
WAT C H  A N D  L E A R N .

J. W. H Wories, J. S. Faber, D. A. Muller & M. L Smith

Coach: prof. dr. ir Loe Feijs
Client: prof. dr Annick Timmermans 

Project: Wearable Proprioception 
Semester: B2.2



Students
D.A. Muller, 0855293
J.S. Faber, 0856421
J.W.H. Wories 0854640
M.L Smith 0854924
 
Assignor’s/Coach’s Name:
Coach: prof. dr. ir. L.M.G. (Loe) Feijs
Smart Health 

Expert/s:
Prof. dr. Annick Timmermans, Universiteit 
Hasselt, faculty Geneeskunde en Levenswe-
tenschappen 

Herman Wories (Vice President Global Busi-
ness Incubator DSM)

R.J. (Rhys) Duindam MSc

P.A.M. (Peter) Ruijten MSc 

Koen Klokgieters (CEO Business Innovation & 
Entrepreneurship)

Christian Kling (Business Analyst DSM Innova-
tion Center)

Assignment/Project Dates:
February 2015 - June 2015

2



TABLE OF CONTENTS
Introduction
 
Semester 1

Objective

Ideation
 
Prototype

Interface

Software

Interaction

IPR

Business
 
TU/e Contest

Reflection

Future
 
Task Division

Acknowledgements

Appendix
3

4

6

9

11

13

21

26

30

32

35

45

49

58

61

63

65



INTRODUCTION



INTRODUCTION

Exercising is fashionable. Whether you have 
been given exercises by a physiotherapist, to 
help recover from low back pain, or are impro-
ving your fitness, there comes a time where 
you stand in front of the mirror, and exercise. 
But are you doing it right?

The Mirrorcle uses a motion tracker to capture 
the points of your back and visualize them as 
a line in your reflection. It can remind you of 
how to do you exercise, and predict how long 
it will take for you to achieve your recovery, or 
fitness goal.

It was developed for a clinical environment, 
but we see real potential in the fitness market. 
Personalized training and new technologies 
are much desired in this already booming in-
dustry.
 
This report explains and narrates the design 
process of Team Mirrorcle, which steps were 
taken, what conclusions were drawn and what 
was learned.
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SEMESTER 1



SEMESTER 1

The previous team of the Mirrorcle looked so-
mewhat different than it is now. It all started 
on the first day of  the B2.1 semester. Four 
students: Emma Dhaeze, Anne Wil Burghoorn, 
Jelle Wories and Jasper Faber, who had a big 
interest in the healthcare subject, were put to-
gether in a project group. They were given the 
task to choose a subject for which they wanted 
to derive a design from.  Luckily their noses all 
pointed in the same direction, so the subject 
was easily determined: Chronic nonspecific 
Low Back Pain. They also chose to dive into the 
wearable proprioception aspect of the theme. 
From this starting point, the Mirrorcle journey 
began.

The team started off rather quick. Mostly be-
cause their client: Annick Timmersmans. She 
started to support them from the first moment 
on. She provided the team with a fair amount 
of scientific papers to get them started with re-
search on this problem. From this research the 
team found 3 approaches to go from: exercise 
therapy, posture correction and promoting a 
healthy lifestyle.

By use of different brainstorm techniques, a 
meeting with an actual physiotherapist and the 
feedback of Annick, the team eventually came 
to their final choice for the concept: 

The Mirrorcle.
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SEMESTER 1

After the first quartile the team managed to 
have a prototype ready to, on the first hand 
visualise the concept, and on the other hand 
demonstrate the functionality of the product. 
On the mid-term demoday, the team presen-
ted a pecha kucha with a demonstration inclu-
ded, which provided them with the title: best 
project presentation. This title meant that the 
team could exhibit on the exhibition ‘Domotica 
& Slim Wonen’ in the Evoluon. 

