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Sammanfattning 
 
 
Detta projekt är ett examensarbete på 15 poäng inom Innovations och 
Designingenjörsprogrammet på Karlstads Universitet, utfört under våren 2006. 
 
Målsättningen med projektet var att hitta en form på insulinpumpen som 
tilltalar unga användare och dessutom minskar känslan av medicinskt 
hjälpmedel. Vi bestämde oss för att ge den ett utseende som mer liknar annan 
teknisk utrustning som finns på markanden idag. Detta som en väg att försöka 
höja ungdomars motivering till att övervaka och behandla sin diabetes. 
 
Vid intervjuerna framkom det att många unga hade problem med bärandet av 
pumpen. Dagens pump upplevs för stor och klumpig eftersom de ofta vill 
gömma den i/under kläderna. Som ett resultat av denna information så valde vi 
att dela pumpen i två mindre enheter. Pumpenheten, som är kopplad till 
kroppen, kan liknas vid en MP3-spelare, och fjärrkontrollen, som innehåller 
den mesta intelligensen, både ser ut som och fungerar som en armbandsklocka. 
 
Klockan har också inbyggd kontinuerlig övervakning av blodsockervärdet utan 
stick. Vilket var ett av de vikigaste önskemålen från användarna. 
 
Med detta koncept kan ungdomarna välja om de vill dölja pumpen, eftersom 
den är så pass liten, eller om de vill ha den synlig, eftersom den ser ut som 
annan teknisk utrustning som bärs på kroppen.   
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Abstract 
 
This project is an examination project for 15 points at the Innovation and 
design engineering program, carried out at Karlstad University during spring 
2006. 
 
The purpose of this project is to find a shape that addresses young people and 
to minimize the medical aid stamp of the pump. We decided to give the pump 
an appearance more similar to other electronic devices on the market today in 
order to increase the motivation of treating and monitoring your diabetes.  
 
During the interviews we found out that, youngsters hade problems related to 
the pump carrying. The pump of today is a bit too big and clumsy for young 
people who often want to hide it. As a result of this information we divided the 
pump into two smaller units. The pump unit that is connected to the body 
looks a bit like an MP3 player, and the remote control, where the intelligence 
lies, both looks and works like a watch. 
 
The remote also has integrated glucose monitoring that is non-invasive. This 
was one of the top priorities on the wish list of the users. 
 
With this concept the youngsters can choose whether they want to hide it, 
since it is small enough to hide in the pocket, or to show it off for their friends, 
as it could pass for a portable device. 
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1 Introduction/Preface 
Jeanette Löfberg, Jenny Lind and Niclas Hedlund have during the spring 
semester of 2006 implemented this degree project in corporation with 
Medtronic AB in Stockholm. The degree project within the Innovation and 
Design Engineering at Karlstad University includes 15 weeks of work. 
 
Employer: Medtronic AB 
Supervisor at Medtronic: Annika Alterius  
Supervisor at KaU: Lennarth Wihk 
Examiner: Lennarth Wihk 

1.1 Background 

Diabetes is a joint name including several diseases involving different causes. 
In common for all kinds of diabetes is that the person inflected has too much 
sugar (glucose) in his/hers blood system. Type 1 is one form of diabetes and it 
is also called juvenile diabetes.  
 
Insulin is a hormone which will be destroyed in contact with gastric juice, thus 
one can not treat diabetes with pills. There are two ways of transmitting insulin 
into the body, by injections or by pump therapy. This work will concentrate on 
improving/developing the insulin pump. 
 
Today, approximately 6400 children in Sweden are inflected with type 1-
diabetes, 25 % in this group are pump users. Almost 700 children in the ages 
between 0-14 are inflected with type 1-diabetes every year and the number for 
persons in the ages of 15-34 is roughly 400. Totally, there are approximately 
50 000 persons inflected with the disease. 

1.1.1 Medtronic AB 

This project has been conducted in cooperation with Medtronic AB in Sweden. 
Medtronic is a prominent company in medical technology providing lifelong 
solutions for people with chronic diseases. Medtronic offer products, therapies 
and services that enhance or extend the lives of millions of people. Each year, 
5 million patients benefit from Medtronic's technology, used to treat 
conditions such as diabetes, heart diseases, neurological disorders, and 
vascular illnesses. 
 
The first insulin pump, the Model 502, was introduced in July of 1983. Today, 
the model is called Paradigm 517 and it is the most prescribed pump in 
Sweden. 
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1.2 Purpose 

The purpose of this project is to find a shape that addresses young people and 
to minimize the medical aid stamp of the pump. The younger generation is a 
group of users having highly set demands. In order to avoid social alienation, 
an accessory becomes a vital part of the daily routines. An appearance more 
similar to other electronic devices that are available today could contribute to 
greater motivation of treating and monitoring your diabetes. Also, a purpose of 
the project is to implement the knowledge obtained. 

1.3 Matter of concerns 

The pump of today is a bit too big and clumsy for young people who often 
want to hide it. Also it shows too obvious that it is a medical aid–device. 

1.4 Aim 

This project aims to produce a concept that is viable within a near future. The 
pump shall be smaller than it is today. The shape of it should resemble other 
technical devices on the market, and combine some new technology. The 
concept will be presented as a model in an exhibition on the 31/5-1/6 2006. A 
report shall also be presented at the end of this project. 

1.5 Delimits  

Production prints, in ProEngineer, will be produced only for model-printing. 
No prints for functional prototype-production will be made. 
 
No regards will be taken to manufacturing costs, materials and so forth. Also, 
there will not be any investigations made regarding existing patents during this 
project, and no research has been made considering FDA marking and CE 
marking. No time will be spent on re-designing the infusion set since the time 
at hand does not allow it.  

