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Abstract 

Urbanisation and a growing population has created new demands for compact living and 

households. Household appliances perform an important role in modern homes, where the 

life-cycle of the products play a significant role. Products that spend most of their time in 

storage are required to answer new user demands to interplay and integrate into the 

household, including products such as vacuum cleaners. 

A master thesis project for KTH Industrial Design Engineering master track, carried out in 

collaboration with ESSIQ AB, investigated the user needs for vacuum cleaners in-use-

lifecycle. The research question was: How can a vacuum cleaner be designed and adapted to 

facilitate compact and easy storage for the user in a modern home, without compromising its 

current efficiency? 

The goal of the project was to design an innovative product concept through a human-centred 

design methodology. The methodology would lead to the creation of a product designed to 

fulfil the user needs by focusing on user experience. Knowledge about how vacuum cleaners 

are stored, used, interact and how it is interpreted in everyday life, were firstly found and then 

analysed.  

To develop a suitable concept proposal, needs and requirements were gathered through 

interviews and observations. New concept ideas were generated and evaluated through an 

iterative process resulting in the development of a final concept proposal.  

A proof-of-concept was developed to further support the final concept. The concept is a 

proposal for future development and introduces a new product category.  
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Sammanfattning 

Urbanisering och en växande population ställer nya krav för kompakta och smarta ekosystem. 

Hemelektronik spelar en viktig roll i många moderna hem och är betydande för ett 

fungerande hushåll. Produkter som spenderar mesta av sin tid i förvaring erhåller således en 

essentiell funktion i ett ekosystem för individen, sådana produkter inkluderar dammsugare.  

Ett masterexamensarbete för den Kungliga Tekniska Högskolan, KTH, mastersprogram i 

Industridesign, utfördes tillsammans med ESSIQ AB för att undersöka de användarbehov 

som finns på dammsugare under sin livscykel. Problemformuleringen utgjordes av: Hur kan 

en dammsugare bli designad och anpassad för en användare, för att ge en kompakt och 

smidig förvaring i ett modernt hem, utan att kompromissa på sin nuvarande effektivitet?  

Målet för detta projekt var att designa ett innovativt koncept genom en användarfokuserad 

designmetod. En användarfokuserad process inkluderar en definition av användarens behov 

och fokuserar på att skapa en produkt utefter användarupplevelsen som svarar på de funna 

behoven. Hur dammsugaren förvaras, används, interagerar och hur den upplevs i det 

vardagliga livet, undersöktes för att kunna uppfylla målet.  

Ett anpassat konceptförslag var utvecklad genom identifiering av behov och problem hos 

användaren funna i intervjuer och tester. Idegenerering på nya konceptförslag utvecklades 

och utvärderades till ett slutgiltigt konceptförslag.  

Resultaten resulterade i ett konceptbevis, ett konceptförslag som uppfyller användarens 

behov. Konceptet fungerar som ett förslag och en grund för fortsatt arbete samt introducerar 

för en ny typ av produktkategori.  

Nyckelord: Användarfokuserad design, dammsugare, förvaring, konceptgenerering 
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1. Introduction 
Vacuum cleaners are established electrical household products with the main function of 

cleaning the home with the use of suction to collect dirt and dust. Today's market offers a 

spectrum of different models and solutions. In conjunction with urbanisation and a growing 

population, new demands are set regarding compact living solutions and home products that 

function in everyday life. 

1.1 Background 

Today's society is changing and growing, simultaneously new products are being developed 

to answer the new and changing demands of the consumer. Along with the world's population 

growth, new demands are raised regarding the environmental impact and the sustainability of 

new products. It is important for the development of everyday products to stay updated to the 

user needs during use, and when they are in standby or in storage. 

 

There is a current development in the compact living trend, which is a smaller trend in the 

urbanisation megatrend. A trend that leads people into smaller homes and raises a need for 

compact and volume effective living solutions. Living in modest proportions is growing in 

popularity, this is due to but not limited by the lack of space and high real estate prices in 

urban cities, making it necessary to live in a limited space. Other reasons for the compact 

living trend are that people want to live in functional homes with less area to clean, repair and 

look after [1]. The trend could, therefore, motivate a future with homes of smart and compact 

solutions in the household. 

 

The market for vacuum cleaners offer a spectrum of features in efficiency, sound and reach. 

Furthermore, how the vacuum cleaners are stored could divide the products into three 

categories: the classical corded vacuum cleaner, the handheld, and the automatic robotic 

vacuum cleaner, see figure 1.1. The handheld vacuum cleaners target easy storage by 

enabling it to be stored out in the open, preferably in the kitchen or in a corner. The classic 

vacuum cleaner is difficult to store, and usually, require storage inside a cupboard or similar 

solutions, but is more effective and can typically have higher suction power. The automatic 

robotic vacuum cleaner gives the user the opportunity to get the home clean remotely, but the 

technology usually requires additional human intervention for more extensive cleaning. See 

Appendix A for further market analysis.  
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Figure 1.1 An illustration of the 3 different vacuum cleaners starting with the handheld to the 

left, the classical in the middle and an automatic robot vacuum cleaner to the right.   

 

Products are required to adapt to both the optimization of the tasks they were designed to 

perform whilst still creating a positive user experience. Where the user experience of the 

product needs to be designed even for when the product is not being used for its primary 

function, for instance when stored away. 

 

The current vacuum cleaners are designed to suction up dust and dirt, but the current 

consumers are demanding more from their household appliances, creating a gap between how 

vacuum cleaners are designed and how they are used.  

1.2 Goal and scope 

The purpose of this project was to develop a concept proposal for a new vacuum cleaner that 

adapts into a modern home by facilitating storage, by addressing the needs of the end user. 

The question to be answered in this project was: How can a vacuum cleaner be designed and 

adapted to facilitate compact and easy storage for the user in a modern home, without 

compromising its current efficiency? 

 

Firstly, the project investigated the user’s needs of a vacuum cleaner in its in-use-lifecycle 

through a human-centred design approach. The research included finding and defining the 

needs and requirements end-users have on their households’ vacuum cleaner.  

 

Secondly, the project included the development of a concept proposal to answer the user’s 

needs and serve as an inspiration to further develop the current vacuum cleaners on the 

market, making the products address new end-user’s needs discovered.  

 

Thirdly, the project reflected on how the human-centred design methodology can lead to a 

greater height of innovation in the product development field. 

 

The project was performed in collaboration with ESSIQ AB, that offered guidance and 

supervision from a market perspective. ESSIQ AB is a consultancy firm that focuses on 

technical and information technology. 
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1.3 Limitations 

The project would work as a pre-study that included a development of a concept proposal. 

The proposed project assessed the viability, feasibility, and desirability of the concept, 

resulted in a proof-of-concept. The concept would therefore not be limited to specific 

dimensions, but developed with reasonable measures. The project will be based on gathered 

data and public information, due to the project not collaborating with a manufacturing 

organization. The project was further limited by not analysing or optimizing proven technical 

components, since the project was on a conceptual level.  

 

The study was also limited to a time frame of 20 weeks starting from the 15 of January 2019. 

The project was conducted in Sweden and the interviews would, therefore, include people 

living in Sweden's biggest cities, Stockholm and Gothenburg. 
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2. Frame-of-reference 
The frame-of-reference include relevant knowledge for the project that was researched upon 

to find relevant information to build a solid ground for the project. The frame-of-reference 

consisted of trend analysis, a state of the art exploration, an understanding of the mechanics 

of a vacuum cleaner and human-centred design guideline research. Together, creating the 

scope of this project, see figure 2.1. The four major areas regarding the master thesis were 

analysed separately in the frame-of-reference to find where they interlink. The interlinked 

areas consisted of relevant information regarding the development of a vacuum cleaner 

designed for storage. 

 
Figure 2.1 The included areas for the frame-of-reference. 

 

The trend analysis was focused upon urbanization and how it has influenced the modern 

household.  The state of the art considers what technology is currently on the market and in 

what direction the technology is heading. The mechanics of the vacuum cleaner was an 

analysis of the knowledge base in the physical artefact.  Human-centred design was the 

methodology that would be followed in which the project would research and get results.  

2.1 Trend analysis 

A trend analysis was conducted on areas identified to have a relation to the home and 

household appliances; urbanization, compact living, environmental impact awareness and 

implementation of batteries. The analysis interprets possible future change that could 

influence the development of a vacuum cleaner to give an opportunity to create a solution 

robust to future change.  

 

According to the United Nations, urbanization is a megatrend whereby 2050 the world urban 

population is expected to have increased from 55% to 68% of the entire world population [2]. 

The rapid population growth in urban locations has resulted in a lack of space, high real 

estate prices, in which has resulted in a compact living trend where the aim is to make homes 



 5 

more efficient by making every square meter fulfil a function [1]. In addition, compact living 

is argued to be a lifestyle that is affordable, sustainable and social [3].   

 

Furthermore, the sustainability aspect has shown to be a growing trend where 

environmentally conscious consumers have been putting pressure on corporations to make 

environmentally responsible products and services [4]. Showing measurements of 

environmental impact has become a competitive advantage. In the future, this could become a 

necessary requirement for organizations to remain competitive [5]. Ethical perspectives are 

influencing consumers’ decisions, and consumers are finding products and retailers that 

follow such standards [6]. 

 

Conversely, the integration and use of battery-powered devices have been steadily growing 

through the years as the capacity of batteries has advanced [7]. Therefore, more batteries are 

making their way into consumer products, eliminating the need to be connected to a socket to 

function. Resulting in companies such as Dyson stopping the development of their corded 

vacuums and only work on improving their cordless battery powered vacuum cleaners and 

investing in battery technology. [8]  

 

Trends affecting the vacuum cleaner product are heading in various and in some cases 

opposing directions. Urbanisation is fuelling the need for smarter products that use space 

efficiently when stored. The sustainability aspect of a product is growing more relevant for 

consumers and is being used as a marketing tactic for organizations. Conversely, the 

expansion of battery powered vacuum cleaners are growing even though battery driven 

vacuum cleaners have a larger environmental impact then corded vacuum cleaners.   

2.2 State of the art 

A state of the art analysis was conducted to comprehend today's vacuum cleaner market. The 

Swedish market offers of a wide spread of options to choose from, manufacturers offer 

different models that target different functions and needs. The market has a current division 

between three categories; a classic corded vacuum cleaner, the handheld vacuum cleaner, and 

the automatic robot cleaner.  

 

The corded vacuum cleaner takes advantage of its established technology, but in order to 

target customers and compete they often targets specific categories. Categories such as 

reasonable pricing, function on different surfaces, noise level and suction power [9]. For 

example, an Electrolux ESP72DB Silent Performer is a product that targets users’ 

requirements on noise level. 

 

The handheld vacuum cleaner targets customers that want easy access and light manoeuvring, 

enabling it to be stored out in the open. The handheld vacuum cleaners do not use dust bags 

but have a dust container that can be emptied into the trash can after use [10]. The motor is 

the component where most development is going into to create suction that can compete with 
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corded vacuum cleaners [11]. The battery life is also an aspect that is being researched to 

extend the cleaning time of the product [8]. 

 

The robotic vacuum cleaner enables the user to clean their home autonomously. The 

hardware of the robotic vacuum cleaners has been development to clean corners of rooms and 

reach under furniture. Further, the software has been developed to become more efficient 

[12]. However, robotic vacuum cleaners do require human intervention for more extensive 

cleaning.  

 

The vacuum cleaner market is heading in a battery powered direction where most of the 

innovation lies within optimising the motor of the handheld and the self-sufficiency of the 

automatic robot vacuum cleaners. In contrast, the classical corded vacuum cleaners are more 

focused on the HEPA-filter grading and in the minimization of noise. The corded vacuum 

cleaner is the most mature technology and seen as the product that cleans most effectively out 

of the three different vacuum cleaners. The other two types of vacuum cleaners compete 

against the classical vacuum cleaner through their convenience.  

2.3 Vacuum cleaner system 

The classical corded vacuum cleaner technology is mature and the innovation in the field has 

stagnated. Resulting in a vast knowledge bank regarding the product was in the actual 

physical artefact. To get an understanding of the product and its technical solutions a product 

autopsy was executed where a vacuum cleaner was disassembled to map out the different 

components, see Appendix B. [13] The model that the autopsy was executed on was a Volta 

Equipt, which is a small and relative simple vacuum cleaner. The components were further 

also measured and controlled to define their requirements and see how they functioned.  

 

The outer components that constitute the Volta Equipt consisted of an outer shell, wheels, 

cord, hose, tube and nozzle, see figure 2.2.  
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Figure 2.2 Outer components of the vacuum cleaner 

 

The motor is powered by electricity from the cord. The dirt is sucked into the nozzle by an 

airflow that is created in the motor. The air is suction directly from the nozzle into the hose 

and continues from the hose into the dust bag, which collects the dirt and lets air pass 

through. The motor with the spinning turbine has a direct opening to the dust bag. The 

separation is done with a filter that cleans the air coming from the dust bag before entering 

the engine. The air is further sucked through the engine and leaves the machine via the air 

ventilation. The air ventilation is located on the back of the vacuum cleaner and blows out the 

cleaned air when the machine is being powered see figure 2.3. 

 
Figure 2.3 Flowchart of a vacuum cleaner 
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An approximation of the layout and needed volume was noted, the proportions and placement 

of the components can be see figure 2.4.  

 
Figure 2.4 A visualisation of proportions and placement of the components in the vacuum 

cleaner. 

 

The mechanics of the classical corded vacuum cleaner are relatively simple, where the major 

areas for adjustment are in the outer shells design and ergonomics of the handle and the 

interior insulation. The other aspects of the mechanism such as the air flow and the 

electronics have been adjusted over years of development. 

2.4 Human-centred design 

To address the end user needs the human-centred design (HCD) methodology was chosen as 

the design approach with the greatest potential. The human-centred design ISO-standard 

9241-210 states that: “Human-centred design is an approach to interactive systems 

development that aims to make systems usable and useful by focusing on the users, their 

needs and requirements, and by applying human factors/ergonomics, and usability knowledge 

and techniques. This approach enhances effectiveness and efficiency human well-being, user 

satisfaction, accessibility and sustainability; and counteracts possible adverse effects of use 

on human health, safety and performance. [14]". Through applying HCD in combination with 

a novel storage problem perspective, the project would have the potential to answer needs 

that the current market products have not been able to, resulting in a product developed with 

and for the end user. To design an attractive product that would answer the problems yet not 

discovered, the end user would need to be involved in the product development process. 

Therefore, when working in an HCD process six principles should be followed [14]: 

- the design is based upon an explicit understanding of user, tasks, and environments 

- users are involved throughout design and development 

- the design is driven and refined by user-centred evaluation 

- the process is iterative 

- the design addresses the whole user experience 
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- the design team includes multidisciplinary skills and perspectives. 

 

Hence, working with the HCD methodology the development of vacuum cleaners would be 

faced with new challenges and needs regarding storage.  

 

Where human-centred design and new state of the art technology interact the design principle 

MAYA was researched.  MAYA is an abbreviation for "most advanced, yet acceptable", is a 

design principle coined by Raymond Loewy where something is designed for the future but 

oriented towards the user’s present stage of skills and mindset. The principle advocates 

designing for the user's current skills and mindsets, whilst at the same time make the product 

attractive through advanced features that do not require instructions to use. [15] 

 

When designing with the end-user there are complexities revealed where the different trends 

analysed will need to be considered. The end-users should be consulted throughout the 

process to get relevant insights regarding user experience, technology and product integration 

into household. 
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3. Process 
The goal of the project was to design an innovative concept through a human-centred design 

approach. The aim was, therefore, to find the user’s needs and create a design that would 

answer the defined needs, resulting in a product with greater user experience. To fulfil the 

goal; data about how the vacuum cleaner is stored, used, where the wear and tear was, the 

emotions the vacuum cleaner awakens, how it interacts with the rooms it cleans, how the user 

moves due to the product design and how it is interpreted in the everyday life, was gathered 

and analysed. 

 

The process followed IDEO’s field guide to human-centred design, resulting in the use of the 

three development phases: inspiration, ideation, and implementation [16]. Firstly, the 

inspiration phase has the goal to understand the user and their needs by becoming involved 

and learning directly from the users. Secondly, the ideation phase created new possible 

solutions from the identified learnings from the first phase. Lastly, in the implementation 

phase, the solution would be developed. In short according to IDEO, human-centred design is 

firstly about empathising with the people you are designing for, getting ideas testing the ideas 

through prototyping, sharing the ideas with the people you are designing for and finally 

launching the solution to create value [16]. 

