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Abstract 
This report is a product from a master thesis project conducted at the Royal Institute of Technology 
during the spring of 2015. The project was performed at Innventia AB as a part of Exjobbsskolan 
which purpose is to create synergy between several master thesis projects. Information and insights 
from the different projects were exchanged within Exjobbsskolan which has been a support 
throughout the process. The project has also been executed in close collaboration with the client 
Björn Borg AB.  

The Björn Borg brand was established in the Swedish fashion market during the first half of the 
1980s. Today Björn Borg has a strong position particularly in its largest product group underwear. 
A couple of years ago they started a new segment called Active Underwear which is underwear 
aimed for sports application. The demand for these is predicted to be high and the aim of the project 
was therefore to develop new innovative and sustainable concepts as well as a mapping of relevant 
textiles and technologies implementable in underwear. 

The textile and technology mapping resulted in a list of the current and upcoming possibilities 
within the smart textile and technology segment. The mapping also covered how to implement the 
technologies and recommendations in terms of which garment the certain technique is suitable in.  

The analysis of the market and the behavior of the customers showed that an added value is needed 
in order to make them change into specific underwear prior exercise. It also showed that comfort is 
the most important property of an underwear garment and that minimizing humidity level is 
essential in sports apparel.  

A tactile study of the fabrics used by Björn Borg and alternatives that are more environmentally 
friendly was conducted. This provided the insight that synthetic fibers are perceived as more sporty 
and cooler. 

The project resulted in male and female underwear including a sports bra made of a phase change 
material that enhances the thermo regulation and thereby the comfort. The underwear are also 
capable of monitoring heart rate using textile electrodes sewn into the ribbon. Additional concept 
packages for future inspiration containing several technologies were also created.    
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Sammanfattning 
Denna rapport är en produkt av ett examensarbete genomfört på KTH under våren 2015. Projektet 
utfördes på Innventia AB som en del av Exjobbsskolan vars syfte är att skapa synergieffekter mellan 
olika examensarbeten. Information och insikter från de olika projekten utbyttes inom Exjobbsskolan 
vilket har varit ett stöd under processens gång. Projektet har också utförts i nära samarbete med 
Björn Borg AB som har varit beställaren av projektet. 

Varumärket Björn Borg etablerades på den svenska modemarknaden under första halvan av 1980-
talet. Björn Borg har idag en stark position på marknaden framför allt inom produktgruppen 
underkläder. För några år sedan skapades ett nytt segment som kallas Active Underwear vilket är 
underkläder anpassade för träning. Efterfrågan på dessa förutspås vara hög och syftet med projektet 
var därför att utveckla nya innovativa och hållbara koncept samt att kartlägga relevanta textilier och 
tekniker implementerbara i underkläder. 

Textil- och teknikkartläggningen resulterade i en lista av nuvarande och kommande möjligheter 
inom området smarta textilier. Kartläggningen omfattade även hur de ska implementeras och 
instruktioner om vilka plagg som är lämpliga för respektive teknik. Analysen av marknaden och 
beteendet hos kunderna visade att det behövs ett mervärde i syfte att få dem att byta till 
sportunderkläder inför träning. Den visade också att komfort är den viktigaste egenskapen hos 
underkläder och att fukttransport är viktigt i sportkläder. 

En taktil undersökning av de tyger som används av Björn Borg och alternativ som är mer 
miljövänliga utfördes. Detta gav insikten att syntetfibrer uppfattas som mer sportig och svalare. 

Projektet resulterade i ett par manliga och kvinnliga underkläder samt en sport-bh tillverkade av ett 
fasomvandlande material som förbättrar den termiska komforten. Underkläderna kan också mäta 
pulsen genom textila elektroder integrerade i resårbandet. Ytterligare konceptpaket för framtida 
inspiration, innehållandes flera tekniker, skapades också. 
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1 INTRODUCTION 

This chapter describes the background of the project in order to understand its purpose. The research questions are defined 

and the goals of the project are listed. 

1.1 Background 

The Björn Borg brand was established in the Swedish fashion market in the first half of the 1980s. 
Today Björn Borg has a strong position in its established markets, particularly in its largest product 
group, underwear. Björn Borg continuously works with product development within this core area. 
This includes further development of existing products as well as development of new products.  

A couple of years ago Björn Borg started a new segment called Active Underwear which is 
underwear aimed for sports application. The collection consists of male and female sports 
underwear as well as sports bras. Björn Borg has identified a growing trend in the use of these and 
now wants to create new innovative and sustainable products within this segment. Björn Borg has 
estimated the consumer needs to be high. The aim is to “help people around the world look and feel 
active and attractive”  thereby boosting their performance. 

This project was performed as a collaboration between Innventia and Björn Borg. Innventia is a 
research institute working with sustainable bio-based material development and has extensive 
experience in how materials, including newly developed materials, are perceived by consumers. 

1.2 Research questions 

The purpose of this project was to provide a mapping of alternative fabrics and technologies that 
could be implemented in the Active Underwear collection. The purpose was also to develop new 
innovative and sustainable concepts within this segment. In order to provide this, several research 
questions needed to be answered and are listed below 

 How do recreational exercisers behave regarding underwear when exercising? 
 What do recreational exercisers want in sports underwear? 
 Which material properties are correlated to sporty? 
 How can smart textiles be used in sports underwear? 
 What impact on the environment will the concept(s) have? 

1.3 Goals 

 Develop concepts with integrated technologies for the Active Underwear collection, 
including male and female underwear as well as a sports bra 

 Investigate and determine fabrics that are suitable for the sports clothing industry 
 Investigate and determine technologies that are suitable in sports clothing 
 Minimize the environmental impact in the developed concept(s) 
 Provide recommendations to Björn Borg on how to proceed with further investigations 
 Document the process and the results in a thesis report 

1.4 Delimitations 

 This project spans over 20 weeks 
 The target group for this project is limited to Swedish recreational urban exercisers 
 The design of the garments is based on the existing models Basic shorts, Mini shorts and 

Sports top from the collection Active Underwear 
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 The materials used in the ribbon, the mesh fabric and the seams are not investigated 

1.5 Risk analysis 

To identify the risks in the project a risk analysis was conducted. Each risks’ probability and impact 
was estimated and weighted into a risk value using the following equation 

                               (1) 

The probability was graded from one to five and represented a percentage scale. The impact was 
graded from one to four where one represented negligible impact and four represented major 
impact. The probability-, impact- and risk values can be seen in Table 1. 

Table 1. Explanations of the values used when conducting the risk analysis. 

Probability Impact Risk value 

1 1 – 20 % 1 Negligible 1 – 5 Small risk 

2 21 – 40 % 2 Minor 6 – 10 Should be noted 

3 41 – 60 % 3 Significant 11 – 15 Action plan preferred 

4 61 – 80 % 4 Major 16 - 20 Action plan needed 

5 81 – 100 %     

 

Possible risks were identified and graded according to equation (1). These can be seen in Table 2. 

Table 2. Possible risks for the project with estimated risk values. 

Risk Probability 
Impact 

Risk value 
1 2 3 4 

Poor continuous documentation 1    4 4 

Wrong prioritizing regarding project focus 1    4 4 

Stressful due to time constraints 2  2   4 

Goals not achieved due to time constraints 2    4 8 

No correlation between the results from the perception 

test and the interviews 
2    3 6 

Report insufficient due to confidentiality 2    4 8 

Confidential information leaks 1    4 4 

Major misunderstanding towards stakeholders 2    4 8 

Minor misunderstanding towards stakeholders 4  2   8 

Slow decision-making delays the project 5   3  15 

Delayed deliverables 2   3  6 

Delayed delivery of goods 3    4 12 

Lack of participants for user studies 2    4 8 

Key persons leave the project 1    4 4 

Supervisor at KTH unable to prioritize the project 2    4 8 
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1.5.1 Noted risks 

Goals not achieved due to time constraints – The project spanned 20 weeks and was therefore time 
constrained. To achieve the goals set up in this project a detailed Gantt chart was produced. Another 
precaution was using Project Place as a project platform to minimize delays and keep track of 
activities. 

No correlation between the results from the perception test and the interviews – if a scenario like 
this would happen input from Björn Borg regarding material choice would be needed. The balance 
between fabric performance and perceived properties would have to be discussed. 

Report insufficient due to confidentiality – A meeting with Björn Borg regarding confidentiality 
took place and resulted in a shared vision of the confidentiality issue. Björn Borg assured that there 
will be enough content that corresponds to the guidelines regarding master thesis projects at KTH. 
Material test planned and carried out together with Innventia also helped to reduce this risk. 

Major/minor misunderstanding towards stakeholders – Regular status meetings were planned to 
minimize misunderstandings. In addition, e-mail correspondence and reconciliation meetings would 
be planned if necessary. 

Delayed deliverables – A detailed Gantt chart and a Kanban board helped to keep track of 
activities. Delays showed immediately and it was crucial to address these issues directly. Another 
precaution was that every Friday there was an internal status update within the project where 
possible delay would be discovered and addressed. 

Lack of participants for user studies – Invitations were sent out well in advance to the participants. 
Appropriate compensation was offered. 

1.5.2 Action plan 

Delayed delivery of goods – Material samples and other goods for this project were ordered well in 
advance.  

Slow decision-making delays the project – Continuous meetings throughout the project were booked 
in the beginning. In addition the approach regarding expected time for feedback was discussed. 
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2 METHODOLOGY 

This chapter describes the process of the project and the different phases are briefly explained.   

The process in this project was influenced by the design process described by Ullman (2003), see 
Figure 1. 

 
Figure 1. The design process according to Ullman (2003). 

In the beginning of the project a background research was conducted including investigating the 
current market situation and the customer behavior regarding sportswear and exercising. The 
background research also included research into alternative fabrics and techniques implementable in 
sportswear. The background study was followed by concept development where concepts were 
created and evaluated. A tactile study was also conducted to evaluate the alternative fabrics and 
how they are perceived by consumers. The last part of the project concerned the packaging of the 
concepts including the development of a prototype and creating the presentation material needed. A 
brief overview of the process can be seen in Figure 2 and a more detailed overview is presented in a 
Gantt chart in Appendix I. 

 
Figure 2. An overview of the process. 

Many different methods were used throughout the project and will be presented in connection to the 
results from each method.  

2.1 Background research  

The information gathered during the background research acted as the frame of reference for the 
concept development. The information was gathered from the academic databases KTH Primo 
(KTH, 2015), Science Direct (Elsevier, 2015) and Google Scholar (Google, 2015). Information was 
also provided by Innventia. Different sources were read throughout the background research and 
consisted of scientific articles, books, journals and reports.  

The market analysis involved investigating the Swedish market and current trends, which included 
knowledge retrieval of existing products, forecasts of the future and competitors. When identifying 
consumer need, interviews were conducted and a survey was sent out. The topic was also discussed 
regularly with Björn Borg. 

The background research resulted in a mapping of alternative fabrics and technologies 
implementable in sportswear which can be seen in chapter 3. 

 

Product discovery 
Project 

planning 
Product 

definition 
Conceptual 

design 
Product 
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Product 
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2.2 Concept development  

The concept development included evaluating the fabrics and techniques obtained in the 
background research then conceptualizing possibilities for a new generation of Active Underwear. 
The fabrics were evaluated in a tactile study where the perception of the materials was investigated. 
The investigation included a survey and a feasibility study. Concepts were then created with the 
evaluations in mind and included all sportswear garments.  

2.3 Concepts 

The main focus of the project was to develop underwear concepts, but a lot of the technologies 
investigated in the background research proved to be unsuitable in underwear. The delivery was 
therefore divided into two areas; Active Underwear and sports apparel. The Active Underwear 
concept consists of a design proposal and physical prototypes. The sports apparel ideas were 
categorized according to time-to-market into three packages called now, near future and far future. 
The packages were developed to act as future inspiration for Björn Borg.  
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3 BACKGROUND RESEARCH 

The methods used in the background research and their results are presented in this chapter. This includes a consumer 

analysis as well as an investigation of the market situation. Textiles and technologies implementable in sports garments are 

also presented. 

3.1 Consumer need identification 

A qualitative method and a quantitative method were used when identifying the consumer needs. A 
quantitative method is a way to collect a large amount of data which is used to generalize a behavior 
among people or a phenomenon (Muijs, 2004), e.g. surveys. A qualitative method is used to get a 
deeper understanding of the topic. In-depth interviews were conducted as the qualitative method 
and were useful to follow-up the quantitative survey. The interviews allow for further investigation 
of interesting responses (McNamara, 2015). A Quality function deployment (QFD) was also set up 
in order to facilitate the translation from consumer needs identified in the survey and interviews to 
engineering properties of the materials and technologies for Active Underwear. 

3.1.1 Survey 

To create the survey a tool called SurveyMonkey was used. It is an online survey tool that generates 
a web link through which respondents submit their answers. The results are summarized on an 
administrator site and can be exported for further processing (SurveyMonkey Inc., 2015b). Online 
surveys are useful when the aim is to reach a large number of people in a short period of time.  

The respondents who answered that they exercised less than once a week were discarded since the 
focus group are people who exercise regularly. The respondents that did not complete the survey 
were also discarded. 

Some of the questions in the survey left the respondents to answer freely in their own words. The 
result of these questions were interpreted and categorized into attributes. The result therefore 
showed how many of the respondents that had mentioned each attribute. 

The survey results represents the target group i.e. people in Sweden between the ages 18 and 45 
years old who exercise regularly. To get a valid result, where a small amount of participants 
represent a large population, it is important to investigate the margin of error, e,  

    
 

 
 
 

 
 (2) 

which is directly correlated to the number of respondents, n,  and the size of the population, N, 
(SurveyMonkey Inc., 2015a). 

The survey was sent out via the social media platform Facebook, to personnel at Innventia and also 
to Björn Borg’s focus group called Team Snabbare. The purpose of the survey was to investigate 
clothing behavior associated with exercising and shopping sportswear. There were 61 respondents, 
37 were women and 24 men. A more detailed presentation of the result can be found in Appendix 
II. 