1.6 Disposition 

Pancreas – organ within the digestive system. It produces enzymes for 
digesting food and hormones, such as insulin. 
Blood glucose – concentration of sugar in the blood stream 
Base dose – amount of insulin needed even if no meals are taken. 
Bolus dose – dose of insulin taken for each meal, in addition to the base dose. 
Invasive – methods that penetrates the skin, such as needles. 
Noninvasive – methods that do not penetrate the skin. 
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2 Method 

2.1 Project planning 

One of the most important reasons for a project not finished in time or within 
budget is bad planning. The project plan is important in that meaning that if 
you make a satisfactory planning, unexpected events will not affect or delay 
the project. The project plan describes roughly the realization of the project 
meaning resources, phases, time charts, goals and so forth.  

Why making a project plan? Except above mentioned reasons, it’s also about 
organizing the group and defining resources and time frames against the 
customer.  

There are plenty of different methods to use where acceptable project plans 
can be made. In this project, we used Gantt as project planning model. 

2.1.1 Gantt model 

When making a project plan the Gantt chart is a common method used. The 
Gantt chart is named after its creator Henry Gantt, a mechanical engineer and 
consultant during the 1910s.  Gantt is a bar chart where the different activities 
are represented with a bar. The length of the bar is equivalent with a 
timeframe. The activities, hence the bars, are shown where they begin and end, 
and how they occur over time. The chart is built in the x-axis direction. The x-
axis represents the timeline. The bar indicates where the project activity starts 
and finishes. The bars may sometimes overlap in cases where a task begins 
before the completion of another. Also, many tasks may be carried out in 
parallel. (picture 1) 

 

Gantt is a useful tool because of its ability to display the status of an activity. 
The model is also easy to construct. 

Picture 1, Gantt 
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2.2 Research 

2.2.1 Diabetes 

Research is a large and important part of the project. In order to be able to 
grasp the problem, thorough studies is an absolute necessity. In this project, 
the research would concern mainly the facts and consequences of suffering 
from diabetes type 1. 

2.2.2 Competitors 

In this project, it is vital to investigate competitors and how they have solved 
pump therapy. 

2.2.3 Semantics 

It isn’t only medical apparatus that is interesting and how it is used. Today, the 
market is flooded with different portable devices such as MP3-players, mobile 
phones and so forth. Questions we need to pose to ourselves are: How do we 
choose to carry around our gadgets? Do we put them in the pocket? Or maybe 
in the purse or backpack? These are important questions because it affects the 
out coming of the product design. 

Semantics of a product is a form of language, a language used to describe 
products and their qualities. What to look at is the quality of the product, what 
the product presents, the products purpose/sense and in which context it is 
supposed to be used. The analyzing is symbolic. That means you look at 
shape, style, color, characteristics and material. This is a process made to find 
a way to express the qualities of the product so that they become recognized in 
the appearance you want to express and may be used in further development.  
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2.3 Market research 

2.3.1 Interviews 

The purpose with interviews is to obtain information about things that 
can’t be observed. The interview helps us seeing other people’s way of 
perspectives. Interviews are therefore a powerful tool to come across 
deeper thoughts about a certain product or service. 

A strong reason for using interviews is that it is designed for a specific 
purpose. The interview is intended for a specific individual or group of 
respondents, and therefore the interviewer is given the opportunity to 
explore the reasons for a person's responses.  The reliability of the 
answers can be verified with further questioning. For example, questions not 
understood can be rephrased and anxious contesters can be encouraged. This is 
not possible with a questionnaire. 

There are many types of interviews and how they are carried out. Group 
interviews take place where the individual is replaced by a group. This kind of 
interviews is usually carried out in a more informal environment, where the 
members are gathered for a discussion on a theme of mutual interest, in our 
case pump therapy. 

Video or audio tape-recording is necessary if this method is to be used in 
research. Another important issue is the size of the group. An informal group 
needs to be small; otherwise the group intends to break up in subgroups. 

Research data from interviews differs from questionnaire data. Since the 
interview is carried out orally additional information can be obtained by 
probing the responses given. This gives the data richness, allowing opinions 
and differences in the reasoning.  

 (Daphne M. Keats, Interviewing - a practical guide for students and 
professionals, 2000) 

2.3.2 Field trips 

The purpose of doing field trips is that another way to obtain deeper 
understanding about the facts within a project is given. Also it could be a 
creativity enhancer.  
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2.4 Analysis of functions 

The purpose of the analysis is among many things in a brief manner describing 
everything that the product would or should perform. There are specific 
demands on a product and the analysis of functions is a tool for helping 
specifying these demands. We are supposed to systematically find out and 
analyze the demands we have in a product. Also, one important aspect is that 
in this way, we can show our commissioner that we have understood the 
information given to us.  

It is common that developing of an analysis is done by using the verb-
substantive method. The method means that a function is expressed in its 
simplest form, using verbs and substantives. The analysis consists of the main 
function/functions of the product, required functions and desired functions. 
(See appendix) 

2.4.1 Main function 

A main function is the function that the product must fulfill. It is the 
requirements that entitle the product to exist.   

2.4.2 Necessary functions 

The necessary functions are based on the demands of the main functions which 
must be fulfilled in order to secure the main function. If a necessary function is 
disqualified, the main function no longer is fulfilled.   

2.4.3 Desired functions  

The product could also contain functions that are not of vital character. 
Common desired functions are functions that give the customer greater appeal.  

The method of making an analysis is also useful in other ways. Functions that 
are contradicting can be revised and reprioritized. The functional analysis 
prevents during the course of the project things from being forgotten. The 
method is very helpful when it comes to evaluate the ideas and finding the best 
of them. 
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2.5 Image and Shape/color board 

2.5.1 Imageboard 

The imageboard is used for designing physical or graphical products (picture 
2). A certain amount of lead words are defined which describes the product. 
These words are often taken from the company description in order to be able 
to create a strong bonding between the company and the product.  

 

Förebild

LivsglädjeSmidighetVälfärd

Trygghet Harmoni

 

 
Picture 2, Imageboard 

Safety   Role model  Harmony 
 
 
 
Wellfare   Flexibility   Joy 
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2.5.2 Shape and color board 

Shape and color board is also a tool used to design graphical or physical 
products. With the shape and color board you precise what elements of form 
and colors you will use in your design (picture 3). 