3.1 Inspiration phase 

To get a understanding of the typical end user's situation and get a ground for the project, 

interviews were performed on the users. Interviews are an easy and accessible method to 

explore the user’s needs and thoughts. In order to get information surrounding the specific 

research question about storage, quick- and semi-structured interviews randomly chosen in 

public areas got an overall picture of the users [17]. The random interviews, lasting under 

five minutes, gave a fast overview and understanding of the end user's thoughts and 

association regarding their vacuum cleaner and its storage. In the book, Research Methods for 

Product Design, a method called “Be your customer” was presented where the group acted as 

shoppers looking for vacuum cleaners in some of the biggest home appliance retail chains, 

resulting in further understanding of the customer and how vacuum cleaners were sold [18]. 

To play the role as a customer in a store also gave a deeper understanding of how the sale 

pitch sounds, what other customers often ask for and of the process users under go when 

choosing a vacuum cleaner. 

 

In order to explore the problem and investigate the found requirements of the cleaning 

process and product, methods such as home observations, design ethnographies, and 

interviews were conducted. Home observations during the usage process were executed to 

investigate how vacuum cleaners handle and behave in their home environment. The design 

ethnography was done as an observation of how the end-user would go about cleaning their 

house using their vacuum cleaners. The method was chosen to get to see the storage and the 

complete user journey, from deciding to vacuum, bringing out the vacuum from storage to 

cleaning and then putting the vacuum cleaner back into storage. To get a deeper 
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understanding of the end user, 15 interviews were conducted. The interviewees were selected 

to have a spread in age, gender, and living situation. According to research, 15 interviews 

results in a maximal understanding of the different usability problems [19].  

 

The interview was divided into two parts. The first part was an observational design 

ethnography and the second part was a contextual interview. The interviews were conducted 

after having had the interviewee vacuum clean a room in their home. 

 

The interviews were revisited with notes and audio recordings. To work with the vast 

amounts of information and obtain insights from the interviews, they were coded in colour 

and divided into subcategories. The insights were then further worked with on post-it notes to 

categorise and cluster them into potential user needs. 

3.2 Ideation phase 

During the first process in the inspiration phase, two collages were created out of pictures 

taken of the different storage situations during the interviews. The collages were further used 

during the idea generation by giving context and visual information. The process continued 

by defining the key insights from the interviews for storage needs.  

 

The next phase was to start brainstorming, to conceptualize the insights. The ideation method 

“hybrid method” was used, to generate large quantities of ideas and higher standards of the 

final concept [20]. Individual brainstorming sessions were executed to develop and create 

new ideas. The brainstorming was done individually in order not to prime or narrow the 

individuals’ ideas. The brainstorming used the key insights and collages of the storing 

situations, taken from the interviews, as the main source of inspiration. 

 

To further push beyond the first ideas and solutions generated, a method called “crazy eight” 

was used. The method focuses on generating a high quantity of ideas, a wide spread of ideas 

and pushing the boundaries of the ideas. A round of “crazy eights” on each of the themes 

developed was executed. During this brainstorming method, an A4 paper was folded into 

eight squares and then the two participants had eight minutes to sketch down one idea in 

every square [21]. By bundling the sketches together to cross-pollinate the ideas new 

concepts were created. To cross-pollination the different ideas into novel solutions, the crazy 

eight ideas were further presented and discussed to reveal complementary elements of the 

different ideas. The ideas with complementary elements were then paired together with each 

other to be built upon each other. 

 

The idea generation process leads to an evaluation phase, where one or several ideas could be 

developed into a further defined idea. Physical tests were conducted with quick and dirty 

prototypes to get a further understanding with addition to ergonomic feedback. To evaluate 

and continue the process, Pugh’s evaluation matrix was used to compare the ideas to the 

current vacuum cleaner’s properties with criteria derived from the interview insights, 

consisting of the storage and in-use themes insights. [22]  
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Interviews with mock-ups were applied to help test the concepts and get user feedback for the 

different concepts, to maximise learning. The mock-ups were designed to test the key 

defining characteristics of the main concepts. The mock-ups were further used to focus the 

third round of interviews on the chosen concepts. The third round of interviews consisted of 

five user interviews and were semi-structured interviews combined with storyboards and 

mock-ups designed to help discover aspects regarding usability. ESSIQ AB’s UX network 

shared a study that recommended conducting five interviews, since this lead to the most 

insight with the least number of people. The study further showed that the amount of insights 

often start to stagnate after five interviews [19].  

 

The interviews were further analysed by dividing the interviews in the different concepts into 

positive and negative feedback, along with a general mindset. The results from the interviews 

were then clustered into user needs. The concepts were ranked by the interviewees. Finally, 

in order to choose the final concept, the project scope, the ability to realise the concept in the 

time scope and the insights from the previous two rounds of interviews were taken into 

account. Resulting in a chosen final concept. 

 

The final concept was then further developed. The mechanical components that answered the 

users’ needs and requirements were isolated and analysed. Variations of the components were 

explored. When the component variations were identified a second concept generation was 

initiated. The concepts were weighted against each other for the simplest construction that 

would fulfil the user needs. 

3.3 Implementation phase 

The final concept proposal was further developed in the implementation phase to a proof-of-

concept. The final concept was divided into main components to develop and investigate the 

feasibility of the concept. Computer-aided design (CAD) files and sketches were created as a 

visualization method and used as grounds for estimation, to support the feasibility of the 

concept.   

 

The proposal for the final concept also included possible styling elements, which were 

created from a common styling ground. Styling guidelines were set from previous insights 

and mood boards, supporting the desirability of the concept. 

 

To justify the feasibility of the concept, simple calculations, material choices and potential 

manufacturing recommendation were given on unique components. The concept was further 

analysed to assess sustainability and a rough economic estimate was calculated, supporting 

the viability of the concept. 
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4. Development phase one: Inspiration 
IDEO’s theoretical framework starts with the inspiration phase. The goal here was to 

understand the user and their needs by becoming involved and learning directly from the 

users and to further extend the understanding of the problem description. 

4.1 User background 

A user background study was performed with quick- and semi-structured interviews and the 

method of being your customer to compose a background understanding of the problem 

statements and the end-users of a vacuum cleaner. 

4.1.1 Background interviews 

Quick- and semi-structured interviews were conducted to get an overall understanding of how 

the end users related to their vacuum cleaners and storage. The interviewees were randomly 

chosen in public areas. The interviews lasted under five minutes and gave a fast overview 

regarding their vacuum cleaner and storage. 20 interviews were completed in total and 

resulted in insights regarding four categories. The areas included; storage needs, storage 

solutions, ergonomics, and exterior expectations, see Appendix C. 

 

Storage needs 

The insights that were found in the storage needs category were: 

- Vacuum cleaners are often stored together with other equipment and in small space. “I 

balance things on top of my vacuum cleaner.” “I hate to bring it out.” 

- The vacuum cleaner, when stored with other cleaning equipment, can be a mental 

barrier to start cleaning. With an individual need to pack the vacuum cleaner out and 

then pack it back in again after vacuuming. 

- The hose is one of the most complained about parts of the product when it comes to 

storing the vacuum cleaner. 

 

Storage solutions 

The insights that were found in the storage solution category were: 

- People want the vacuum cleaner to be stored away. 

- People that do not have a clean cabinet find other possible storages, such in the 

kitchen, under the bed, etc. 

- People that live in bigger spaces have more storage opportunities, the size and where 

the vacuum cleaners are being stored is therefore not as essential. 

 

Ergonomics 

The insight found regarding ergonomics was: 

- People struggle with bending down for buttons, and appreciate if they are placed on 

the hose handle. 
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Exterior expectations 

The insights found in exterior expectations were: 

- People do not want their vacuum cleaner to be visible when it is not being used. "I do 

not want it to be visible, that is for sure." "Nice not to be reminded." "It is ugly." 

"Nice to get rid of it." 

 

The understanding of the user and the found needs were therefore found to include a wish of 

making the product invisible until it is intended to be used. With an effective and smart 

storage solution, the vacuum cleaner fulfils its natural place in the home and lowers the 

barriers to start vacuuming, for a more positive cleaning experience.  

 

In addition to the four categories, the overall insights included an understanding that the 

vacuum cleaner is often seen as a must-have in any household and does not wish to be 

visible.  

 

The overall insights were: 

- A vacuum cleaner is seen as a must-have housing device for any household.  

- People do not want their vacuum cleaners to be visible or noticeable and work 

smoothly without complications when needed. 

- For people with limited living area, storage is a large issue, and housing devices end 

up in a pile or together with other tools. Which results in frustrations to vacuum 

cleaners and getting started with the cleaning process. 

4.1.2 Be your customer 

Information gathered from the method “Be your customer” was: vacuum cleaners with the 

best suction are the corded vacuum cleaners, whilst the handheld is targeting individuals who 

do not want to keep their vacuum cleaners in the cupboard, see appendix D. Additionally, the 

autonomous robot vacuum cleaners target the users that do not want to clean weekly but do a 

thorough clean occasionally. The lifespan of the battery powered vacuum cleaners are around 

five years due to the limited charge cycles of the batteries, whiles the corded vacuum cleaners 

had a life span of eight years. Further insights were the need for HEPA-filters for people with 

allergies. 

4.2 User studies 

Home observations during the usage process were executed to investigate the scenarios and 

how vacuum cleaners are handled and behave in their home environment.  

4.2.1 Interviews 

15 interviews were conducted to get an in-depth understanding of the end-user, the sample 

can be seen in table 4.1 below. The interviews were divided into two parts, a design 

ethnography, and a second contextual interview.  
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Table 4.1: shows the gender and home situation, along with what type of vacuum cleaner the 

interviewees had. 

Gender  Age Apartment or 

House 

Type of Vacuum 

Cleaner 

female 25 apartment corded 

Male 49 apartment corded 

female 55 house central vacuum 
cleaner + corded 

female 25 apartment corded 

female 43 apartment corded 

female & male 63 house central vacuum 
cleaner 

male & female 25 & 30 apartment corded 

male & female 59 & 58 apartment corded 

female 67 apartment corded 

male 30 apartment corded 

male and female 26 and 31 apartment corded 

female 22 apartment corded 

female 23 apartment corded 

female 25 apartment handheld 

male 26 apartment corded 

 

Design Ethnography  

The design ethnography observed five variables that would affect the cleaning process: body 

language, motions and the handling of the product were noted, see figure 4.1. During the 

journey, the users were further asked to speak freely, allowing everything that crosses their 

mind to be observed.  See Appendix E. 
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Figure 4.1 End-user explaining how the handle is held in order not to strain her wrist whiles 

using a classical corded vacuum cleaner. 

 

The users were also asked if a picture could be taken of their storage and how the vacuum 

cleaner was being stored, see a collage of the stored vacuum cleaner and storage in appendix 

F. 

 

Contextual Interview 

The second part of the interview was designed for the interviewees to consciously reflect on 

their habits surrounding the vacuum cleaner. The first round of interviews was used when 

creating the second interview guide, this was done to ask relevant questions based on the end 

users, see appendix E. Questions regarding how they feel and what could affect the process 

was asked. For instance, what stimuli affects them to decide to start vacuum cleaning, how 

they think that their storage solution works, if they believe that it could affect how often or 

how they clean. Furthermore, questions concerning the vacuum cleaner functions, movability, 

maintenance, complications and how they clean, were asked.  

4.2.2 Themes from interviews 

The results from the interviews were color-coded into positive and negative subcategorize: 

wishes/requirements/functions on the vacuum cleaner, storage, mindset of the users and 

observations. 

 

Furthermore, the results from the different categories were then clustered into common 

themes; hygiene, durability, size, functionality, efficiency, dust bag, styling, economic 

approach, safety, cleaning mindset, storage, and usage. 
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4.2.3 Insights from interviews 

The insights from the common themes connected to storage solutions were then analysed. 

The insights from the usage and storage themes could be connected and lay as a first ground 

for the development process. 

 

Usage 

Firstly, an insight that could describe the overall outlook and need of the user, was that the 

usage of their vacuum cleaner should feel and be a part of a system that exceeds just the 

physical artefact of the vacuum cleaner product. The vacuum cleaner has a direct influence on 

the vacuuming nozzle, but furthermore this affects the reach of the cleaning area which in 

turn is directly correlated to the length of the electrical wire, which is limited to the 

household’s electrical sockets. Resulting in a complex system that is seen as obvious to the 

end-user. This can be seen in how users have a favourite vacuum cleaner electrical socket 

since they know that by plugging in the product to that socket the vacuum cleaner gets the 

most effective reach.   

 

Secondly, during use, there is a need for the experience to feel frictionless. Interviewees 

stated that sometimes when they are vacuuming, they become irritated, frustrated and feel 

stressed when the machine gets caught around corners or furniture. One problem stated was 

that the vacuum cleaner clings onto thresholds, corners or walls in their home. Having the 

machine stuck or even tip over, creates fear and frustration for the user to destroy something 

in their home. The vacuum cleaner is further stated to sometimes create large friction with 

walls and other furniture during use, which can make cleaning a tough and energy consuming 

activity tainting the vacuuming experience.    

 

Finally, the interviews revealed that the user wanted the process of cleaning to feel stepless. 

There is resistance in having a lot of different steps before being able to continue with the 

next activity, for example when having to remove or move away an object to get to clean 

behind the object. There could be some other furniture or fragile objects that need to be 

moved to vacuum, this made the process discontinuous and not flowing. This also includes 

having to change the nozzles, or other extra equipment-add-ons, leading to a feeling of 

annoyance and the cleaning process being tiring.  

 

Two quotes from the interviews were chosen to represent the general outlook from the users 

concerning the usage with a vacuum cleaner; “It is annoying having to move things” and “I 

would vacuum clean more frequently if it was more accessible”. 

 

Leading to the insights from the usage category to be: 

- integrated into the household.  

- frictionless. 

- stepless.  
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Storage 

Based on the interviews, users found that the area optimization for their storage solutions and 

usage was significant. A need of having the feeling of optimization and effectiveness in their 

storage cabinets, or in their home, was found to be a common insight shared amongst the 

users interviewed. Further, a need for feeling organized and have a well-sorted system was 

also found to be a common insight. Many of the users feel that their cabinets should have an 

organized system and that their vacuum cleaner should, therefore, have a specific place in 

storage.   

 

The second insight the users expressed was that they want it to feel easy to start cleaning and 

bring out the vacuum cleaner from storage. Many of the interviewees' current storage 

situations consist of very well stacked, and over packed storage units, that lead to many steps 

to take something out from it, see figure 4.2. Leading to some resistance in starting to clean. 

Furthermore, some users have taken some distance from using their vacuum cleaners, and 

sometimes find other storing solutions, or simply procrastinating by leaving the vacuum 

cleaner outside in the room. Resulting in the end user’s need for a storage process that would 

give them more flow during cleaning. 

 

Figure 4.2 An example that showcase a handheld vacuum cleaner stored away behind other 

products that would need to be removed to start cleaning. 

 

Thirdly, a shared view of storage solutions on vacuum cleaners from the interviewees was 

that they would prefer a solution that would make the vacuum cleaner feel invisible. A 

common mindset was that the vacuum cleaner was not something that they wanted to have 

standing out in the open of their homes. This is due to the product not bringing positive 

feelings to mind, but also how the actual styling of the product had a contrast to the 

interviewees' homes and the way that the interviewees’ wanting to express themselves. The 

need for having their vacuum cleaners available and easily accessible, but not visible was a 

common insight.   
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Four quotes from the interviews were chosen to represent the general outlook from the users 

concerning the storage of a vacuum cleaner: "Square meters are expensive", "You always 

have to little space for storage", "It always takes several tries to close the door" and” Vacuum 

cleaners are so ugly that they need a hiding space”.  

 

Key insights from the storage category were:  

- area optimization. 

- organized system. 

- flow. 

- invisible. 

 

Target group 

The interviews were conducted with a wide spread of ages, genders, and occupations. A 

wider spread gave an opportunity to see if there were a pattern to be found regarding a 

specific target group concerning the problem area. A conjecture was that the users with 

smaller living spaces would have less room for storage. The statement could be seen from an 

"available area" perspective as correct, but as the interviews showed; bigger space does not 

result in having more storage space. The research showed rather that people's amount of 

possessions tends to increase with the amount of living space. Some of the bigger homes 

could have a more cramped storage unit for their vacuum cleaner in comparison to the 

storage of a person living in a small apartment.  

 

A specific target group for the problem statement was therefore not stated, and instead 

extended to all people that want to further optimization in their storage units. 

4.2.4 Needs and problems of vacuum cleaners  

The found user needs were firstly the need for feedback when vacuuming and how the sound 

of dirt getting sucked in was a pleasant experience, associated with a reward. 