For iteration 2, the team took the domotica 
exhibition as deadline. They wanted to incorpo-
rate as much feedback as possible to be ready 
to demonstrate the prototype to the big audi-
ence. Things that had been improved were: a 
more usable short-throw beamer, a stand for 
the mirror, adding a semi-transparent foil for 
better visibility and an improved interface. On 
the exhibition the team got a lot of very enthu-
siastic and useful comments on the concept. 
This also enhanced the motivation of the team 
to keep working, and further improve the pro-
totype towards the final demoday. 

With the feedback in mind, the team managed 
to create a new update of the prototype. 

This time with a working interactive program 
including the Kinect, a new interface for im-
proved usability and even a soundscape. Even-
tually the Mirrorcle got tested on a real patient 
suffering from low back pain. Even though 
the test pointed out there were a significant 
amount of aspects to be improved, the final 
concept was very convincing. At the final de-
modays, Again, a lot of positive reactions from 
the audience. Even Annick came by and propo-
sed if the team would like to write a scientific 
paper about the concept for IEEE EMBS. 

When looking back, for the Mirrorcle this was a 
really fruitful semester. The concept was born, 
the societal value of it has been validated and 
a demonstrating prototype has been created. 
Because of this, and all the positive reactions, 
two students: Jelle Wories and Jasper Faber 
decided to continue this project their next se-
mester. They both saw a real learning poten-
tial to see how to take a concept to the next 
level. So actually developing a working product  
that is ready for the market.

This is where the first semester ended. In the 
following chapters of this report, it will become

clear how the new team arose and brought the 
concept to where it is right now.
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OBJECTIVE

The aim of this semester was to further develop the Mirrorcle, going into more depth than just 
a final prototype. This meant that a lot more had to be taken into account when looking at the 
design. It had to be possible to mass produce the product, making every detail important be-
cause a small scale iteration has a big impact if a lot of Mirrorcles will be produced. Design re-
quirements specific to different markets had to be taken into account. Should it look clinical or 
trendy? How to make it lightweight, yet keep the feel of quality in it? How to use the best quality 
parts but still keep it cheap?

After having decided in roughly which direction to go, the process was divided into several 
segments. New hardware, new software, a business plan, and looking into intellectual property 
protection. 
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IDEATION



IDEATION

The first week of the project was about finding 
the direction to continue with. The new team-
mates Maarten and Daphne made themsel-
ves familiar with the topic of lower back pain 
and the previous prototype of the mirror by 
reading the previous project report and doing 
online research themselves.

After a discussion and question round, the 
idea generation started to diverge. Conside-
ring different options to achieve the same goal 
as the previous prototype did, was the goal. 
Some ideas were worked out more in detail by 
sketching. 

The ideas and their positive and negative points 
were discussed. Feedback from the coach was 
the determining factor to choose for an idea 
close to the original prototype: a mirror with 
projection, this time using a display instead of 
a beamer.

The next step was to re-evaluate the feedback 
on the previous prototype, and to what sense 
this feedback was applicable to the new idea.

The most important critique that was also applicable to our new idea was about portability: pa-
tients with lower back pain had to carry an extremely big and heavy product with them to their 
homes.
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CONCEPT

In order to achieve our goals of discussing 
product production with (external) companies 
and experts, as well as reaching the finals of 
the TU/e contest it was necessary for the team 
to have a new prototype of the concept. The 
embodiment of a concept in physical form 
proves that the concept itself works, and can 
be used to capture data, do research and gain 
feedback.

The previous prototype was used in the same 
way, but was presented to different audien-
ces for feedback. These audiences generated 
a good amount of feedback towards to the 
physical aspect of the prototype. The feedback 
was as follows:

• The prototype is too heavy to be carried by 
one person from a physiotherapists office to 
the parking lot outside. It is also too big, there-
fore not portable enough for its use in context.

• The projector that is placed behind the proto-
type is not portable enough

• The distance needed between the projector 
and the prototype is too long. The prototype ta-
kes 1,6m by 70cm by 2,0m in effective space be-
cause of this, instead of 1,6m by 70cm by 20cm. 

