. 
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5. - Concept generation and selection 
As Vicente (2004) stated, it is comparatively easy for designers to change dimensions of a 
product on a blueprint, especially since computer-aided design software has almost replaced 
manual drafting. Accordingly, on this present product development, a ‘Mind-mapping’ 
sketch (Buzan, 1996) was made by manual drafting as a first stage for concept generation 
and, subsequently, a ‘Related stimuli’ method has been used in order to acquire ideas from 
the market, which finally derived into CAD drawings as the principle tool for enhancing 
details throughout the process in cooperation with the company and its criteria. 

5.1. - Sketches  
In order to merge all the prior studies into a final idea or, as it is the case in this present 
project, a compendium of several ideas, it was decided to carry out design methods as the 
following: The first design method was a brainstorming called ‘Mind mapping’, which 
records information or ideas in a dynamic way that mirrors the brain processes (Buzan,  
1996). See figure 5.1 below. 

Figure 5.1 Mind mapping at the early stages of concept generation.  

Instead of creating typical linear outlines, Buzan (1996) insisted on becoming radiant. 
Thus, the concept was developed locating a central idea right in the center of the page. The 
main points then radiate outward from the center. Each one of these points sprouts its own 
branches and twigs. Buzan (1996) referred to this star-like pattern of ideas as radiant 
thinking.  

27 
 



The beauty of this is that you can see everything on one page. No time wasted sorting 
through pages. No need to flip through your notes to see your next point or find your 
conclusion--it's all right there in front of you. No need for extra notes. No energy spent on 
rewrites (Talisman, 2006). This method is a good approaching for perceiving in a visual 
manner which are the requirements and to acquire a wider view of the development 
process. 

Once the base has been laid, it is time to apply a method called ‘Related stimuli’ which 
basically aims to obtain external ideas from other sources that may provide more inputs to 
manage. It is really helpful when conceptualizing a product development. 

Thus, it was deemed convenient 
to make a site visit to a Volvo factory 
(figure 5.2). Due to the new 
perspective that was shown on this 
industrial environment, it has been 
possible to comprehend how several 
devices interact in industrial 
applications and how are they used 
nowadays. This stimulus has 
contributed in general terms, a better 
understanding of the Industrial field. 
 

Figure 5.2 Visit to Volvo factory (Göteborg, 2014). 
 

Thereupon, generation of ideas started to flow in a second stage of brainstorming in 
order to be expressed by hand-sketches. Worth mentioning are new ideas for the handle 
part and also for a total renovated external appearance. Some sketches are shown on the 
following figures 5.3; 5.4 and 5.5: 

Figure 5.3, Hand-sketching. Illustration of early designs. 
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Figure 5.4, Hand-sketching of different concepts for a Joystick.  
 

From each concept, diverse pros and cons were addressed. They were decided together 
in cooperation with the company by several meetings in order to shed light on what would 
fit with the requirements and customer needs. As a key stage, they have been taken in 
account for later decisions, detailed in the next section ‘5.3 Concept selections’.                  

Figure 5.5 Hand-sketching of the memory foam idea for hand gripping and abdomen adjustment.  

It is wise to remind that involving customers in the innovation process goes beyond 
obtaining direct customer feedback. Some companies have gone to the extent of equipping 
customers with the tools to develop and design their own products—ranging from minor 
modifications to major innovations (Cravens and Piercy, 2012). 

Ulrich and Eppinger (2008) described a way to find a wide range of ideas that may solve 
the customer needs. Every concept ought to be defined by sketches and some explanations. 
Furthermore, pointed out the importance of obtaining a ‘customer-focused product’. 
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5.2. - Concept exposure 
At this stage, an outline of the sketches was carried out by criteria of the designer, taking in 
account the requirements list stated in the previous section. Subsequently, four concepts 
resulted to be selected for being developed.  

They were made in 3D models by Creo Parametric software with the important 
collaboration of an expert on the field called Øystein Karlsen (Co-Manager at Tele-Radio AS). 
This cooperation was crucial for receiving inputs regarding which features might be 
interesting to implement on the development. 

 Descriptions of the concepts expose in a manner that help to understand the followed 
design process, and how these ideas have been selected to configure the final concept: 

 
Figure 5.6, 1st Option. Renders made by CREO Parametric. 