 

Secondly, the nozzle should be able to reach under furniture without needing to move the 

furniture. People did not see a problem with laying down on their belly's to be able to vacuum 

under a sofa but got frustrated when faced with not being able to clean under a bookshelf 

because of the nozzle thickness being too high. Another aspect of the nozzle was its 

manoeuvrability. Where the end-user did not want to vacuum in the same direction as the 

wheels on the nozzle but wanted to be able to move it sideways whiles still in contact with 

the floor. 

 

Thirdly, the vacuum cleaner should not leave a trace on the floor or walls. Dark coloured 

vacuum cleaner nozzles leaved traces such as indents on the floor and dark marks on walls 

and furniture. See figure 4.3 for an illustration of an example on how the nozzle could leave 

marks on a skirting board. 
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Figure 4.3 Example of dark marks left on the skirting board caused by a vacuum cleaning 

nozzle. 

 

The vacuum cleaner should also be easy to maintain. Problems witnessed were the 

accumulation of dust on the vacuum due to its material choice, the difficulty and price of 

buying the right dust bag, and how the filters needed to be changed for the vacuum cleaner to 

maintain its desired performance.  

 

The vacuum cleaner needed to follow the user effortlessly. The focus of the user should be on 

vacuuming up the dirt and dust; not focusing on where the vacuum cleaner is or how to get it 

unstuck from the furniture or around a corner. 

  

Finally, the vacuum cleaner must feel clean. The vacuum cleaner’s exhaust was described as 

unpleasant due to it blowing warm air, known to come from the dust suctioning process onto 

the user. Other factors that exposed the user to uncleanliness whiles vacuuming was needing 

to change the dust bag and the accumulation of hair around the axes of the wheels, see figure 

4.4 for an example where hair has caused clogging. The interviewees who had a white 

coloured vacuum were extra proud of their vacuum cleaners and its colour, due to it 

communicating cleanliness and how it contributed to not leaving black marks on furniture. 

Another insight was that the interviewees who knew that their vacuum cleaners had a HEPA-

filter felt that the vacuum cleaners cleaned more and contributed to the user’s health.  

 

 
Figure 4.4 An example of hair clogging around the wheel axles of the nozzle 

 

Through the interviews, six needs were attributed to the actual physical product, see figure 

4.5. The need for: 

- feedback. 

- maximum manoeuvrability of the nozzle. 

- not to leave marks. 
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- low maintenance. 

- follow effortlessly. 

- feel clean. 

 
Figure 4.5 An illustration of the vacuum cleaner where the user needs are labelled and 

assigned to the part of the physical product where they are in conflict. 
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5. Development phase two: Ideation 
The goal of the ideation phase was to create new possible solutions from the identified 

learnings from the first phase. The development phase was an iterative process through idea 

generations and evaluations, creating multiple ideas and then narrows them down into 

possible solutions. Resulting in the ideation phase consisting of an idea generation, idea 

evaluation, concept generation, concept evaluation, and concept development to create a final 

concept proposal. 

5.1 Idea generation 

Idea generation was the first step in creating many ideas and exploring possible solutions. 

The generation of ideas included brainstorming, crazy eight, bundling of ideas to create and 

find new design concepts. 

5.1.1 Brainstorming 

Through brainstorming and revisiting ideas written down during the inspiration face, ideas 

were generated individually, including ideas in areas to create flow, optimized space and 

invisibility, see appendix G. Ideas included storage solution with combined furniture, ideas of 

foldable solutions and usage solution which including bags and wheels. The ideas were 

further sorted into nine themes; 

- Hose-free. 

- Liftable. 

- Foldable. 

- Storage of hose. 

- Manoeuvrable. 

- Rollable/kickable. 

- Hangable. 

- Storage module. 

- Invisible.  

 

The themes were created subsequently from what kind of solution or problem the ideas were 

targeting.  

5.1.2 Crazy eight 

The crazy eight method was done on all nine themes, which forced new ideas to be generated. 

This lead to an increase from 34 ideas individually generated into 127 group developed ideas. 

The ideas varied in quality and could be everything from a simple thought to a less thought 

through concept.  

 

Hose-free 

The ideas that were revealed during the idea generation session concerning hose-free 

solutions consisted of different ideas and views on how to view vacuuming. Ideas that were 
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generated had new ways of constructing the vacuum cleaner. The different components were 

placed in different orders to create variations in enabling a hose free solution. The ideas were 

meant to solve the issue of having a hose that would be difficult to store. See figure 5.1 for 

sketches. Other ideas in this theme consisted of having a completely different view on how a 

vacuum cleaner could look like and work. Here the focused lied on ways to clean up dirt and 

dust, new solutions on how to do this were revealed. One solution was to combine an air-

purifier and a regular broomstick to brush the dirt to the stationary purifier that in turn would 

suck in the dirt.   

Figure 5.1 Sketched ideas on hose free solutions. 

 

Liftable 

The ideas that were generated from the liftable theme consisted of new solutions on how to 

hold and lift a bigger object for easy manoeuvring when vacuuming. Here ideas on new 

handles and backpack-solutions were generated, see figure 5.2 for complete ideas. 

 

 
Figure 5.2 Sketched ideas on liftable solutions 

 

Foldable 

The ideas that were generated on the foldable theme consisted of new ideas on how to store 

and maximise the storage volume. See figure 5.3 for all sketches. The ideas included foldable 

tubes, nozzles and how to fold the hose and nozzle into the machine. 
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Figure 5.3 Sketched ideas on foldable solutions. 

 

Storage of hose 

The ideas that were generated in the storage of the hose theme targeted different solutions on 

how to store and enable an easy and efficient way of storing the hose. See figure 5.4 for all 

sketches generated in this theme. Ideas included both telescopic-functions on the hose and 

how to roll and store it inside or around the machine. The solutions enable the user to put 

away the hose when it was not in use, as well as making it easier to handle when transported 

in and out of storage.  

 

Figure 5.4 Sketched ideas on storage of hose solutions. 

 

Manoeuvrable 

In the manoeuvrable theme, different ideas were generated that included new steering 

solutions. see figure 5.5 for the complete sketches. The different ideas enabled the user to get 

increased control in steering the vacuum cleaner during use.  
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Figure 5.5 Sketched ideas on manoeuvrable solutions. 

 

Rollable/kickable 

The ideas that were generated in the rollable/kickable theme targeted new ideas on how to 

make the vacuum cleaner move after the user during cleaning. The theme created new 

moving solutions to take advantage of the user using one’s foot to get the vacuum cleaner to 

move in the desired direction. See figure 5.6 for all ideas.  

 

Figure 5.6 Sketched ideas on rollable/kickable solutions. 

 

Hangable 

The ideas that were generated in the hangable theme consisted of a new solution on how to 

store a vacuum cleaner hanging. The idea of this theme was to enable a new storage solution 

for the vacuum cleaner in the air and not on the ground to use the space inside of a storage 

cabinet more efficiently. See figure 5.7 for all the different sketches generated in this theme. 

The ideas included both constructions with hangers, zip locks, hooks, and Velcro. 
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Figure 5.7 Sketched ideas on hangable solutions. 

 

Storage module 

To target and find new storage solutions that could enable module solutions the storage 

module theme was generated. The ideas that were generated existed of DIY-solutions and a 

LEGO-approach which could enable the user to customise and adjust the different storage 

units after its needs and possibilities. The modules that could consist of the different parts of 

the vacuum cleaner could be stacked and stored efficiently. Ideas that would enable the user 

to construct their own customized vacuum cleaner with different parts were also conducted, 

See figure 5.8 for different solutions. 

 

 
Figure 5.8 Sketched ideas on storage module solutions. 

 

Invisible 

To enable new solutions regarding how to make a vacuum cleaner “invisible” or unnoticed in 

the home, new ideas in the invisible theme were conducted. The ideas consisted of new types 

of vacuum cleaners, both some that could be stored and hidden under furniture and/or be a 

part of them. Some ideas also used the vacuum cleaner to construct new furniture or to be 

paired with other household products, see figure 5.9. 
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Figure 5.9 Sketched ideas on invisible solutions. 

5.1.3 Bundle ideas 

The ideas with the most potential regarding the insights from the interviews were then 

framed. The framed ideas were bundled together into a system, see Appendix H.  

 

One variation combined the idea of a rollable and kickable construction with a hose storing 

solution with a complete cylindrical form, to enable easy manoeuvring and facilitate the form 

of the construction in the storing of the hose. See figure 5.10 for the bundle that facilitated the 

idea.  

 
Figure 5.10 The ideas that created the first bundle, an idea of a rollable hose storage 

solution, a kickable construction and a rollable machine. 

 

A second variation was created by bundling the ideas of a hose free solution and a foldable 

construction to enable effective storage and no usage of a hose, see figure 5.11 for the 

combined ideas.  

 
Figure 5.11 The ideas that created the second variation, a foldable and a no hose solution. 

 

Inspired by the need for manoeuvrability during the use of the vacuum cleaner and being able 

to store the product hanging, another variation was created with bundling, see figure 5.12. 
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Figure 5.12 The ideas for the third bundle, constructions with built-in hooks. 

 

By combining an invisible solutions and storage module solutions, a fourth idea was created. 

The idea would facilitate both an effective storage solution and adapt to the interior of the 

home, see figure 5.13 for the combination. 

 

 
Figure 5.13 The ideas that created the fourth variation, a mobile central vacuum cleaner and 

storage modules solutions. 

 

One idea was created from an invisible and hose free solution and took inspiration from other 

home appliances to create the variation. See figure 5.14 for the idea that could combine an 

air-purifier that would suck in dust and dirt whilst using a broomstick to collect it. 

 

 
Figure 5.14 The fifth idea consisting of a combination between an air-purifier and a 

broomstick. 

 

Another bundle idea was created by combining the idea of a foldable, no hose and 

manoeuvrable solutions, which could enable using the construction of the machine for 

effective storage. See figure 5.15 for the bundle of ideas. 

 



 29 

 
Figure 5.15 The sixth bundle created from the ideas of different hose storing solutions. 

 

To enable storage optimization, the combination of the vacuum cleaner with other storage 

module solutions was explored. For instance, how a bucket would be able to be part of a 

cleaning product, see figure 5.16 for the idea. 

 
Figure 5.16 The seventh variation created from combining other cleaning tools with the 

vacuum cleaner, here combined with a cleaning bucket. 

 

Lastly, by combing the manoeuvrability of a handle, the rollability of a four-wheeled carry-

on bag and storage of the hose within the construction, another variation was created. The 

variation would facilitate a construction that could bring other wanted functions within the 

construction of an effective storage solution, see figure 5.17 for the variation of the idea. 

 

 

Figure 5.17 The ideas that created the eight bundle, consisting of a four-wheeled carry-on 

bag, a driving handle and a storage solution for the hose inside the construction. 

5.1.3 Chosen ideas 

From bundling the ideas into systems, eight ideas were created; the cylinder, the turtle, the 

hook, the mobile central vacuum cleaner, the air filter, the no hose cleaner, the bucket and the 

carry on.  

 

The cylinder 

The idea for the cylinder was to facilitate a rollable and kickable construction with a hose 

storing solution with a complete cylindrical form. The idea was to enable a cylindrical form 

with two wheels on the side and facilitate the user to store and roll in the hose around the 
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machine. The solution could be stored in an upstanding position. See figure 5.18 for 

illustration. 

 

 
Figure 5.18 Sketched illustration on the cylinder idea. 

 

The turtle 

The idea for the turtle was generated from a hose free-solution and a foldable construction to 

enable storage optimization. The idea was to use a two-part machine to store the hose and 

nozzle and enable a storing solution within the construction. The idea would contain a lid that 

could be opened before use and closed before storing. See figure 5.19 for illustration. 

 

  
Figure 5.19 Sketched illustration on the turtle idea. 

 

The hook 

The hook was inspired by the need for manoeuvrability during the use of the vacuum cleaner 

and the possibility to store the product hanging. The vacuum cleaner would have an arm that 

could be used as a hook in storage and would work as a handle to help the user manoeuvre 

the vacuum during the cleaning process. See figure 5.20 for illustration. 
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Figure 5.20 Sketched illustration on the hook idea. 

 

The mobile central vacuum cleaner 

The idea for the mobile central vacuum cleaner was created from the invisible solutions and 

storage module solutions. The idea would work as a central vacuum cleaner that could be 

stored inside the home, in any possible space that could store a larger machine, for example 

under the bed, the sofa or under a table. The idea for the mobile central vacuum cleaner was 

to use the solution of having a stationary machine and facilitate its own storing solution. The 

idea was to create a new storage place for the vacuum cleaner and enable the hose and nozzle 

to be stored right next to it, in an attached box, See figure 5.21 for illustration. 

Figure 5.21 Sketched illustration on the mobile central vacuum cleaner idea. 

 

Air filter 

The idea was to create a new way of cleaning and collecting dust inside the home. Through 

combing the vacuum cleaning function with another home tool equipment to facilitate 

invisibility in the home, and furthermore to combine an air filter machine to enable the 

suction function for a vacuum cleaner. The idea was to construct the machine in a way that 
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the user could have a constant air filtration in their home resulting in the home feeling 

cleaner, and when needed the machine would be able to suck up and store dust and dirt. By 

brushing the dust with a broom, or a similar product, to the bottom of the machine and then 

push on a button a second function would suck in the dust and dirt. The product would need 

to be light enough to move from room to room to enable an easy usage phase and facilitate 

movability, and for the user to be able to target specific cleaning areas. See figure 5.22 for 

illustration. 

 
Figure 5.22 Sketched illustration on the air filter idea. 

 

No hose cleaner 

The main idea was to remove the hose and allow the vacuum cleaner to be maneuverer by a 

handle that would be in the middle of the product, creating a balance between the nozzle in 

the front and the motor at the back. When it would be stored it would fold in the middle and 

become a high and compact static structure. The product would have two wheels allowing the 

structure to be moved with the movement of the nozzle, see figure 5.23.  

Figure 5.23 Sketched illustration on the no hose cleaner idea. 

 

The bucket 

The idea for the bucket was to create a storage optimization unite. It would combine the 

vacuum cleaner with other storage module solutions. The idea was to enable other cleaning 

tools to be stored with the vacuum cleaner and further be a part of the construction to be more 

efficient during storage. The bucket could combine other tools to be stored with the machine. 

See figure 5.24 for illustration. 
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Figure 5.24 Sketched illustration on the bucket idea. 

 

The carry-on 

The idea was a cross-pollination of three “crazy eight” solutions; manoeuvrability of a handle 

and the rollability of a four-wheeled carry-on bag and the storage of the hose within the 

structure, See figure 5.25.  

 
Figure 5.25 Sketched illustration on the carry-on idea. 

5.2 Idea evaluation 

Idea evaluations were performed to review and test the ideas created during the idea 

generation phase. Quick and dirty physical prototypes were constructed to get insight into the 

ergonomics and understanding of how the ideas would act in the physical world, see 

Appendix I. 

 

Pugh’s evaluation matrix was used as a visual aid to analyse the product’s strengths and 

weaknesses, See table 5.1 for the complete evaluation matrix.  
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Table 5.1 The complete evaluation matrix for the ideas 

Insights 
/Ideas 

The 
cylinder 

The 
turtle 

The 
hook 

Mobile 
CD 

Corded 
vacuum 
cleaner 

Air 
filter 

No 
hose 

The 
bucket 

The 
carry 
-on 

Integration 0 + 0 + Reference + - + + 

Frictionless + - 0 - + + - + 

Follows + - + + + + - + 

Area 
Optimization 

+ + 0 + + + + + 

Organized 
System 

0 + 0 + - 0 + 0 

Stepless - - 0 - + + - - 

Invisible 0 + - + - + - + 

Sum 2 1 0 3 3 4 -1 4 

 

The cylinder idea was evaluated to be an improvement from a classical vacuum cleaner in the 

frictionless category, regarding how it would follow and the area optimization in storage. The 

idea was to create an easy and user-friendly way of storing the hose. However, the idea was 

further evaluated not to create a drastic change in the way that vacuum cleaner works.  

 

The turtle idea would facilitate the optimization of storage and therefore be evaluated to 

improve in the organization system. However, the idea would need a larger number of usage 

steps and would be a larger concept to store to fit all the components. 

 

The idea of using a hook to drive and manoeuvre the vacuum cleaner was evaluated not to 

create a greater value for the user than currently provided by the corded vacuum cleaner. The 

idea would create an enhanced driving experience and give the user more control when 

handling the machine, but the solution would require more space and would not feel invisible.  