• The projection on the screen is not bright en-
ough for it to be visible in a normally lit room 

• The prototype feels clunky, not clinical or 
clean.

This feedback was translated into the design 
criteria for the following iteration of the pro-
totype.

The first design choice that the team had to 
make was the method of displaying the visual 
feedback in the mirror. Research into different 
approaches yielded four main methods: An 
LED matrix, an O-LED screen, An lcd/led screen 
or a projector. An integrated LED-matrix would 
solve the visibility and portability issue, but rai-
se another problem. The feedback would not 
be as accurate, and it would be more difficult 
to communicate a lot of information at once. 
The O-LED screen would solve all problems, as 
well as boost portability enormously, but the

cost of the product would increase tenfold, 
making it a much less viable investment for 
the target market. The projector would need 
to be short-throw mini-projector with a high 
intensity. Due to the fact that these are not 
available for consumer consumption it was 
not possible to use of for the prototype. This 
type of project remains an interesting method 
for the future. An lcd or led screen would sol-
ve all issues, although the budget would only 
allow for a screen that was just large enough 
to display the visual feedback where necessary 
and not cover a whole mirror.

source: iiyama.com
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CONCEPT

The screen would allow for a very thin proto-
type, but it’s necessity to be the size of a full 
mirror would still render it hard to maneuver. 
To make the prototype even more portable, 
an idea generation session was held in which 
many ideas for a portable frame were created. 
The resulting frame was one that would allow 
for easy manufacturing and better portability. 
3 stackable sections of 60 by 60 centimeters 
would make the mirror easy to carry in pieces. 
Along with that, all three segments can be pro-
duced in the same way.

For the display, the team sought to place a 
maximum size screen in the available surface 
area. 

A commercially available 24inch, 1920p by 
1080p covers the inside of a 60 by 60 centime-
ter segment with only 2,5 cm to spare allowing 
for space to integrate the motion-tracking sys-
tem. This setup also allows for the segment 
with the screen in it to be placed at the top 
or middle of the full mirror, so that every size 
customer can use the Mirrorcle. 

To interpret the data coming from the motion 
tracker and visualize it in the reflection of the 
mirror, a computer would have to be part of 
the process. To make exercising in front of the 
Mirrorcle an easy experience, the user should 
not have to connect his own computer to the 
device at any point. Therefore, the process 
needed to be managed by an internal compu-
ter. The Raspberry Pi 2B is a powerful, small 
and light computer that is also inexpensive, 
and it seemed to suit the job perfectly. The Pi 
only has a HDMI (digital) output that would 
most likely need to be converted to an analog 
signal with a converter.

source: iiyama.com
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CONCEPT

This schematic (Figure 9) details the plan for 
all the components within the Mirrorcle. The 
screen was to be acquired from a computer 
monitor, which meant the modules could be 
detatched and placed strategically in the mir-
ror. This operation was carried out very care-
fully, becuase CCFL cables are high voltage, 
and ribbon connectors are very delicate. 

source: iiyama.com
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MATERIALS

Material Qualities
The first prototype was build out of wood, with 
a Perspex panel that served as the reflective 
surface. One-way mirror foil was used to give 
the Perspex a reflective quality, and diffusion 
foil was used to catch the light projected by 
the beamer behind the prototype.

The wood made the prototype heavy and un-
necessarily large. Wood is also hard to work 
with in a manufacturing process. An alterna-
tive material needed to be used to make the 
prototype lighter, more durable, more worka-
ble and less flexible. A strong polymer would 
be ideal, but access to such a polymer was un-
realistic. Another alternative was aluminum. 
It is commercially produced in ideal measure-
ments, durable and light. The disadvantage to 
aluminum is its material expression.

Material Expression
Material expression contributes enormously 
to the interaction with the product as well as 
its look and feel. Haptics, but also weight, vi-
sual interpretation and material sound play a 
massive role in this. This expression should be 
tuned to the purpose of the design in its con-
text. 