1st Option: This idea, shown in figure 5.6, presents different features comparing to the 
today’s version. A bigger screen would offer a better resolution with a great opportunity for 
displaying more information at a time. Its ergonomic might provide a good grip for the 
handles as well as a slightly rounded shape on the abdomen side for a better adjusting. On 
the other hand, some minus points that must be considered in the future are the two 
corners of the handle.  
 From the company’s advices, it was learned that from them and their customers, robust 
appearance comes from the device exterior aspect of not having any thin part and 
conferring an image of a block, avoiding outlandish shapes or weak parts.    
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Figure 5.7, 2nd Option. Renders made by CREO Parametric. 

2nd) Option: The following idea is quite similar in some parts but, of course, it has many 
differentiable features as for example the shape of the handles, more ergonomic but 
maintaining a robust appearance.   

Another implementation, shown above in figure 5.7, is the proposal of installing two 
displays instead of one, but with the great advantage of using for this purpose the same 
components from the current version which would decrease a lot on the production cost. Its 
corners are rounded but thick enough for resisting crashes due to the properties of the ABS 
(detailed in section 5.5).  

Ergonomic shape underneath of the handles would provide a better adaptability to the 
human fingers.  

In addition, its lateral buttons would be installed on the top part instead of being on the 
bottom; by this it is possible to provide an important factor which is that the PCB would be 
screwed to the top part, closer to the levers and not to the bottom part which only would 
have installed the rest of the components by wiring (batteries, emergency stop, radio 
module, etc..). This means that when disassembling it, it would just need to be turned 
opposite and unscrewed at its bottom part for taking apart this piece, it allows to instantly 
access to the interior without any need of holding components. 
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Figure 5.8, 3rd Option. Renders made by CREO Parametric. 

3rd) Option: The above concept was one of the primitive designs after the sketching 
stage. It is definitely more focused on the pursuit of a new style and attractiveness to the 
customer due to its totally different appearance comparing to the products that exist 
nowadays in the market.  

Some good ideas were taken from this design, as shown in figure 5.8, the ergonomic 
handles and the rounded abdomen-side. Only a single battery slot is a feature that has been 
dismissed because it was against one of the main requests. It would reduce its size in 
general, being smaller or the same than the current version, but however it is good to take 
under consideration different options. 
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Figure 5.9, 4th Option. Renders made by CREO Parametric. 

4th) Option: The fourth option is a combination of several ideas for the bottom part, 
such us with its walls in a certain angle for letting its screws to show over the casing (figure 
5.9), also in the same image we may see an idea for the coloring style with stripes signs, but 
finally it was dismissed (explained in section 5.5).  

Moreover, there was another dismissed suggestion for implementing flaps for a better 
adjusting and lining up when assembling both parts.  This idea ended up into another 
concept, which has a double purpose, this is a sealing edge. By this feature, similar to the 
one that the today’s version is using, it is possible to achieve a good lining up of the 
assembly parts and also an isolated interior, extended explanation on section 7.1.  

In addition, noteworthy it is that there are also crucial proposals serving as precepts in 
order to be developed. For instance, having two slots for batteries instead of one and 
attaching a rubber strip on the top of the handles which confers a better sensation for 
gripping.   

5.3. - Concept selection 
The previous four final concepts resulted along the project are a combination of criteria 
between the company and designer and it yielded into a ‘Selection matrix’ (Pugh, 1991) as a 
main method carried out for selecting the final decision. Different shapes, sizes, and styles 
came up to create a wide range of selection.   
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The selection was agreed to be carried out in cooperation with the company and its 
potential customer’s reviews by a ‘Decision Matrix’, which is a quantitative technique, used 
to rank the multi-dimensional options of an option set comparing them with a ‘Datum-
example’, shown in figure 5.10, and it is frequently used in engineering for making design 
decisions. It consists on establishing a set of criteria options, which are scored and summed 
in order to gain a total score that can then be ranked (Pugh, 1991); consequently it also 
allows to neatly refine the process to obtain the best solution, explaining which criteria has 
been followed for dismissing the rest of 
the concepts. 

The selection criteria is a 
compendium of the most important 
features addressed on the product 
design specifications. These have been 
advised by the company. All of them are 
rated in table 5.1. 
 
 
 

Figure 5.10 Actual version to be redesigned (datum). 
(www.tele-radio.com)      

Actual version: Industrial remote control. The most important concepts were rated 
against the reference concept using a simple code (‘+’ for better than, ‘0’ for same as, or ‘-’ 
for worse than) in order to identify some concepts for further consideration. 

                                                   Table 5.1 Decision matrix as a concept selection. 
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Therefore in the prior table, findings said that it is wise to keep developing the fourth 
concept and merge it with the second option. Consequently, in the next stage, more 
accurate drawings were carried out for narrowing ideas. The final concept design will be 
based upon the following figure 5.11 which shows vector hand drawings of the conjunction 
between both ideas.        