 

Kaxig

Trygg

Kaxig

Slagtålig

Framåt

TydligFärg  

 

2.6 Creativity activities 

2.6.1 Random input 

Random Input is a lateral thinking tool. Lateral thinking means that you 
approach problems indirectly at diverse angles instead of concentrating on one 
approach at length. It is very useful when you need fresh ideas or a new 
perspective during problem solving. The method is preferably used on a focus 
group consisting of 8-12 people.  

Random Input is a method which lets the participants to express what comes 
first to mind when hearing a randomly picked word read out loud to them. This 
is a very good method if you are keen on finding spontaneous thoughts and 
ideas. The greatest ideas are often born in these spontaneous acts. 

Picture 3, shape and color 

Safe 

Colour 

Durable 

Energetic 

Clear Cool 
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2.6.2 Modeling 

One way of increasing the creativity is to work with sketch models. This way 
the feeling of shape and size generates new ideas. Sketch models are also a 
method for exploring different ways of using the volume at hand. (see 
pictures)  

       

2.6.3 Sketching 

Sketching is an integral part of the design process, both for a person working 
alone and for designers working in groups. The sketch sets up a visual 
dialogue, in support of both the communication of information and the creative 
exploration and generation of ideas (picture 7). When working in a group, the 
discussion and processes becomes as vital as the product. The reason for this is 
that along the way of creating the group will develop an understanding for the 
problem. 

 

Picture 4

  
Picture 5

  
Picture 6

  

Picture 7
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2.7 The concept 

From all ideas a concept will be chosen. In order to be able to decide which 
idea to pass a simple scoring will be used. Each member will be given the 
opportunity to reflect and study the ideas individually. The ideas will be 
graded. The ideas that receive the highest score will be further developed. 

2.8 Prototype 

In this project, the prototype will not be a fully functional device. We do not 
possess the competence or required resources. Our prototype will be a near 
reality model. 

3 Exhibition 

The result of the project will be presented at an exhibition on the 31st of May 
and June 1st.  
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4 Implementation 

4.1 Project planning 

In this project, the Gantt chart was chosen because of its clearness and easiness 
to implement. We also used the chart to support the making of the more 
detailed project plan.  The time frame of the Gantt chart is one week at a time, 
while the detailed plan went on a daily basis. The detailed plan was created 
like a task list, and it was each member’s responsibility to keep the list 
updated. The day started with a quick check at the list and what was needed to 
be done. Tasks finished were checked but not removed, in order to be able to 
see that they been done. 

For starters, all deadlines and fixed dates were marked out. Extra time was 
planned at the ending of the project. There is usually a need for additional time 
at that point. When the finish line is closing in, unexpected events tend to 
occur, such as delayed models for instance.  

4.2 Research 

4.2.1 Diabetes 

The Internet is a vast database of information. The search engine Google was 
used most frequently. Also, literature on the subject was read. 

4.2.2 Competitors 

Competitors were studied on the internet.  

4.2.3 Semantics 

We went to the lectures and documentation of Li Wikström to find how to 
perform the analysis. Information on the subject was also found on the 
internet. 



13 

4.3 Market research 

4.3.1 Interviews 

It was decided that the interviews were going to be carried out at School of 
Diabetes. The school was a gathering for a day in the administration of The 
Children’s foundation of Diabetes in Värmland. Here, children with diabetes 
and their families could meet and find out more about the disease. The 
participants were divided into groups after age. The groups in our focus were 
youth 11-14 years and 15-18 years. The interviews were carried out in the 
form of a group session. The purpose with interviews is to obtain information 
about things that can’t be observed. The interview helps us getting to other 
peoples way of seeing things and perspectives. Interviews are therefore a 
powerful tool to come across deeper thoughts about a certain product or 
service.  

4.3.2 Field trips 

We visited different retailers who are selling capital goods within Radio & TV, 
Computing & Phones and Kitchen & Cleaning. Also, various watchmakers 
were visited. 

Furthermore, two museums were visited for inspiration.
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Analysis of functions 

Although there are three concepts, the analysis was divided into five 
categories. The reason for this was that it had not been decided whether the 
piston pump was going to be replaced or not. See app.  

4.4 Image and Shape/color board 

4.4.1 Imageboard 

Medtronic wants to be connected and recognized for certain values. From 
these values we created an image board which we believe describes the 
company.  

4.4.2 Shape and color board 

With the shape and color board we decided what attributes the product would 
send out. 

4.5 Creativity activities 

4.5.1 Random input 

A group of students was brought together for this exercise. Jeanette read out 
loud the words supposed to reflect upon. The participants were asked one at a 
time, and if you went blank, a new word was read out. The reader wrote down 
the answers.    

4.5.2 Modeling 

Models were made in an early stage of the project, and went on during the 
entire course. In the beginning, foam and other simple materials was used. 
Wood was used for the models shown at the Diabetesskolan. 

4.5.3 Sketching 

Methods used in the sketches were numerous. Simple sketches were often 
made in pencil while more detailed sketches were made using Copic markers. 
One exception was the concept sketches which was made in pencil. Also, 
some illustrating was made using Adobe Illustrator CS and Adobe Photoshop 
CS.  
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4.6 The concept 

All ideas were placed on the floor. Each member was given 5 minutes to 
reflect and study the sketches. The group member then selected his/her 
favorites by marking the sketch with a pen. The sketches getting two or more 
dots made it to the net round. Then another selection was made.    

4.7 Model 

The model was made using rapid printer technology. The model is only a 
visual model.  
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5 Results  

5.1 Research 

5.1.1 Diabetes type 1 

In the 1920's, Banting and Best isolated extract from the pancreas that was 
highly active against high blood sugar. The active ingredient was later 
crystallized and named insulin. There is a constant release of insulin into the 
bloodstream during the whole day; you could call it a base dose. When eating 
or drinking a stimulated release occurs, and dosage is adjusted to the glucose 
level in the blood. It is this function the sick person needs to imitate as close as 
possible.  