To calculate the margin of error the population size had to be estimated. According to SCB (2014) 
there are 3 540 805 people between the ages of 18-45 living in Sweden. Six out of ten exercise 
regularly (Livsmedelsföretagen, 2014) which means a relevant populations size of 2 124 483. The 
margin of error was according to equation (2) calculated to 12,8%.  
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Almost all participants stated that they change pants, shirts and shoes prior exercising and all 
women answered that they changed into a sports bra. The behavior regarding changing underwear 
was different since 91% stated that they do not change them prior exercise. 79% stated that it is due 
to unnecessary laundry or that they do not feel the need. On the other hand 51% of the respondents 
would consider changing into sports underwear prior exercise. 

89 % of the respondents stated that they do not buy sports underwear and 75% of those considered 
it unnecessary. When buying regular underwear the respondents considered comfort as the most 
important attribute, see Figure 3.  

 
Figure 3. Important attributes when buying underwear. 

All results from the survey can be seen in Appendix II. The survey shows that there is no need for 
sports underwear as they are designed today but people seems to be willing to consider changing 
into sports underwear if there was a reason to do so. Sports underwear therefore needs to 
incorporate an added value that makes it worth changing into prior exercising. 

3.1.2 Interviews 

Interviews were conducted with staff working at Björn Borg stores and people from a focus group 
used by Björn Borg, Team Snabbare. When interviewing the laddering technique was used. The 
laddering technique aims to investigate the underlying emotions and values of the respondents and 
is influenced by means-end value chains (Rockbridge, 2013). It is a tool for gaining a deep 
understanding of how the respondent perceives the given topic. 

Björn Borg personnel 

The purpose of the interviews was to investigate customers’ behavior when buying underwear and 
sportswear, the first round of interviews was conducted with staff working at Björn Borg stores. 
The interviews resulted in insights about customer behavior when visiting Björn Borg stores.  

People tend to visit the stores with a clear purpose; to buy underwear. Some people ask the staff, 
mainly about models and lengths of the underwear but also about functionality. The most popular 
item is mens’ underwear and people seem to look at colors, patterns, quality and the fitting when 
buying them. On the contrary, most people do not know that Björn Borg sells women underwear.  

The customers at the stores are mainly women shopping for underwear for their sons, boyfriends or 
male friends. According to the staff, Björn Borg differentiates themselves in the underwear business 
by patterns, colors and quality. 

Men seem to be afraid to try the Active Underwear due to the acceptance of synthetic fabrics being 
low among men, though when men have tried them, they often buy more. When it comes to 
sportswear the staff perceives the Björn Borg collection inferior in quality in comparison to for 
example Nike. 

78,7% 

34,4% 

11,5% 11,5% 9,8% 8,2% 6,6% 
1,6% 1,6% 

0% 

20% 

40% 

60% 

80% 

100% 
What is important when you buy underwear? 



8 Background research  

Team Snabbare 

Interviews were held with five members of Team Snabbare, a focus group used by Björn Borg 
consisting of male and female athletes. The purpose of the interviews was to investigate how their 
sportswear affects their performance when exercising as well as their habits when it comes to 
monitoring their performance. 

Most of the interviewees described comfort as the most important aspect of their sportswear. It is 
important that the garments have good moisture management and thermo regulating properties. 
That garments fit tightly and that they stay in place were described as two important factors that 
influence the performance when exercising. They also mentioned that sportswear garments have to 
be durable since they are worn and washed often. Some of the interviewees mentioned the design 
and look of the garment as important since they want to feel attractive. All interviewees mentioned 
chafing and bad fit as properties that influence the performance in a negative way. Some of them 
mentioned that chafing is often caused by seams.  

All interviewees use sportswear made of synthetic fibers because of their good moisture 
management properties. Some of them mentioned cotton as a bad option since it gets wet and 
heavy. When it comes to performance monitoring, speed, time, distance and pulse were mentioned 
as the most important data to obtain. All of them used activity watches for monitoring, however 
they were described as inaccurate and bulky. Some of the interviewees requested a more subtle 
solution that could be used all day.  

3.1.3 QFD 

A QFD helps to translate consumer needs into engineering requirements, which is useful when 
evaluating concepts (Ullman, 2003).The consumer needs were listed and weighted based on the first 
survey and a discussion within the project. The most important needs were identified as  

 Comfortable – Comfortable to wear 
 Esthetically appealing – The design and looks of the garment 
 Good quality – Long-lasting and durable 
 Ensuring smooth movement – Flexible and pliable  
 Good hygiene – Ensuring that the garment stays hygienic 
 Safe to wear – Not harmful to the wearer in any way 

Engineering properties were then set up to meet the consumer needs. The correlation between each 
need and all engineering properties was investigated and graded 0, 1, 3 or 9 depending on the 
influence on each need.  

The importance Ij of each engineering property was calculated by summarizing all the correlation 
values Ci multiplied with the weight Wi of the correlating need 

           (3) 

This will indicate the importance of the engineering properties in order fulfill the consumer needs. 
The most important properties were 

 Elasticity – The garment should be elastic 
 Minimizing humidity level 
 Washability – The garment should be washable 
 No sharp edges 

The entire QFD can be seen in Appendix III. 
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3.1.4 Early brainstorming 

When a better understanding for the consumer was obtained an initial brainstorming session was 
conducted to generate ideas that could bring an added value within the sports underwear segment. 
The result was an extensive list of desirable functions and ideas. A mind map of the result from the 
session can be seen in Appendix IV. The mind map was then used as the basis for investigating 
textiles and technologies. 

3.2 Market analysis 

The market was screened to get a good understanding of the market situation and current trends. 
Competitors were assessed in terms of product, range and availability. The screening involved using 
several search engines and visiting stores. A lot of information on the health trend and how it is 
represented in numbers was found in research done by statistic institutes. Keywords used when 
conducting the analysis and searching for information on academic databases were Health*, 
Trend*, sport*, exercis*, underwear, active, statistic*, market and share. 

There is a strong health trend globally and especially in the Swedish society. The interest for a 
healthy lifestyle is still growing which affects several industries, e.g. clothing, food and electronics. 
It is obvious that most companies want to exploit this current trend. For example most of the large 
fashion companies have now launched their own sportswear collection hence the industry is even 
more competitive (Nyttigt, 2015). During 2015 a lot of big companies will release new smart 
technology aimed for a healthier lifestyle e.g. Apple Watch. According to the Swedish food 
federation 62% of the food producers consider healthier options as the most important consumer 
trend (Livsmedelsföretagen, 2014). 

There are two aspects of the health trend; people who want to look like they are healthy which 
shows in apparel, what they are sharing on social media etc. and people who actually care about 
their health e.g. eating healthier, exercising more, monitoring health etc. A Swedish study with 
1220 respondents shows that 74% consider themselves conscious of their health when shopping and 
44%  consider themselves more aware of their health today than one year ago (Svensk Handel, 
2014).  

The sports market has according to the Swedish food federation grown rapidly and between 2009 
and 2013 a growth of 170 % is a fact (Livsmedelsföretagen, 2014). Online shopping is still only a 
small portion of the whole sportswear market but is predicted to increase. One example is 
sportamore.se which, since its launch in 2010, has grown explosively and had a turnover of 70 
million SEK 2011 (HUI Research, 2013). The Swedish Food Federation estimates that 40% of the 
Swedish population spends 6000 SEK per year within the sport industry. 

3.2.1 Competitors 

Sports underwear is a relatively new segment that has grown over the years and is expected to grow 
further (yStats.com GmbH & Co. KG, 2014). Several sportswear brands have their own collection 
of sports underwear but the difference between them and regular underwear is small. For men the 
models are similar but the difference is that the sports underwear is made out of synthetic fibers e.g. 
polyester or polyamide blended with a small portion of elastane. These materials have an increased 
performance in moisture transport and thermal regulation compared to cotton. For women the only 
difference tends to be the model since polyester and polyamide is a common alternative to cotton in 
regular underwear. 

When identifying the primary competitors within the sports underwear segment the sports bra was 
excluded from the analysis since there is a big difference between these two segments. Sports 
underwear is rather new on the market compared to the sports bra which most sportswear 
companies have in their collection. The aspects considered when determining the primary 
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competitors in Sweden were that the brand had a high performance positioning and that their 
underwear was designed explicitly for sports. The primary competitors were therefore identified as 

 Under Armour is a global high-performance sportswear brand that has a large range of 
sports underwear (Under Armour Inc., 2015) 

 Nike is a well-known international sportswear brand with high-performance products. They 
focus mainly on sportswear and the range of sports underwear is small in comparison (Nike 
Inc., 2015) 

 Craft is a global sportswear brand known for their products made for winter sports. They 
have a range of sports underwear, not only for use in winter conditions (Craft, 2015) 

 SOC is Stadium’s private label brand and is sold in Scandinavia. They have low priced 
sports underwear in comparison to the others (Stadium Sweden AB, 2015) 

In order to compare Björn Borg to their competitors, a business value curve was created. The 
business value curve is a tool to analyze actors within a specified industry. The curve provides an 
overview of the industry where the competitors are graded from negative to positive for each 
attribute. The definition of the attributes can be seen in Table 3. 

Table 3. The definition of the attributes used in the business value curve. 

Attribute Negative Positive 

Price High price Low price 

Environmentally Friendly Use of non-environmentally friendly materials  Use of environmentally friendly materials 

Range of Products Small assortment of sports underwear Extensive assortment of sports underwear 

Prints No prints used A large variety of prints 

Availability Sold at one type of store Sold at many different stores 

Use of Smart Textiles No smart textiles Smart textiles used to a large extent 

Brand Visibility No marketing Marketing to a large extent 

 

The result is presented in a diagram that shows where a competitive edge can potentially be found 
(Kim and Mauborgne, 2004). The business value curve can be seen in Figure 4. 

 
Figure 4 Business value curve for Björn Borg and the primary competitors. 

There are two areas unexplored which are pointed out by the red arrows; environmentally friendly 
and use of smart textiles. These are areas where a possible unique selling point could be found. 

Secondary competitors within the sportswear segment are Adidas, Casall, Rhönisch, Puma, H&M 
and Reebok. These competitors have no- or limited range of sports underwear though some of them 
are large competitors when it comes to sports clothing. 
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Smart textile competitors 

Smart textiles, which are described in chapter 3.4.1, are a new area of research for the sports 
industry. Some of the primary competitors are researching this area but have not yet launched 
products containing smart textiles. However there are a few small companies with products 
containing these new technologies but they have not successfully commercialized them yet. 
OMsignal, Athos and Sensoria Fitness are three companies that have developed sportswear products 
containing smart textiles and technologies. OMsignal has launched a t-shirt that measures heart rate, 
calories burned, steps and breathing. Athos has incorporated EMG-sensors into tights and shirts 
which measures the muscle contraction. Sensoria Fitness has developed socks that measures steps, 
speed, calories burned as well as it analyses your foot landing technique, see Figure 5.  

  
Figure 5. Smart t-shirt by OMsignal (OMsignal Inc., 2015), smart clothing by Athos (Mad Apparel Inc., 2015) and  
smart socks by Sensoria fitness (Sensoria Inc., 2015b). 

3.3 Textiles 

When researching textile materials several keywords were used together with Boolean logic (MIT 
Libraries, 2015). Boolean logic filters the resulting sources by combining keywords hence more 
relevant and higher quality sources can be obtained. Keywords used were Textile*, Material, Fiber, 
Fabric, Manufactur*, Viscose, Lyocell, Cloth*, Smart, Active, Sport*, Sportswear, Function*, 
Underwear, Comfort, Sensor*, Biosensor*, Thermoregulation, PCM, Antimicrobial, Moisture, 
Humidity, Conductive and Electrode. 

A study visit to the Smart Textiles showroom at The Swedish School of Textiles in Borås was 
conducted. This gave a better understanding of the manufacturing process of fabrics as well as an 
insight in which applications smart textiles could be used. 

A fabric can be made out of either natural or artificial fibers, which are spun into yarns. The yarn 
can be formed into a fabric in several ways and the relevant one for this project is knitted single 
jersey since it makes the fabric elastic. Fibers can be categorized according to Rattfält (2013), see 
Figure 6. 

 
Figure 6. Categorization of fibers. 
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3.3.1 Manufacturing 

Fiber processing is an environmentally unfriendly part of textile manufacturing. The factors that 
affect the environmental impact are chemicals in the process, energy usage, water usage, what kind 
of energy used, possibility to prevent pollution in air and water and recycling of energy and 
chemicals (Magnusson and Svensson, 2011). The two most used methods for manufacturing 
cellulosic-based fabrics are the viscose process and the lyocell process. 

Viscose process 

There are many variations of the viscose process which has been used since 1892. It is not a closed 
system which results in chemical waste and a large water consumption. The improved modern 
systems are better in cleaning the wastewater and the emissions, but the viscose process is still 
considered as an environmentally unfriendly option (Magnusson and Svensson, 2011). 

Lyocell process 

The lyocell process is a relatively new technique and is considered as a more environmentally 
friendly option to the viscose process. It is a closed system that re-uses water, chemicals and often 
energy. The chemicals used are in a larger extent organic and non-toxic. There is much ongoing 
research within this area to apply this process for different fibers (Borbély, 2008).  

Synthetic fiber manufacturing 

When producing synthetic fibers e.g. polyester and polyamide, extrusion is used to form the 
filaments that are spun into a yarn. There are different techniques when it comes to synthetic fiber 
manufacturing; melt spinning, solvent spinning and reaction spinning. 

Melt spinning involves heating the polymer to a viscosity suitable for extrusion. Solvent spinning 
uses organic solvent to dissolve the polymer in the preparation for extrusion. Reaction spinning is 
used to a lower extent but involves post production where the filaments are further polymerized.  