In hindsight, home use of the Mirrorcle would most logically require a homely, friendly, warm 
look and feel, but during the design process, the team was convinced that it should reflect 
the clinical look and feel of a physiotherapists’ therapy room. Aluminum expresses industrial 
strength, coldness and reliability. 

Untreated, this material choice does not contribute to the interaction, even though there is no 
haptic interaction during use. In the future, it is critical to tailor material expression to suit pro-
duct interaction in the right context. 

source: iiyama.com
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ASSEMBLY

Each segment is built from two 2,5 by 2,5 by 
60 cm, rectangular rods on which two 2,0 by 
2,0 by 60cm rods are bolted, with 3mm left 
of the front side and 2mm on the back. Be-
tween these, two 1,5 by 1,5 by  55cm rods 
are bolted and joined with corner pieces. 

To make the foil as reflective as possible, the 
light contrast ratio between both sides of the 
foil has to be high. Therefore, the areas of the 
segment that would not be covered by the 
screen were darkened with black material. 
The screen is placed in the centre. 

In the bottom of the figure, the CCFL wire are 
visibly exposed. The rasperry pi, including wi-
fi-dongle is placed beside the screen, and a 
USB hub is placed at the top. This port sup-
plies power to both the pi, and the HDMI to 
VGA adapter.
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ASSEMBLY

Since the screen configurations do not have to 
be set, the buttons to control the screen can 
be placed inside the prototype. Along with the 
controller, the HDMI to VGA adapter is place-
dunder the USB hub. The pi is connected to 
the adapter, which sends a signal to the con-
trol board.

Next, the power board, which has been placed 
in a protective housing is placed on a plexig-
lass screen, which is then placed on all of the 
other components. It is connected to the CCFL 
wires, and the 8-pin cable is connected to the 
control board. 

Finally, the container for the power board is 
closed, and the plexiglass plate is screwed 
onto the frame, keeping everything in place.
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CRITICAL REFLECTION

Because the mirror had to be modular, the pla-
cing of the screen was either in the middle seg-
ment or in the top segment, whilst the lower 
back often lies exactly in between. This was 
something that could have been calculated. 
Also, because the mirror was broken up into 
3 pieces, a clear visible line could be seen in 
between the pieces, because of different light 
refraction, making people lose several limbs in 
their reflection.

On top of this, a switch to fitness was made 
(see the section on business), so the mir-
ror no longer had to be carried around, in 
a fitness centre it would have a fixed place 

meaning there would be no refractions, and 
a larger screen could be used.  Ideally, all the 
hardware would be sealed behind a plexiglass 
panel to make the Mirrorcle flat and smooth. 
Due to the size of the capacitors in the po-
wer-board, this was not possible. 
The solution was to build a compartment for 
the powerboard, to shield it and prevent short-
circuits. This compartment was built out of 
wood, which absorbed too much of the paint, 
leaving a blemished finish. 

Because the aim was to create a product that 
was able to justify the concept in front of com-
panies and experts, the time was invested in

making it work. Less time was spent on finis-
hing the concept. In the manufacturing pro-
cess, machines will place the mirrorfoil on the 
plexiglass panels, and drill holes in the alumi-
nium, allowing for more precision.

In this process it is also important to measu-
re the stress points of the materials that are 
used. The plexiglass panel at the back cracked 
a number of times. 

For the purpose of the prototype, the plexig-
lass panel was left transparent. The minimum 
viable product would have a black back-panel.
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INTERFACE

The interface is designed in multiple iterations. 
The design started by making a clear model of 
how the system should work.

In short: the therapist adds exercises and is 
able to receive the data gathered by the mir-
rorcle, to see the progress of the client and to 
be able to send personal feedback in the form 
of a message to the mirrorcle. 

The client can receive the data from previous 
exercises to look through the development 
and the client can receive the exercises send 
by the therapist in order to start exercising.