In a healthy cell, insulin helps to open up the cell and let sugar in (picture 8). 
The sugar is then transformed into energy. The greatest stimuli for insulin 
release are the concentration of blood glucose. When the blood glucose is 
higher than 4mMol/l, insulin is both released and synthesized. After a meal 
glucose is diffused into the bloodstream and increases the levels and triggers 
the beta cell to release insulin. The insulin influences the liver- , muscle- and 
fat cells to increase their uptake of glucose and hence lowering the levels in 
the blood. When suffering from diabetes type one, insulin is missing and the 
mechanisms mentioned above does not work. 

 

 

(R. Hanås, ”Typ 1 diabetes hos barn, ungdomar och unga vuxna”, 2000) 

= Glucose 

= Insulin is the key that    
opens the door of the cell 
and let glucose in 

Healthy cell 

Picture 8, Healthy cell 
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Diabetes mellitus is a medical disorder characterized by varying or persistent 
high blood sugar levels in your blood stream. Type 1 diabetes is an 
autoimmune disorder, in which the body makes antibodies that attack the 
insulin-producing cells in the pancreas. These cells are called beta cells. The 
beta cells are finally destroyed and the body can no longer produce its own 
insulin. The body is now no longer able to take care of the glucose from the 
carbohydrates in the food (picture 9). The glucose levels rises quickly because 
the hormone which unlocks the cells and let glucose in is missing. The 
becoming ill phase is usually very quick once it got started. The destruction of 
the beta cells has been going on for quite some time though. It’s when 70 – 80 
% of the cells are destroyed the symptoms occurs. The symptoms are, have to 
use the toilet often and due to this fact abnormal thirst occurs. Other symptoms 
are fatigue and loss of weight. 

 

Heredity is one of reasons to type 1 diabetes, but not the sole one. The 
scientists are not certain which factors takes place in this complex disease. 
Way of living and other environmental factors may play a role in this. Type 1 
is increasing, especially among children, and it is believed it might be 
triggered by virus infections and dietary habits.  

 
Because the body no longer produces its own insulin, the insulin must be 
provided from the outside. The diabetic has to learn how to inject 
himself/herself with the hormone, several times a day. In the 80s, a new way 
of treating diabetes was possible. The insulin pump was introduced. Using 
pump therapy, the person only needs to insert an infusion set every third day 
instead of several times a day of insulin injections.  

= Glucose 

Sick cell 

No insulin is produced 
and therefore no uptake 
of glucose is made 

Picture 9, Sick cell 
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5.1.2 Competitors 

In Sweden there are mainly three other distributors, except Medtronic, of 
pumps and glucose monitoring systems. The distributors and pump models 
are:  

Animas IR 1200, Johnson & Johnson 

Animas is since February 2006 a part of 
Johnson & Johnson Corp (picture 10). The 
company has been on the market for 10 years. 
They guarantees waterproof ness up to four 
meters and adjustment in 0.025 unit steps. The 
company offers interchangeable covers.  

Deltec Cozmo, Smiths Medical  

Cozmo is manufactured by Smiths Medical MD, Inc. (picture 
11). The company guarantees that the pump is totally waterproof 
when leaving the factory. Also, this system has all-in-one-pump 
technology, meaning that blood glucose monitoring is integrated 
into the pump. 

 

 

H-TRONplus, D-TRONplus (pictures 12, 13), Disetronic  

Disetronic has launched a new system in the US called Accu-chek Spirit 
insulin therapy system. One feature is IR communication for wireless 
transmitting to a computer. There is optional software called ACCU-CHEK 
Pocket Compass software bolus calculator to run on a Palm PDA or optional 
smart phone, provided by Disetronic. 

 

Picture 10, Animas IR 1200 

Picture 11, Cozmo 

Picture 13, D-TRONplus Picture 12, H-TRONplus 
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OmniPod, Insulet Corp 

Tubeless infusion is something to a large extent interesting. Is it possible to get 
rid of the tubing? Therefore, we have also investigated a pump therapy system 
made in USA, called OmniPod. The OmniPod is developed and produced by 
Insulet Corp and its most central feature is that there is no tubing between the 
infusion set and the pumping unit. It is all integrated into a pod which is 
mounted directly onto the skin. All software and 
programming possibilities are placed into a remote 
control (picture 14).  

The company states that the blood glucose 
monitoring is integrated into the system. Probably, 
you still need to prick yourself and insert the test 
stick into the remote for a reading. 

5.1.3 Glucose monitoring 

Different kinds of methods of testing blood glucose have been 
investigated. Today the person with diabetes needs to prick 
himself/herself numerous times a day in order to be able to 
watch the glucose value. The blood is applied to a stick which 
is inserted into the glucose monitoring device(picture 15). A 
reading is produced on the screen, telling the person if the 
glucose level is good or not. Normally, healthy levels vary 
between 4 mMol/l and 7.5 mMol/l. 

 

If the glucose level is rising above 12 mMol/l, there is a possible risk of 
hyperglycemia. If the level has dropped below 3 mMol/l, you are suffering 
from hypoglycemia. With such low glucose levels, you need to add sugar that 
reaches the blood rapidly. One example of this is dextrose.  

Alternative ways of measuring the glucose levels that would not crave an 
insertion with a needle is something that is often requested. In articles found, 
there is non invasive technology at hand in a near future. The technology used 
for this purpose is Infra Red light. The theory behind is not to complex: shine 
something through the tissue and analyze what comes out. The glucose will 
leave its own print in the spectrum and can be recalculated into a 
concentration.There is an alternative today called GlucoWatch that is non 
invasive but it’s supposed to be a complement to the conventional blood 
testing, not a replacement. The system is therefore called to be semi invasive. 
The GlucoWatch monitors trends of the blood glucose, and needs to be set off 
with accurate readings from the finger stick meter. 