According to Tomaney (2015) 60% of  the world’s apparel is made with synthetic fibers where one 
of the most used synthetic fabrics is polyester. The extraction of raw material for the production of 
synthetic fibers require large amount of energy and results in pollution risks. The refinement of the 
raw material and the manufacturing process require significant amount of energy, chemicals and 
results in emissions and pollution (Tomaney, 2015). 

3.3.2 Textile comfort 

According to the customer behavior survey described earlier in this chapter comfort is a very 
important aspect in sports clothing and underwear. There are several factors that affect the comfort 
of clothes. Mecheels (1998) suggests that there are four different aspects of clothing comfort 

 Thermo-physiological comfort deals with the interaction between the body’s thermo-
regulation and the clothing as well as the moisture management 

 Skin sensory comfort describes the contact between the skin and the textile 
 Ergonomic comfort is concerned with the fit of the garment, the mobility while wearing it 

and how it is donned 
 Psychological comfort influences the subjective comfort sensation. The psychological 

comfort depends on fashion trends and the attitude of the wearer towards the brand, color, 
pattern, textile material and production. This could include an environmental aspect 
depending on the wearer 
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3.3.3 Textile design 

TED’s ten is a toolbox developed as a set of ten guidelines when designing with textiles. The aim is 
to raise the awareness of designing sustainable textile products and to help designers be more pro-
active when it comes to environmental impact. A short description of the ten strategies is listed 
below.  

 Design to minimize waste – Design for long life and short life applications 
 Design for recyclability – Design for mono materiality 
 Design to reduce chemical impacts – Seek organically produced materials 
 Design to minimize energy and water use – Design for no/low launder 
 Design that explores clean/better technologies – Bio-based materials and processes 
 Design that takes models from nature and history – “Lotus effect” nano-coating 
 Design for ethical production – Sourcing fair trade materials 
 Design to reduce the need to consume – Emotional durable design 
 Design to dematerialize and develop systems and services – Leasing  
 Design activism – Spread information about textiles and environmental impact 

The strategies were taken into consideration when developing and evaluating concepts. A full 
description of the ten guidelines is available at their website (TED Project, 2015). 

3.3.4 Relevant fabrics 

Most companies in the sportswear industry are currently using polyester or polyamide fabrics in 
their sportswear and polyester is the most used fabric in the industry. There are however more 
environmental friendly alternatives to synthetic fibers. The textile research showed that there are 
two alternatives to synthetic fibers within the sportswear market; Bamboo and Tencel. There were 
also some fabrics that were investigated but discarded and are therefore not listed below. One of 
these is cotton, eliminated due to its bad moisture management. Cotton absorbs moisture and clings 
to the skin when wet which results in discomfort. 

The mapping below therefore includes the fabrics that are to a large extent used in today’s 
sportswear as well as alternative fabrics that have properties suitable for sports clothing. 

Bamboo 

Bamboo fibers are cellulose fibers made from bamboo. The bamboo fibers can be extracted using 
the viscose process or the lyocell process. The lyocell bamboo fibers are superior to the ones 
produced using the viscose process both when it comes to environmental impact as well as strength 
of the fibers. The lyocell bamboo fiber is 300 % stronger than viscose bamboo (E Tviberg Moran, 
pers.comm., 2 March 2015). It also has good material properties such as antimicrobial effect, quick 
moisture absorption and drying as well as thermoregulatory effect (Waite, 2009). 

The bamboo lyocell fiber has not been on the market for long but companies have begun to 
incorporate the fabric into their products. One example is the clothing brand H&M that is using 
bamboo lyocell in their garments (H&M, 2015). 

Positive 

 Environmentally friendly  
 Antimicrobial properties 
 Quick moisture absorption and drying 
 Thermoregulatory effect 
 Soft feeling 
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Negative 

 There are currently only a few producers of bamboo lyocell 
 Low level of competition for the producers could result in a high price 

Lyocell/Tencel 

Lyocell is a cellulose based fiber made from wood with the lyocell process. The biggest producer of 
lyocell fibers is Lenzing which sells their fibers and fabrics under the trade name Tencel. Since the 
fibers are produced with the lyocell process, it is superior to many other cellulose based fibers when 
it comes to environmental impact. Tencel is strongly absorbent and has a smooth surface and 
because of its environmentally friendly production process it is superior to other cellulosic fibers 
(Firgoa et al., 2006). 

Tencel is currently used in many products, both in sportswear- and apparel applications. The 
Swedish company Fjällräven is one of the clothing companies that incorporated Tencel into their 
products (Fjällräven, 2015). 

Positive 

 Environmentally friendly 
 Highly absorbent hence good moisture management 
 Antimicrobial effect (Lenzing Group, 2015) 
 Thermoregulatory effect  
 Soft feeling 

Negative 

 Only one major producer of Lyocell, Tencel from Lenzing 

Polyester 

Polyester is a synthetic fiber mainly produced with the melt spinning process. Polyester is not 
considered to be environmentally friendly since it is made from finite resources and uses a lot of 
water and energy during the manufacturing process. However polyester is recyclable and presuming 
it is recycled and reused in new products it is an environmentally friendly alternative to cotton 
(TED Project). Polyester is the most used fiber in the sportswear industry because of its properties 
and low price, often in a blend with elastane (Kothari, 2008). The use of an elastane blend 
complicates the recycling process and therefore newly produced polyester blend fabrics are 
considered an environmentally unfriendly alternative (Langley et al., 2000). 

Positive 

 Cheap  
 Low moisture absorption (Deopura and Padaki, 2015) 
 Moisture transport (Uttam, 2013). 
 Resistance to chemicals (Deopura and Padaki, 2015) 
 Wrinkle resistant (Deopura and Padaki, 2015) 
 Recyclable 

Negative 

 Not environmentally friendly unless recycled 
 Made from finite resources 
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Recycled polyester 

Recycled polyester is considered a more environmentally friendly option in relation to newly 
produced polyester. The fabric is often made from plastic bottles (TED Project). Since the recycled 
polyester may not be consistent in color more post processing is required when it comes to dyeing 
(Ecotextiles, 2008). 

There are companies positioning themselves to be environmentally friendly that use recycled 
polyester in their sportswear. One example is Houdini which almost exclusively uses recycled 
polyester in their products (Houdini, 2015). 

Positive 

 Environmentally friendly  
 Low moisture absorption (Uttam, 2013) 
 Moisture transport (Uttam, 2013) 

Negative 

 The price is about the double in relation to newly produced polyester (K Arvidsson 2015, 
pers.comm., 2 March) 

 Possibly inconsistent color  
 Harder to dye (Ecotextiles, 2008) 

Polyamide 

Polyamide is another synthetic fiber often used in sportswear because its properties similar to 
polyester. Polyamide fabrics are manufactured with the melt spinning process and uses non-
biodegradable raw materials. Polyamide is therefore considered as an environmentally unfriendly 
option (Fibre2Fashion, 2015).  

Positive 

 Low moisture absorbency (Kothari, 2008) 
 Lightweight, durable and stretchable (Kothari, 2008) 
 Resistance to most chemicals (Deopura and Padaki, 2015) 
 Good elastic recovery (Deopura and Padaki, 2015) 

Negative  

 Less environmentally friendly than polyester 

Elastane 

Elastane fibers are made of polyurethane and commonly known under the trade names Lycra and 
Spandex. Elastane is often used in applications where a permanent elasticity is necessary as it has 
the ability to provide the desired elasticity in knitted fabrics with a low percentage blend. In 
sportswear, almost all garments have a blend containing elastane since it enables freedom of body 
movement by reducing the fabric resistance (Senthilkumar et al., 2011). The result from the QFD 
confirms this finding since it shows that elasticity is an important property. 

The use of elastane blends results in difficulties when recycling garments since it is necessary to 
separate the different fibers. Elastane is considered to be an environmentally unfriendly fiber 
because of its production where non-organic and hazardous solvents are used (Langley et al., 2000). 

Positive 

 High elasticity even in low concentration blends (Langley et al., 2000) 

Negative 

 Environmentally unfriendly 
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3.3.5 Material sustainability index 

Higg’s index is a sustainability assessment tool developed by the Sustainable Apparel Coalition. 
The tool helps companies to evaluate themselves on three different levels; Facility, Brand and 
Product. The Material Sustainability Index (MSI) of the Higg’s index was used in order to evaluate 
the environmental impact of the different fabrics. The MSI platform was originally developed by 
Nike and contains an extensive list of materials used in apparel and footwear. The materials are 
graded based on research and life cycle assessments on a 50-point scale where a higher grade 
represents a more environmentally friendly fabric. All materials are scored according to the same 
environmental impact areas to enable relative comparison (Sustainable Apparel Coalition, 2013). 
The MSI of the relevant fabrics are presented in Table 4. 

Table 4. The MSI of the relevant fabrics. 

Textile Material sustainability index 

Bamboo Lyocell No MSI available 

Tencel 30,2/50 

Recycled Polyester 28,7/50 

Polyester 23,3/50 

Polyamide 18,6/50 

Elastane 13,9/50 

3.4 Technologies 

The purpose of the technical research was to investigate technologies related to health and exercise 
monitoring. The information was gathered from the academic databases listed in chapter 2.1 and 
from the two test institutes The Swedish School of Sport and Health Science (GiH) and Bosön. The 
institutes conduct performance tests and provided information about health and performance 
monitoring. Information was gathered via telephone with Björn Ekblom, Professor emeritus in 
physiology at GiH and Juan Alonso, test manager at Bosön. 

Keywords used: Health, Monitor*, Pulse, EKG, EMG, ECG, sensor*, piezo, electrode*, GSR, 
thermochromic, lotus effect, accelerometer, GPS, sweat and bio impedance. 

3.4.1 Smart textiles 

Smart textiles are defined as fabrics that interact with the surrounding environment or the user. 
When smart textiles integrate digital components and electronics they are sometimes called 
electronic textiles or e-textiles (Stoppa and Chiolerio, 2014). The fabric can sense and react to 
different stimuli e.g. chemical, thermal, light, pressure, magnetic, movement and moisture (Schwarz 
et al., 2010). According to Stoppa and Chiolerio (2014) smart textiles can be divided into three 
categories 

 Passive smart textiles – integrates sensors which can sense environmental changes or the 
user.  

 Active smart textiles – sense and react to stimuli from the environment or the user. The 
textile consists of both sensors and actuators that provide the ability to sense and actuate or 
move a part of their environment. Thermochromic textiles are an example of this which can 
change color in response to temperature (Schwarz et al., 2010). 

 Very smart textiles – similar to active smart textiles except for their ability to adapt to given 
circumstances. The textile is able to reason and one example is thermo regulation clothing 
which senses the body heat, determines if it is too hot or too cold and thereafter tries to 
regulate the temperature (Linde Dellrud, 2013). 
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There has been a growing interest in smart textiles lately but despite the publicity and research 
within the field, not many products are commercialized. The smart textile industry is predicted to 
grow rapidly and the underlying cause is higher expected consumer demands and the desire to raise 
quality of life. Smart textiles are also a way to create innovative added-value products, which is 
desirable for companies (Schwarz et al., 2010). 

Market barriers 

When developing products using smart textiles there are many challenges that need to be addressed. 
The selling price for the products is often high due to needed research and many persons involved 
with different expertise (Schwarz et al., 2010). The fact that the clothes must be washable and 
comfortable even though circuits and electronics might be integrated makes the product 
development complex. The clothes must also be durable in everyday life (Cherenack and van 
Pieterson, 2012). Additionally the fabrics also have to be non-toxic and resist environmental 
differences, such as temperature and humidity (Castano and Flatau, 2014).  

According to Castano and Flatau (2014) the market barriers for rapid expansion within the smart 
textile industry can be described as lack of standards, lack of mass availability of components, cost 
and lack of reliability. The lack of acceptance for integrated electronics in clothing could also be 
one of the reasons for a slow expanding smart textile industry. From a customer point-of-view 
ensuring safety, ethics and privacy will be important when developing products monitoring your 
health (Schwarz et al., 2010).  

3.4.2 Functional finishes 

There are several finishes that could be added to textiles in order to give them additional features. 
According to Paul (2015) the finishes can be designed to improve comfort, performance and the 
protection of the textiles as well protecting the wearer. The finishes that improves performance and 
comfort are shown in Table 5 (Paul, 2015). 

Table 5. Table of different finishes that could be applied to textiles and a description of properties gained if applied. 

Finishes Description 

Moisture management  Finishes designed for moisture management increase the ability to absorb 

humidity from the skin, transporting it to the surface and releasing it into the air. 

This finish is often used in sportswear among other products. 

Soil release This does not prevent fabrics from being stained but helps removing dirt and soil 

during laundering.  Some soil resistant fibers prevent both oil- and water born 

stains to be absorbed by the fabric. 

Softening Softening finishes are used to improve the softness of the fabric. If this is a 

desirable property, the perception of the fabric may influence the consumer’s 

decision to purchase. 

Enzymatic bio finishes When applying enzymatic bio finishes you decrease the amount of protruding 

fibers in the fabric. This results in reduced pilling and a more soft and smooth 

appearance. 

Shrink resistant This finish prevents fabrics, mainly wool, from shrinking by adding chemicals to 

the fibers. 

Easy care Easy care finishes reduce the need of ironing by making the fabric more wrinkle 

free. The negative aspect of this is that the mechanical properties may be 

reduced. 

Self-cleaning A super hydrophobic finish that repels any type of moisture, inspired by the lotus 

effect. Another way to create self-cleaning properties is by applying a 

nanocoating that decolorizes stains. 

Superabsorbent A finish that makes the fabric act like a sponge that can absorb up to 300 times 

its own weight.  

Medical and cosmetic With this finish the fabric can act as a delivery system for medical compounds 

and cosmetics by constantly depositing substances onto the skin. 