Then, a first simple visualization of a possible 
interface both for the therapist and for the 
mirrorcle was made. The first interface can be 
found for the mirrorcle can be found in the
Appendix [A1] . 
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INTERFACE

In the second quartile the team started working 
on improving this interface. A feedback sessi-
on with Annick Timmermans was organized in 
order to discuss the points of improvement 
of the first interface and to discuss her vision 
on how the interface should be improved. The 
main developing point was to make the inter-
face more personal and persuasive in order to 
improve the effectiveness of the trainings.

Even though the interface did not work fluent-
ly yet, the overall feedback of Annick Timmer-
mans was positive. She liked the way of navi-
gating through the menus, the idea of sending 
personal messages should be kept and adding 
persuasiveness within the interface is a good 
idea as long as the identity of the design stays 
clinical and professional. The agenda should 
be improved, as there should be more hierar-
chy in the exercises of today and the overall 
overview of exercises.

The project team decided to focus on the pro-
totype of the mirrorcle and because of time 
reasons the interface of the therapist became 
second priority. Sketching and idea generating 
brought a sketch of a possible setup of the 
desktop.

Feedback from teammates was that the over-
all view was a bit too busy. This is why a few 
buttons and elements were eliminated for the 
final design of this second iteration.
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INTERFACE

The feedback round based on this design was 
not very positive. The positive sides of the first 
design (extremely simple to use and a very 
structured amount of information per screen) 
seem to be gone. Also the added value of the 
persuasive elements were questioned. Ano-
ther iteration was introduced.

An expert on the field of persuasiveness was 
introduced in the design process: Peter Ruij-
ten. He gave access to valuable research ma-
terial on the topic of persuasiveness. Reading 
and summarizing the following documents, , 
provided a list of possible ideas that could be 
added to the mirrorcle. Furthermore, an over-
view of all the ideas around the mapping of 
the interface was made.

- Influence: The Psychology of Persuasion by 
Robert B. Cialdini

- Nijland, N., van Gemert-Pijnen, J. E., Kelders, 
S. M., Brandenburg, B. J., & Seydel, E. R. (2011). 
Factors Influencing the Use of a Web-Based 
Application for Supporting the Self-Care of 
Patients with Type 2 Diabetes: A Longitudinal 
Study. Journal of Medical Internet Research, 
13(3), e71. doi:10.2196/jmir.1603

- Persuasive Technology: Using Computers to 
Change What We Think and Do by B.J. Fogg
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INTERFACE

In an expert meeting with Ruys Duindam, all 
the possible ideas were discussed and deci-
sions were made about which ideas were re-
levant and should be continued in the final 
design. This resulted in the following design 
iteration 3. [Figure 25]

Feedback on this design was mostly about 
combining the visual design with the code. Sin-
ce the navigation would be with arrows, the lo-
cations of the buttons changed a bit in order to 
make the navigation more logical. Furthermo-
re, the program could only handle four exerci-
ses, so the amount of exercises in the interface 
was reduced. Last but not least, the gradients 
were deleted because that would give a more 
modern appearance. This resulted in the final 
design. [Figure 26]

Looking back, the user-tests and feedback show 
that the interaction with the design could be 
improved. The users should feel more connec-
ted to the mirror. This could be done by adjus-
ting the house-style from clinical to something 
more sportive and user-friendly (which also 
fits better to the identity of the new market 
fitness), the visuals of the exercises could be 
designed more personal and further research 
to interface design and interaction is needed.