 

 

Figure 5.11 Vector hand-drawn sketches of the selected concept.  

In this manner, it will be compound of three main pieces to be assembled. Handles will be 
attached to a top-part that holds the PCB (printed circuit board) in the interior and a third 
casing part which will cover all the interior and keep it sealed with a waterproof and 
dustproof sealing edge. A thorough conclusion will rehearse every single detail regarding 
concept in development. 

These drawings were consulted to the designer at the factory in China for a feasible 
manufacturing. After receive his approval for most of the parts, it was time to proceed to 
sharpen this concept by CAD software, and then conceive its 3D model as a final result from 
this process. See figures 5.15-A and 5.15-B on the following section.  
5.4. - CAD Model 
The entire design of the final concept has been designed by CREO parametric software. And, 
as it has been analyzed, it provides the possibility of making modifications on the model back 
and forth several times, helping to the generation process. 

Real measures for assembly were taken under consideration, example of components 
taken under consideration, shown in figure 5.12. Besides the device size, the most important 
measurements were the lateral buttons and the joysticks. For further measures see plans on 
appendix. 
 
 
 
 
 
 

Figure 5.12 Lateral buttons and joysticks selected for assembly. Metallux (2014).  
 (www.metallux.de) 
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5.4.1. - Representation into Jack software 

A 3D representation of the interaction user-product has been made by software called ‘Jack 
7.1’. The most interesting from this representation, shown in figure 5.13, is the possibility of 
seeing the appearance and size of how it would look like held by a user. It gives a better 
approach of interaction user-product.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.13 Simulation of the model held by a user, made by Jack software. 
As Elaine et al. (2004) described, users should be aware about which are the best and 

the preferred work zone that they should use for performing work with the best productivity 
and comfort. Work is safest when lifting and reaching devices are performed within these 
zones. Working outside these work zones results in non-neutral postures that may increase 
the risk of injury. Figure 5.14 depicts these statements in a visual manner. 

Best work zone: 
- As far forward as your wrist when you hold your arm slightly bent. 
- As wide as the shoulders. 
- Upper level at about heart height. 
- Lower level at about waist height. 

 

36 
 



Preferred work zone:  
- As far forward as your hand when you hold your arm out straight. 
- A foot on either side of the shoulders. 
- Upper level at shoulder height. 
- Lower level at tip of fingers with hands held at the side. 

 

Figure 5.14 Best and preferred work zones (OSHA, 2004) 

Moreover, reviews from customers assessed that when holding remote controls, they 
feel more comfortable when the distance between hands does not exceed the shoulders 
alignment. Another approach is that the user belt must provide a minimum of height for a 
better reach by the user. That is why the user belt is adjusted to the waist and it will 
automatically be adapted to each user’ size.   

As a reminder of what is shown on section 4.1.1 required demands, the total size of the 
product should not exceed the following measures: Wideness  330mm; Depth  170 mm; 
Height  175 mm. Therefore, the intention was to make the most effective design within 
these boundaries as a scope.  

Consequently, due to these important factors, the use of anthropometric measures of 
the human body may enhance our product in its development process. 

5.4.2. - Concept 3D modeled 
Final concept 3D modeled is shown on the following figures 5.15A and 5.15B: 
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Figure 5.15-A, 3D CAD Model made by CREO Parametric software.  

Figure 5.15-B, 3D CAD model made by CREO Parametric software. 

5.5. - Color and material selection 
The layout was decided by a meticulous process, 
narrowing different options for providing a final 
solution. 

The ‘stripes idea’ was proposed as a possible 
combination to implement on the sides; it 
simulates the Tele-Radio marketing embodiment 
used on its logo, illustrated in figure 5.16, but 
finally it was dismissed from the alternatives                      

Figure 5.16 Dismissed color distribution, lateral stripes. Renders made by CREO Parametric. 
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compendium by the company criteria, because it was too aggressive to implement on their 
products and probably official distributors would rather prefer to implement their own 

logotype.  

Implementation of the logo was suggested and 
finally accepted by the company criteria. It is located 
at the back side on the external piece for adjusting 
the pressure of the ceilling. Finally the color selection 
ended up in conserving the current colors of the 
company’s products which are black and a specific 
nuance of yellow (R:230; G:140 ; B:0). See figure 5.17. 

Figure 5.17 Close-up render, logo and color.  
Renders made by CREO Parametric. 