Antimicrobial This finish prevents the growth of microbes, hence minimizing odor. 
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3.4.3 Technology mapping 

There are several upcoming techniques suitable in sports underwear as well as in sportswear. A 
mapping of already established and upcoming technologies including thermo regulation, sweat 
analysis, body composition, muscle activity, color changing fabric, position, steps, breathing, pulse, 
energy harvesting, temperature and adaptive fibers is given below. 

Thermal regulation 

A fabric can obtain better thermo regulation by integrating phase-change material (PCM). A PCM 
takes up heat during activity due to a phase change from solid to liquid. The heat is stored and lays 
latent until the reverse process takes place when the temperature drops and the PCM re-solidifies 
(Bartels, 2011). When incorporating PCM in a textile various techniques can be used, e.g. coating, 
lamination and fiber technology (Mondal, 2008). The thermo regulating effect is strongly correlated 
to how much PCM that is incorporated into the fabric. According to Hagström (pers.comm., 9 Feb 
2015) more incorporated PCM will result in a greater thermo regulatory effect. 

Fabrics with PCM ensure that the wearer stays within a comfortable temperature range, even in 
transient wearing situations. A better thermo regulation provides a more even body temperature 
which is perceived more comfortable than when it is highly fluctuating (Bartels, 2011). The PCM 
material also improves the humidity level in the microclimate between skin and garment. 

A PCM fabric can be used in various garments depending on the different incorporation techniques. 
When the PCM is integrated into the fiber the garment will be washable without leaching. It is 
therefore a suitable technique for garments that are supposed to be washed often. When coating a 
fabric a high amount of PCM can be added, i.e. better thermo regulating properties. The coating 
changes the tactile perception of the initial fabric and it leaches more than when it is integrated into 
the fiber. This technique is therefore more suitable in a garment that is not supposed to be washed 
that often, e.g. as a middle layer in a jacket (C Lundh, pers.comm., 2 April 2015). 

One example of an existing product using PCM is underwear from Jockey which uses the Outlast 
PCM technology. The price of these indicates that using PCM would not affect the price compared 
to existing cotton or polyester underwear (Jockey International, 2015). 

Positive 

 Short time-to-market since there are established producers 
 None of the competitors in Sweden have yet commercialized a garment with this technology 
 Improves the comfort by reducing humidity level 
 Improves the comfort by providing a more even skin temperature 
 No electronics are needed 

Negative 

 It is hard to measure the cooling effect of the technology 
 The PCM might leach depending on the incorporation technique 

Sweat analysis 

By analyzing sweat the hydration level can be obtained and presented to the user on a suitable 
device. For an athlete this could be of interest since the hydration level can affect the performance 
(Adams and Casa, 2013). The technology consists of patches or sensors that collects sweat and a 
connected measuring tool for the analysis (Heikenfeld, 2014). The measuring tool analyses the 
electrolyte loss and concentration, including sodium, chloride, calcium, potassium or magnesium, 
which reveals the hydration level. The placing of the patches is important and if only few patches 
are used on a small area of the body the result can be less accurate (Palacios et al., 2003). The 
patches needed are suitable in a garment that is worn directly on the skin.  
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There is a lot of research within this area, both regarding what information that can be obtained 
through sweat and also how to analyze the sweat (Heikenfeld, 2014). A forecast made by  
Heikenfeld (2014), who has developed a analyzing patch, is that the progress of sweat analysis will 
result in what he call “minute-by-minute insight” into your health. 

Positive 

 Insight in the hydration level 
 Upcoming area with a lot of possible unique selling points 

Negative 

 Long time-to-market 
 More research is needed 
 Electronics are needed 
 Electronics might not be washable 

Body composition 

Bioelectrical impedance analysis is used to measure the body composition in terms of fat and fat 
free mass. By sending a low level current through the body the resistance and reactance of the body 
can be obtained and translated into the impedance of the body (Abu Khaled et al., 1988). The 
current can pass freely through the fat free mass, which contains electrolytes, but when passing 
through fat it encounters resistance and the fat acts as a capacitor (Kyle et al., 2004). The current 
travels from the point where it is sent out to the point where the receiver is placed. Since the current 
always takes the easiest, i.e. shortest, way it is important that these two points are placed so that the 
full body will be measured. The impedance value in combination with the height, weight and 
gender of the person who is using this method can be translated into body fat percentage and 
presented in a suitable device. 

By measuring the body fat percentage a more complete health evaluation can be made compared to 
measuring weight or the waistline. The body fat percentage is strongly connected to health issues 
which is why this information could be useful (Dehghan and Merchant, 2008). It could also act as a 
trigger or motivation for people who exercises and want to lose fat. 

One example of a product using bio impedance is a typical bathroom scale that measures the body 
composition. It sends out a current through one foot and measures the electrical resistance when it 
comes back through the other. This product presents an inaccurate result since it only measures the 
lower body (Illustrerad Vetenskap, 2008). There are other ways to measure body fat which are more 
accurate but these techniques are not implementable in clothing since they require large equipment. 

Positive 

 Provides important information when evaluating health 
 Presents the fat loss 
 Seems to be a high demand of this type of information 
 There is no commercialized garment that uses this technique 

Negative 

 Bio impedance provides an  inaccurate result compared to other methods that measures fat 
percentage 

 The user must also have access to a scale since the weight is needed 
 Electronics are needed 
 Electronics might not be washable 
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Muscle activity 

To monitor the performance of the muscles and make sure that the right ones are activated, surface 
electromyography (EMG) can be used. By integrating textile electrodes, e.g. conductive yarn, into a 
fabric a muscle activity garment can be obtained. The muscle contraction information from the 
electrodes is processed and sent wireless to a suitable device that presents the muscle activity (Finni 
et al., 2007). 

There is research within this area that shows it is possible to obtain an accurate result (Taelman et 
al., 2007). The sensors used for EMG should be placed in direct contact with the skin and is 
therefore suitable in next-to-skin garments. The sensors should also be placed on top of the desired 
muscle groups. One example of a garment with this technique is developed by Athos, see Figure 5 
in chapter 3.2.1. 

Positive 

 Provides an overview of muscles that are working 
 Can make sure that the exercises are done in a proper ergonomic way, i.e. that the right 

muscles are tense or relaxed 
 There is no commercialized garment in Sweden that uses this technique 

Negative 

 Electronics are needed 
 Electronics might not be washable 

Color changing fabric 

Some materials can change color when exposed to stimuli like e.g. temperature, light, electrical 
current or pressure. A material is called photochromic when the color changes in response to light 
or UV-light and thermochromic when the change is due to temperature (Shishoo, 2005). The 
thermochromic effect is obtained by microencapsulation of a formula consisting of a dye, an 
activator and a solvent which determines the temperature of the color change (Sekar, 2013). The 
microencapsulation enables for several thermochromic dyes to mix and thereby many different 
colors may be obtained. Microencapsulation also protects the coloring agents from the surroundings 
(Chowdhury et al., 2014).  

More research has to be done within this area in order to obtain better properties of the 
thermochromic material, e.g. price, washability and color strength. These properties restrict the 
commercial use of chromic materials today (Chowdhury et al., 2014). Chromic effects fit in 
sportswear that are visible, i.e. outer layer garments, since the goal with the technique is to create an 
esthetically appealing look and thereby enhancing the psychological comfort. The chromic effect 
may also be used in connection to an effect such as temperature indication. There are not many 
commercialized products within this area and this could therefore be a possible unique selling point 
for Björn Borg who are putting a lot of effort into and are known for their prints.  

Positive 

 Playful 
 Creates a fabric with adaptive design 
 A new way to design clothes and its patterns and prints 
 No electronics are needed 

Negative 

 Fading color 
 Washability properties 
 Expensive 
 More research is needed 
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Position 

A global positioning system (GPS) is a well-known instrument for determining the position. From 
the position it is possible to obtain information about distance, speed and altitude. A GPS is 
therefore a commonly used instrument for exercisers and there are many examples of products 
including this technique, e.g. smartphones and watches. 

The technique is based on communication with satellites and trilateration which can be described as 
measuring the distance between several satellites and the GPS receiver, thereby determining 
position. To obtain a correct position the GPS receiver has to communicate with at least four 
satellites, but normally 12 satellites are used (McWilliam et al., 2005). The satellite sends out a 
coded signal which is received and processed by the GPS receiver, e.g. a smart watch. The signal 
consists of information about where the satellite is and how long it takes for the signal to reach the 
receiver. The measured time is used to calculate the distance and by knowing the distance to at least 
four satellites it is possible to obtain the position in X-, Y- and Z-coordinates (Blewitt, 1997). 

The GPS receiver, which is what the exerciser would need, is an independent component. The 
receiver could be fastened on a garment but no other interaction between the garment and the 
receiver is needed for the GPS to function. The GPS could therefore be fastened in any type of 
garment or just put in a pocket. Since smartphones have a built in GPS receiver there are several 
applications developed for exercisers and a separate device with the same function could therefore 
be hard to sell. 

Positive 

 The demand for the information obtained by a GPS is large 

Negative 

 There are a lot of GPS products in the market, i.e. strong competitions 
 Electronics are needed 
 Electronics might not be washable 

Steps 

There are several ways to monitor steps and the most common way is by an accelerometer. It uses 
the acceleration, i.e. the correlation between velocity and time to measure tilt, shocks, vibrations, 
impacts and motion which can be translated to e.g. how many steps you take or how your arm is 
moving when holding a remote, playing videogames (SENSR, 2015). 

The accelerometer is also an independent component which means it does not need the garment, 
except a place to be fastened, to function. An example of products containing an accelerometer is 
smartphones. These are able to count steps and also determine how the phone is tilted when playing 
games. 

Positive 

 Low complexity 

Negative 

 There are a lot of products containing accelerometers in the market, i.e. big competition 
 Electronics are needed 
 Electronics might not be washable 
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Breathing 

Monitoring and analyzing the breathing behavior such as delayed breathing, shortness of breath or 
hyperventilation makes it possible to obtain information about the heart- and lung performance 
(Mohanty and Kuang, 2010). This is useful insight when exercising since the breathing rate changes 
as physical shape improves. The breathing rate is lower for a fit person when exercising compared 
to a person that is in bad shape (BBC, 2014). 

Research about using textile electrodes in clothing for monitoring breathing has been done and it 
shows that it is possible to obtain a good result with this method (Guo et al., 2011). One example of 
a product in the market using this technique is a shirt with integrated breathing monitoring from the 
company OMsignal (OMsignal Inc., 2015). 

There are several techniques for monitoring breathing, e.g. exhales and inhales by the nose, 
measuring the varying diameter over the chest or the ascending and descending of the abdomen 
(Guo et al., 2011). Measuring breathing is therefore suitable in a garment that is placed close to skin 
over the torso. The garment would also need a transmitting unit that makes it possible to present the 
information in a suitable device. 

Positive 

 Insight in performance 
 The progress becomes apparent which could be motivation enhancing 

Negative 

 Placement of electrodes is limited to the torso 
 Electronics are need 
 Electronics might not be washable 

Pulse 

Pulse is directly connected to information about a person’s heart and performance and is therefore a 
good way of monitoring activity while exercising. Pulse monitoring can help to get the most out of 
a work out session by monitoring the intensity level and making sure that the right intensity is 
maintained (Mayo Clinic, 2014).  

There are two different types of pulse monitoring techniques, electrical or optical. The optical pulse 
monitor uses infrared light source and a light receiver to detect the blood volume in tissues. When 
the heart expands the blood volume increases and less light is transmitted to the receiving unit. 
When the heart contracts the volume decreases, which results in more transmitted light (Verma and 
Bhasin, 2014). Electrical pulse monitoring is called electrocardiogram (ECG) and includes at least 
two electrodes placed on the body to be able to detect the polarization and depolarization of the 
heart. The ECG electrodes always consist of conductive materials. In clinical environments the 
electrodes are often made of a conductive adhesive gel consisting of Ag/AgCl. For textile 
applications electrodes in form of conductive yarns are used. The signals from the electrodes are 
amplified, filtered and digitalized in order for further processing. The end result is an ECG that can 
be sent to a suitable device which shows the heart rate of the wearer (Taji et al., 2014). Pulse 
monitoring is not only good to make sure that the right intensity during exercise is maintained but 
could also give the wearer insight in performance and therefore act as a motivation enhancer. 

While exercising the muscle contraction and movement can affect the signal, which makes the 
result more uncertain. However according to Taji et al. (2014)  there is research into algorithms to 
separate the muscular component of the ECG signal and thereby improve the result. 

The ECG method is only suitable in garments close to the body since the electrodes needs to be in 
direct contact with the skin. The optical pulse monitor also needs to be placed in contact with the 
skin and the most common placements are fingertips, wrists, earlobes or toes (Lemay et al., 2014). 
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Pulse monitoring is common in sports equipment e.g. smart watches or activity bracelets. One 
example of a product with pulse monitoring is the H7 chest strap from Polar. It measures the pulse 
through ECG electrodes integrated into the strap and through a transmitting unit sends it to a 
compatible device for presentation (Polar Electro, 2015). 

Positive 

 Conductive fabrics can be used as ECG electrodes 
 Monitoring intensity levels 
 Insight in performance 

Negative 

 Many competitors on the market 
 Electronics are needed 
 Electronics might not be washable 

Energy harvesting 

The piezoelectric effect refers to certain materials ability to generate an electrical charge when 
mechanical stress is applied. These materials, e.g. quartz, tourmaline or berlinite, are often called 
piezoelectric materials (Nanomotion, 2015). The piezoelectric effect enables energy harvesting 
from movement but can also act as a pressure sensor through deformation with piezo resistors 
(Regtien, 2012). If piezoelectric material were integrated in a garment, energy harvesting would be 
possible from exercising, which could power small electric devices. Piezo resistors can be used in 
socks or shoes and tell the wearer the number of steps taken or analyze foot motions. The resistors 
could also be used to track body movement if integrated in other sports apparel. The signals created 
by the piezo material needs to be processed and interpreted in an electronic unit and then sent to a 
suitable device for presentation. 