25

Figure 25 Figure 26



SOFTWARE



SOFTWARE

The software behind the mirrorcle was one of 
the biggest things that needed a change. Alt-
hough the software of the first prototype suc-
ceeded quite well in explaining the idea behind 
the concept, There was a need for a prototy-
pe that could run on it’s own. During the first 
semester the first Mirrorcle team collected a 
lot of feedback that needed to be taken into 
account before launching an actual product. 
From this feedback a list of requirements was 
derived:

This was an immense list of improvements, the 
one more challenging than the other. Taking 
the goal into account that the Mirrorcle had 
to be a stand-alone product that works on his 
own, and that interface had to be immediately 
clear and intuitive. The decision has been made 
that the focus should lie on creating a working 
interface. With a combination of user focussed 
interface design and logical programming the 
interface has been created. More information 
on the interface can be found on page 21.
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SOFTWARE

Figure 28 shows the desktop page of the inter-
face. Also see appendix [A2] for a scheme ex-
plaining the logics, and also an important part 
of the code. The idea behind the interface is, 
when a button is pressed on the keyboard, the 
program recognises this key and sends a sig-
nal that determines whether the blue rectan-
gle should move to another spot. In this way 
the user easily sees which button has been se-
lected. With a simple press on the spacebar, 
the user enters the selected button. Right now 
the interface is controlled by the computer 
keyboard. Nevertheless this can easily be ex-
changed to other input devices read (page … 
interaction).

This interface also works together with the Ki-
nect software. When the spacebar is pressed 
while an exercise is selected, the program au-
tomatically runs the corresponding Kinect pro-
gram. 

This program was created in the previous se-
mester of the mirrorcle. With special thanks to 
Emma Dhaeze, who worked very hard to deve-
lop this program.

Part from the previous mirrorcle report:

We’ve managed to set up an animation which 
tracks the angle between torso and bottom. 
Around this animation we’ve set up a square 
that illustrates the boundaries of the maxi-
mum angle. Together creating the feedback 
model. Besides this, we also created a mista-
ke counter, adding up the times you cross a 
boundary. And a demonstration animation 
which first demonstrates the exercise several 
times, and then moves to the right bottom of 
the screen.

28
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SOFTWARE

One of the hardware requirements stated that 
the prototype should run without a laptop con-
nected. Therefore the decision has been made 
to load the interface made in processing on a 
Raspberry Pi. For more information about the 
Raspberry Pi and hardware read16.

In the last week before the demodays, it see-
med that the Raspberry wasn’t powerful en-
ough to execute the code via processing. It 
took the interface more then 5 minutes to 
boot up the program. Attaching and running 
the Kinect seemed even more impossible for 
the Raspberry. Before making the choice for 
the Raspberry, research has been done from 
which could be derived that a Raspberry was 
able handle programs in processing and recei-
ving data from a Kinect. Unfortunately this was 
just to some extend.

For future development a more powerful mi-
cro computer has to be bought in order to run 
the program and the Kinect.

Reflecting on this part of the project, we could 
say that we wanted to improve more on the 
area of software. Because none of us is an ex-
pert on the area of programming, the whole 
process developed quite slowly. For this re-
ason only one of the 3 requirements pillars: 
Interface is improved. Now the team has de-
veloped more knowledge about coding and 
programming, future software changes won’t 
take as much time as it did now. For future 
development of the Mirrorcle it would be the 
task for the team to work on the other aspects 
of the software requirement.
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INTERACTION

One of the main feedback points from previ-
ous semester tells that the Mirrorcle needs a 
way to interact with it. This put the team for a 
choice: delivering an extra device like a remo-
te or a brace from which you can control the 
mirror? Create a close user-product bonding 
by creating touch sensitivity on the screen of 
the mirror? Or wanting to use the kinect as a 
device to track different gestures and from this 
control the interface.

From technical perspective, the gesture con-
trol was out of doubt. The Kinect isn’t accurate 
enough to provide a smooth gesture recog-
nition. This results in a laggy interface which 
works as a negative force on the intuitiveness 
of the interface.

From business perspective, the focus lies on 
keeping the production costs down. Therefo-
re implementing a touch screen would be a 
bad choice, because touchscreens are still qui-
te expensive. A thing to take into account are 
cheaper alternatives of a touch screen. Like 
the amazing technology provided by Leapmo-
tion, Inc. 