 
An engaging material that finally was not implemented but would be interesting for 

future developments is the ‘Memory foam’. 
 

*Memory foam. For the abdomen side and handles: 
After lot of research in the market, looking for some material that could fulfill with all the 
expectation of the project’s goals, it was 
found a remarkable one called ‘NASA’s 
foam material’, shown in figure 5.18, also 
known as ‘memory foam’. An interesting 
approach is that it is an almost perfect 
material for the ergonomics, because it 
easily takes the shape of the user’s body 
and it recovers its shape instantly after 
usage.                             

                                   Figure 5.18 NASA’s memory foam. 
 

It is not hilarious to think of its implementation, because it is already developed for 
several purposes as for example for the revolutionary mattress. Based on NASA (1966), some 
of its advantages and disadvantages towards the present project are:          
Pros: 

- Easily molded, so it can be made in any shape.  
- Take the shape of the user’s abdomen instantly by pressure. 
- Recovers its shape in few seconds.  
- It is very light.  
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Cons: 
- Expensive to implement. 
- Useless in harmful environments, it could be easily scratched by a sharp surface and 

even it is highly flammable. 
- It absorbs body heat, and consequently it may emit extra heat to the remote control. 

 
It was decided to do not implement this material due to safety reasons related to its 

cons. Lastly, it is important to state that the material used for all the housing parts is ABS 
(Acrylonitrile Butadiene Styrene), and it will be applied by injection process. 

Some of its technical aspects are that possesses outstanding impact strength and high 
mechanical strength, which makes it so suitable for tough consumer products. Additionally, 
ABS has good dimensional stability and electrical insulating properties. More properties may 
be found on the following table 5.2. 

Table 5.2 Properties of the ABS material (Dynalab, 2014). 

 
 

The most interesting key numeric data to be known about ABS may be found below in 
table 5.3:  

Table 5.3 Numerical properties of the ABS material (Boothroyd et al., 2002). 
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6. - Physical model 
The use of prototypes helps to move the design process forward by improving the team's 
understanding of the problem, identifying missing requirements, evaluating design 
objectives and product features, and 
getting feedback from others (Tayal, 
2013).  

Additionally, a prototype was 
printed at Högskolan i Skövde as a 
physical model by a 3D printer called 
Makerbot 2x-Replicator (figure 6.1).  

 
 
 

 
Figure 6.1, 3D Printer ‘Makerbot Replicator 2x’ at Högskolan I Skövde. 

A brief explanation about what is a prototype is described below, why it has been used 
and what is a rapid prototyping. 

6.1. - Prototype 
As Ulrich and Eppinger (2008), defined in ‘Product design and development’, a prototype is 
used for four purposes that are narrowly related with the actual project: learning, 
communication, integration, and milestones. 

- Learning. The prototype is used to confirm if the product will work and to know how 
well it meets the customer needs. Since these tasks are addressed, the prototype will serve 
as a learning tool. 

- Communication. It has improved communication with colleagues, partners, extended 
team members, customers, and the management group; there is always, from the customer 
perspective, a desire of being properly informed about the process and acquire a well 
perception of the model. This is a fact on physical prototypes: ‘a visual, tactile and three-
dimensional representation of a product is much easier to understand than a verbal 
description or even a sketch of the product’ (Ulrich and Eppinger 2008). 

- Integration. Another interesting strength of the prototypes is that it can be used to 
ensure that components and subsystems of the product work together as expected. 
Comprehensive physical prototypes are most effective as integration tools in product 
development projects because they require the assembly and physical interconnection of all 
the parts and subassemblies that make up a product.  
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In doing so, if the combination of any of 
the components of the product interferes 
with the overall function of the product, the 
problem may be detected through physical 
integration in a comprehensive prototype. 
This problem has not been detected in the 
real printed model (figure 6.2). 

 
 
 

Figure 6.2 Close-up assembly prototypes. 

- Milestones. Particularly it has been used in the later stages of product development, to 
demonstrate that the product has achieved the desired level of functionality. Milestone 
prototypes provide tangible goals, demonstrate progress and serve to enforce the schedule. 
A senior management from the company has required a prototype that demonstrates 
certain dimensions before allowing the project to proceed.  

6.2. - Rapid prototyping 
‘Rapid prototyping is a group of techniques used to quickly fabricate a scale model of a 
physical part or assembly using three-dimensional computer aided design (CAD) data’ 
(EFunda, 2014). 