One example of where piezo resistors are used is in a pair of socks made by Sensoria that analyzes 
foot motion and pronation (Sensoria Inc., 2015a). 

Positive 

 Possible to prevent certain injuries connected to pronation 
 Insight in foot motion 
 Energy harvesting possible 
 Movement patterns are obtainable 

Negative 

 Electronics are needed 
 Electronics might not be washable 

Temperature 

Measuring the skin- and body temperature has several purposes and can be used as an indication on 
the physical condition. The comfort is strongly connected to the temperature and to some extent the 
performance as well. Only a few degrees difference in the body temperature can cause severe health 
issues (Husain and Kennon, 2013).  

There has been research within the field of measuring body temperature by integrating conductive 
yarn which shows that tungsten or nickel is a good alternative as the conductive material (Husain 
and Kennon, 2013). This technology is suitable in a garment that is next to skin and the garment 
should via a transmitting unit send the data to a suitable device. 

 

 



24 Background research  

Positive 

 Insight in body temperature 
 Interesting in other applications as well 
 Helps the exerciser to dress right, i.e. not to hot or cold 

Negative 

 Electronics are needed 
 Electronics might not be washable 

Adaptive fabrics 

Shape memory polymers (SMP) are materials that under the influence of stimuli, e.g. temperature, 
pH or light, temporarily change shape. Thermally induced shape changes are the most common and 
can for example regulate the water transmission rate through the fabric. Even though this area is an 
interesting one for sports application more research is required for regulating the perspiration rate 
on command. Smart membranes using gels have similar properties to shape memory polymers 
except that they are applied as coatings on fabrics (Gugliuzza and Drioli, 2013).Shape memory 
polymers or smart gels can be used in almost all sports apparel depending on what stimuli they need 
to change shape. Thermally reactive SMPs are preferably integrated into garments worn close to 
body in order to adapt to changing skin temperature. 

Positive 

 Adaptive materials that responds to different stimuli 
 Does not require electronics 
 Washable 

Negative 

 More research needed to enhance the technology 

3.4.4 Relevance in garments 

Not all technologies are suitable in all sports garments. A summary of where the different 
technologies would fulfill their purpose can be seen in Figure 7. 

 

Figure 7. Illustration of sports garments and implementable technologies. 
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The technologies were evaluated in order to determine which garments they could be used in. The 
evaluation was based on information gathered about the technologies and their function during the 
knowledge retrieval.  As seen in Figure 7 many of the technologies are suitable in the shirt or pants. 
This is due to the coverage of a big part of the body including large muscle groups and also the 
visibility of the garment. The shirt and pants are presumed to have a tight fit next to the skin; a 
loose fit garment would enable less technologies. 

3.5 Insights 

The insights gained from the background research acted as a basis for the concept creation. A 
summary of the insights can be seen in Table 6. 

Table 6. The insights gained from the background research. 

Research Insight 

Consumer need analysis An added value is needed for people to change into sports underwear prior exercising 

Comfort is the most important characteristic for underwear 

Synthetic fibers are preferred over cotton in sportswear applications 

Speed, time, distance and pulse are important when it comes to performance monitoring 

QFD Minimizing humidity level is important  

The garment must be washable 

No sharp edges that causes discomfort 

It is important that the fabric is elastic 

Market analysis Smart textiles are an upcoming market 

No primary competitors are using smart textiles at the moment in Sweden 

Many primary competitors are researching the area 

Textile research There are four aspects of comfort which can be improved 

Tencel and bamboo lyocell are more environmentally friendly than polyester and 

polyamide and has suitable properties for sportswear application 

Recycled polyester is a good alternative to newly produced polyester since it has the same 

properties but is more environmentally friendly 

Technology research There are many implementable technologies that could bring an added value 

Some technologies can improve the perceived comfort 
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4 CONCEPT DEVELOPMENT 

This chapter describes the concept development process which to a large extent consisted of evaluating the technologies 

and textiles. 

4.1 Requirement specification 

When the consumer insights were gathered a requirement specification was set up. A requirement 
specification is often used between the investor and the supplier to get a shared vision of the 
product. The requirements were divided into demands and wishes. The demands have to be fulfilled 
in order for the product to be produced and they should represent the minimum level for the 
product. These requirements were measurable and it was easy to evaluate whether they were 
fulfilled or not. The wishes were features that would make the product more desirable but were not 
essential for the product to function (Royal Institute of Technology, 2014).  

During a product development process the requirement specification makes it easy to discard the 
non-fulfilling concepts early in the process, which saves time. It is also helpful when evaluating 
concepts and comparing them to each other. The requirements covered how the garment should 
behave and last. It also covered what it should or not should contain as well as how the garment 
should affect the wearer, see Appendix V. 

4.2 Tactile study 

A tactile study was conducted at Innventias’ Human Product Interaction Laboratory with the 
purpose to investigate the perception of the alternative fabrics. The tactile study was planned with 
guidance from Siv Lundberg who is an expert in tactile psychology and has several years of 
experience from studies like this. The tactile study was divided into three parts; a similarity 
grouping, a semantic study and a fabric choice. The test was performed in Swedish except for one 
participant who took the test in English. Throughout the test the participants were blindfolded by 
goggles with a blurry glass. They were therefore able to see contours and color differences but not 
surface details. Due to time constraints it was not possible to order customized fabric samples with 
the same thickness from the producers. The test participants were therefore instructed to disregard 
the thickness of the fabric samples throughout the test. 

There were 16 test participants conducting the whole test and one participant who did not perform 
the third and last part due to time constraints. Eight of the participants were men and nine were 
women. The age distribution was 23-63 years old and the average number of exercise sessions were 
two times a week. Detailed information about the participants can be seen in Appendix VI. 

When performing the tactile study 15 fabric samples were used. The samples had different fiber 
compositions and weight, see Table 7 for a full description. 
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Table 7. List of the fabric samples, their weight and composition. 

Number Weight Composition Manufacturing process Note 

S1 155 g/m2 80%PES 20%EA Melt spinning PCM fabric 

S2 165 g/m2 90%PES 10%EA Melt spinning PCM fabric 

S4 120 g/m2 90%PA 10%EA Melt spinning PCM fabric 

S5 175 g/m2 66%CLY 28%CV 6%EA Lyocell and Viscose PCM fabric 

S6 190 g/m2 61%MPES 33%CV 6%EA Melt spinning PCM fabric 

S7 185 g/m2 66%CO 28%CV 6%EA Viscose PCM fabric 

S8 150 g/m2 90%PES 10%EA Melt spinning Björn Borg 

S9 130 g/m2 84%PA 16%EA Melt spinning Björn Borg 

S10 200 g/m2 80%PA 20%EA Melt spinning Björn Borg 

S11 200 g/m2 92%Tencel 8%EA Lyocell  

S12 180 g/m2 95&Tencel 5%EA Lyocell  

S13 183 g/m2 97%Bamboo 3%EA Lyocell  

S14 218 g/m2 50%Bamboo 45%Recycled PES 5%EA Lyocell and Melt spinning  

S15 220 g/m2 95%Bamboo 5%EA Lyocell  

S16 140 g/m2 100%Bamboo  Lyocell  

4.2.1 Grouping by similarity 

The similarity grouping was designed so that the analysis could be performed in a tool called 
Proscale. Proscale is a computer program that evaluates the input from the grouping. The program 
evaluates the dissimilarities between the samples and the distinctiveness for each sample. This 
makes it possible for the program to identify linearly independent dimension that correlates to the 
similarity judgments made by the test persons. The output of the program is presented in a graph 
where the dimensions represent the axes (Donderi, 2002). The test participants were instructed to 
group them by similarity and place them into different piles. The only restriction was that the 
samples could not be placed all together or each separately. Each pile was then given a comfort 
value starting with the pile that was the least comfortable. This pile acted as a reference when 
grading the remaining piles. The participants used a scale of their own choice with the constraint 
that a doubled comfort value should represent twice as high comfort as the reference. The 
participants were then asked which comfort value that would be acceptable in sportswear worn 
close to the body. An authentic picture from the test can be seen in Figure 8.  

 
Figure 8. One of the participants conducting the grouping by similarity at Innventia’s Human-Product Laboratory. 
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The big variation in composition, thickness and stitching technique of the samples made the result 
from this first part of the perception test rather inconclusive. However the mean comfort value as 
well as the acceptance of each sample could be obtained and is presented in Table 8. 

Table 8. The comfort value for each sample and to which extent they were accepted in sportswear by the participants. 

 S1 S2 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 

Comfort value 15 12 26 22 21 21 22 18 13 15 23 25 22 22 26 

Acceptance [%] 70 53 71 82 88 88 82 65 35 65 76 82 88 82 71 

The full results from the grouping can be seen in Appendix VII. 

4.2.2 Semantic study 

In the semantic study the participants were asked to grade each sample according to a set of nine 
attributes. The attributes used are presented in Table 9 below. 

Table 9. List of the attributes that the test participants were asked to grade on each sample. 

Attribute in Swedish Attribute in English 

Sval Cool 

Sportig Sporty 

Bra andningsförmåga Good breathability 

Hög kvalité High quality 

Bra support Good support 

Skön Comfortable 

Håller sig torr Stays dry 

Mjuk Soft 

Len Smooth 

 

The scale used for grading was one to seven where one meant that the attribute was not at all 
associated with the sample and seven that the attribute was highly associated with the fabric. The 
samples were given to the test participants one at the time in random order. The first attribute that 
was graded was always cool and the rest was presented in a random order. When grading cool they 
were instructed not to grade the temperature of the fabric but if they perceived it to be cool when 
worn during exercise. The participants were also instructed to grade each attribute based on their 
intuitive feeling and not overanalyze each sample. 

The result of the semantic study was analyzed using a statistics software called Statistica (StatSoft 
Inc., 2015). Statistica provides many different analytical tools used for statistical analysis. When 
evaluating the result from the semantic study the means from the participants was calculated for 
each fabric sample. Using Statistica the confidence interval of each attribute for each sample could 
be obtained. The confidence interval indicates that if the test were repeated, 95% would grade each 
attributes within their confidence interval (Blacklocks and Kruse, 2008). This method was used to 
find significant differences between the fabric samples on each attribute. 

The mean value from the semantic study for each attribute and the corresponding confidence 
interval was plotted as seen in Figure 9 for the attribute Sporty. The significant differences were 
obtained by comparing the confidence intervals between the fabric samples. The lowest value in the 
confidence interval of the fabric sample that was graded the highest worked as a reference when 
comparing. The samples with a confidence interval that was lower than the reference can be stated 
as significantly inferior. As seen in the figure the samples that are below the reference line are 
marked red and are significantly inferior to the sample perceived as the sportiest.  
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Figure 9. An illustration of how the confidence intervals were plotted and evaluated. 

The significant differences were investigated for each attribute. These are given in Appendix VIII. 
A summary of the investigation is presented in Table 10. The fabric sample that got the highest 
mean value on each attribute is marked with a green character and is graded 0 together with the 
samples with no significant difference. The samples significantly inferior to the green marked 
sample are graded -1 since they were perceived less associated with the attribute.  

Table 10. A matrix of the investigation of each attribute according to their confidence intervals.  

 
S1 S2 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 

Sporty 0 0 0 0 -1 -1 0 0 0 0 -1 -1 -1 -1 -1 

Cool -1 0 0 0 -1 -1 0 0 0 -1 -1 -1 -1 -1 -1 

Good 

breathability 
-1 0 0 0 -1 -1 0 0 -1 -1 -1 -1 -1 -1 0 

High quality -1 0 -1 0 -1 0 0 0 0 0 -1 -1 -1 0 -1 

Good support 0 0 -1 -1 -1 0 -1 0 0 0 -1 -1 -1 -1 -1 

Comfortable -1 -1 0 0 0 0 0 0 -1 0 0 0 0 0 0 

Stays dry -1 0 0 0 -1 -1 0 0 0 -1 -1 -1 -1 0 -1 

Smooth 0 -1 0 0 0 0 0 0 0 0 0 0 0 0 0 

Soft -1 -1 0 0 0 0 0 0 -1 0 0 0 0 0 0 

Sum   -6 -3 -2 -1 -6 -4 -1 0 -3 -3 -6 -6 -6 -4 -5 

 

The sum at the bottom of the table is an indication of how well each sample was perceived 
throughout the test. Sample S9 is for example not perceived as significantly inferior on any 
attribute. The semantic study showed that the fabric samples S8 and S9, provided by Björn Borg, 
did well in the test. In general the synthetic samples performed better than the cellulosic-based 
fabrics.  

An additional investigation of the relationship between the attributes was made by calculating 
Pearsson’s correlation coefficients. The correlation coefficients ranges between -1 and 1, where -1 
indicates that the attributes are negatively correlated, 0 indicates that there is no correlation and 1 
indicates that they are positively correlated (StatTrek, 2015). 
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The Pearsson’s correlation coefficients were calculated for all attributes using their mean values. 
The correlation matrix is given in Table 11. The green characters indicate a strong correlation and 
the red indicates a strong negative correlation. 

Table 11. Pearsson’s correlation coefficient for the attributes. 
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Cool 1,000 
        

Sporty 0,694 1,000 
       

Good Breathability 0,803 0,596 1,000 
      

High Quality 0,337 0,775 0,325 1,000 
     

Good Support 0,080 0,588 -0,182 0,635 1,000 
    

Comfortable -0,262 -0,227 0,113 0,181 -0,413 1,000 
   

Stays dry 0,906 0,805 0,850 0,543 0,180 -0,049 1,000 
  

Soft -0,487 -0,645 -0,186 -0,327 -0,603 0,766 -0,475 1,000 
 

Smooth -0,280 -0,447 -0,031 -0,266 -0,567 0,727 -0,297 0,892 1,000 

 

As seen in the correlation matrix the attribute Sporty is strongly correlated with Cool, Good quality 
and Stays dry but negatively correlated with Soft. According to the semantic study a material 
perceived as soft is therefore often not considered sporty. 