 

The idea of having a mobile central vacuum cleaner was evaluated to create new storage and 

therefore work better in a system. The idea was therefore evaluated to easily be integrated 

into household and create area optimization, contribute to an organized system and be more 

invisible than a regular vacuum cleaner. The idea would need more steps before usage and 

have more resistance in the usage phase.  
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The air filter idea was evaluated similarly to the mobile central vacuum cleaner, where it 

would create storage solutions since it would create its own system. The idea was therefore 

evaluated to be better than a regular vacuum cleaner in area optimization, and in addition, it 

would be easier and have fewer steps during the usage phase. The idea would moreover need 

to be placed in the room and would, therefore, be visible.  

 

The no hose idea would give a simple usage phase and would not require more steps when 

stored, and was therefore evaluated positively in the frictionless, stepless and follow the user 

during use criteria. The idea could give the same, or more difficult, storing options if the 

construction would not fit the user's intended location.  

 

The idea of the bucket, and combining the vacuum cleaner with other cleaning tools, would 

create a great storing optimization and interplay with other tools, but it was evaluated to 

create further difficulties during pick-up and usage.  

 

The carry-on concept was evaluated to require more steps during use. Nonetheless, the idea 

was evaluated to have better storage characteristics and to facilitate area optimization. The 

idea would also create easy manoeuvring and handling during use, with the possibility to 

become frictionless and to follow effortlessly.  

 

The ideas that were evaluated to be taken to the next phase were those who had performed 

best in the Pugh’s evaluation matrix, scoring a three or four. Resulting in the mobile central 

vacuum cleaner, the air filter, the no hose, and the carry-on ideas to be chosen to be further 

developed into concepts. 

5.3 Concept generation 

The concept generation consisted of the four concepts being developed from the ideas; the 

mobile central vacuum cleaner idea, the air filter idea, the no hose idea and the carry-on idea. 

 

Mobile Central  

The concept would offer the function of a central vacuum cleaner solution to smaller homes 

and flats. The mobile central concept would require a larger volume than the current vacuum 

cleaner, as a result of space for storage for a longer hose and the vacuum cleaner nozzle. The 

volume would contain a motor and dust bag that could remain stationary through most of the 

usage, but be equipped with wheels to be able to move the mobile central vacuum cleaner 

when the long hose does not reach all the desired areas of the home. See figure 5.26 for an 

illustration of the product volume, along with how it could be stored and how it would work 

as a storage unit for its appliances. 
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Figure 5.26 Concept sketches for the mobile central idea. 

 

Air filter 

The air filter was a concept inspired by the current market’s existing air purifiers, which has 

similarities to the components of a vacuum cleaner, but with different dimensions. The idea 

was to create an air purifier equipped with a dust bag to store dust and dirt, along with the 

capacity for a stronger suction at the bottom of the product. The air purifier, in combination 

with a broomstick, that was adapted to collect dust from floor and carpets, would create a 

new vacuuming experience. The broom would be used to collect dust and dirt to be deposited 

under the air purifier that would then suck up the dirt. The air filter would only make a 

noticeable suctioning noise, equivalent to today's vacuum cleaners, when it would be sucking 

up the dust. When the air-filter is not actively used to vacuum, it would remain out in the 

open room, and work as a regular air purifier silently. The concept’s weight would not 

surpass the point where it would not be able to be carried into different rooms, to enable the 

user to brush the dirt towards it. See figure 5.27 for an illustration to help visualize the 

functionality of the product. 

 

 
Figure 5.27 Concept sketches for the air filter idea. 
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No hose 

The no hose concept was a solution to the hose problem since the hose was discovered to be a 

part leading to feelings of frustration. To be able to get rid of most of the hose, the body of 

the vacuum cleaner was elongated to connect to a small hose. The concept would have 

rounded wheels to allow a tilting during use where the wire would be positioned in between 

the wheels, see figure 5.28. 

 

 
Figure 5.28 Concept sketches for the no hose idea. 

 

The Carry On 

The bundle idea method resulted in a vacuum cleaner with the manoeuvrability of a caster 

wheeled and handle maneuverer carry-on. The concept would have the ability to store the 

hose within its own construction and be shaped like a cube when stored, for an improved fit 

into the shape of a cupboard, see figure 5.29.  

 

 
Figure 5.29 Concept sketches for the carry-on idea. 
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5.4 Concept evaluation  

A concept evaluation was executed to review the ideas. The analysis incorporated the end-

user through interviews where the mock-ups were tested to evaluate the concepts to further be 

used in defining needs and requirements from insights on the chosen concept.  

5.4.1 Mock-ups and Storyboards 

Mock-ups and storyboards were used to test the user problems discovered in the second 

round of interviews and validate the created concepts benefits. The mock-ups consisted of, 

cardboard, household products, and a ruler with the goal to help maximize learning. 

 

Mobile Central vacuum cleaner 

The mobile central vacuum cleaner concept was presented using a storyboard. The potential 

storing locations was then analysed by using a ruler to see what dimensions that the concept 

would need to have in order to work as desired. The analysis provided the possible size of the 

concept, by measuring the length from the desired location to the most remote area of the 

interviewees home. Resulting in finding the needs for the length of the hose dimensions. 

 

The user scenario for the mobile vacuum cleaner begins with locating and positioning of the 

concept to the most remote area that would need to be cleaned by the vacuum cleaner. The 

idea with the concept was to create new storage space and therefore enable new possible 

locations for storing the vacuum cleaner, places such as under the couch or the bed. After the 

user has dragged out the unit they would be able to access the tube, nozzle and hose. The user 

can then mount the parts together and in addition attach the hose into the vacuum cleaner. To 

enable extra smooth use and accessibility for the user, the idea was to always have the 

vacuum cleaner plugged into a wall electrical socket. See figure 5.30 for the storyboard. 

 

Figure 5.30 The storyboard of the mobile central vacuum cleaner concept. 

 

As presented in the storyboard, the mobile central vacuum cleaner requires a long hose, long 

enough to reach in all rooms, and not forcing the user to move the actual vacuum cleaner. 



 39 

However, the concept would be equipped with wheels to facilitate an easy movement when 

rolling in and out, and could therefore also enable movement for an additional reach.  

 

Air filter 

In the usage phase of the air filter concept, the user would need to use a broomstick, which 

could be stored in a cupboard or placed nearby for easy access. The user would then start to 

clean and brush all the dust into small piles or toward the air-filter. The air-filter could be 

stored in any room and additionally used as an air purifier when not used for cleaning up the 

dust. If the user were to have a larger spill, the machine could be picked up and carried away 

to where the dirt was located. See figure 5.31 for the storyboard.  

 

 
Figure 5.31 The storyboard of the air filter concept. 

 

A mock-up was created to help the interviewee think with their body and analyse how the 

product would feel when utilized. The Mock-up was constructed of a vacuum cleaner nozzle 

being taped onto the stick of a mop, see figure 5.32 for a demonstration of the mock-up.  

 

 
Figure 5.32 The mock-up of the air filter concept’s broom. 
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No hose 

The storyboard of using the no hose concept begins with the user picking out the concept 

from storage. Here, the concept would enable easy access and could be hanged inside a closet 

or cupboard. The concept would be constructed so that the handle and nozzle could be 

fastened into the back for static storage and enabling the whole machine to be stored in one 

piece. The user would then drag out the cord and put it in a socket before starting to clean, 

see figure 5.33 for the visualized storyboard.  

 

 
Figure 5.33 The storyboard of the no hose concept. 

 

A mock-up was created to help visualize and give a feel for how the no hose concept would 

work. The mock-up gave the user a clear vision and understanding of the overall volume for 

the concept. The mock-up was made out of cardboard with skateboard wheels to illustrate 

and give a better feel. The wheels were mounted on the bottom and were placed to give the 

user a smooth and easy movement when cleaning. The handle was directly connected to the 

construction to communicate the feel of not having a hose. See figure 5.34.  

 

 
Figure 5.34 The mock-up of the no hose concept. 
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The carry-on 

To use the carry-on, the user would begin by taking out the box-shaped machine out from its 

storage. The box would be easy to store inside any storage space and would be lifted with the 

use of a handle, located on the top of the product. The user would drag up the handle and lift 

the outer shell of the machine. The outer shell would reveal the hose. The user would wind 

out the hose from its storage position. The hose would then be mounted into the nozzle and 

plugged into the wall before the user starts to clean, see figure 5.35 for the visualized 

storyboard.  

 

 
Figure 5.35 The storyboard of the carry-on concept. 

 

A mock-up was created on the carry-on concept to illustrate the volume of the concept. The 

mock-up was made from cardboard and a bottom part with four caster wheels, to give the 

user an idea of how the manoeuvring of the vacuum cleaner would feel. A handle was also 

further mounted on the mock-up, to give the user an opportunity to feel how it would look 

like and to manoeuvre a construction with a handle. See figure 5.36. 

 

 
Figure 5.36 The mock-up of the carry-on concept when cleaning. 

 

To illustrate the storage solution on the carry-on concept, a mock-up was created on the two 

different shapes, see figure 5.37 and 5.38. As seen in figure 5.37, the first shape was 

illustrated with a box made from cardboard to hold the hose in its place. The construction was 
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made so that the user could test the feel of dragging the box over the hose and to further test 

how to wrap the hose into the structure.  

 

 
Figure 5.37 The mock-up of the carry-on concept when storing shape 1. 

 

The mock-up was further developed to illustrate shape number two of the concept, this was 

done by having the box placed on the bottom and wrapping the hose inside the box, see figure 

5.38. 

 
Figure 5.38 The mock-up of the carry-on concept when storing shape 2. 

5.4.2 Interviews 

The third round of interviews was conducted at the homes of five people to extend the 

concept evaluation. The interviewees were asked a series of questions, where a presentation 

was shown on a tablet as a visual aid, see Appendix J. The presentation consisted of the four 

concepts and where presented and evaluated one at a time. In which it would start with some 

questions and an illustrative picture of the concept, a storyboard of how it would be used, and 

end with the interviewee testing the mock-ups. At the end of the interview, the interviewee 

was asked some general questions about the concepts and to rank them in order of which one 

they liked the most to the one they liked the least. 

5.4.3 Insights from interviews 

The interviews were further analysed by dividing the interviewees’ feedback into the four 

different concepts and further coded individually regarding positive and negative feedback, 

along with the general mindset.  
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Air filter 

The air-filter concept that included a new type of technology, required a raised trust to make 

the user really know that it picks up dust and dirt and works as desired. Conversely, the 

concept was viewed as a home hygiene system which would make it require less physical 

effort to keep the home clean. The interviewees also wanted it to blend into the home and be 

unnoticeable.  

 

The mobile central cleaner 

The main concern regarding the mobile central cleaner was its reach, making it able to clean 

the entire home. The concept was also faced with a challenge of making it “universal” and 

work in all homes from small flats to houses. The idea of being able to move it through the 

home with wheels was seen as ungainly. However, the interviewees liked that it created its 

own space and would be unnoticeable. 

 

No hose 

The no hose concept was faced with needing to be easy to manoeuvre. Furthermore, it should 

be designed not to need much physical effort when using, since the vacuum cleaners body 

would be moving with every stroke the vacuum cleaner nozzle makes. To be able to reach 

under furniture was also seen as a challenge for the concepts design. The interviewees liked 

the controlled manoeuvrability of the nozzle and how it would be stepless going from storage 

to use. The interviewees also gave the feedback that it would need to be shaped not to take up 

as much space horizontally as the mock-up did in storage.  

 

The carry-on 

The carry-on was a familiar product working the same way as a regular vacuum cleaner, but 

expected to have better manoeuvrability traits. The concept was seen to have the potential to 

optimize storage and, if styled to be discreet, it would be able to be kept out in the open and 

therefore not take up any storage in the cupboard.  

5.4.4 Evaluation, pros and cons 

In the evaluation process, three main factors were taking into account. Firstly, the 

interviewees ranking of the concepts. Secondly, the ability to realise the concept in the time 

scope of the project and thirdly, the insights from the previous two rounds of interviews. 

 

The ranking of the interviews shown in table 5.2, was used to sift out the least desired 

concepts, by having the end-users appoint a ranking. 
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Table 5.2 The ranking of the concepts in the different interviews and the total sum of points, 

which resulted in the fewer points the better ranked and the more points the worse the 

concept was ranked. 

 air filter central vacuum no hose carry on 

interview 1 
ranking 

1 2 4 3 

interview 2 
ranking 

1 3 4 2 

interview 3 
ranking 

1 4 3 2 

interview 4 
ranking 

1 3 4 2 

interview 5 
ranking 

3 4 2 1 

Sum  7 16 17 10 

 

The third round of interviews enabled an evaluation and resulted in narrowing down the 

concepts to the air filter and the carry-on. The concepts were weighed individually to the 

needs and themes found during the interviews (round 2 and 3), see Appendix K.  

 

The carry-on concept had the potential of being constructed around a traditional vacuum 

cleaner, enabling the use of standard components and including traditional parts already 

existing on traditional vacuum cleaners, supporting the problem statement and the concept 

feasibility. The air filter was scored with a higher ranking than the carry-on. In the interviews, 

the air filter was the most popular choice, but was reliant on the air filter concept working as 

efficiently as a regular vacuum cleaner. Because of the uncertainty of the air filter concept, 

along with the scope of the project that resulted in a” proof of concept”, the carry-on concept 

was the concept with the greatest potential. With technical supervision from ESSIQ AB, the 

air filter concept required an additional problem statement. The carry-on concept was 

therefore elected to be the final concept and to be taken into the implementation face. 

5.4.5 Needs and requirements from insights on the chosen concept 

The third round of user interviews resulted in having the interviewees reflect more freely on 

the cleaning process. With the use of the mock-ups, the absence of the current market 

vacuum cleaner enabled new thinking patterns. The results from the interviews were coded 

and analysed using post-it notes, view appendix L. 

  

Twelve needs were found as a common denominator throughout the five mock-up testing 

interviews. Similar insights from the first and second round were still present in the 

interviews but were also expanded on. The older insights that had been further analysed were: 
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frictionless, stepless, area optimization, organized system, flow, and invisibility. The insight 

acquired throughout the three rounds of interviews was developed into needs that the new 

design concept would have to fulfil. 

 

Need 1: Contribute to structured storage. The need of contributing to structured storage 

was an insight that had consistently been brought up and proven to be a need throughout the 

interviews. For instance, when a regular vacuum cleaner is stored the hose may be wrapped 

or hanged on an object, but since the storage area is often dynamic the hose and vacuum 

cleaner will behave differently each time it is in storage. Some interviewees said that when 

they had opened the storage door the hose would fall out on them.  The need was therefore 

found for the vacuum cleaner to be stored in such way that it would stay in its position, and 

not fall over on other objects. 

 

Need 2: Optimize space. The users wanted the product to have a compact shape, where the 

shape of the product would be predictable when stored. The product should be effective in its 

use of space, where it should not leave storage unusable for other household appliances. 

When looking at how much space the vacuum cleaner occupied during storage, it was much 

larger than that of the volume of the actual product, this was often caused by the hose. 

  

Need 3: Create storage. A product designed with storage in focus was expected to create 

more storage then what it initially would take up, such as being able to have things stored on 

top or by its side. The interviewees even said that it should be unnoticeable enough to make it 

be able to stand outside of storage and blend into the rest of the apartment, not making it use 

storage area that could be used for other household appliances.  

 

Need 4: Feel familiar. The product needed to feel familiar; the sense of familiarity would 

make the end user trust the product more. This is due to users not being able to measure the 

cleaning of the product objectively, causing the need for the product to ensure that it cleans 

through familiarity. 

 

Need 5: Efficient. The product needed to be efficient at capturing dust and dirt, since this 

was still seen as the main function of a vacuum cleaner. 

 

Need 6:  Adaptable manoeuvring. The user wanted the vacuum cleaner to adapt to the 

cleaning process, making it travel straight when cleaning a room but able to turn without 

intervention from the user when going around a corner.  

 

Need 7: No physical effort. Cleaning was seen as a physical activity and the users did not 

want to have to exert physical effort when using the vacuum cleaner. The physical effort of 

the end user was focused on chairs and other furniture that was in the way of the cleaning 

process.  

 

Need 8: Controlled manoeuvrability. The vacuum cleaners traveling path needed to be easy 

for the end-user to control. 
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Need 9: Reach. The vacuum cleaner would need to reach all the areas that got dirty in the 

home.  

 

Need 10: Stepless (pick out). The process of taking in and out the vacuum cleaner needed to 

feel stepless. When deciding to start to clean the user wanted the activity of cleaning the 

home to feel stepless, and not making vacuuming feel like a project. Often the user would 

have to first fiddle with the vacuum cleaner to get it out of storage and get it ready to be able 

to start, and after cleaning the user would need to puzzle the vacuum cleaner back into 

storage to make the door to the cupboard close.  