These techniques have been used because these are very useful tools for creating 
models for clients, such as architects and engineers. The design cycle time may experiment a 
reduction, allowing multiple tests to be performed on the design at a low cost. This is 
because each prototype can be completed within days or hours, rather than taking several 
weeks (Wisegeek, 2014). 

 On this case, on one hand, the CAD software for modelling the device’ shape (section 5) 
has been CREO Parametric; and on the other hand, MakerWare-software has been used for 
controlling the 3D printer called ‘Makerbot Replicator 2x’.  

Several mock-ups of the final 
prototype have been field tested 
before as trial versions; they were 
discouraging at the beginning, but 
crucial in order to ensure that it 
does not occur any inconvenient 
on the final one; some of them are 
shown in figures 6.3 and 6.4.  
 

Figure 6.3 Handles and bottom part of the 1/3 scale prototype. 
 

Strength of printing a mock-up is that it brings the possibility of testing safety issues 
regardless shaping, it avoids accidents and non-proper using of the joystick. 
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During the process occurred several troubles, some of them regarding printer settings 
for the specific model, as well as some noise factors (needed replacements, alteration of the 
building plate balance, etc).  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.4 Three 3D-printed in 1/3 scale of the assembled parts were shown at Tele-Radio. 

A final prototype in 1:1 scale was addressed as a desire for the present project itself. 
Furthermore, it was a high-priority demand for the company intending to be done right after 
the concept selection.  

But considering the real measurements of the model, it was unfeasible to be printed on 
one unique piece, because the size of the building-plate of the 3D printer.  
 
 
 
 
 
 
 
 
 
 

Figure 6.5 Render of the model division for printing. Renders made by CREO Parametric. 

Therefore, a solution came up for avoiding this problem; it was decided to divide each 
part of the assembly into two pieces, it means three parts, divided into two pieces (figure 
6.5), which makes a total of six pieces. See half of the printed model on figure 6.6. 
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Figure 6.6 The 1:1 Scale mock-up. Made at Högskolan i Skövde (2014). 

 Once the mock-up has been 3D printed in 1:1, it was time to field test it and bring it to 
the company, where it would be neatly revised. By the company criteria, it came out that the 
handle part had fulfilled its purposes, it felt quite comfortable and was wide enough for 
being handled by a user with industrial gloves and a great-dimensioned hand (test user > 
90th percentile of the studied population). More findings were addressed, as there were 
some pitfalls needed to be modified in the tighten system for a proper assembly and 
technical issues regarding cabling in its interior. 

Nevertheless, after this rough prototype and its overall outstanding results, the 
company decided to order to Tele-Radio ASIA in China another 1:1 scale mock-up, but on 
this case, was decided to perform it via SLA printing (Stereo-lithography) which allows having 
a higher quality result, with a cost of approximately 1000 USD. Despite of its price, it is 
important to address that this prototype serve as an important tool to provide reliability 
tests. 

It was demanded as an accurate model to be able to feel the ergonomic of the handles, 
and for testing appearance with its final dimensions (length, depth, height).  

It provided a better understanding of shaping and how assembly would work. It 
consisted on three different parts: Bottom part, top part and handles. It does not include 
joysticks or buttons, only the housing parts. See figure 6.7. 
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Figure 6.7 SLA mock-up of the final result. Made by Tele-Radio ASIA in China (2014). 

It is a crucial factor for the product development due to the reason that it provides the 
possibility of an overall inspection, which may make sure that everything is correct before 
the mass production; it allows the possibility of avoiding some failure high costs. 
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7. - Final product 
As a result, a thorough conclusion was elaborated to summarize all the process and studies 
that were carried out to yield onto the final concept. Table 7.2 shows a comparison between 
the old model and the new one, detailed part by part, to highlight the main changes that 
were developed to improve the product. 
 
7.1. - Checklist 

Firstly, a checklist shows all the requirements that were fulfilled. It is divided into demand 
and wishes, as demands are compulsory for the company and wishes are less important, but 
would be interesting to achieve (table 7.1).  

Table 7.1 Checklist of the requirements specification. 

 

7.1.1. - Demands 

Demands need to be expressed; thereupon they can be controlled by fulfillment. Thus: 
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- Technical features. It is noteworthy that a similar sealing system was usedin the 
previous version, but it has been 
noticed that there was a weak point, 
which consisted in a curve on the 
sealing edge at the back side (figure 
7.1).  

Due to the lack of a flat-shaped 
edge, the sealing pressure is lower on 
certain points of this curve, and thus 
it derives into the issue of liquids 
getting inside the casing. 