Another correlation analysis was made called principal component analysis (PCA). A PCA is 
conducted to reduce the number of variables varying between the samples (Jolliffe, 2002). Since the 
samples used in this study were not customized there were a lot of differences between them e.g. 
thickness, composition and stitching technique, resulting in a lot of variables. It was possible to 
choose how many variables the analysis would result in and for this study two variables were used, 
factor 1 and factor 2. A representation of the PCA can be seen in Figure 10.  

     
Figure 10. The result from the PCA plotted in two diagrams with factor 1 on the x-axis and factor 2 on the y-axis. 
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It was difficult to determine what the variables represented but one hypothesis is that factor 1 
represents the use of synthetic fibers. All samples with synthetic fiber composition are placed to the 
right and the cellulosic based samples are placed to the left. The analysis therefore shows that 
synthetic textiles are to a larger extent associated with sporty, high quality, cool, stays dry, good 
breathability and good support compared to cellulosic fabrics. 

The PCA is also another way of visualizing the correlation between the attributes where the 
distance between attributes determines the correlation. As seen in Figure 10 the attributes Cool and 
Stays dry are strongly correlated which also can be seen in the correlation matrix where the 
attributes have a correlation coefficient close to one. 

4.2.3 Choice of suitable fabrics 

The last part of the test aimed to investigate which samples that are suitable in underwear 
applications. Three applications were investigated; men’s underwear, women’s underwear and 
sports bras. The men were asked which of the fabric samples that were suitable for men’s sports 
underwear and then asked to choose which one that was the most suitable. Women were asked the 
same questions for women’s sports underwear and sports bras respectively. 

When choosing which one of the material samples that were the most suitable no distinct results 
were obtained. Especially when it comes to women’s- and men’s sports underwear there were a 
wide range of answers and for both segments there were six different samples that were chosen, see 
Figure 11. However men tended to choose cellulosic fabric as the most suitable fabric which 
correlates with the insights gained from the interviews with personnel working at Björn Borg. Both 
tactility and stretch were mentioned as important when choosing. 44% of the test participants also 
mentioned the thickness of the fabric when motivating their choice which indicates the difficulty to 
disregard the thickness. 

 
Figure 11.  A diagram that shows which material samples that were perceived the most suitable and by how many 
persons. 

When women graded the fabrics for the sports bra application it was the stretch of the fabric that 
was the most important factor. There were four of the women who thought that sample S11 were the 
most suitable fabric, three who thought sample S10 and two women graded sample S9 as the most 
suitable. When they were asked why they all said that it had the right stability and would probably 
provide the desired support. An extensive presentation of which materials that were chosen as 
suitable and the most suitable for the different applications, as well as what motivated the choices 
can be seen in Appendix IX. 
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4.3 Ideation 

The consumer need identification showed that an added value is needed and a brainstorming was 
therefore performed to investigate desirable added values. The resulting values were 

 Exceptional comfort 
 Performance enhancement 
 Motivation enhancement 
 Ensure that exercising gives results 
 Insight in performance 
 Psychological kick 
 Ensuring good exercising technique 

A hypothesis is that the more of these values a garment brings the more reason to change into it 
prior exercise. In terms of enhancing the comfort it is mainly the thermo-physiological and skin 
sensory comfort that can be enhanced by smart textiles. Smart textiles could also bring an added 
value in terms of monitoring health and performance, thereby act as a motivational enhancer.  

4.4 Evaluation 

Based on the technology mapping, sportswear concepts were formed in order to investigate what 
values they would bring. The technologies chosen for further investigation and evaluation were 
selected due to their ability to fit into the garments in the Björn Borg sportswear collection today. A 
mix between technologies suitable in underwear application and other sports apparel were selected 
for evaluation and are presented in Figure 12. 

 
Figure 12. Concepts chosen for further evaluation. 
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4.4.1 Survey 

The concepts were evaluated through an online survey with the purpose to investigate how the 
different concepts were perceived. The survey was created using SurveyMonkey and sent out on 
Facebook and to Innventia personnel. The respondents were presented one concept at a time with a 
short description of its function. They were then asked to grade the concept according to news 
value, perceived value, motivation enhancing, performance enhancing and perceived technical 
complexity on a scale from one to nine. One represented that the concept would not fulfill the value 
and nine represented that the concept would fulfill it to a large extent. Since the main focus of the 
project was to develop concepts of sports underwear that are changed into prior exercise an added 
value that will change the behavior of the users was needed. Therefore the perceived value, 
motivation enhancement and performance enhancement were considered the most important areas 
when analyzing the result. There were 84 respondents and mean values for each concept can be 
seen in Figure 13. 

 
Figure 13. The result from the survey where 84 respondents evaluated five different concepts. 

The result shows no significant differences between the concepts but indicates that thermo 
regulation, heart rate and muscle contraction are perceived slightly higher in the three most 
important areas. 

4.4.2 Pugh’s matrix 

Additional evaluation of the concepts suitable in sports underwear was conducted with Pugh’s 
matrix. Pugh’s matrix is a tool for comparing alternative concepts and rapidly identifying strong 
alternatives (Ullman, 2003). Criteria were set up based on the identified consumer needs and the 
requirement specification. They were then weighted between one and five according to importance 
where a higher value represents higher importance. An existing product from the Björn Borg Active 
Underwear collection was chosen as a reference when evaluating the concepts. The criteria for each 
concept were compared to the reference and graded much worse, worse, neutral, better or much 
better according to a scale from -2 to 2. The total score for each concept were then calculated by 
summarizing the scores for each criterion. The score for each criterion were obtained by 
multiplying the weight with the given value from the comparison with the reference.  

 

News value 
Perceived 
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Motivation 

enhancing 
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enhancing 
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technical 

complexity 

Thermo regulating 6,7 6,6 4,6 5,1 6,3 

Heart rate 6,5 5,5 5,1 5,2 6,1 

Muscle contraction 7,9 5,7 5,3 5,4 7,5 

Body composition 7,9 4,6 4,6 4,1 7,2 

Sweat analysis 7,9 4,6 3,3 4,4 6,9 
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The included concepts were thermo regulation (PCM), heart rate (ECG) and sweat analysis (SA) 
since the concepts muscle contraction and body composition are not yet suitable in underwear. The 
concepts were evaluated both individually and combined with each other. The criteria with its 
weighted value as well as the scores from the comparison can be seen in Table 12. 

Table 12. Pugh’s evaluation matrix. 

 
Concepts PCM SA ECG PCM + SA 

PCM + 

ECG 
SA + ECG 

PCM + SA 

+ ECG 
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Motivation 

enhancement 
4 1 4 0 0 1 4 1 4 2 8 1 4 2 8 

Performance 

enhancement 
5 1 5 1 5 1 5 2 10 2 10 2 10 2 10 

Low cost 3 -1 -3 -2 -6 -2 -6 -2 -6 -2 -6 -2 -6 -2 -6 

Environmentally 

friendly 
2 -1 -2 -2 -4 -2 -4 -2 -4 -2 -4 -2 -4 -2 -4 

Consistent skin 

temperature 
3 2 6 0 0 0 0 2 6 2 6 0 0 2 6 

Psychological 

kick 
5 1 5 1 5 2 10 1 5 2 10 2 10 2 10 

Innovative 4 2 8 2 8 2 8 2 8 2 8 2 8 2 8 

Short time-to-

market 
3 0 0 -2 -6 -1 -3 -2 -6 -1 -3 -2 -6 -2 -6 

Perceived 

value 
5 2 10 1 5 2 10 2 10 2 10 2 10 2 10 

Low complexity 2 0 0 -2 -4 -2 -4 -2 -4 -2 -4 -2 -4 -2 -4 

Washable 5 0 0 -1 -5 -1 -5 -1 -5 -1 -5 -1 -5 -1 -5 

 

Total 

score: 
  33 

 
-2   15   18   30   17   27 

 

Motivation enhancement, performance enhancement and perceived value were graded according to 
the second survey, described earlier in this chapter. TED’s ten was considered when grading the 
environmental impact and low complexity. The grading of the other criteria are based on insights 
from the background research.  

Pugh’s evaluation matrix shows that the thermo regulation concept and the combination of thermo 
regulation and heart rate monitoring got the highest total scores. The biggest differences between 
these are the cost, the environmental impact and the washability which is due the integration of 
electronics. Implementing electronics provides a lot of possibilities but is always a tradeoff when it 
comes to environmental impact. The combination of all three concepts also got a high score but was 
discarded since sweat analysis requires a lot of additional research and has a long time-to-market.  

The chosen technologies for the final Active Underwear concept were the combination of thermo 
regulating PCM and heart rate monitoring. Even though PCM got a higher total score individually 
the combination of them would bring added value in more than one area which increases the 
possibility to change the behavior of the users. In addition pulse monitoring is one of the most 
desirable information to obtain when exercising according to Team Snabbare. The market analysis 
also showed that there is a strong demand for obtaining this information. 
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4.4.3 Heart rate measurement by the hip 

There are products on the market for monitoring heart rate over the chest and Adidas has developed 
a sports bra with this technology integrated into the ribbon under the bust. A similar solution for the 
sports bra could therefore be developed without a lot of research needed. 

There are no products on the market designed to measure heart rate at the hip. According to Ekblom 
(2015, pers.comm., 13 March) who is a professor in physiology at GIH there could be some 
difficulties when measuring ECG signals by the hip due to muscle contractions. A test was therefore 
performed using an existing pulse monitoring product from Polar called H7 (Polar Electro, 
2015).The product is designed to be placed over the chest using a strap with integrated electrodes. 
The purpose of the test was to investigate if a steady signal could be obtained when placing the 
strap by the hip when exercising. The electrodes were placed in the front since no signal could be 
obtained when placing them on the lower back.  The purpose was also to investigate how well the 
result correlated to measurements over the chest. 

The test was conducted on a treadmill to assure a constant speed and it was performed by two test 
persons, one male and one female. The test involved walking at 6 km/h for 15 minutes as well as 
running at 10 km/h, also for 15 minutes. These to intervals were performed twice for both test 
persons, one with the heart rate monitor placed by the hip and one when it was placed over the 
chest. The test persons got at least one hour break between the intervals in order for them to 
recover. 

One of the results from the test can be seen in Figure 14 which is from the male participant when 
walking at 6 km/h. What can be seen is that the transmitting unit is always able to obtain a strong 
signal from hip. Even though the signal is uneven compared to the measurement over the chest a 
hypothesis is that with another post processing of the signal, an accurate measurement could be 
obtained. The full result from the test can be seen in Appendix X. 

 
Figure 14. The result from the male participant when walking at 6 km/h for 15 minutes. 
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5 ACTIVE UNDERWEAR CONCEPT 

This chapter presents the concept of the next generation of Active Underwear. 

According to the evaluations described in the previous chapter thermos regulation and heart rate 
monitoring were chosen to be integrated in the final Active Underwear concept. The material choice 
as well as the design and function of the final concept are presented in the following chapter.  

5.1 Choice of material 

When choosing material for the final concept the tactile perception, the environmental impact and 
price were considered. The tactile study showed that synthetic fibers were highly associated with 
the desired attributes such as sporty, good breathability and stays dry. Synthetic fibers were 
therefore chosen for the final concept since it is supposed to be a sports garment. Two of the fabrics 
from Björn Borg were graded the highest on five of the attributes; Sporty, Good breathability, High 
quality, Comfortable and Stays dry. The composition of these samples was 90% polyester 10% 
elastane and 84% polyamide 16% elastane. The conclusion drawn was that the tactile perception of 
these compositions are desirable and the material for the final concept should therefore be as similar 
as possible when it comes to perceived tactility.  

Polyester is the preferred option over polyamide since it is more environmentally friendly according 
to the MSI, which is described in chapter 3.3.5. To obtain as low environmental impact as possible, 
recycled polyester was chosen as the final material. The tactile properties of recycled polyester are 
the same as regular polyester and the price is twice as high (K. Arvidsson 2015, pers.comm., 2 
March). As the assortment of Active Underwear is today the concept proposed will be a stand out 
premium product which should allow for a slightly higher purchase price.  

PCM was also integrated into the fabric to obtain the desired added value of a higher comfort. For 
the prototype the Outlast technology was chosen which uses microcapsules to integrate PCM into 
the fiber. This makes the fabric washable and thermoregulatory.  

5.2 Analysis of existing device 

The final concept contains no detailed construction due to the need of additional research when it 
comes to heart rate monitoring by the hip. To provide an indication of the size of the transmitting 
unit the existing heart rate monitor Polar H7 was analyzed. A brief overview of the components in 
the existing device is presented in Figure 15. 
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Figure 15. The disassembled Polar H7. 

The components needed are the battery, the circuit board and the coil. These were measured and 
made as 3D models in order to make sure that they would fit into the transmitting unit designed for 
the final concept. 

5.3 Design proposal 

The final design proposal involves integrated PCM fabrics for optimal comfort as well as a heart 
rate monitoring system to obtain insight in performance and help to keep track of exertion levels. 
An overview of the final design proposal can be seen in Figure 16. 

 
Figure 16. An overview of the Active Underwear concept. 
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5.3.1 Active Underwear 

Since Björn Borg personnel are experts when it comes to underwear design, existing models of their 
Active Underwear were used. The underwear design is not changed but rather the choice of material 
as well as the implementation of the heart rate monitoring system. The material chosen for the 
concept was a blend of  90% recycled PCM polyester 10% elastane.  An overview of the different 
fabrics used in the design proposal can be seen in Figure 17 where the gray fabric represents the 
PCM fabric and the black fabric represents the mesh and the ribbon. The large areas covered by the 
PCM fabric will contribute to a higher comfort because of its thermoregulatory properties and the 
mesh fabric will allow for a good airflow. 

 

 
Figure 17. An illustration of the placement of the different fabrics. 