Picture 14, OmniPod 

Picture 15, Accu-Chek 

Aviva, Roche Diagnostics 
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Market research 

We decided that interviews with persons within our target group would suit 
our goals best. A written survey was hard for us to implement because finding 
a large enough quantity of diabetics in our area was hard. The healthcare could 
not provide us with required information since all information is classified. 
The time aspect was another factor that was talking against us. Also, in our 
case, it was interesting to us to find out what this group of people really 
thought and wanted from their pump. A survey felt inadequate because the 
questions are more static. Open questions were a better alternative. Of course 
you can carry out surveys with open questions, but it takes time and often the 
respondent tends to shorten his/hers answer in order to finish the survey 
quickly. Also, you cannot see how the respondent reacts to the question and 
how they really feel about the subject. 

Therefore, it was decided that the interviews were going to be carried out at 
the School of Diabetes. The school was a gathering for a day in the 
administration of The Childrens foundation of Diabetes in Värmland where 
children with diabetes and their families could meet and find out more about 
the disease. The participants were divided into groups after age. The groups in 
our focus were youth 11-14 years and 15-18 years. The interviews were 
carried through in the form of a group session. It felt that it was the right 
approach to do, because of the age groups. As a teenager it is often hard to 
speak up your mind in front of other unknown people. Letting the respondents 
participate group wise confirmed that they became more liable to respond. For 
the purpose, a tape recorder was borrowed from the audio department at 
school. By using a tape recorder, everything said and commented was caught 
on tape and could be evaluated later when analyzing the answers. 

Also, you can hear how the respondent reacts to the question, and in this way, 
not only the answer becomes vital but reactions and feelings turn out to be 
important factors in the result.  

The result from the interviews startled us a bit. The feature the respondents 
found most important was integrated glucose monitoring in the pump. The 
design is important, but not as important as the functionality of the pump. The 
suggestion of integrating software into the mobile phone was appreciated, but 
the reactions were not overwhelming. Overall, one can say that this is people 
who know what they want and what they are entitled to.   

Three wooden models were made in the workshop. The purpose was to see 
what shape the respondents would prefer. The replica of the Omnipod did not 
impress the respondents at all. It felt big and awkward to the respondents, 
especially when it came to wearing tight clothing. Another reaction to the pod 
was what would happen if it came off and that it might come off quite easy. 
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5.2 Field trips 

Formens Hus 

In Hällefors there is a museum relatively recently opened called Formens Hus. 
The idea is to show how the industrial design has developed during the 20th 
century. A trip was planned because there was change of scenery and 
possibility to use a different environment to sketch in. The whole day was 
spent in this museum, sketching exiting shapes and models (picture 16). The 
shape of a sauceboat actually inspired one of the concept models later on 
(picture 17). 

   

 

Elgiganten and Expert  

A number of retail stores were visited in Karlstad where MP3 players and 
other electrical gadgets were put out for sale. At Expert, the Sony Walkman 
was found. The walkman is a MP3 player equipped with the OLED-display. It 
was later decided to be used on the final product.  

Stjärnurmakarna 

When the concept of the watch was decided to be developed further, there was 
a need to take a closer look on watches. At Stjärnurmakarna a watch from 
ChronoWatch was found equipped with Bluetooth (picture 18). It was possible 
to synchronize the watch with your mobile phone and use it as a headset.  

 

Picture 16, Formens Hus Picture 17, sauce boat 

Picture 18, Chrono Watch 
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5.2.1 Alternative technology 

The Nanopump 

One problem was how to make the pump smaller 
since the pumping device was quite big. The unit of 
today is piston driven, assembled with an AC motor 
and a planetary gear to reduce the outgoing speed. 
In Switzerland, there is a company called Debiotech 
S.A., that with the help of nano technology have 
succeeded in developing a very small pump, the 

nano pump (picture 19). The working principle is a volumetric membrane 
pump, with a pair of check valves, integrated in a MEMS chip. This MEMS 
chip is assembled with an actuator that moves the membrane in a reciprocating 
movement to compress and decompress the fluid in the pumping chamber. If 
the pump is going to be smaller, the new version needs to be equipped with 
this pump. 

The OLED-display 

Today a traditional LCD-display is used. In order to save 
space, we found out about the OLED-display (picture 20). 
OLED stands for organic light-emitting diode, it is a thin 
layer film on which the image is projected. OLEDs are 
made by placing a series of organic thin films between 
two conductors. When electrical 
current is applied, a bright light is 
emitted. Therefore, no backlight is 
required; hence the display becomes 

extremely thin and can even be placed on a flexible 
material. Human hair is approximately 200 times thicker 
than the OLED display, just for making a comparison.  Also 
the display is more power saving because of the fact that no 
backlighting is needed. 

Bluetooth 

The remote control and the pump are going to be equipped with the Bluetooth 
system. It is a wire less short-distance communication system supposed to 
replace cables between stationary and/or portable devices. Bluetooth operates 
within the unlicensed wavelengths and is therefore free of charge.  

Picture 21, Products 

with OLED-display  

Picture 20, 

OLED-display 

Picture 19, Nanopump 
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5.3 Creativity activities 

5.3.1 Random input 

It was decided to go outside the group and invite other people to participate in 
the creativity exercise. The reason for doing this was that people outside the 
project won’t build any expectations and values into the task. It felt like an 
advantage to use fresh thinking minds for this purpose. Because of deep 
involvement in the project it could be an obstacle in terms of thinking 
creatively and capturing the unusual ideas.   

5.3.2 Modeling 

Sketch models were made in order to enhance creativity and understanding of 
the products that was going to be developed. The students of the university 
have access to a fully fitted workshop (picture 22). Sketch models of different 
shapes were made in special foam (pictures 23, 24). 

       

 

Wooden models were made to show the participants in the market research 
(picture 25, 26). 