 

Need 11: Blend in. The feel of invisibility was an insight found from the need of being 

“invisible” during storage, where the vacuum cleaner should blend into its storage and in the 

home. When the vacuum cleaner is not used, it should be in storage not blocking other 

products. The vacuum cleaner should not be designed to bring attention to itself but rather to 

integrate into its surrounding.  

 

Need 12. Unnoticeable. The insight of being unnoticeable during cleaning and how the 

vacuum cleaner should follow effortlessly, and not feel like its design is a limiting factor to 

the cleaning process. Additionally, the vacuum cleaner should not blow air on the user or 

making unnecessary noise to be interpreted as unnoticeable.  

5.5 Possible development 

The air-filter concept was seen to have high potential, the interviewees saw it as a home 

hygiene product where it would not just be a vacuum cleaner but it would also make the air in 

the home cleaner. The concept was also given feedback that could be integrated with an air 

humidifier and air conditioner to become a home atmosphere product.  

 

The concept was not chosen due to the extensive testing and research that would be needed to 

assess the feasibility of the product. In addition, the concept would need to be able to have 

two power modes, one that constantly sucks in air to purify the air, in this mode it would be 

essential for the product not to make a noticeable noise. Secondly, the product would need 

another power mode where it would have strong enough suction to suction up the dust and 

dirt that the brush would have gathered to its base.  

 

Moreover, the brush would also need to be assessed and designed to work on both hard floors 

and carpets. The brush would need to gather dirt from deep in the fibres of a carpet and still 

be able to go from carpet to floor without losing or dispersing dust. Furthermore, when it has 

captured all the dust it will need to be able to dispose of it but only when it comes to the base 

of the air purifier.  

 

Presenting and discussing the concepts with ESSIQ AB the idea of creating a combination 

between the air filter and the carry-on concept was also a potential future development. The 

combined product would be able to be made modular, where the user would be able to buy 
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the modules that the user specifically wanted to create a vacuum cleaner that would work and 

be a product system with an air humidifier, air conditioner, and an air purifier.  

5.6 Concept development on the final concept 

The final concept was further developed through an iteration of the ideation process were the 

defined needs where put in focus, including a traditional standard vacuum cleaner that was 

used as the foundation for the components of the concept. 

5.6.1 Concept design proposals  

From an idea generation on final solutions, concept proposals were designs based on the 

needs of the user. Five different concept proposals were created by targeting different 

functions whilst still fulfilling the user needs, the five concept variations were; rotation -, 

foldable -, chest -, inner lid - and outer box solution.  

 

1. Rotation solution 

The first concept consists of a rotation mechanism that manually would enable the hose to be 

rolled up and stored inside the box. The concept was constructed with an outer box that 

would house the complete machine and its components, as well as the hose. The hose would 

be facilitated through a hole on one side of the outer box and rolled on to a fitted cylinder 

inside the top part of the construction. The inside cylinder would fix the rotation of the hose 

with its form and would guide the hose into a correct movement. The hose would be 

connected to the mechanism from the bottom and then rolled around twice in storage. See 

figure 5.39 for the sketch.  

 

 
Figure 5.39 Concept proposal sketch visualizing the rotation solution. 

 

2. Foldable solution 

The second concept proposal used a foldable solution of the lid to facilitate storage of the 

hose. By combining the foldable solution of the lid and a telescoping function of the 

construction, the handle would be combined with the lid. The user would take the handle on 

the top of the lid, and drag the lid upwards before use. The lid would split and fold into two 

halves, which would make the hose accessible to be dragged out. The hose would, therefore, 

be stored inside the top of the box, and be rolled up on a fitted cylinder. See figure 5.40 for 

the sketch.  
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Figure 5.40 Concept proposal sketch of the foldable solution. 

 

3. Chest solution 

The third concept proposal combines the handle with a traditional chest lid function. The lid 

was constructed with a hinge on the back and opens by dragging the handle upwards. The 

handle would be connected to the lid and follow the form of the outer box. See figure 5.41 for 

the sketch. The hose was stored inside of the box and rolled around a fitted cylinder to enable 

storage. To facilitate the hose, the lid was constructed with an angle that opens towards the 

user. When in use, the user would drag the handle upwards, in which the lid would be 

connected, wrap out the hose and close the lid. The hose would then be accessible for 

cleaning and the lid would further be disconnected from the handle and therefore enabling the 

lid to be closed during use.  

 

 
Figure 5.41 Concept proposal sketch visualizing the chest solution. 

 

4. Inner lid solution 

Furthermore, the fourth concept proposal opens and hides the lid on the inside of the 

construction. The lid would be pushed and slide into the side of the outer box, that would 

hold the complete construction of the machine, and further, enable accessibility for the user to 

turn the hose around a fitted cylinder during storage. The user would under usage push the lid 

to the side, roll the hose out for usage and then drag the handle up from the back. See figure 

5.42 for the sketch. The handle would be stored on the backside of the box, between the outer 

wall and the lid, to facilitate a telescopic handle. 
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Figure 5.42 Concept proposal sketch of the inner lid solution. 

 

5. Outer box solution 

The fifth concept proposal combined the telescopic handle, the cylindrical housing of the 

hose, but enable accessibility by moving the outer box, see figure 5.43 for the sketch. The 

hose would be stored by turning the hose around a fitted cylinder placed on the middle of the 

topside of the construction. The handle could be dragged from the top of the box when 

needed. The complete construction would consist of an inner and outer box, that together 

would house the full machine. The outer box would consist of outer walls that would be 

connected to the inner box through a linear guide. The outer box would further be constructed 

with a fitted hole for the hose to run through when vacuuming, to have a good airflow like 

that of the current vacuum cleaners. 

 

 
Figure 5.43 Concept proposal sketch of the outer box solution. 

5.6.2 Design concept evaluation  

The developed concept proposals were further evaluated based on the set requirements and 

the needs stated by the users. One of the major variables influencing the decision on what 

concept to implement was that the concept needed to be self-explanatory, since the interviews 

showed that people do not read the product manual. The mechanism would also need to be as 

simple as possible to be viable. 

 

 



 50 

Rotation solution 

The concept proposal for the rotation solution targeted the user needs of having a smooth and 

stepless usage phase. The solution would enable the user to rotate and manually turn the hose 

into storage, without having to move or drag anything. The proposal was not explicatory to 

the end user where the end user would not know what was happening inside of the vacuum 

cleaner. The proposal was also seen as less aesthetically pleasing due to the hose hole not 

being placed symmetrically on the vacuum cleaner.  

 

Foldable solution 

The foldable solution value proposition was in creating a stepless opening and handle 

unfolding movement. The proposal was seen as weak in its aesthetic traits. 

 

Chest solution 

The chest solution was scrapped due to not being intuitive enough with four different setup 

steps before being able to start cleaning. Having to lift the lid and handle, taking out the hose, 

closing the lid, and connecting the electrical cable to the wall. This was a complex starting 

ritual, which would lead to a barrier to begin cleaning. 

 

Inner lid solution 

The inner lid solution included having a four-bar mechanism and would bring challenges 

with many parts. Furthermore, it would be challenging to dimension the construction into a 

small box volume where it would not interfere with the vacuum cleaner components.  

 

Outer box solution 

The outer box solution was seen as the concept variation with the greatest potential, the actual 

mechanism would be simple and would not demand as much space as the other concept 

variations. The variation would also give a lot of visual feedback, making the concept 

intuitive when taking out and putting back the hose. The outer box would, in addition, be 

incorporated to work as a breaking mechanism for the swivel caster wheels, making the 

vacuum cleaner not rotate when wrapping in the hose. 

5.7 Concept proposal 

The outer box concept was a proposal that interpreted how the users’ needs could be infused 

into the components on the physical product. This would be familiar enough not to disrupt 

users cleaning routines, but innovative enough to change and improve their cleaning 

experience.  

5.7.1 Solutions 

The concept proposal included possible solutions to explore the final concept, possible 

construction and support in the development to state the feasibility of the concepts.  See 

figure 5.44 for a sketch that concluded the proposals for the outer box concept, including a 

handle, paddle, springs, and wheels. 
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Figure 5.44 A sketch on the solution proposals for the concept. 

 

Standard components included the tube, hose and the parts composing the machine 

functionalities. The components were therefore set as fixed geometries and the concept 

proposal included only new developed parts, unique to the concept. 

 

The concept was proposed to include a linear motion mechanism composed of linear guides 

and springs to enable the concepts function of a moving outer box. The user would use a 

paddle, that was located at the front of the product, to press down the outer box to expose one 

rotation of the hose. The outer box could be detached from the inner box to unwrap to its full 

extent. When the outer box is pushed down the box will make contact to the floor, making the 

outer box lock the wheel’s movement through friction to the floor. However, during use, the 

vacuum cleaner would follow freely with the four swivel casters. The vacuum cleaner will 

have a handle that would allow the user to control the product movement when desired. 

 

A storyboard of the concept proposal was created to visualize the user scenario of using the 

outer box concept. The user scenario included possible steps that the user may experience, 

see figure 5.45. 
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Figure 5.45 User scenario on the proposed final concept. 

 

In the first step of the user scenario, the user would locate the vacuum cleaner to then pick it 

out from its storage space. Alternatively, remove other stored items to enable accessibility. 

After the user has made the vacuum cleaner open for usage, the first step would be to push 

down the pedal with their foot to move down the outer shell. When pushing down the foot 

pedal, the outer shell would stay down and work as a break against the floor, making the 

caster wheels unable to roll and facilitate unwrapping the hose. When the user removes the 

pressure from the pedal, the outer shell will then be pushed back up. The user could then 

attach the hose and handle to the tube and nozzle. The construction would further always 

enable the user to use a handle to manoeuvre and drive the vacuum cleaner. The handle 

would be stored on the top of the construction and if the user would wish to use the handle 

they would start by pulling up the handle to the desired height. After putting in the electrical 

cord, the user can start vacuum cleaning and when finish the steps can be carried out in 

reverse.  
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6. Development phase three: Implementation 
The results in the last development phase, the implementation, consisted of a conceptual pre-

study that included a concept proposal answering the found user need. The concept proposal 

was developed to a proof of concept, integrating concept guidelines, construction proposal, 

sustainability, and economic overview. 

6.1. Final concept proposal: The Clean-Cube 

The final concept resulted in a proposal for a new type of vacuum cleaner, leading to a new 

cleaning and storage experience, with a working name of the Clean-cube. The final concept 

answered the discovered needs and introduces a proposed pre-study that answers the problem 

statement. 

 

The final concept proposal consists of a cuboid shaped vacuum cleaner with an inner and 

outer shell. The outer shell encapsulates all the parts and maintains an optimised storage 

shape. The tube and nozzle for the vacuum cleaner attaches to the back, and enables a storing 

option both on and separate from the construction. The tube has a telescopic function, which 

enables an optimization when in storage. The shape of the final concept proposals outer shell 

also enables the user to store it in cupboards and to place items on and beside it. The idea 

further extends to facilitate visible storage options, using a discreet shape, the user could store 

the machine visibly inside the home. The concept was created to enable the user that wished 

to have their vacuum cleaner as a part of their home, to feel that it blends in as a part of the 

interior, and the tube could therefore either be placed on the side or stored away. See figure 

6.1 for a proposal on the visualized final concept.  

 

 
Figure 6.1 Visualisation of the final concept with the extended tube. 
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The proposal for the final concept includes a telescopic handle, placed on the top of the 

machine, to enable enhanced manoeuvrability for the user when vacuuming. Additionally, the 

final concept also includes caster wheels to enables free movement, See figure 6.2.  

 
Figure 6.2 Visualisation of the concept with its outer box and handle in an upright position, 

along with how the hose would be positioned during use. 

 

The final concept also includes a proposal on how to store the hose inside of the construction. 

The user would wrap the hose around an adjusted housing, to hold and fixate the hose during 

storage. See figure 6.3 for a visualisation of one rotation of the hose being exposed. The outer 

box would cover the hose during storage and the user would make the hose accessible by 

pushing down a pedal. The pedal was placed on the front of the machine. The user would be 

able to push down the outer shell with their foot to enable access to the hose.  

 
Figure 6.3 Visualisation of the concept with its outer box pushed down, and one rotation of 

the hose being exposed. 
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The inner box would house and fixate the hose during storage. Additionally, the inner box 

would house the machine components of the vacuum cleaner.  

6.1.1 Answering to the user needs  

The final concept proposal used the stated insights to solve the user needs; 

 

Need 1: Contribute to structured storage. The quadratic shape permits for other products 

to be stored on top of the vacuum cleaner. Additionally, the quadratic shape contributes to 

structured storage by making the vacuum cleaner behave predictably when not used.  

 

Need 2: Optimize space.  The Clean-Cube was designed to optimize the volume it needs in 

storage. It is made quadratic to fit into standard cupboards without creating air pockets that 

regular vacuum cleaners create and limiting what other products could be stored together and 

next to the vacuum cleaner. Instead of having the hose take up space and being unpredictable 

in storage the Clean-cube stores the hose inside its own structure. 

 

Need 3: Create storage. The solution has the ability to store things on top. The product 

would have a determined width which makes it always occupy the same space in storage. In 

comparison to a regular vacuum cleaner that, depending on how it is put into storage it, will 

occupy different amount of space. The solution has the potential to be designed to be able to 

be kept out in the room by being styled to blend into its home environment. This would make 

it create its own storage and not need to occupy space in the cupboard. 

 

Need 4: Feels familiar.  The Clean-Cube will work exactly like a regular vacuum cleaner but 

with the manoeuvrability of caster wheel luggage during use. This will make the solution 

have a familiar feel and an already established trust that it would work as a vacuum cleaner 

should.   

 

Need 5: Efficient. The solution has the potential to be as efficient as the top-ranked classical 

vacuum cleaners on the household product market. The final solution has not been limited to 

the choice of motor and has freedom in its future choice of electronic components.  

 

Need 6: Adaptable manoeuvring. The adaptability for manoeuvring of the final concept 

will be like a caster wheeled luggage. This will allow the product to move forward when 

needed and being able to move sideways without needing to move forwards. This enables the 

vacuum cleaner to move sideways when making a sharp U-turn across a corner during 

cleaning, a manoeuvre that would make a regular vacuum cleaner get stuck.  

 

Need 7: No physical effort. The Clean-cube was designed to eliminate the need to bend 

down to interact with the vacuum cleaner, whereas the handle will be giving the ability to 

manoeuvre the product decreasing the end user’s physical effort. 
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Need 8: Controlled manoeuvrability.  The handle was added to enhance the control of the 

vacuum cleaner that would also counteract the unpredictability of the caster wheels. 

 

Need 9: Reach. The reach of the solution would be identical to that of a classic vacuum 

cleaner. Since it is not powered by a battery, the product will also have a benefited reach of 

not being limited to a battery time. 

 

Need 10: Stepless. The stepless pick out is one of the needs that the new solution does not 

answer, due to the solution has an added step. The extra step includes to wrap out or wrap in 

the hose before and after use. By contrast, the product should theoretically lead to more 

structured storage, and further counterbalance the feeling of having to puzzle in and out the 

vacuum cleaner from storage, resulting in fulfilling the stepless need.   

 

Need 11: Blend in.  The styling of the solution has the potential to create a product that 

would blend into the home without drawing attention to itself and integrate to its surrounding. 

 

Need 12. Unnoticeable. During use, the solution will work as a classical vacuum cleaner 

with the added manoeuvrability, generated from the caster wheels and a high handle. During 

storage, the product is made to be a quadratic box which would go unnoticed, except for 

when it is meant to be taken out for usage. See figure 6.4 for a visualised example in a 

cupboard.  

 

 
Figure 6.4 Visualization of the Clean-Cube stored in a cupboard. 

 

The Clean-Cube is an innovative vacuum cleaner designed to fulfil the less reflected upon 

user needs. The vacuum cleaner will be handled as easily as carry-on luggage in and out of 

storage, see figure 6.4. During use, the Clean-Cube revolutionizes the vacuuming experience 

due to its following and manoeuvrable features. Rather than dragging the vacuum cleaner 

forwards by tugging the hose, the Clean-Cube adapts to the hose movement and allows the 
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user to conveniently direct the vacuum cleaner using an extended handle. The product is 

designed to match the user’s current skills and mindset where the movements required to 

operate the clean cube is inspired by caster luggage, lidded trashcans, and a classical corded 

vacuum cleaner. Resulting in an intuitive and trustworthy product, designed with the end-

users cleaning process at its core.  

6.2 Concept guidelines 

Concept guidelines were created on the final concept proposal to appoint styling elements 

and explore potential shape variations. 

6.2.1 Styling elements 

For the final concept, the outer and visual parts were developed from a common styling 

ground. The styling guidelines were based on previous insights and a performed mood board. 