The heart rate monitoring system consists of textile electrodes that are made of conductive yarn. 
The textile electrodes are placed on the inside of the ribbon and in the front of the underwear as 
seen in Figure 18. For the sports bra, the textile electrodes are placed under the bust on the inside of 
the ribbon. 

 
Figure 18. The placement of the electrodes. 
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The textile electrodes are connected to the transmitting unit through conductive yarn weaved into 
the ribbon. The electrodes detect the polarization and depolarization of the heart as described in 
chapter 3.4.3 and the signal is then transferred to the transmitting unit. The unit is placed on the 
outside of the ribbon on the side of the underwear and under the bust on the sports bra to enable 
movement, see Figure 19. 

 
Figure 19. An illustration of where the device is placed on the different garments. 

Several textile fastening systems were tested and evaluated using existing Björn Borg underwear. 
The evaluation involved estimating the simplicity of attaching and detaching the device. It also 
included determining whether the device stayed in place or not when moving around. The design 
proposals that were evaluated can be seen in Appendix XI. The chosen design is a textile pocket 
that covers two thirds of the device see Figure 20. The pocket will contribute to a softer impression 
of the device as well as protect the device and the outer layer garment from chafing.  

 
Figure 20. The placement and look of the textile pocket that holds the transmitting unit in place during exercise.  

5.3.2 Transmitting unit 

As described previously in this chapter, an analysis of the Polar H7 acted as a reference for the 
design proposal of the transmitting unit. The components included are the same and dimensioning 
involved making sure that the components would fit into the unit. The dimensions of the 
transmitting unit can be seen in Figure 21.  
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Figure 21. The outer measurements of the transmitting device. 

The transmitting unit is placed in its pocket during exercise and removed afterwards when the 
underwear is washed. The design process of the transmitting unit involved sketching and creating 
mockups that was influence by the graphical profile of Björn Borg. The design proposal is therefore 
in dark colors with a Björn Borg logo. To get a sporty look the shape was inspired by exclusive 
sports cars. The unit is a sandwich design where the components are encapsulated by two shells. An 
exploded view of the design proposal can be seen in Figure 22. 

 
Figure 22. An exploded view of the transmitting device. 

The bottom shell acts as a basis for the circuit board containing all needed electronic components 
including the coil and the battery. The top shell is then mounted on top of the bottom shell with the 
circuit board and the rubber seal in between. The purpose of the rubber seal is to make the unit 
waterproof. The whole unit is then assembled using five screws that seal the bottom to the top shell. 
Underneath the bottom shell are two conductive patches whose purpose is to transfer the signals 
from the conductive yarn to the circuit board, see Figure 23. 

 
Figure 23. Underneath the transmitting unit there are two conductive patches. 
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5.4 Prototypes 

Prototypes of the male and female underwear, the sports bra and the transmitting unit were created. 
The purpose of the prototypes was to investigate how the size of the device would affect the looks 
of the underwear. Additionally they were created to demonstrate the concept for Björn Borg. The 
prototypes were designed to illustrate the looks of the concept and not its function. The underwear 
for the prototypes consists of PCM fabric provided by Outlast and the rest provided by Björn Borg 
and they were sewn by a tailor. The textile pocket for the transmitting unit was sewn separately and 
fastened by hand. A photo of the underwear prototypes can be seen in Figure 24. 

 
Figure 24. Picture of the prototypes of the underwear. 

The transmitting unit was made of foam which was milled, polished and painted. A picture of the 
transmitting unit can be seen in Figure 25. 

 
Figure 25. Picture of the prototypes of the transmitting unit. 

The final prototype with the heart rate monitoring system attached can be seen Figure 26. 

 
Figure 26. Picture of the complete prototypes with both underwear and transmitting unit. 
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6 SPORTS APPAREL INSPIRATION 

This chapter presents the sports apparel concept which will act as an inspirational bank for Björn Borg. 

Many of the technologies presented in chapter 3.4.3 are not applicable in underwear for different 
reasons but could bring added value if implemented into other sports apparel. A conceptualization 
of these technologies into sports apparel was therefore made for future inspiration. Some 
technologies need a lot of research and further investigation for them to be successfully 
implemented into sports garments. The concepts created were therefore categorized according to 
time to market.  

6.1 Now 

The technologies currently implementable in sportswear were the ones that already exist on the 
market today. These technologies do not need extensive research but rather consulting expertise to 
be implemented. PCM fabrics are available on the market and there are several producers of 
thermoregulatory fabrics. Additionally there are alternative, more environmentally friendly, 
materials that could be implementable directly such as Tencel, recycled polyester and bamboo. An 
inspirational picture of the technologies of the concept package called Now can be seen in Figure 
27. 

 
Figure 27. An inspirational illustration of the technologies included in the concept package with the shortest time-to-
market. 

The movement can be tracked using accelerometers or GPS technology fastened to the garment 
which would provide information about speed, distance and altitude. There is a high demand for 
products with this function but there are also a lot of competitors. 

The lotus effect is inspired by the lotus flower, which is highly hydrophobic. Impregnating a 
garment with a lotus effect formula would prevent the garment from being stained which could be 
desirable for outdoor sportswear worn in dirty environments. 

Heart rate monitoring would be possible over the torso and there are several existing solutions to 
analyze when developing a garment with this technology.  
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6.2 Near future 

The technologies that need some further research for optimal function were categorized into the 
concept package called Near future. Most of them involve the use of textile electrodes and 
electronic components. There are products on the market containing some of these technologies but 
in general they are more complex and need further investigation. Another reason for the 
categorization was that the acceptance level might be low for these kinds of garments right now but 
a hypothesis is that the acceptance level will rise with time. An inspirational illustration of the 
technologies implementable in the near future can be seen in Figure 28. 

 
Figure 28. An inspirational illustration of the technologies included in the concept package called Near future. 

By integrating conductive yarn into the garments, in close connection to the large muscle groups, it 
would be possible to obtain information about muscle contractions. This insight could be useful and 
enhance the exercising technique which will get the users to make the most out of their training. 

Breathing monitoring involves textile electrodes placed over the chest in a tight fitted shirt. 
Breathing monitoring will indicate oxygen uptake capacity which is directly correlated to the fitness 
level.  

With more research it will most likely be possible to measure the heart rate on other places than 
over the torso. Information about the pulse will enable the users to stay in the desired exertion level. 

Muscle activity, breathing monitoring and pulse together with information about the body 
temperature would provide a comprehensive overview of the health and performance of the user. 

6.3 Far future 

The technologies that are presented in the far future concept package are the ones with the longest 
estimated time-to-market. They need a lot more research even though early prototypes of products 
with some of these technologies exist today. They are also categorized into this package because 
they do not fit into the assortment today. The concept package with its technologies can be seen in 
Figure 29. The color changing fabric consists of thermochromic material that could change color 
with temperature or light. This would enable designing garments and prints on a new level.  
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Figure 29.  An inspirational illustration of the technologies included in the concept package called Far future. 

The integrated sweat analysis will use textile patches to collect sweat and by analyzing it the user 
will obtain information about the hydration level. There is a lot of research into what information 
that can be collected when analyzing sweat and there is reason to believe that more than the 
hydration level will be available, e.g. hormone levels, which would create new opportunities for 
insight into the health. 

The piezo electric effect can be used either to harvest energy or detect pressure. This technology 
could enable self-sufficient smart garments if placed where the garment twist and turns a lot, e.g. by 
the knees or the elbows. The technology could also be used for analyzing foot motion with piezo 
resistor integrated into socks or shoes. This garment could provide information about pronation and 
thereby prevent injuries. 

Measuring the body composition could be more important as obesity is becoming a larger problem 
in the society. Less focus on the weight and more into the body composition could also contribute to 
a more healthy approach to the body. With the technology that exists today bio impedance would be 
a suitable option to obtain this information. By placing the transmitter and receiver in tight fitted 
garments and far away from each other the fat percentage of the body could be obtained. 
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7 FURTHER DEVELOPMENT 

This chapter describes how to proceed with the concepts as well as recommendations for Björn Borg. 

Much is going on within the textile- and wearable technology industry and to become the number 
one sports brand a recommendation is to adopt new materials and technologies that have not yet 
been commercialized. There are several fairs and events where new research within the field and 
upcoming products are presented. ISPO in Munich, European OutDoor Fair in Germany, Outdoor 
Retailer in USA, Avantex in Frankfurt, Premier Vision in Paris and The Wearable Technology Show 
are examples of events to attend.  

7.1 Textiles 

The result from the tactile study showed that the fabrics provided from Björn Borg did well in the 
test. However, the test did not cover fabric samples from competitors and another tactile study is 
therefore recommended to ensure that Björn Borg’s fabrics are comparable or better. This is 
something that should be done on a regular basis to ensure the perceived quality of the customers.  

If Björn Borg wants to take a more environmentally friendly approach they need to review their 
material choices and manufacturing processes. The materials used today are not considered 
environmentally friendly and alternative producers should be screened if their current producer 
cannot provide the desired materials.  The investigated materials are not evaluated from an 
economic perspective which should be done in order to obtain a complete overview.  

7.2 Technologies 

There is reason to believe that the market of smart textiles will grow and eventually the demand for 
these fabrics will be strong. According to Schwarz et al. (2010) sports clothing will use smart 
textiles to a large extent in the future. There are competitors on the Swedish market that are already 
researching how to implement smart textiles. Therefore a recommendation to Björn Borg is to 
follow the development and investigate if and how to use these fabrics in their products. 

The technologies investigated are the ones that are implementable in clothing and existing 
technologies in gym environments has been left out. An investigation into the possibilities of how 
smart clothes could communicate with existing technologies should be made. For example there is 
gym equipment which registers the weight and count the number of repetitions. The smart clothes 
could for example communicate with these kinds of machines and give the user more detailed 
information about the workout, or even remember uses from one time to the next. One new gym 
concept even wants clients to train using electrodes, if such a concept takes off, clothes that 
communicate and are active will be needed. 

Important to consider when developing products that present a set of data is that it needs to be easily 
interpreted. Even though it is possible to obtain a wide range of data it might be of interest to 
choose what to present. Some of the interviewees from Team Snabbare complained about devices 
that present too much data, which they expressed as unnecessary. Further investigation should also 
be made regarding the acceptance of technologies implemented in clothing. There is reason to 
believe that the acceptance level will rise when more products containing technologies are 
commercialized.  

There are several ways to transfer information from the smart clothes to a suitable device for 
presentation. This has been excluded from the technology mapping due to time constraints and is 
therefore something that needs to be investigated.  
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7.3 Active Underwear concept 

The Active Underwear concept needs to be further researched before launching since there are 
several questions left that need to be answered to assure its function. The concept consists of a PCM 
fabric and even though there is research into the effect there are no research results that states what 
the cooling effect is for the material combination 90% recycled PCM polyester, 10% elastane and 
165g/m2. A user study could be a good way to investigate how the cooling effect and the comfort 
are affected by the PCM fabric. An additional investigation into how the micro climate is improved 
may also be a way to assure the function and gather arguments before launch.  

The fabric used in the prototype is made of newly produced polyester provided by Outlast. Outlast 
is currently not producing PCM fabrics made of recycled polyester but they have expressed an 
interest if there is a demand. The price of recycled polyester PCM fabrics is therefore not obtainable 
at the moment and further discussions with Outlast are needed if Björn Borg wants to proceed with 
the concept.  

The Active Underwear concept contains conductive yarn in the ribbon which could affect the 
comfort of the wearer. No research within this area was found and further investigation in terms of 
user studies should be conducted. As described in the technology mapping heart rate measurements 
by the hip is more complicated than over the torso. Muscle movements could interfere with the 
signal and provide a less accurate measurement. Further development of the post processing of the 
signal as well as the textile electrode placement and size should be made in order to get an accurate 
result from the heart rate measurement system. 

The transmitting device of the Active Underwear concept is a design proposal and the detailed 
construction of the device needs to be set. Since Björn Borg does not have the needed technical 
expertise at the moment, a joint venture could be an option if they want to proceed.  

The interviews revealed that the comfort was the most important attribute in high performance 
garments and that chafing was the biggest problem. When determining the final design of the 
transmitting unit it is important to consider the appearance of the device and that it is perceived as 
comfortable and that it would not chafe if worn. Investigations need to be made to achieve the 
optimal design of the transmitting device. The fastening system of the transmitting device has been 
briefly investigated but need further development and testing.  

If chosen to proceed with the Active Underwear concept a recommendation is to consult an expert 
within wearable technology standards in order to comply with all regulations and laws. Further 
investigations of the environmental impact of the concept needs to be conducted. A life cycle 
analysis is recommended to raise the awareness of which phase of the life cycle that is affecting the 
most. Improvements could thereafter be made. 

7.4 Sports apparel concepts 

The purpose of the sports apparel concepts are to act as future inspiration for Björn Borg. It 
provides alternative routes to take if Björn Borg wishes to implement smart textiles into their 
clothing. A future challenge for smart clothing is to get the different garments to communicate with 
each other and thereby provide a simple solution for the user. The interviews revealed that some 
existing solutions provide the user with too much data which makes it hard to interpret. Future 
smart textile solutions should therefore be selective with what to present. 

If smart textiles are to be implemented into Björn Borg’s products, investigation regarding 
developing their own smartphone application or use existing should be made. Another option is to 
start a collaboration with a company that produces technical sports equipment.  
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8 CONCLUSIONS 

Below are the conclusions that have been drawn based on the research and conducted studies. 