  

 

Picture 22 Picture 23 Picture 24 

Picture 25 Picture 26 
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5.4  Sketching 

Sketching has been a vivid part of project throughout the whole period. It is on 
paper the idea will make sense or not. Also it is a powerful communication 
tool. (picture 27). 

 

 
Picture 27 
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5.5 The concept 

5.5.1 Basic 

The difference between today’s pump and basic, besides the outer design, is 
the OLED-display that is less space demanding. This gave the opportunity to 
reduce the size and make it more comfortable to carry in the pocket. The pump 
will be equipped with integrated glucose monitoring, voice memo and 
possibility to communicate with a computer.  See appendix. 

5.5.2 Tomorrow  

The concept “Tomorrow” goes one step further. The pump is divided into two 
parts, a remote control and a pump unit. The remote contains all software, 
hence the intelligence. The concept also allows the user to set up 
communication with a computer via Bluetooth or USB. The remote will have 
the appearance of a watch, in order to facilitate the carrying. Integrated 
glucose monitoring is also a feature in this concept. The monitoring will be 
built into the watch, where the light can be projected through the wrist. The 
reading will show in real time on the display. 

The pump unit is given some other new features as well. The piston driven 
pumping device is replaced with nanotechnology in the form of a membrane 
pump. The size of the pump is extremely small. The size of the pump unit 
might therefore be reduced significantly. The reservoir containing insulin will 
be integrated with the pump and the whole package is replaced when changing 
the infusion set every three days. The pump part can still be used to give bolus 
or extra bolus if needed. The pump unit is equipped with a small display that 
will show units given or units set. The display will also show when 
communication with the remote occurs. When taking a bolus, the dose chosen 
is confirmed by sound.  

The remote holds all software and programming possibilities.  Bluetooth will 
facilitate communication with a computer. The computer software would offer 
the possibility to for example set different base boluses for different occasions, 
such as soccer practice or for instance slumber parties where candy often is 
served. The integrated glucose monitoring system may be implemented in the 
insulin diagram to improve analysis and furthermore enhancing the control of 
the therapy. 



26 

5.5.3 Future 

What the future will hold is still unknown. The concept was an important stage 
in project because there is a need for seeing past the obvious. Letting the 
thoughts aim higher than the familiar enhances the creative thinking and great 
ideas may come out from it.  In the future, there is a hope that the pancreas that 
supports the body with insulin can be produced artificially. Another aspect 
would be finding the gene that causes the immune system to attack the 
pancreas. This would make it possible to treat the disorder before it bursts out.  

Technology for transmitting the insulin into the body without using injections 
is wanted among diabetics. At the moment, insulin is transmitted into the body 
using syringes or pump. The insertion can be painful and unpleasant. Also a 
small scarring occurs in the tissue when using needles. The concept “Future” 
suggests diffusion of insulin using electricity instead of needles. This is a 
tubeless system. The reservoir is attached to the electrical device that opens the 
skin. The low current would stimulate the openings in the cell wall to open and 
diffusion is possible. Another way of transmitting the insulin into the system is 
using micro needles. These needles are very small. A microscope is needed in 
order to see them. These needles are too short to stimulate the pain receptors in 
the skin and allow the insulin to pass without any pain for the person.   
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5.5.4 The choice 

In order to optimize the output of the choice of the concept it was decided that 
the procedure was going to be carried out on location in Stockholm, at 
Medtronic (picture 28). It was believed that this arrangement was the best for 
both parties, since information from experienced Medtronic people is 
invaluable to the project and Medtronic themselves are given the possibility to 
influence the project.  

Before taking the trip to Stockholm, evaluation of the analysis of functions 
were made.  The evaluation showed that the future vision scored the highest 
points. 

The different concepts did all get the highest score regarding the main 
function. One could see the difference in the function facilitate change of 
infusion set. The reason for this was that in the future there will be noninvasive 
treatment, and therefore no need for changing infusion sets will be necessary.  
There was also a difference in the result regarding the function facilitate 
insulin therapy. Again it was the future vision that held the highest score, since 
no needles or tubing are at hand.  

It was decided during this meeting that the concept “Tomorrow” was a winner, 
despite the higher scores for the future vision. The process of this decision was 
quite simple. It was established that just improving the looks as in concept 
“Basic” was probably soon be realized. The concept future was exiting but 
hard to carry through with the short limit of time on our hands. The technology 
mentioned in the future vision is very uncertain and there is no chance of 
knowing when it will be applied. In this project one of the goals was to 
achieve a result where implementation of the product would be possible in the 
near future. The concept “Tomorrow” was therefore attractive to both of us. 
All concept sketches are shown in appendix.  

 
Picture 28, presentation of concepts at Medtronic. 



28 

5.6 Model 

Our prototype is not a fully functional product, as stated before. The result is 
presented as a near reality visualization. The models were made using rapid 
printer technology. Models were printed out in the rapid printer at Karlstad 
University and at 3D-Tech in Arvika. 

Displayed to the left are the remote and 
the pump unit. In this picture the final 
version is shown. (picture 29) 

 

 

 

 
The pump unit and the remote have various possibilities of carrying about. 
Different styles are shown below. (pictures 30, 31, 32, 33) 

   

  

Picture 29 

Picture 30 Picture 31 

Picture 32 Picture 33 
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Examples of different accessories. (pictures 34, 35, 36, 37) 

   

 

 

 

 

Picture 34, Clip on for pump unit Picture 35, Strap and pump with clip on 

Picture 36, colour combinations pumps 

Picture 37, remote, strap, and pump units 
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5.7 Exhibition 

 
The result of our work was displayed at the exhibition of examination projects. 
We succeeded in presenting a model. It was decided that the display case 
should carry the theme of nature. The display case was made from birch trees 
and the presentation was given the same layout (pictures 38, 39, 40, 41). 
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Picture 38 

Picture 39 

Picture 40 

Picture 41 
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Conclusion 
The pump of today is a bit too big and clumsy for young people who often 
want to hide it. Also it shows too obvious that it is a medical aid–device. The 
result that this project has come up with eliminates these statements.  We 
found that separating the pump into a remote control and pump unit was the 
best way of fulfilling the wish for a smaller and more flexible pump. By 
separating the pump into two parts, the pump unit itself becomes significantly 
smaller. Also, it holds an appearance more like an MP3-player or portable 
Flash memory. The nano technology makes it possible to reduce the size of the 
pump further, but on the other hand the user need to feel confidence in his/her 
pump. It also needs to be manageable. The remote looks and functions like an 
ordinary watch when not in use. Diabetes could in this way be a natural 
integrated part of the daily life, where the diabetic no longer need to feel 
different and alienated.  
 