 
 

Figure 7.1 Curve in the sealing edge of the product to be redesigned. 
Renders made by CREO Parametric.  

Therefore, it was deemed appropriate to develop a flat-shaped sealing edge, which 
would fulfill the requirement of being a water and dust proof system. This cavity allocates a 
rubber strip which would be compressed with the same force at every point of the edge by 
the top part, creating a proper isolation between interior and exterior. It is illustrated in 
figure 7.2. 

Figures 7.2 Sealing edge, renders made by CREO Parametric. 
Moreover, four metal pins were adapted at the bottom, in order to separate the casing 

from abrasive surfaces.  
- Material. The selected material was ABS, which allows resistance for harsh 

environments. This decision has been consulted by Mr.Weller, tooling engineer at Tele-Radio 
ASIA.  

- Production. Ease of assembly was reached due to this new design, which allows to 
production line an assembly from the same point of view. It avoids unnecessary flips, 
deriving in a more ergonomic posture to attach elements. Although, ease of manufacture, 
cannot be assure at this stage due to many aspects that must be discussed later on for 
tooling process. 
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- Ergonomic. A fitting trial was carried out with the final prototype, resulting that its 
shape provides an easy handling (study of anthropometric requirements has been a key 
factor to achieve this; measurements of the hand are shown in section 3.1.1) and reliability 
ease of use when wearing industrial gloves. In addition, its front part (abdomen side), is 
adapted to the body thanks to the rounded shape. See figure 7.4. 

 
 
 
 
 
 
 
 
 
 
 

Figure 7.4 Top-view of the 3D model from the user perspective. Renders made by CREO Parametric. 

 - Safety. It does have a security wall on the abdomen edge. Emergency button and 
joysticks are covered for accidental falls. Moreover, thanks to its four metal pins, it is totally 
stable, when placing in a planar surface. 
 - Aesthetic. The final concept provides innovation with a fresh and new appearance to 
the range of the company’s products. See comparison figures 7.6 and 7.7. 

7.1.2. - Whishes 

Although addressed wishes have been not crucial on the final idea, they have been taken in 
account.  

- Robust appearance and durability; it is met, due to the perception that it provides to 
the user, similar than an industrial device, 
which means durability and resistant in 
terms of tough environments. 

- Improve view angle issue; the screen 
angle orientation has been adjusted for a 
better performing, with +5 degrees 
towards the user which makes a total of 30 
degrees. See figure 7.5 beside.  

                                                               
 
 

                Figure 7.5 Left view of the 3D model showing screen angle orientation.  
Renders made by CREO Parametric. 

 - Brand influence; it keeps the same style as the company’s products. Colors are 
identical, with equal yellow and black tonalities. The clips for the user-belt are exactly alike, 
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with similar distance and location. Screen located in the center. Side-buttons have similar 
procedure to be reached. Also, the emergency stop button is allocated on the right side in a 
cavity quite similar to the old version. All these features and some more, make a style that 
the company owns on its products.    

- Lightweight; this feature cannot be assured at this stage, due to the tooling decisions. 
Below it is compiled by a table all the breakthroughs and new features that have been 
carried out, and its subsequent comparison with the old version.  

As mentioned before, the following table 7.2 shows in detail what has been improved, 
what is similar and what has been maintained from the original casing.  

Table 7.2 Summary of all improvements divided into each part of the assembly. 

 
 
 
 
 

 

In general it has been developed a redesign version with bigger dimensions and 
implemented new features. These new features are focused on the top surface working area 

 

BOTTOM PART TOP PART HANDLES 

SAME 
* Red emergency button.                                             
* Lateral caves.                                             
* Material: ABS. 

* Material: ABS. * Material: ABS. 
  

SIMILAR or 
DEVELOPED 

* Batteries placement.                                             
* External shape. 
* Abdomen side more 
ergonomic. 
* Ceiling. Waterproof system 
improved. 
* Flat surface on the assembly 
edge (better pressure for 
ceiling. 
 

* Shape of the lateral caves for 
buttons. 
* Assembly at the four corners. 
* Abdomen side more 
ergonomic. 
* Flat surface on the assembly 
edge (better pressure for 
ceiling). 

 * Metal clips for belt 
adjustment. 
* Abdomen side more 
ergonomic. 
* Better replace. 
* Grip more ergonomic. 

DIFFERENT/
NEW 

* Two batteries instead of 
one.  
* Pillars for holding electronic 
components 
* Housing for memory SD. 