Consumer and market 

 The consumers do not currently change underwear prior exercise* 

 An added value is needed for the consumers to change behavior regarding changing 
underwear prior exercise* 

 Comfort is the most important property for underwear* 

 Chafing tends to be the most critical problem with sportswear* 

 Men tend to prefer cellulosic based fabrics in underwear* 

 Women tend to accept synthetic fibers to a larger extent than men* 

 Minimizing humidity level is an important aspect when developing sports underwear* 

 Smart textiles is an unexplored market at the moment 

 There is a high demand for monitoring performance when exercising 

Tactile study 

 Synthetic fabrics are often perceived as sportier and more cool than cellulosic based fabrics 

 The fabrics from Björn Borg were highly associated with sporty, good breathability, high 
quality, good support, comfortable and stays dry* 

 Tencel and Bamboo lyocell where perceived more smooth than the other fabrics 

 Soft and smooth materials are negatively correlated to sporty* 

 Soft and smooth are properties negatively correlated to good support 

Technology 

 Smart textiles is a good way to add a value* 

 Smart textiles can increase the comfort* 

Concepts 

 Bamboo lyocell were perceived very comfortable and could therefore be an option when it 
comes to their regular underwear 

 The Active Underwear concept will enable insight in performance through its heart rate 
monitoring system* 

 The Active Underwear concept is unique on the market 

 

*These conclusions answers the research questions 
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9 DISCUSSION 

In this chapter the results and conclusions from the project as well as the process will be discussed.  

No major problems or delays have occurred when conducting this project. A reason for that is 
probably the time spent on planning the project and identifying possible risks. By planning the work 
according to the identified critical phases it would have been possible to continue working even if a 
delay would have occurred. A contributing factor to the successful execution of the project was the 
continuous update of the Gantt-chart and Kanban board which made it possible to make the right 
prioritization. Continuous documentation of the activities conducted and their results prevented 
information from being missed out in the report. 

The problem definition for this master thesis was very broad and the background research took 
longer than expected. A lot of time was spent on the mappings in order to get a full coverage of 
current and upcoming textiles and technologies. The concept development was therefore shortened 
and some important studies were excluded. The research question “What impact on the environment 
will the concept(s) have?”  was therefore not answered. A life cycle analysis as well as an economic 
analysis would have provided a more solid base when deciding whether or not to proceed with the 
concept. However prioritizing the mappings will prevent Björn Borg from taking a step back 
because of missed information.  

A recurring difficulty throughout the project was to determine whether the information found was 
up to date or not. Since this is such a new area of research many of the sources were recently 
written but in some cases they were a few years old and when no more recent publications were 
found it was hard to determine if they were valid or not.  

The project has been conducted at Innventia and guidance from several employees with different 
expertise, especially the supervisors, has been very helpful. Innventia hosted several master thesis 
projects which were included in a network called Exjobbsskolan whose purpose was to create 
synergy between the projects. Exjobbsskolan has enabled information and experience exchange 
which has been helpful throughout the project.  

9.1 Background research 

The background research represented a large part of the project which was necessary because of our 
limited knowledge of textile materials and manufacturing. Additional background research into 
wearable technology was also made. The textile- and technology mapping was a result from the 
background research but should not be seen as a fact for the future. A lot of research within the field 
of wearable technology and smart textile is currently being conducted and the mapping should be 
updated accordingly.  

The interviews made with Team Snabbare were conducted in the later part of the project. Even 
though the insights correlated to a large extent with what the background research showed, it would 
have been valuable to have conducted the interviews earlier in the process.  

When creating the business value curve the competitors used was the ones who had underwear 
developed explicit for sports application. Sports underwear is rather new on the market compared to 
the sports bra which most sportswear companies have in their collection. The sports bra was 
therefore excluded when identifying competitors which have affected the outcome of the business 
value curve. There are sports bras containing smart textiles on the market today and a business 
value curve of the sports bra market would be very different. The attributes of the business value 
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curve were graded based on estimations and further investigations should be made to get a more 
accurate result.  

9.2 Perception test  

Due to time constraints the samples collected from the different producers were not customized. 
The samples were therefore very different when it came to thickness, composition and stitching 
technique. This probably affected the result since the participants had a hard time to disregard these 
differences. If customized samples with less varying parameters would have been used, the result 
might have been different and easier to interpret which could have led to a more accurate result. 
Additionally a larger number of test participants as well as participants from the focus group would 
have given a more valuable result.  

One of the test participants were during the time of the study working at Björn Borg and were 
familiar with their fabric samples. The participant indicated that it was possible to feel which 
samples were theirs although a blindfold was used. A discussion about whether this result should be 
discarded or not was held and it was decided that it should be kept. This could therefore have 
affected the result. 

The test participants tended to have a hard time grading the attribute cool since they were told not to 
grade the instant temperature of the fabric but estimate how the fabric would feel when worn during 
exercise. It is therefore a possibility that the result from grading cool is inaccurate. Some of the 
samples also had PCM integrated into the fabric but there were no signs that the participants could 
feel the cooling effect. 

The result from the tactile study did not reveal one sample as the obvious choice in sportswear but 
rather which of the samples that were not desirable. One obvious choice would of course have been 
preferred and would have made the material choice much easier. However the tactile study 
narrowed down the different options which was the purpose.  

9.3 Concepts 

Investigations into the acceptance level of integrated electronics in underwear have not been made 
and are very important to consider. Since there are no products on the market, there is reason to 
believe that the acceptance level might be low. The first step towards smart textiles might therefore 
be with garments without electronics but with integrated smart functions such as thermochromic- or 
thermoregulatory textiles. However there are predictions that the smart textile industry will grow 
which will raise the acceptance level. 

A garment gathering personal information during exercise would probably require that the 
information is sent wirelessly which implicates security problems in terms of possible information 
leakage. It is therefore crucial to address the security of such a garment since this could be a 
sensitive area for the customers.  

If Björn Borg wish to work towards implementing smart textiles it is also important to show interest 
by presenting conceptual products to the customers. These products could act as brand builders in 
order to position themselves as a high performance technical textile company. They should also 
consider a multidisciplinary approach that includes other actors in the smart textiles value chains 
e.g. gyms, electronic companies, app developers, material perception expertise etc. 
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APPENDIX  

In this chapter all of the appendixes are presented. 

Appendix I. A detailed Gantt chart of the process 
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Perception study 
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Appendix II. Customer behavior survey result 

In this appendix all of the questions and the corresponding answers are presented. 

Number of participants: 61 

Gender distribution: 37 female respondents and 24 male 

 

 

 

72,1% 

21,3% 

4,9% 1,6% 

Age 

18-25 years 72,1% 

26-35 years 21,3% 

36-45 years 4,9% 

Over 45 years 1,6% 

26,2% 

59,0% 

6,6% 

8,2% 

How often do you exercise? 

One a week 26,2% 

2-3 times a week 59,0% 

4-5 times a week 6,6% 

6-7 times a week 8,2% 

73,8% 

26,2% 

Would you describe yourself as active? 

Yes 73,8% 

No 26,2% 
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45,9% 

9,8% 

60,7% 

100,0% 
98,4% 

100,0% 

What garments do you change prior exercising? 

Socks 45,9% 

Underwear 9,8% 

Bra 60,7% 

Pants 100,0% 

Shirt 98,4% 

Shoes 100,0% 

50,8% 49,2% 

Would you consider changing into sports underwear 

prior exercising? 

Yes 50,8% 

No 49,2% 

75,4% 

24,6% 

Do you care about your appearance when 

exercising? 

Yes 75,4% 

No 24,6% 



 Appendix II. Customer behavior survey result III 

 

 

 

70,5% 

16,4% 14,8% 14,8% 13,1% 11,5% 9,8% 
4,9% 4,9% 4,9% 3,3% 3,3% 1,6% 1,6% 

0% 
10% 
20% 
30% 
40% 
50% 
60% 
70% 
80% 

What do you think characterize Björn Borg? 

47,5% 

52,5% 

Do you have any products from Björn Borg? 

Yes 

No 

46,7% 

0,0% 

53,3% 

3,3% 3,3% 
0,0% 

10,0% 
6,7% 

0,0% 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

Which product(s)? 
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40,6% 

12,5% 12,5% 

3,1% 3,1% 

0% 

10% 

20% 

30% 

40% 

50% 

Expensive Design Doesn't buy design 

clothes 

Bad quality Bad comfort 

Why dont you have any products from Björn 

Borg? 

88,5% 

11,5% 

Do you buy sportswear? 

Yes 

No 

64,8% 

35,2% 

18,5% 18,5% 16,7% 14,8% 

7,4% 5,6% 3,7% 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

Where do you buy sports clothing? 
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57,4% 

50,0% 

38,9% 

22,2% 20,4% 

3,7% 1,9% 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

What's important when buying sportswear? 

11,1% 

88,9% 

Do you buy sports underwear? 

Yes 

No 

75,0% 

8,3% 
4,2% 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

No need No knowledge of existance Expensive 

Why don't you buy sports underwear? 



VI  Appendix II. Customer behavior survey result  

 

 

 

 

78,7% 

34,4% 

11,5% 11,5% 9,8% 8,2% 6,6% 
1,6% 1,6% 

0% 
10% 
20% 
30% 
40% 
50% 
60% 
70% 
80% 
90% 

What is important when you buy underwear? 

42,6% 

57,4% 

Do you consider the environmental impact when 

buying clothes? 

Yes 

No 

65,6% 

34,4% 

Would you be willing to pay more for a more 

environmentally friendly alternative when buying 

clothes? 

Yes 

No 
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Appendix III. Complete overview of the QFD 

This is the full QFD that was conducted during the consumer need identification. The 
weight/importance indicates which engineering properties that are important in order to fulfill the 
customer demands. 
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Appendix IV. Initial brainstorming 

This is the outcome of the initial brainstorming that were made early in the process, before the 
knowledge retrieval was finished. 
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Appendix V. Requirement specification 

The brief requirement specification that was created in order to summarize the requirements and 
wishes for sports underwear.  

Must 

 Be liquid resistant 

 Be washable 

 Last more than 200 laundries without losing shape, function or color 

 Allow airflow through the fabric 

 Transport moisture away from the skin 

 Be stretchable 

 Be able to follow the contours of the body 

 Fulfill the national and international standards for clothes and wearable technology 

 

 Not create harmful electrical currents 

 Not contain toxic content that affects the wearer’s health 

 Not create pilling 

 Not chafe 

 Not decrease performance of the wearer 

 Not decrease mobility of the wearer, in comparison to current underwear 

 Not be affected by the presence of circuits when it comes to comfort and washability 

 Not be transparent 

 Not decolorize 
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Want 

 Use a more environmentally friendly fabric than in the products today 

 Increase the motivation for exercising 

 Increase the performance when exercising 

 Provide feedback to the user 

 Contain integrated technology 

 Make the wearer feel more attractive 

 Provide a more consistent skin temperature 

 Reflect its application 

 Consist of only one material 

 Consist of organically produced materials 

 Provide support 

 

 Not create odor 
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Appendix VI. Test persons 

This table presents gender, age and exercise habits of the participants in the tactile study. 

 

  Gender Age Exercise habits 

TP1 Male 63 7 days/week 

TP2 Female 53 1 day/week 

TP3 Male 47 Less than 1 day/week 

TP4 Male 27 1-2 days/week 

TP5 Female 38 2-3 days/week 

TP6 Male 23 Less than 1 day/week 

TP7 Female 28 1-2 days/week 

TP8 Female 24 2-3 days/week 

TP9 Male 25 2 days/week 

TP10 Male 23 4 days/week 

TP11 Male 25 1 day/week 

TP12 Female 24 1 day/week 

TP13 Male 24 Less than 1 day/week 

TP14 Female 26 2-3 days/week 

TP15 Female 24 2 days/week 

TP16 Male 24 3 days/week 

TP17 Female 37 4 days/week 
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Appendix VII. Result from the similarity grouping 

Because of the many variations of the samples used, no conclusions could be drawn. The 
acceptance level for sportswear worn close to the body is presented in Figure 1. 

 
Figure 1. The acceptance level of the different fabric samples. 

A PCA analysis was made based on the similarity grouping. The resulting diagram from the PCA 
can be seen in Figure 2. A PCA is conducted to reduce the number of variables varying between the 
samples (Jolliffe, 2002). Since the samples used in this study were not customized there were a lot 
of differences between them e.g. thickness, composition and stitching technique, resulting in a lot of 
variables. It was possible to choose how many variables the analysis would result in and for this 
study two variables were used, factor 1 and factor 2. 

 
Figure 2. The resulting diagram from the PCA. 
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Appendix VIII. Results from the semantic study 

The following graphs show the mean value and the confidence interval of the fabric samples. Each 
graph represents one of the nine attributes. 
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Appendix IX. Results from the choice of suitable fabric 

Following is an extensive presentation of which fabric samples that were chosen as suitable in 
men’s sports underwear, women’s sports underwear and sports bra. Motivation to why the some 
were discarded as well as which sample that were chosen as the most suitable is included in this 
appendix. The motivations does not include the assessment made by the participant, e.g. if the 
sample were too stretchy or not enough stretchy. The motivation diagrams could rather represent an 
indication of what is important when choosing material. 
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Appendix X. Test of heart rate measurement by the hip 

To investigate heart rate monitoring by the hip and compare it to measurements made on the chest a 
treadmill test was conducted. Two test participants; one male and one female performed the test, 
which involved walking at 6 km/h for 15 minutes as well as running at 10 km/h for 15 minutes.  

Male participant walking with the pulse monitoring strap placed on the chest and the hip: 

 

 

 

Male participant running with the pulse monitoring strap placed on the chest and the hip: 

 

 

 

 

Female participant walking with the pulse monitoring strap placed on the chest and the hip: 
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Female participant running with the pulse monitoring strap placed on the chest and the hip: 
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Appendix XI. The textile fastening system 

Several design proposals of the textile fastening system for the transmitting device was evaluated by 
placing them on existing underwear. The evaluation involved estimating the simplicity of attaching 
and detaching the device. It also included determining whether the device stayed in place or not 
when moving around. 

 

 

 

When moving around, the device tended to come off for fastening system number two and four. 
Fastening system number one and three were very equal and held the device in place. Since number 
three were more protective and made it easier to attach and detach the device it was chosen as the 
final design. 

2 1 

3 4 