This technology makes it possible to track hand movements very accurately on short distances. 
Eventually the decision has been made to choose for the VNC (Virtual Network Computing) tech-
nology of the Raspberry Pi. This technology allows to remotely control the desktop interface of 
one device from another. It transmits the keyboard and mouse events from the controller, and 
receives updates to the screen over the network from the remote host. To gain access to this 
technology, apps exist that turn your mobile device into a Raspberry Pi controller. Because a 
working interactive interface was necessary, and the focus lied on creating the actual interface, 
the choice was to use the VNC technology.

For future development of the mirrorcle, the Leapmotion technology should be considered.This 
because it’s more intuitive and it creates a stronger bonding with the user.
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INTELLECTUAL PROPERTY
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When it comes to doing business with new 
products or inventions, it becomes of crucial 
importance to analyse intellectual property 
protection possibilities. Registered intellectual 
ownership of an invention gives the owner the 
right to exclude others from materializing the 
owners ‘idea(s) commercially. These monopo-
ly rights have evolved to be one of the largest 
assets to businesses developed around pro-
ducts. 

It is vitally important for business to determi-
ne whether the Mirrorcle concept is infringing 
any patents. Patent holders could ask for licen-
se fees or in the worst-case stop production 
entirely. It is also beneficial to know whom the 
key players, inventors, and patents are in the 
technology field. None of the components are 
new inventions, what is novel in the concept is 
the combination of motion tracking with direct 
visual feedback in a reflective surface.

To define a patent landscape for the Mirror-
cle is to analyse data related back-position 
measuring devices with feedback systems. The 
search query must reach at least all patents 
in the same technology area, and as little as 
possible unrelated patents. To stay within the 
relevant technology areas, IPC Codes are used. 

Search Query
The search query will be limited to codes: 

A61B-005  Measuring for diagnostic purposes
A61H        Physical therapy apparatus

The database that we used for this search was 
Derwent Innovations Index. We will analyze 
such existing devices or technologies to find 
answers to the following:

• What does the IP publication trend for these 
devices look like and how have the filings evol-
ved?

• Who are the top assignees or key players in 
this technology?

The database search query can be found in the 
appendix [A6], it yielded 222 patent results. 
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Search Query
The patent publication trend for this tech-
nology area spiked is shown in the graph. It 
started growing enourmously around the year 
2000, indicating that patents are high value as-
sets for the technology area.
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INTELLECTUAL PROPERTY

Top assignees
The Top assignees in the technology area, 
measured by portfolio size as Medtronic, Bio-
sense Webster, Fraunhofer, Dexcom and Sie-
mens. These companies should be considered 
when it comes to striking up partnerships, gai-
ning new information and doing research.

They may also pose competition for the mir-
rorcle.

Key patents
Most patents in the query, that are relevant to 
the technology area function the same way as 
the Mirrorcle does. 

For example, patent US2015065919-A1 uses 
sesnors and an accelorometer to measure the 
position of the back and give feedback through 
sound.

Although the results in terms of functionality 
may be similar, the Mirrorcle does not infringe 
this (or these types of) patents.

As for discussing an investiment in patent pro-
tection for the Mirrorcle, there are two pro-
blems. The first is that the invention was made 
in assignment for the TU/e, which means 

ownership rights would have to be discussed  
further. The second problem is that the Mir-
rorcle and its workings were publically expo-
sed in an exposition in November. This means 
that it cannot be patented or claimed by anyo-
ne anymore, and incidentally solves the first 
problem. 

Alternative IRP protection methods include 
design rights, copyright and trademarks. Un-
fortunately, design rights would also be hard 
to get, because of the exposition. 

The answer lies in trademarking and copy-
rights. The Mirrorcle would only give value to 
fitness firms or physiotherapists if its interacti-
on would cause users to willingly return to the 
Mirrorcle. Therefore, a viable business lies in 
the perfection of the service and interface of 
the Mirrorcle and establishing brand identity 
as the best service on the market. 