* General shape                             
* Functionality 
* Three holes for joysticks. 
* Three lateral holes for buttons. 
* Assembly place of the display. 

* Shape.                                           
* Grip.                                        
* Assembly.                                          
* Security wall. 
* One unique piece 
(DFMA). 
 

OTHERS 

* The red emergency button is 
located on the right-lateral 
bottom part. 
* Security lock at the left 
 

* Easier replace of the display. 
* Possibility of attaching 2 small 
displays if it is necessary. 

  * Two metal clips are 
assembled for adjusting the 
user's belt. 
*Two small LEDs 
implemented as indicator 
of ON/OFF (at the corners). 
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of the remote control; it has been designed with enough space for at least three big joysticks 
and more than two switchers. Handles are more ergonomic and better adapted for being 
used whilst wearing industrial gloves. Better aesthetic and functionality. 
 
As a result, it is interesting to compare the old 
model to be redesigned (figure 7.6) and the new 
3D model (shown on figure 7.7), which has been 
sent for a test prototyping and most likely for a 
potential future manufacturing in China.  
 
 
 

Figure 7.6 Old-model to be re-designed, (Tele-Radio, 2014).  
Lateral side has been designed to embrace at least three buttons. Moreover, a complete 

redesign of the handles has been developed, which is more ergonomic and fits better with 
the user belt, this faithfully decrease the work load (figure 7.7). 
 
 
 

 
Figure 7.7 - 3D CAD model made by CREO Parametric software. 

For concluding, estimation has helped to carry out an appraisal of the manufacturing 
cost.  
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As Ostwald et al. (2004) defined; manufacturing cost is the sum of costs of all resources 
consumed in the process of making a product. A brief injection molding cost-estimation of 
the new model may be found on figure 7.8.  

 

 
Figure 7.8 Cost estimation of production (CustomPartNet, 2014). 

Real data from the old version has been requested to the company, but due to 
corporate privacy reasons, it was not possible to be gathered and compared with the 
estimation shown above. 
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8. - Discussion and conclusions 
Firstly, during this chapter a self-criticism will be stated in order to elucidate findings from 
the results. And secondly it will be compared with a thorough design method that would 
have been more appropriate. Finally, in order to conclude, it will be described whether the 
present project yields into a successful product or not. 

On one hand, the selected process for this present work consists in creative methods for 
generating ideas and has been carried out in cooperation with the company Tele-Radio AB. 
Due to the limited time for the whole project; all the stages have been accelerated and in 
some cases, even skipped. It may have led to the project to do not reach the highest quality 
that it would have been achieved by a thorough process in terms of design development. 

Therefore on the other hand, it has been learned through the process that instead of 
the followed method, probably it might have been better to use a process with an 
appropriate design strategy according to that time limitation, as well as, more accurate 
information from different sectors. Because it is not enough to acquire inputs from the 
company and the designer; a good project take into consideration directly customer’s 
reviews, and measures their real data on the field. 

Therefore, according to the idea of ‘learning design by doing design’ and the overall 
recommendation of Ulrich and Eppinger (2008) to reflect on the process in order to obtain 
continuous learning and improvements.  

8.1. - Followed methods and possible improvements  
A comparison, illustrated in table 8.1, between what has been carried out (left column), and 
what would be needed to be implemented in future developments (right column) is shown 
in the table below: 

Table 8.1 Comparison between followed method vs possible improvements. 

 
It is noteworthy that the 

followed method is not wrong 
for a product development, but it 
may be insufficient. Therefore, a 
combination between both 
columns would increase the 
quality of the final result. 

One of the key stages that 
have been overlooked was the 
implementation of some of what 
Cross (2008) defined as ‘Rational methods’. It might have been possible to be carried out by 
different methods, and three suitable of them are: 
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8.1.1. - Quality function deployment (QFD) method. 

The aim of the quality function deployment method is to set targets to be achieved for the 
engineering characteristics of a product, such that they satisfy customer requirements. This 
method was described by Cross (2008). See figure 8.1 for a visual example. 

- Identify customer requirements in terms of product attributes. It is important that 
‘the voice of the customer’ is recognized, and that customer requirements are not subject to 
‘reinterpretation’ by the design team. 

- Determine the relative importance of the attributes. Techniques of rank-ordering or 
points-allocation can be used to help determine the relative weights that should be attached 
to the various attributes. Percentage weights are normally used. 

 - Evaluate the attributes of competing products. Performance scores for competing 
products and the design team’s own product (if a version of it already exists) should be listed 
against the set of customer requirements.  