 

A mood board was developed to find the needed expressions for the final concept proposal 

(not featured in this report due to publication reasons). Inspiration for the styling elements 

was set to have a common form and colour ground for the concept and was further defined 

into a common styling theme. The theme included minimalism, symmetry, and simplicity.   

 

The second round of interviews included users who had a white vacuum cleaner; the users 

expressed more contentment with their white colour choice than the interviewees who did not 

think of the colour of their vacuum cleaner when buying it. The interviewees who had white 

vacuum cleaners explicitly said that they liked that it was white. In the third round of the 

interviews, the insight of the vacuum cleaner to blend in and to be unnoticeable was found as 

a required need. This resulted in a light colour scheme, with the aim of having harmonic 

curves and shapes that would not stand out.   

 

The quadratic shape, which was an essential characteristic of the concept, could be used in 

shaping other parts of the product; such as the buttons, handle and nozzle, making the product 

have a uniform feel, see figure 6.5. The rounding is a way of making a hard and sharp shape 

turn into a softer and more forgiving shape. The softness of the shape would also bring down 

the aggressive feel; compared to the “aerodynamic” shape that classical vacuum cleaner has 

been characterised with. By bringing down the aggressive feel, simultaneously as creating a 

larger body, giving the shape of the vacuum cleaner a form of poise and authority (size of an 

industrial vacuum cleaner). Resulting in a shape that will still assure the end user that it 

cleans and has powerful suction.  
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Figure 6.5 Illustration of buttons and nozzle, shaped to have a uniform feel. 

 

The caster wheels have the potential to be shaped according to desired brands specific idiom. 

The casters wheels are recommended to stay visible to give the familiar shape of carry-on 

luggage making it intuitive when manoeuvred using the handle, satisfying the need for 

familiarity in products.  

6.2.2 Shape variation 

Shape variations on the outer box were executed to explore potential shapes for the concept. 

The final concept proposal was created to follow the user needs and set to follow common 

styling elements and did not target a specific brand. Shape variations were therefore 

performed as a proposal on possible styling features, and a proposed shape was selected to 

add to the proposed concept desirability. 

 

The shape variation that was created included proposals for the opening of the box. The 

proposed construction required the outer box to have an opening in order to give the hose, 

pedal and ventilation space. The tested shapes included combinations of using rounded and 

sharp edges on the corners, and different proposals on the openings volume, see figure 6.6.  

 

 
Figure 6.6 Potential openings for the front and back of the vacuum cleaner.  
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6.3 Design proposal 

The implementation phase of the final concept consisted of a conceptual pre-study that 

include a final concept, and involve a design proposal to aid the proof of concept. The design 

proposals were guidelines to consider how the different parts of the concept would interact, 

and further support the proof of concept. The final concept proposal includes a suggestion of 

possible design solutions to validate the suggested final concept of its viability and feasibility. 

 

The final design proposal was developed to fit traditional vacuum cleaner components inside 

and was constructed to house the components from the product autopsy. The standard 

components were not optimised or changed to follow the project limitations, including 

components such as the hose and handle, motor, dust bag, cord, and ventilation, see 

Appendix M.  

 

The unique components that constituted the final concept were developed as suggestions for 

the conceptual pre-study and created to validate its viability to support the proof of concept. 

The unique components that compose the final concept and new solutions for a vacuum 

cleaner include; housing for the hose, handle and caster wheels, outer box, and linear tracks, 

springs, pedals and nozzle. The components were developed around set limitations and from 

the previous insights, see figure 6.7 for the included components. 

 

 
Figure 6.7 The included components on the final concept proposal. 

 

The final concept proposal was developed using a computer-aided design model (CAD), to 

aid the visualization of a generic product. Visualization of the concept could then assist in the 

progress to be styled and constructed to work for future development and brands. 
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Additionally, the CAD prototype assisted in assessing possible physical relationships 

between different parts of the concept. 

6.3.1 Outer box 

The outer box was developed to hold and to store away all the inner components of the 

vacuum cleaner. It was proposed to optimize the storage solution for the concept and adjusted 

to fit into the home, and further follow the requirements that were set from the insights by the 

users.  

 

Limitations set on the outer box were: 

- optimize storage space 

- fit into a standard cupboard 

- hold the complete construction 

- cover the machine when in storage 

- simplify and help to store solution 

- intuitive usage 

- easily operated 

- transfer the force from the paddle to the linear guides and spring system.  

 

The box was set to follow a flat top to allow the user to store and to place items on top. The 

flat sides would further allow the user to snug the machine into any storage space with flat 

surroundings and therefore securing other items in place, see figure 6.8. 

 

 
Figure 6.8 A visualisation of the outer box. 

 

The insights from the interviews showed that there was an opportunity with an unobtrusive 

shape to enable the machine to be stored visibly inside the home, see figure 6.9 for an 
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illustrative sketch of an example. A slim and simple shape would, therefore, create new 

possibilities for new storing options. 

 

 
Figure 6.9 Visualization of the Clean-cube inside the home, stored next to a sofa. 

 

The outer box was proposed with a manufacturing option to support the feasibility of its 

geometry. The component has a large quadratic shape, with flat surfaces, rounded corners, 

and symmetric form. The outer box was proposed to be done through rotational moulding. 

This was to make a relatively large part without a draft angle. Material proposals were 

suggested for the newly developed components to support the final concept and assess the 

feasibility of manufacturing. Polyethylene (PE) was a possible choice to create quadratic 

geometry [24]. The shrinking of PE after the rotational moulding process allows it to create 

geometries that do not get stuck in a mould, even when they do not have a draft angle [25]. 

6.3.2 Housing for the hose 

The created housing for the hose was a unique proposed component for a vacuum cleaner that 

was set to enable effective and easy storage for the hose. The housing was proposed to fit and 

to fixate the hose when stored. The housing was appointed with fitted alignments to hold the 

hose, and with an additional hand to hold the handle. The limitations that were set on the 

component was to enable a volume effective and slim location for the hose. The component 

should also secure and fasten the hose during storage. The manoeuvring and handling of the 

construction should preferably be done with one hand, and be understood intuitively.  

 

Limitations set on the housing for the hose were: 

- fixate the hose during storage, including the handle 

- giving the feeling of stepless use 

- intuitive 

- enable manoeuvring with one hand 

- volume effective 

- include hose handle 

- enable possible storage for additional nozzles 
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- fit a standard hose 

- the minimum distance between the outer box and the housing should be the width of 

the hose 

 

The housing for the hose were appointed with fitted gouges that follows the hose and with an 

appurtenant handle holder, in order to fixate the hose. The cut-out shape that follows the hose 

goes from the bottom to the top in a swirling movement and was further created with an angle 

that will enable the hose a full movement during use, see figure 6.10 for visualisation. 

 

 
Figure 6.10 A visualisation of the housing for the hose. 

 

To fixate the handle onto the housing, the housing was created with an appurtenant ring. The 

ring would use a snap function, a tight grip around the handle, to fix the handle in place. This 

would lock the handle and fixate the hose when storing away the vacuum cleaner, see figure 

6.11.  

 

 
Figure 6.11 A visualisation of the housing for the hose with its additional ring. 

 

The hose holder was designed with many curved areas and complex shape, the part would 

need to be done in different parts and then assembled together in order to be mass-produced. 

The upper part of the hose holder should be in a material that complements the outer box to 

give a uniform feel.  

6.3.3 Handle and wheels 

The handle and wheels were new components to be integrated into the vacuum cleaner, 

which was inspired by the users need for controlled manoeuvring. The carry-on luggage 

inspired telescopic function to create a handle to easily guide the vacuum cleaner. The 
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limitations for the handle included a maximum height of the telescopic parts and to fit into 

the part of the hose holder.  

 

Limitations set on the handle were: 

- fit into the construction of the hose holder during storage 

- elevate handle to a height of around 1000 mm, to support a straight position and 

working height [26] 

- intuitive handling 

- enable adaptable usage 

- not attract attention during storage 

 

The handle should be constructed to fit into the top of the housing for the hose, to enable the 

user easy access and to be visible, see figure 6.12. 

 

 
Figure 6.12 A visualisation of the handle for driving. 

 

The telescopic component consist of existing solutions and standard components and was set 

with requirements of the total length of the handle, to fit into the housing for the hose, and 

was limited to fit into the construction without interfering with any other components in the 

bottom part. The length was recommended to be around 1000 mm, to allow an ergonomic 

angle during user, and to not force the user to bend when wanting to move the vacuum 

cleaner [26].  

 

The handle was developed to fit into the top, and with additional space for the hand to grab 

the handle. The handle was equipped with a button to enable an open- and closing function. 

The button pushes in to unlock the telescopic function. The user will push the button down to 

unlock the tubes and drag the handle up to the desired height, to then release the button to 

fixate the telescopic tubes, see figure 6.13.  

 
Figure 6.13 A visualisation of the telescopic handle in an extended and unexpended position. 
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The handle would have the same surface finish as the outer box to give a uniform design of 

the concept.  

 

The caster wheels were part of the concept to satisfy the user need to follow effortlessly. 

Dimensioning the caster wheels had three different limitations; the diameter of the wheel, the 

offset of the caster, and the width of the component. These dimensions would affect the 

location for the casters pivot point for the outer box not to colliding with the casters when 

taking out and putting in the hose. 

 

Limitations that were set on the wheels: 

- have a minimum height of the same measurement as it takes for the outer box to 

reveal the hose. 

- enable movement over thresholds. 

- 360-degree rotation. 

 

An offset of the wheels was necessary to make the vacuum cleaner follow effortlessly, but 

would also need to be limited to be able to rotate freely 360 degrees without colliding with 

the inner components of the vacuum cleaner. To minimize the wear on the floor the caster 

choices were limited to double wheeled casters [23], this created a wider caster that needed to 

be considered when dimensioning the offset, see figure 6.14 for a visualisation.  

 

 
Figure 6.14 A visualisation of the caster wheels.  

 

The dimensions of the caster wheels were set to further enable implementation of standard 

components and enable viability for the concept of manufacturing and material choice. 

6.3.4 Linear motion 

The final concept proposal includes a new solution for the outer housing of the vacuum 

cleaner with a movable outer box. The construction was proposed to incorporate components 

that facilitate a possible downwards-linear motion of the outer box via the use of a pedal. A 

linear movement up and down would enable the user to access the hose. The construction 

would lift the outer box to its upper position when cleaning and stored away. A pedal placed 
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on the bottom of the outer box was proposed to enable the user to control the movement with 

the use of a foot.  

 

Limitations set to the linear motion system were: 

- hold the outer box up  

- allow the outer box to move down a load is put on the paddle 

- exposing one rotation of the hose when on the lower position 

- have a stop for the outer box both in its upper and lower positions 

- limit the outer box to 1 degree of freedom 

- able to function whilst allocating a torsional load from the paddle  

 

A possible solution was to have two linear-guides, one on each side of the vacuum cleaner 

connecting the inner box and the outer box. There would be a total of four extension springs 

that could be placed in pairs beside the linear guides, see figure 6.15. The extension springs 

would act as resistance when pushing down the outer box and lifting the outer box back to its 

original upper position during cleaning and storage. The pedal would be designed to give a 

semiotic understanding of being a foot pedal and have an angle to allow the user to keep the 

heel on the floor whilst pressing down the paddle with the toes.  

 

 

Figure 6.15 A proposal of the motion system including spring, linear tracks and the forces 

acting upon the system.   

 

For the linear motion mechanism to function, it would need to fulfill two equations.  

 

↓: "# − 4&'	 = 0  (1) 
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Equation (1) allows the extension springs in the mechanism to keep the outer box (with a 

weight m in figure 6.15) in its upper position during use and in storage, if no force (F in 

figure 6.15) is applied to the paddle. If a force F is applied to the mechanism, the outer shell 

will slide downwards until the bottom of the outer box contacts the floor. To be able to move 

downwards without rotating equation 2 must be fulfilled. 

 

↺: &, − 2(Ν,0) = 0  (2) 

 

Equation (2) requires that the two linear slides would be able to allocate a torsional load 

greater than the required paddle force multiplied by the horizontal length from the paddle to 

the linear slides, for calculations view Appendix N. 

6.3.5 Nozzle 

The nozzle was proposed to follow the construction from a regular vacuum cleaner nozzle but 

with additional features. The nozzle was a part of the storage solution since it would enable 

having everything in one place. The nozzle was proposed to have an interlockable feature in 

order to enable storage on the vacuum cleaner. Further, the nozzle was proposed to have a 

manoeuvrable solution for easy cleaning. 

 

Limitations set on the nozzle was: 

- have an interlockable feature  

- move freely on the floor, not to one direction 

- limited height to reach under furniture 

 

The nozzle was further proposed with an additional fixation component that would enable the 

tube to be hanged on to the box, placed by its ventilation opening. This was due to the 

ventilation opening not being part of the outer box design. The ventilation opening would 

blow out air during use, and after use it can be concealed by the tube and nozzle.  

 

 
Figure 6.16 A visualization of the proposed nozzle and appurtenant component for hanging. 
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The interviews insight concluded that the nozzle should not use wheels to lessen the friction 

to the floor because they can only roll in one direction, but use a solution that would allow 

the wheels 360 degrees of rotation. Through dialog with ESSIQ AB, another potential 

solution was generated where the use of a round ball wheel, like that of a computer mouse, 

could be used to move freely. The proposed solution would therefore not bound to the 

direction of the wheel on the nozzle. 

.  

The nozzle was proposed to have a limited height in order to enable reach, and access 

cleaning under furniture.  

6.4 Economic estimation 

A rough estimated economic overview was calculated on the final concept to assess its 

viability. The concept was developed to integrate regular vacuum cleaner components and the 

new Clean-Cube components, resulting in an increased number of parts and needed materials 

which would be reflected in the final prize.  

 

An estimation of the increase in price for the final concepts was calculated from a standard 

classical vacuum cleaner. The estimation method for calculating the increase in price was the 

1-3-9 rule of thumb, where the price of the material is roughly one-ninth of the retail price 

[27].  Resulting in a rough cost estimation of the proposed concept to be an additional 800 

SEK to the retail price of the vacuum cleaner that would share the same inner components of 

the product. See Appendix O for the estimated calculation. 

6.5 Sustainability 

Sustainability aspects were addressed during the development of the final concept to increase 

the viability and desirability of the Clean-Cube concept. The development of the final 

concept for the vacuum cleaner was seen to be strengthened by the urbanization trend, and 

further, follow the requirements that come with compact-living and optimizing of home 

space. A sustainable approach of the sociological need was taken into consideration of the 

final concept, by giving the user an effective storage solution and being fitted into their home. 

 

To further approach the UN goals, the choice of a traditional mains-powered motor for the 

final concept was set to strictly follow existing solutions in order to fulfil the component 

requirements regarding energy consumption. Furthermore, this will allow the vacuum cleaner 

to meet the existing conditions for EU-certifications due to the concept being compatible to 

current market mains-powered motors [28]. 

 

UN goal 12, ensure sustainable consumption and production patterns. When developing a 

new vacuum cleaner there will be the need to design the components through an 

environmental management perspective and account for all waste throughout the products 

life-cycle [29]. This was one of many factors that contributed to the choice of power source 

for the vacuum cleaner. The concept was designed to have a mains-powered motor as the 
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energy source for the machine. Another advantage of designing the Clean-Cube to be corded 

was the lifespan aspect of the vacuum cleaner. The lifespan of a vacuum cleaner is estimated 

to be around eight years when corded, instead of five years which it is estimated to be if the 

vacuum cleaner would be battery powered. 
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7. Discussion 
The current vacuum cleaner market offers a range of solutions to satisfy different user needs. 

The study found needs that had opposing relationships with each other. Comparatively, 

current products focus on answering a few needs to target specific customers. For instance, 

the stepless need is answered with a handheld vacuum cleaner stationed near the area that 

frequently needs cleaning. However, the handheld vacuum cleaner with a charging station 

does not target the need of the vacuum cleaner to be unnoticeable or blending into its 

environment.   

 

A gap between how vacuum cleaners are designed and used resulted in a problem description 

that included users’ needs concerning both areas. The human-centred design method has 

great potential in developing products that are easily integrated into the user’s lifestyle. The 

method finds the users view of the relationship the product plays in its environment by 

including direct contact and involvement with the end-user to raise understanding and 

knowledge [14]. Today's products cannot be seen as isolated in the household, instead they 

need to interplay with many different household appliances. 

7.1 Methodology 

Through working with the end users the process has been very information dense, where a lot 

of design input does not come directly from what the user explicitly said but rather how the 

user stored and used the vacuum cleaner. The interview results were open to interpretation, 

where it was beneficial to work in teams, since people pick up on different quotes and put a 

different value on what and how people said things during the interviews. By working closely 

to the end user with human interactions it was easier to empathise with them, and therefore 

also easier to make decisions based on the users. When working close to the end user it was 

easy to get information about things that you did not know you needed to be informed about. 