As stated in the preface, the infusion set has been left untouched. Re-designing 
the infusion set is a project of its own.  

7 Discussion 
When reviewing the project, we can see that we entered the project having 
prejudices regarding young people and what they like. We were positively 
certain of the fact that a MP3 player would be something that every youngster 
would like in their pump. At this stage we were proven wrong. Functionality 
was an important issue to the youngsters. The reasons for this fact are probably 
many and not so simple to sort out. A pump with integrated functions such as 
MP3 player was not an alternative high on their wish list as we thought it 
might be. One reason for this could be that the possibility to upgrade the MP3 
player to a better one is limited and also they often already have one. How 
come that the young people, often seen as top users, in this case rejects fancy 
attributes? Another theory could be that the pump is seen as a one function 
device and that’s it. To these persons, diabetes has been a companion in most 
cases since infancy. Probably, to them pump therapy is for treating diabetes 
and diabetes only. The thought of a MP3 player should not discarded though. 
Just thing about when the camera-mobile where introduced to the market. The 
product where criticized because it was believed not to be necessary, since 
there already exist digital cameras. But still the manufacturers succeeded in 
creating a need for the integrated camera mobile. 
 
The wish for integrating the MP3 player into the pump on the other hand came 
from the parents. It is always easier seeing things from the outside and maybe 
that is why close relatives sees other possibilities in the pump. When having 
used a pump or other medical device for a long period of time it might be 
difficult to see other utility areas for your medical aid.  
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Integrated blood glucose monitoring was the function most requested. Today, 
the patient has an additional gadget to carry around used for blood glucose 
testing. This test requests a droplet of blood put on a test stick. That means that 
you also need to carry the test sticks with you. These tests are performed 
several times a day. One can understand that these people want an option 
where these tests become unnecessary.  
 
The immature group will almost with uttermost certainty go through 
difficulties of cooperation due to status, prestige or procedures. Most often, 
project groups are composed by persons with different backgrounds and it is 
common that the members don’t know each other before they are brought 
together. Therefore, a project will begin a bit rambling because of the fact that 
the persons involved needs to find each other and their roles.  
 
In this project, these opening stages did not take place. One could say that our 
group was a mature group from the very start. According to the FIRO model, 
there are two phases the group needs to pass before it will be effective. The 
phases FIRO talks about are: the phase where the members want to fit in and 
the phase where the member’s positions are setting. Since we knew each other 
very well, and been working together previously we did not have to work 
through these time-consuming phases. We were already very clear about how 
things were going to be carried out and who was going to do what. Our 
positions were already preset. Therefore, the work in our group started up fast 
and effective. Another reason to the effective work was that two of the 
members had previously discussed and done some research on the subject 
before the start-up of the project.  The idea was given the opportunity to 
incubate and develop.  
 
As stated before, the infusion set was left outside the project. There was a 
strong wish for re-designing the set, but with the limited time on our hands, we 
had to prioritize the pump itself. Solving the issue of a tubeless system, 
including no needles, is a huge matter. We have no doubts though, that 
treatment of diabetes will get there. 
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Appendix 1 

Funktionsanalys infusionsdel 

(pump)  
Utvärderi
ng   

Funktion Kl

ass

* 

Anmärkning 

a b c d e 
Medge Insulinbehand

ling 
HF Insulintillförsel 

till 
underhudsfett 5 5 5 5 5 

Äga Driftsäkerhet N Dosering, 
varningar 5 5 5 5 5 

Erbjuda Driftkontinuit
et 

N Om pod 
- 5 5 5 5 

Medge Fastsättning N På "kropp” 
/kläder 5 5 5 5 5 

Erbjuda Glukos-
mätning 

Ö Integrerat med 
infusions-set 4 4 4 4 4 

Underlätta Infusionsbyte Ö Enkelt o 
smärtfritt 3 3 3 3 5 

Underlätta Fastsättning Ö På huden, 
hudvänlig 3 3 3 3 3 

Äga Mottagning Ö Data från 
fjärrkontroll           

Äga Smidighet Ö   
3 4 4 4 5 

Minimera Obehag Ö Vid stick, 
bärande           

Medge Kroppsaktivit
eter 

Ö Ej vara i vägen 
(ej tas av) 3 4 4 4 5 

Medge Bad Ö Vara vattentät 5 5 5 5 - 

Uttrycka Kvalitet Ö   5 5 5 5 5 

Inge Förtroende Ö             

Underlätta Insulinbehand
ling 

Ö Lätt byte ex. 
infusionsset, 
reservoar 3 3 4 4 5 

Erbjuda Diskretion Ö   
          

Underlätta Placeringsvari
ation 

Ö   
4 4 4 3 4 

Medge Sopförbrännin
g 

Ö Slänga i 
hushållssoporn
a           
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Motverka Allergi- 
reaktion 

Ö   
          

Vara Slanglös Ö Insulin + 
infusionsställe 
tillsammans           

Tåla Slitage Ö Dagligt 
hanterande           

Erbjuda Kommunikati
on 

Ö Glukosvärde/ 
insulindos 5 5 5 5 5 

Maximera Användarvänl
ighet 

Ö   
3 4 4 4 5 

Uttrycka Enkelhet Ö             

Minimera Storlek Ö             

Erbjuda Frihetskänsla Ö   4 4 4 5 5 

    65 73 69 74 76 

         

a. Ny form på dagens pump med slang, integrerad glukosmätare, 
röstbrevlåda och datakommunikation 

b. Minskad pumpenhet med slang, mjukvara i en fjärr/mobil med MP3, 
röstbrevlåda, datakommunikation 

c. Som b men med nanopump och ny reservoar 
d. Slanglös pod med nanopump, ny reservoar och fjärr enl.b 
e. framtidsversion med ej utvecklad teknik 
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Appendix 2.  
 