- Draw a matrix of product 
attributes against engineering 
characteristics. Include all the 
engineering characteristics that 
influence any of the product 
attributes and ensure that they are 
expressed in measurable units. 

- Set target figures to be 
achieved for the engineering 
characteristics. Use information 
from competitor products or from 
trials with customers. 

 
Figure 8.1 Example of a QFD chart. (Graves, 2013). 
                   (www.sixsigmadaily.com) 

 
- Identify the relationships between engineering characteristics and product 

attributes. The strength of the relationships can be indicated either by symbols or numbers; 
using numbers has some advantages, but can introduce a spurious ‘accuracy’. 

- Identify any relevant interactions between engineering characteristics. The ‘roof’ 
matrix of the ‘house of quality’ provides this check, but may be dependent upon changes in 
the design concept. 

8.1.2. - Morphological chart method 

The aim of the morphological chart method is to generate the complete range of alternative 
design solutions for a product, and hence to widen the search for potential new solutions. 
An example may be found in figure 8.2. 
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- List the features or 
functions that are essential 
to the product. Whilst not 
being too long, the list must 
comprehensively cover the 
functions, at an appropriate 
level of generalization.  

-  For each feature or 
function list the means by 
which it might be achieved. 
These lists might include new 
ideas as well as known 
existing components or sub-
solutions. 

 
 

Figure 8.2 Morphological analyses for vegetable collection system with selections (Haik, 2011).  
(www.cuba.coventry.ac.uk) 

 

- Draw up a chart containing all the possible sub-solutions. This morphological chart 
represents the total solution space for the product, made up of the combinations of sub-
solutions. 

- Identify feasible combinations of sub-solutions. The total number of possible 
combinations may be very large, and so search strategies may have to be guided by 
constraints or criteria. 

8.1.3. - Weighted objectives method 

The aim of the weighted objectives method is to compare the utility values of alternative 
design proposals, on the basis of performance against differentially weighted objectives.  

-  List the design objectives. These may need modification from an initial list; an 
objectives tree can also be a useful feature of this method. 

- Rank the order on the list of objectives. Pair-wise comparisons may help to establish 
the rank order. 

- Assign relative weightings to the objectives. These numerical values should be on an 
interval scale; an alternative is to assign relative weights at different levels of an objectives 
tree, so that all weights sum to 1.0. 

- Establish performance parameters or utility scores for each of the objectives. Both 
quantitative and qualitative objectives should be reduced to performance on simple point 
scales. 

- Calculate and compare the relative utility values of the alternative designs. Multiply 
each parameter score by its weighted value - the ‘best’ alternative has the highest sum 
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value; comparison and discussion of utility value profiles may be a better design aid than 
simply choosing the ‘best’. 

8.2. - Conclusion 
To summarize, in order to decide whether the present project is a successful product or not, 
it is needed to revise the following five ‘Characteristics of successful product development’. 
Based on Ulrich and Eppinger (2008).  

- Product quality: the present developed product is good enough for the requirements, 
as it has been checked before; but deeper researches on the selected literature review 
would be adequate to be implemented.  

- Product cost: As the checklist of the requirements states, it has been fulfilled as a main 
requirement, but always it is possible to reduce even more the costs of the manufacturing 
process. A deeper study of the DFMA method would decrease even more unnecessary costs. 
It has definitely helped to reduce it, but the range for improvements is always wider. 

- Development time: It has been checked that the company, as most of the companies 
in the actual market, use a good pace on this stage, but a short total length. It is not enough 
for a good product development to be carried out within only four months. This might have 
been a wrong influence for the present work, but a good approach of how the real world 
works. 

- Development cost:  The designated budget for this present project was quite serious. 
Several trips to the Chinese factory were made by the product management group to make 
sure that everything will be correct, these approaches always provide a direct 
communication with engineers in China; it might avoid expensive failures on the process. 

- Development capability: Now that there have been encountered lacks on the method, 
the team and the firm are capable to develop better products in the future, as a result of the 
experience with this present approach. Some implementations will be added to the process, 
by combining design methods with appropriate stages. 

Despite of all the findings stated before, the result is good enough, because it fulfills all 
the important requirements, as it is shown in table 7.1. 
To conclude, it is remarkable every pitfalls that have occurred along the product 
development and then experienced, because consequently, a valuable knowledge has been 
learned from them. Future projects will acquire benefits from this product development, by 
creating new cases with wider boundaries. Remarkable quotes: ‘We do not learn from 
experience, we learn from reflecting on experience’ (Dewey, 1934).  
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