 

From having user interactions, the designer gets user insights that could also be a creative 

barrier during the ideation face since the designer is more aware of the restrictions and the 

process of thought is imposed on them during the interviews. By following a structured 

methodology, the phases (inspiration, ideation and implementation) could be hold separate. 

For example, the “Be your customer” and observation method during the inspiration phase 

showcase examples and give insights of the problem without analysing or trying to solve 

solutions. In addition, by having a interview guide the interviewees was restricted to think of 

the problems, and not coming up with solutions. In comparison, the methods in the ideation 

phase that includes brainstorming and idea generation focuses fully on solutions and having 

openness to find new ideas. Further, interviews with mock-ups focuses on solutions and co-

creates with the user to find new ideas. Here the different phases show how important the 

divide can be, without the differentiation the openness and the understanding could be 

compromised. 
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Most of the people interviewed had classical corded vacuum cleaners. Due to the HCD 

approach working with the end user’s insights and reflections the study could have been 

primed into focusing more and finding more solutions towards that corded vacuum cleaner 

design, as a result of getting most data about that specific product.  

 

The study was conducted following the HCD ISO standards, where the project fulfils the 

criteria to be called an HCD development project. Though, when working in an HCD team 

one of the principles was to include multidisciplinary skills and perspectives, whereas the 

study was limited to the master thesis members and supervisors the degree of 

multidisciplinary skills could be argued.  

7.2 Inspiration phase 

The first development phase included a user study to raise understanding and knowledge of 

the user. The user mindset was revealed through the study to consist of three main categories; 

vacuum cleaner, cleaning, and storage. The study revealed that people were neutral to their 

vacuum cleaners, where the vacuum cleaner was a product that people did not associate to 

their identity and rather than the individuals wanted to be associated to having a clean home. 

This resulted in the vacuum cleaner being a product that would not define the individual in 

comparison to other home interior products that people would purchase to express 

themselves.   

 

The executed interviews involved a wide range of individuals in different age and living 

situation and were chosen not to have a close relationship to the interviewers. Through the 

interviewing process, the information was similar, which could be a result of the study being 

conducted in Sweden where most of the individuals had classical corded vacuum cleaners.  

7.3 Ideation phase 

The second development phase consisted of the ideation phase, when coding and analysing 

the interviews the different group members can have interpreted thoughts or events 

differently, which due to individual biases could have lead to the information being weighted. 

A great way to revisit the interview was through pictures and audio recordings, if a video 

would have been filmed it would also have been a dense source of information, which was 

not used during this project. When coding with post-it-notes the insights can interpreted as 

more relevant then intended during the interview, resulting in most of the comments being 

equally weighted when analysed. 

7.4 Implementation phase 

The implementation phase resulted in a concept proposal. As a result of engineering methods 

and analysis, the concept proposal was seen as feasible. The proposal included the use of 

linear guides and springs for the concept mechanism to move the outer box up and down 

when accessing the hose. Based on the use of the current technology in a corded vacuum 
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cleaner the concept proposal would function identically to the current classical corded 

vacuum cleaner, and through material choices specified to the manufacturing, the concept 

geometry would be able to be manufactured. 

 

The concept was seen as viable due to it being based on the viability of the classical vacuum 

cleaner along with how well-designed consumer products are accepted to come with a 

premium [14].  

 

However, the proposed styling of the final concept includes the colour white, which was 

based as a wished need found in the interviews. A raised question was, how trend sensitive it 

would be. On the current market, a white vacuum cleaner would fit into many homes and 

work with the interior, but this could change over time.  

 

The styling further included common styling elements and was developed as a generic 

proposal for the visual parts, and further as a base for further styling development and 

branding. The concept proposal included shape variation to fit the user needs, but without a 

stated brand.  

 

If the linear-guides would be able to be made in plastic the cost of the final concept would be 

brought down, but after discussing this with ESSIQ AB, having plastic linear-guides moulded 

into the different components would require further testing to assess the quality and longevity 

of the feature.  

7.6 Future recommendations 

Future development would include dimensioning and a complete component review to 

optimize the finished proposal further. For the storage solution, essential parts such as the 

tube and hose obtain great developing opportunities to minimize the storage volume, due to 

the current standard components requiring larger volume and not being optimized in any way. 

For example, the tube just having one telescopic joint. Future analysis on the vacuum cleaner 

tube and nozzle could bring further storing optimization and bring the user a greater user 

experience. 

 

Adding an outer shell to a vacuum cleaner could result in complications, further analysis of 

vibrational resonance should be analysed. The outer shell could have a resonance due to its 

large flat areas, the springs holding up the outer shell could also be affected by the vibrations 

of the system. 

 

A further development possibility would be the integration of an on/off switch and power 

regulator control system on the telescopic handle. To add an additional on/off switch on a 

telescopic handle would enable the end user not having to bend over during usage. This 

would satisfy the user needs of less physical effort.  
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Along with future development of the final concept, a life-cycle analysis and material choices 

could further be developed and analysed based on its environmental impact. 
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8. Conclusion 
The study conducted how a vacuum cleaner could be designed and adapted to facilitate 

compact and easy storage for the user in a modern home, without compromising its current 

efficiency. 

 

The human-centred design methodology revealed the problems that the end users were facing 

and wanted to be answered through the vacuum cleaner product. By taking a human-centred 

design approach, needs and requirements from the user could be found before, during and 

after the actual cleaning experience. The HCD methodology addressed and focused on the 

end-user problems resulting in new grounds for innovation. 

 

The research investigated the users’ needs for vacuum cleaners in-use-lifecycle, resulting in 

finding and defining the needs and requirements the end-users have on their vacuum cleaner. 

In storage, the need for the vacuum cleaner to be unnoticeable was found. The study revealed 

a need for a vacuum cleaner to be able to blend in into the home. Additionally, user insights 

were found on the vacuum cleaner usage phase to feel efficient, have adaptable and 

controlled manoeuvrability and extensive reach. The research showed how the product would 

need to be adapted to the user’s current mindset and skillset. 

 

The study resulted in an innovative product concept proposal for a new vacuum cleaner that 

adapts into a modern home by facilitating storage, through addressing the needs of the end 

user. The final concept, with a working name of the Clean-Cube, proposes the use of a 

quadratic shape to facilitate optimized space, contribute to structured storage and to further 

create storage. The concept suggests the use of a telescopic carry-on handle and caster wheels 

to give a controlled and adaptable manoeuvrability for the user. The final concept exhibited a 

storing solution for the hose to enable an efficient and unnoticeable household product, to fit 

into the modern home.  
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Appendix A: Market analysis 

A performed market analysis was executed to support a background study for the project and 

current market vacuum cleaners. The market analysis included an analysis in Boconcept, test-

damnmsugare.se and Stenlundsmaskinaffär. 

 

Boconcept 

From a performed unstructured interview with a worker in Boconcept the worker said that the 

handheld vacuum cleaners are not something they want to keep on the wall. Also, that they 

were not that great at vacuuming either. And for the interior design aspect they are best to be 

stored behind a door or in a covered.  

 

Test-dammsugare.se 

An executed analysis in test-dammusgare.se showed that Dyson’s vacuum cleaners are 

designed to be on the wall, they have a very different design approach to their air filtering 

devices which are much more designed to be positioned visibly in the room.  

 

Further, a test on vacuum cleaners uses the criteria below: 
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The picture above is taken from https://test-dammsugare.se  

 

Stenlundsmaskinaffär 

An unstructured interview with David Cohen at Stenlundsmaskinaffär (17/1/2019) about 

common retail questions and customer concerns gave the following pointers: 

- The most common part to break on a vacuum cleaner is the contact to the electrical 

socket. 

- Today’s vacuum cleaners are very quiet and when they are behind you it does not 

make that much noticeable noise. 

- Everyone wants good suction power, but from three years ago the energy 

consumption is controlled down to 700 W-800 W (instead of 2 000 before) which 

makes all the difference. 

- The handle does change the suction efficiency but the design does not really matter. 

- Today the handles are designed to move the fibres in the carpets to make the vacuum 

cleaner able to clean the carpets. 

- 700 W motors are good enough to clean floor it’s the carpets that are hard to get clean 

especially with house pet hairs. 

- Companies or hotels that buys vacuum cleaners feels like they lose their sucking 

power, but there is not much to do, the power of the machine changes everything, so 

they just must clean twice. 

- There are some vacuum cleaners on the market that are designed to be carried on your 

back to allow the cleaner easier access in tighter areas, such in cinemas.  
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- Everyone want to store them in a closet or something similar. 

- Nilfisk was a Swedish company that was world leading in the professional vacuum 

cleaning market, now Danish owned.
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Appendix B: Product autopsy 

A product autopsy was executed to investigate in a vacuum cleaner function and how the 

components were linked together. The product autopsy included a disassembly of a Volta 

vacuum cleaner, see figure 1 for pictures of the inside of the vacuum cleaner.  

 

The outer shell holds two buttons, one for power and one for pushing in the cords, an adjuster 

for the suction power and two lids, one that opens the vacuum cleaners dust bag and one for 

the air-filter.  

 

 
Figure 1 Inside of opening the first lid of a Volta vacuum cleaner 

 

The cord was placed next to the motor on the inside of the vacuum cleaner. The cord was 

winded around a spolie and had a connected break and spiral torsion spring, which will drag 

the cord inside automatically when the button is pushed down and further make it move in 

steps before slowing down before the end. 

 

The motor was powered via the cord and regulated from the power-button, placed on the top 

of the machine, via cables. The power of the motor can be regulated from a circuit board by 

adjusting the voltage that goes into the motor. The motor consists of a spinning turbine that 

cuts the air and creates an airflow that will create a spin and suction power in the nozzle. The 

motor is further silenced with rubber seals on the front and back to prevent the vibration 

created by the turbine. 

 

The dust bag is placed on the front of the vacuum cleaner and can easily be changed and 

checked on from an opening lid on the shell.  
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The main components were measured and listed as: 

- 5-meter cord. 

- The housing of the cord is 150 mm diameter and 35 mm in width. 

- The motor has a depth of 120 mm, a width of 160 mm and a diameter of around 150 

mm.  

- The dust bag is 280 mm long, and have a width of 160 mm. 

- The wheels have a diameter of 160 mm and a thickness of 20 mm, the contact surface 

is 13 mm. 
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Appendix C: Interview round 1, background 

The background study included a first interview round of the user and resulted in insights on  

the user’s storage needs, storage solutions, ergonomics, exterior expectations, mindset, 

opportunities for improvements, pleasers and accessories and further overall takeaways. See 

figure 2 for quotations from the user that clustered into the needed areas.  

 

Figure 2 The clustered needs found in the background study 

 

Overall takeaways 

- Vacuum cleaner is seen as a must have housing device for any household. 

- People do not want their vacuum cleaners to be visible or noticeable, and work 

smoothly without complications when needed. 

- For people with limited living area, storage is a large issue, and housing devices end 

up in a pile or together with other tools. Which results in frustrations to vacuum 

cleaners and getting started with the cleaning process. 

 

Storage needs 

- People that live in bigger spaces has larger storing opportunities, the size and were the 

vacuum cleaners is being stored, is therefore not as essential.  

- Vacuum cleaners are often stored together with other equipment and in small space. “I 

balance things on top of my vacuum cleaner” “I hate to bring it out” 

- The vacuum cleaner when stored with other cleaning equipment can be a mental 

barrier to start cleaning since it is an individual need to pack the vacuum cleaner out 

and then pack it back in again after vacuuming. 
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- The hose is one of the most complained about parts of the product when it comes to 

storing. 

 

 
Figure 3 Quotes from the storage need 

 

Storage solutions 

- People that do not have cleaning cabinets find other possible storages, such in the 

kitchen, under the bed etc.  

 

 
Figure 4 Quotes of the storage solution 
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Ergonomics 

- People struggle with bending down for buttons, and appreciate if they are placed on 

the handle. 

 

 
Figure 5 Quotes of the ergonomics 

 

Exterior expectations 

- People do not want their vacuum cleaner to be visible when it is not being used. “I do 

not want it to be visible, that is for sure.” “Nice not to be reminded” “It is ugly” “Nice 

to get rid of it”  

 

 
Figure 6 Quotes of the exterior expectation  
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Mindset 

- Take it for granted. “I do not want to think” 

- Not a participated machine, no one gets happy when it worked well but people get 

angry when it does not. 

- The activity of cleaning a home has so much frustrations that when not working 

smoothly gives a direct frustration. 

Figure 7 Quotes of the mindset 

 

Opportunities for improvements (functions) 

- When cleaning people think that their furniture is in the way. 

- The vacuum cleaner is a clumsy machine.  

- People find that the cord and the hose gets in the way. 

- “A handheld would be nicer to have, it was as efficient as a regular one” when 

needing to store visibly 

 
Figure 8 Quotes of the opportunities for improvement 
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Pleasers 

- People do not want to notice it to much, expect it to be easy and quiet.  

- Want it to go smoothly, likes bumpers. 

 
Figure 9 Quotes of the pleasers 

 

Accessories  

- Vacuuming and swabbing goes together, but people vacuum more often than then 

swabbing the floors. 

- A vacuum cleaner is a multi-functional cleaning device. 

 
Figure 10 Quotes of the accessories 
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Appendix D: Be your customer 

A performed test and interviews of “Be your customer” and looking at current products in 

warehouse shops: Media Markt, Clas Ohlson and Elgiganten, resulted in dividing the current 

vacuum cleaners in three different approaches. The classical box on wheels’ electrical socket 

vacuum cleaner, the battery powered handheld vacuum cleaners and the automatic self-

vacuuming robot. 

 

From an unstructured interview with an employee named Mona from Media Markt, people 

who like handheld vacuum cleaners like them since they dislike the process of taking out and 

putting back the classical vacuum cleaner in the storage.  

 

The hand-held vacuum cleaners have different battery sizes with different time, she used 

example of 30 min or 45 min batteries. The lifespan of handheld Dyson vacuum cleaners was 

around 5 years and the lifespan of a classic vacuum cleaner is around 8 years. Dyson was 

mentioned to be the only hand held vacuum cleaner with a hepa filter (hepa 12), and the 

weight is an important aspect for easy handling of the vacuum cleaner. 

 

When it comes to the actual shape and design of the vacuum cleaners are designed to be kept 

on a wall or easily accessible, the products looked very technical and had the same mentality 

as the classical vacuum cleaners. Many of the classical vacuum cleaner takes inspiration from 

powerful machines such as, cars, power tools and sci-fi shapes. The interpretation is that the 

machines are wanting to communicate the they have a powerful motor making this device 

effective.  
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Appendix E: Interview round 2, template 

The second interview round consisted of interviews asked from the following guide: 

 

Intervjuguide 

Intervjun är i forskningssyfte till vårt examensarbete i design och produktframtagning, och 

syftet med denna intervju är att titta på hur användningen av din dammsugare ser ut. Projektet 

är för KTH och med ett samarbete med konsultfirman vi arbetar med som heter ESSIQ. Vi 

arbetar nu inte med något hemelektroniksföretag, utan informationen vi kommer att få ut är i 

syfte till examensrapporten som KTH publicerar. 

 

Är det okej om vi spelar in med ljud?Ja.    Nej. 

 

Önskar du vara anonym? Ja.      Nej. 

 

Är det okej att citera dig? Ja.      Nej. 

 

Om du kommer på något annat som du vill lägga till är du alltid välkommen att höra av dig. 

 

Har du några frågor innan vi börjar? 

_____________________________________________________________________ 

Del 1 - Användarscenario 

Namn: 

Ålder: 

Bostadstyp: 

Vi tänkte att vi kunde börja med att kika på er dammsugare.  

1. Vad har du för typ av dammsugare? 

2. Var förvarar du den? 

3. Vad förvarar du tillsammans med din dammsugaren? 

4. Är det okej om vi kan att ta en bild? 

5. Om vi börjar att tänka oss att du har bestämt dig för att dammsuga;  Hur bestämmer 

du det? Vad är det som får dig att känna att det är dags att börja dammsuga? 