 

 
Basic 
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Basic and tomorrow, 
 

 
Basic and tomorrow, front view 
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Tomorrow 
 

 
Tomorrow 
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Tomorrow 
 

 
Tomorrow, top weiv 
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Tomorrow 
 

 
Tomorrow and future 
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Tomorrow and future 
 

 
Tomorrow and future 
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Tomorrow and future 
 

 
Tomorrow and future 
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Tomorrow and future 
 

 
Tomorrow and future 
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Tomorrow and future 
 

 
Tomorrow and future 
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Appendix 3 
 
Further creative ideas…  

 
Cure patients who are newly diagnosed, with diabetes mellitus type one, and 
thus still are within the so-called honeymoon-phase. Extracting some healthy 
cells that still produce insulin, make them reproduce/multiply and then put 
them all back in again should do this. 
 
Find the gene that causes diabetes! Perform tests on small children in order to 
be able to see when abnormalities in the immune system occur. Find the cause 
for why the immune system collapses, and stop the disease at the door.  
 
2:ond thought 

We do not possess the skills to continue this.  

Make the pump a contribution to your appearance instead of 
a problem 

Place the pump/infusion set where you want to be bigger. For example, most 
girls want to have a flat abdomen and larger breasts. So simply move the 
infusion/pumpfrom the belly to the breast. Boys offten like to have bigger arm 
muscles, so let them put the unfusion set/pump there. 
 
2nd thought/problem 

The absorption of insulin is likely not the same in theese places? 

One arm/breast will look bigger than the other. 

 
Continious bloodglucose monitoring boult in jewellery such as earring/-clip, 
finger-ring, navel-juwellery, necklace, amulet etc. 
 
2nd thought 

The need of a radiodevice will make it clumsy. 

 

Distribute the insulin through a plaster/patch with extremly small needles that 
don’t trigger the nervcells, and thus is painless. Use a small electric current to 
open upp the skin so that the insulin can difuse subcutanously.  
 
2nd thought 

How to control the amount of insulin being dosed and absorbed? How to 

prevent insulin to be doses by accident when touching/hitting the 

patch/plaster?  

 
The infusion/pump consists of silicone, in order to feel softer and more 
comfortable against the skin. 
 
2nd thought 
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How do we control the dosage? 
- Use two “reservoir-bags” within eachother. Bring in some air in 

between them so that the inner bag is being squeeszed and thus insulin 
being pressed into the body.     
This results in that the insulin (in the innerbag) will be pressed into the 
body 

- The new nanopump who sucs insulin from tha reservoir and then into 
the body. 

 

3rd thought 

Security - How to prevent insulin to be dosed by accident when 

touching/hitting the silicone reservoir?  

 
Another idea that came up during the brainstorm was a necklace, designed as a  
T-rex. The dinosaur bites its own tail and the pump unit fits into a pocket on 
the body. This idea concerns younger children and was not a part of the target 
group in this project. The idea though was appealing to us and it was decided 
that it should be put here.  
 

Detection of hypoglycemia (low blood sugar) 

Different types of sensors that register the way a persons body moves during 
different activities and detect changes. For example if a person’s movements 
gets more clumsy or slow, it could be at sign of rapidly sinking blodglucose 
level. Or if the person is exercising, the pump suggests or directly regulates the 
dosage of insulin.  
 

From the heart frequency calorie burn can be calculated. 
Sensor using smell. What smell makes a dog react on a person with 
hypoglycemia? Use that trigger in a sensor. 
 
Inser an organic microchip into the body. The chip will send measured values 
to a remote control. The chip will vanish after a certain time in the body (a 
year). After this time a new chip will be inserted. The chip will provide the 
pump with quick and accurate information on how the glucose levels varies. 
The pump can react on the information by regulating the dosage. The large 
variations are eliminated. 
 
2nd thought 

Where will it get the engergy? There is a possibility that the body itself could 

be the energysource. There are tests performed today using the human body as 

a battery, primarily for pace maker patients. 

 
Integrate a sensor or the display in textiles, for example in the patients’ 
clothes. 
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2nd thought 

The person would like to change clothes sometime… 

 
”Pacemaker” in this case a glucosemeter that will send signals with 
information about glucose levels to the remote. Put in place under the skin 
with surgical operation, it will work 15 years before it needs to be replaced. 
 
Glucosemeter and insulin in same nedle/infusion tube. 
2nd thought 

Insulin concentration is hig in this area, due to continious insulin dosage, 

which coud result in false glucose values – possible to calculate a correct 

value? 
 
The software of the pump calculates the proper dose that needs to be given 
from a 3 day curve with continuous glucose values.  
 
During the night: The glucose monitor sends the values to a remote placed 
with the parents. The remote will alert the parents on preset high/low levels. 
The parents will wake up, but not the child. The parents do not have to set the 
alarm clock for observation and the they do not need to be restless in their 
sleep.  
 
Using mobile phones as remote controls. The software is downloaded from the 
internet, and so are the upgrades. The software is programmed in Java or 
similar which will work in available phones of today. If your mobile is lost, 
you can borrow another phone and download your software.  
 
On the internet site, you will be introduced to a character that will guide you 
on the site. This character will help you get acquainted with your diabetes and 
more comfortable. The site will provide information, contests, computer 
games on the internet, teach children to manage the disease in a fun way.  

 