5.1 Varför tror du det? 

6. Vill du visa hur du brukar plocka fram den. 

 6.1 Hur funkar det? 

 6.2 Hur känns det? 

7.  Har du något rum som vi skulle kunna dammsuga i? (kanske extra jobbigt?) 

8. Du får gärna berätta högt vad du kommer att tänka på när du börjar dammsuga. 

9. Hur känns det att dammsuga? 

10.  Kommer du på något som du har tänkt på tidigare när du dammsugit? 

11. Har du några komplikationer som brukar uppstå? 

12. Vill du visa hur du ställer tillbaka den? 

12.1 Hur funkar det? 
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 12.2 Hur känns det? 

___________________________________________________________ 

Del 2- Intervju 

1. Vad har du för modell på dammsugaren? 

2. Hur gammal är den? 

3. Kommer du ihåg varför du köpte den? 

4. Kommer du ihåg om det var något speciellt som fick dig att köpa den? 

4.1 Några specifika funktioner? 

5. Kommer du ihåg ungefär hur mycket den kostade? 

5.1 Vad är ett rimligt pris för dig? 

6. När tror du att du kommer att köpa en ny? 

7. Kommer du titta efter något speciellt då? 

7.1 Varför då? 

8. Hur ofta skulle du uppskatta att du köper en ny dammsugare? 

9. Kommer du ihåg några komplikationer du har haft med din dammsugare? 

9.1 Hur kändes det? 

10. Hur är processen kring tömningen av dammet? 

11. Hur ofta skulle du uppskatta att du tömmer, eller byter dammsugarpåse? 

11.1 Är det något som håller dig tillbaka för att byta? 

11.2 Varför då? 

12. Har du någon övrig underhållning kring din dammsugare? 

13. Hur ofta skulle du säga att du dammsuger? 

13.1 Hur ofta skulle du önska att du dammsög? 

13.2 Är det något som håller dig tillbaka? 

13.3 Varför då? 

14. Vad skulle krävas för att du skulle dammsuga oftare? 

14.1 Varför då? 

15. Hur skulle din ideala städsituation se ut? 

15.1 Varför då? 

16. Hur skulle din ideala förvaringssitaution se ut? 

16.1 Varför då? 

17. Om du fick fantisera, hur ser den perfekta städprocessen se ut? 
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Appendix F: Interview round 2, pictures of storage 

The performed interviews included an insight on the user’s current storage situation on their 

vacuum cleaner. The interview included pictures taken from the users cleaning cabinet, see 

figure 11. 

 

 

 
Figure 11 Picture over the user’s current storage solution on their vacuum cleaners 
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Appendix G: Generated sketches 

A performed brainstorming session resulted in many ideas and consisted of generated ideas in 

areas to create flow, an optimized space and invisibility. See figure 12, 13 and 14. 

 

 
Figure 12 Individually generated sketches of ideas creating flow 

 

 
Figure 13 Individually generated sketches of optimized space ideas 
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Figure 14 Individually generated sketches of ideas creating invisibility. 

 

Further generated sketched included ideas of foldable and driver solutions, see figure 15, 16 

and 17. 

 
Figure 15 Sketches of ideas including a hoverboard and drawer. 
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Figure 16 Sketches of ideas of foldable solutions. 

 

 
Figure 17 Sketches of ideas of manoeuvrability and driver solutions. 
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Appendix H: Bundle of ideas 

The framed ideas were bundled together into system, see figure 18 for the picture over the 

bundled ideas. 

 
Figure 18 Picture of the bundled ideas. 
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Appendix I: Testing of ideas 

Quick and dirty physical prototypes were constructed to get insight into the ergonomics and 

understanding of how the ideas would act in the physical world. The use of a vacuum cleaner, 

tape, zip-ties, a broom and shovel, bucket and cardboard was used.  

 

The cylinder 

The cylinder idea was to create a vacuum cleaner with the storage ability to wire the hose 

around the vacuum cleaner when putting it in storage. A quick prototype was created to see 

how it would work, see figure 19. 

 

 
Figure 19 A picture of the test on the hose 

 

The hose was around 1,5 meters long. The prototype revealed that the vacuum cleaner would 

need big wheels to be able to cover the hose in storage. The hose would need to go into the 

vacuum cleaner unsymmetrically to be able to be wrapped around the product’s main body. 

Since the dust bag and the hose would be in the middle of the hose when stored, the volume 

would be a limiting factor to the construction. The asymmetrical shape would lead to 

resistance when manoeuvring and that the cylindrical shape would not be optimal for storage. 

 

The turtle 

The turtle was named after the idea of being able to store all the components of the vacuum 

cleaner into the vacuum cleaner’s chassis using a slinky hose and a hatch. The turtle ideas 

were scrapped after a cognitive test of the criteria, where the idea did not fulfil the need of 

“stepless use”. It would also risk not detaching every component for optimized storage. 

Finally, the idea would have a need of a bigger shell to fit the nozzle and tube, which was 

deemed counterproductive.  

 

Mobile central vacuum cleaner 

The mobile central vacuum cleaner was inspired by the users who had a central vacuum 

cleaner in their home. The central vacuum cleaner system resulted in a high level of 

satisfaction with the end-user. The main idea was to be able to offer the feeling of a regular 

central vacuum cleaner with the customizability of a classical vacuum cleaner. The problems 
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discussed were if there would be too big of a difference in furniture dimensions for the 

product to be universal. Furthermore, a risk of not reaching everywhere in the home and that 

the components would need to be disassembled to be stored optimally. Positive aspects with 

the idea was that it created its own storage and that the hose and head could be stored 

together with the product 

 

The hook 

The hook was developed through rethinking how the vacuum cleaner is stored. Instead of 

stacking the vacuum cleaner into a storage unit, the vacuum cleaner should be hanging from a 

hook. The hook would also be able to be folded upwards during usage, to create a control 

stick to be able to move the vacuum cleaner without the need of tugging the hose by kicking 

the vacuum cleaner. The idea was thought to be easier to manoeuvre and lead to a better 

driving experience, where it would also be able to be stored hanging. This came with the risk 

of not having somewhere to hang it, which would lead to not create any storage change. 

 

Air filter 

The air filter is a development of the already existing air filters on the market. The key is 

upgrading the suction to be able to suck in more dust and dirt from the ground, rather than 

just filtering the air. The idea was generated from the insight from the interviews that 

vacuuming should just be as easy and accessible as using a broomstick. A quick prototype 

was created to test the intricacies of the idea, see figure 20. 

 

 
Figure 20 Picture of testing the experience of the air filter 

 

The prototype mapped further developing areas and raised questions such as included risks of 

not picking up enough dirt. How would the technology work? How would the brush be 

designed for both hard floors and rugs? How would the brush dispense the dust to the air 

filter station whiles still be able to pick and keep the dust when on rugs and floor? The 

prototype also revealed that the brush needed to be tall to be use with both hands for a better 

user experience.  
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“No hose cleaner”  

The no hose concept was derived from the interviews where one of the main frustrations lied 

within the hose component not being controllable or predictable. The simple solution was to 

remove it. The idea of the no hose vacuum cleaner was created to maintain the trust of a 

regular vacuum cleaner but the agility of a hand-held vacuum cleaner, see figure 21. 

 

A quick prototype was created using a handheld vacuum cleaner, a classical vacuum cleaner 

and some zip ties, see figure 21. 

 
Figure 21 Pictures of testing the handheld idea 

 

Through the prototype testing challenges such as adapting to different heights, risk of tipping 

over, the need of customized dust bags was discovered. Usability problems were also found, 

such as manoeuvrability, load on hand, reversibility and how to clean under furniture was 

discovered.  

 

The bucket 

The bucket was a cross pollination of a vacuum cleaner were the different components was 

attachable along with a storing module, to keep all the hygiene products in the same place.  

The idea faced a high risk of creating more things to store, difficulty in customizing to the 

individual and their different storage cupboards. 

 

The carry on 

The carry on resulted in a vacuum cleaner were the hose would be wrapped around itself and 

then be hidden under a shell. The vacuum cleaner would also have four swivel caster wheels, 

leading to a vacuum cleaner that would able to move freely and creating an effortless follow. 

The free moving wheels would be controlled using an extendable handle similar to carry on 

bags.  
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A quick prototype was created to see if the hose storing mechanism would physically work. 

See figure 22.  

 
Figure 22 Picture of the test on the carry-on idea 

 

The quick idea test showed that it was an effective and easy way to store the hose. The idea 

was interpreted to need a consideration on how to make it easy to wrap the hose into the 

product and what to do with the tube and nozzle when the hose is stored. The wheels were 

also seen as unpredictable and the electrical wire would need to be taken into consideration to 

not be in the way of the wheels.  
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Appendix J: Interviews round 3, presentation and template 

In the third round, the interviewees were asked a series of questions when an additional 

presentation was shown on a tablet as visual aid.  
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Interview template: 

 

Koncept 1 - Air Filter 

Passar hemma? 

Har du någon plats för en luftrenare hemma? 

Var den skulle den stå om du hade en? 

Hur ser lägenheten ut? 

 

Mock-up 

Första intryck? Skala? 

Kommentarer? Positiva? Negativa? 

Skulle uppfylla era städbehov?  

Skulle ni kunna tänka er en sådan lösning istället för en dammsugare? 

Hur skulle du önska att den var utformad för att vara anpassad för deras liv/lägenhet? (Färg 

och form) 

 

Koncept 2 - Centraldammsugare 

Var skulle den passa? 

Vilka mått skulle behövas? 

Hur lång slang hade behövts? 

Var skulle man helst vilja placera den? 

Tror ni att det skulle kunna hjälpa till helt förvaring mässigt? Spara någon plats? 

Kommentarer? Positiva? Negativa? 

 

Koncept 3 - No hose 

Kommentarer?  

Känsla att köra? 

Var skulle den förvaras? 
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Hur känns det? 

Hade det underlättat, helt förvarings mässigt? 

 

Koncept 4 - The carry on 

Kommentarer? 

Hur känns det att rulla ihop slangen? 

Hur känns det att köra den? 

Hur känns det med handtaget? 

Hur skulle den förvaras? 

Hur känns det? 

 

Utvärdering 

Vilka koncept tycker du är bäst? Varför? 

Vilka koncept hade du kunnat tänka dig att ha hemma? 

Vilka koncept hade du inte kunnat tänka dig att ha hemma? 

Sista kommentar? 
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Appendix K: Evaluation, pros and cons 

The concepts were weighed individually to the needs and themes found during the interviews 

round 2 and 3, and resulted in stating the pros and cons of the carry-on and air-filter concepts, 

see figure 23 and 24. 

 

 
Figure 23 Stated pros (+) and cons (-) of the carry-on concept  

 

 
Figure 24 Stated pros (+) and cons (-) of the air-filter concept  
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Appendix L: Needs and requirements from insights on chosen concept 

The results from the interviews were coded and analysed using post-it-notes, view figure 25. 

 

 
Figure 25 Picture of the needs found through the user interviews. 









 1 

Appendix M: Standard components 

A standard components of the final concept included the hose, handle, tube, inner box and 

control system. The standard components were visualized in CAD to perform a guide and 

support the concepts feasibility. 

 

Hose, handle and tube 

The hose for the concept was proposed to follow the shape of a traditional vacuum cleaner 

hose. The requirement was set as a goal to facilitate the manufacturer, and user, to maintain 

the same function and model as from a previous vacuum cleaner model. 

 

Limitations that were set on the hose, handle and tube was; 

Hose: 

- standard component 

- follow dimensions from a regular vacuum cleaner 

Handle: 

- follow tube dimensions from a regular vacuum cleaner 

- minimize the needed space in storage 

- good grip 

Tube: 

- follow the dimensions from a regular vacuum cleaner 

- adaptable for different heights 

- minimize the needed space in storage 

- give equal reach as a regular vacuum cleaner 

 

Similar to the hose, the handle for the hose was also proposed to follow the form and grip of 

the already existing vacuum cleaner. The limitations that shaped the handle appointed to give 

a good grip, whiles still fitting in between the hose holder and outer box, see figure 27 for 

picture.  

 
Figure 27 A visualization of how it could connect to the hose holder 

 

The tube was proposed to follow the construction of a regular vacuum cleaner. The telescopic 

function enables the user to adapt the height of the handle when in use.  

 

Inner box 
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The inner box would house all of the inner components. The inner box was designed for the 

user to easily and intuitively open the vacuum cleaner to access the dust bag when it needs to 

be changed. The inner box was proposed to be like a classical vacuum cleaner and was 

developed to not interfere or change the airflow for the suction power in a regular vacuum 

cleaner.   

 

Limitations that were set on the inner box was: 

- follow the dimensions of a regular vacuum cleaner 

- house the inner components of the vacuum cleaner, including dust bag, hepa-filter, 

cord, turbine motor and electrical components 

- secure the inner components 

- air proof housing for the turbine motor 

- hold the wheels 

- enable access to the cord 

- enable easy access to the dust bag 

- enable access to the inner components for maintenance possibilities 

- enable airflow 

- hold the outer box 

 

The inner box, just like classical vacuum cleaners, was proposed to be divided into three 

compartments. One compartment for the dust bag, the second compartment should seal tight 

where the motor is located and has an opening for the hepa-filter. The third compartment was 

for the hosing of the electrical wire and its self-retraction mechanism, see figure 28.  

 
Figure 28 A visualization of the proposed structure of the components in the inner box 

 

The inner box was also designed to have the caster wheels attached to its bottom. In order to 

facilitate an optimized height of the construction, the caster wheels’ construction would need 

to be built into the bottom of the inner box. 
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Control system 

The button control system was appointed with the limitation of showing three electrical 

buttons. One to turn on the suction motor and two to regulate the suction. The fourth button 

was designed to be a mechanical button which would unlock the wire holder mounted on a 

torsion spring making the electric wire rotate in to the inner box, see figure 29.  

 
Figure 29 A sketch for potential layout and shape of the control system. 
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Appendix N: Linear mechanism calculations 

 

To calculate the feasibility of the mechanism a rough calculation using lengths and weights 

from the CAD file was used.  

 

The outer box mass “m” in the calculations was set to weigh 1kg. 

The length “l” from the pedal to the center of the linear slides was set to 0.17m. 

 

In order to fulfill equation 1: "# − 4&'	 = 0,  &'	 was calculated to be 9.8 /4 N. 

The four extension springs would require to exert a force of 2.45 N in order to keep the outer 

box up. 

 

www.fjadrar.se was used to search for dimensions of potential extension springs where the 

extension was set to 60mm and the starting tension of the spring to be 2.45 N the 

recommended extension spring rate was between around 0.5 and 0.3 N/mm. The springs can 

be dimensioned to have a lower spring rate but for this example a worst-case scenario was 

calculated. The force exerted on the pedal at its lower position is therefore  

 

60	""	×	0.5
6

00
= 308,  30	8×	4	 = 1208 

 

To see how much torsional load the linear slides would need to withstand in its lower position 

equation 2: &, − 2 Ν,0 = 0, is used.  

 
120	8	×	0.17"

2
	= 10.2	8" 

In a worst-case scenario the Linear slides would need to withstand 10.2Nm each. Resulting in 

the linear Mechanism being seen as feasible. To lesson the torsional load on the linear slides 

the distance from the pedal to the linear slides could be shortened and the placement and 

dimensions of the extension springs could be designed to fit extension springs with lower 

spring rates. 

 

 

 

 

  









Appendix O: Calculation for economic estimation 

A performed estimation on the final concept proposal economic overview resulted in a retail 

price around 800 SEK, only including the unique parts of the concept. 

 

Material information was taken from CES EduPack, (18.1.1), Granta Design Limited. 

Accessed: 2019/05/22 [software database]  

 

ABS Price: 24.2 SEK/kg 

- hose holder: 1 kg 

- inner box: 1 kg  

- handle: 100 g 

- casters: 50 g 

- spring holder: 10 g 

- pedal: 10 g 

The total sum of ABS component has a weight of 2.2 kg, which would give a material cost of 

around 50 SEK.  

 

PC Price: 22 SEK/kg 

- ventilation: 10 g 

The total sum of PC component has a weight of 10 g, which would give a material cost of 0.2 

SEK, an insignificant amount.  

 

PE price: 14.5 SEK/kg 

- outer box and pedal: 1 kg 

The total sum of PE parts is 1 kg which would give a material cost of 14 SEK. 

 

Aluminium Price: 17.3 SEK/kg 

- tubes  400 g 

The total sum of aluminium component has a weight of 400 g, which would give a material 

costs of 7 SEK. 

 

Polyurethane Price: 42.3 SEK/kg 

- tire: 10 g 

The total sum of polyurethane component has a weight of 10 g, which would give a material 

cost of 0.5 SEK. 

 

The total material cost for the complete construction would be calculated to: 50 + 14 + 7 + 

0.5 = 71.5 SEK.  

 

linear tracks: 3.40£= 41.5 SEK x2 = 83 SEK. 
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The linear tracks were found via a internet search. https://www.gsf-promounts.com/flexfit-

1529-modular-system-steel-rail/  

The additional prize of the needed springs and screws were omitted for being too low.  

 

The manufactured parts would be calculated to around 200 SEK + the linear tracks of 40 SEK 

= 280 SEK. The resulting in an estimated retail price of 800 SEK. 
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