Strategic trademarking and copyrighting would 
cover the protection of such a service and give 
a huge asset to the business as a whole. Next 
to that, novel processes within the service 
could also be inspected for patentability. 
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BUSINESS MODEL 1.0

This semester has been a lot more business-fo-
cussed than previous semester, because a lot 
of the design decisions needed to be groun-
ded on validated business claims, to be able to 
start producing the product and bringing it to 
the market. As indicated before, the first busi-
ness aim was to create a device for physiothe-
rapy.

First Business Model Canvas
Shown on the right is the very first business 
model canvas made for physiotherapy, where 
everything was still very abstract. No key part-
ners were defined, a lot of resources and ac-
tivities were missing,  the customer segment 
was incorrect (Customer: people with low back 
pain. Who buys the product: physiotherapy. 
Incorrect), and thus the value proposition was 
also misinterpreted. Herman Wories  (Vice 
President Global Business Incubator at DSM, 
also father of Jelle) helped immensely with the  
business side of the project, giving continuo-
us input, arranging contact with experts, and 
making time for extensive feedback sessions. 
He was the first to give feedback on the initial 
business model , as shown in figure ?.? and a 
new one was made. 
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He also mentioned that investors search for opportunities to expand to more markets than just the starting one, the term King Pin Bowling Alley 
was applied. This basically means that the front pin (the starting market) in a bowling alley has been hit, the others (other markets) should follow. 
This encouraged the search for other markets than physiotherapy, which had not yet been thought of. This was when switching to fitness was 
mentioned for the first time.

BUSINESS MODEL 2.0

Business Model Canvas Version 2.0
Back to the drawing board, a new canvas was 
made [figure 44] , with the feedback from Her-
man included. He talked about creating market 
insight, how large is the market, how many can 
be sold, what is exactly the value proposition, 
etc. He gave a lot of suggestions about how to 
create this market insight (doing value percep-
tion analyses, looking at figures from CBS, pro-
ducts that resemble Mirrorcle, ask physiothe-
rapists about how exactly their sessions work), 
and gave a structure for a business case. Sadly, 
because of DSM confidentiality this cannot be 
shown here. 

In the first business model canvas, there was 
still a question whether leasing the product 
could also be leased to physiotherapists, but 
Herman argued that this would mean to much 
capital (stock) for the Mirrorcle company, and 
that this would mean investing more time into 
setting up a lease structure than developing 
the product.
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EXPERTS

Meeting Christian Kling
A meeting with one of Herman’s colleagues, 
Christian Kling (Business Analyst at DSM Inno-
vation), was held. When the concept had been 
explained, and fitness as a alternative market 
was mentioned, Christian almost immediately 
stated that a switch to fitness would be pre-
ferable. There is more money, possibilities, 
growth and less regulations in the fitness busi-
ness compared to physiotherapy. He also con-
firmed that leasing would not be a great idea. 

He talked about how the market of fitness is 
enormous and still growing. Not only are more 
people starting to practise fitness, hotels and 
sport complexes need fitness centres to gain 
extra facilities and keep people coming. Even 
bigger companies install fitness apparatus to 
keep their employees healthy. 

It was becoming more and more clear that a 
switch to fitness might be a very viable option.

Meeting Koen Klokgieters
Koen Klokgieters (CEO Business Innovation & 
Entrepreneurship) was contacted for input on 
how to analyse the market, and take the next 
steps towards this. He happened to have wor-
ked in the physiotherapy business, so he could 
helped a lot with valuable information.

Physiotherapists are paid per session, and the-
re are strict rules and regulations regarding 
the price of these sessions. The value propo-
sition was up till now to make the treatment 
more efficient so patients need less visits to 
the physiotherapist, who can therefore treat 
more clients. This would only be beneficial for 
the physiotherapist if he could ask more mo-
ney per session because of his extra added 
service, which would not be the case if regula-
tions are applied. Health insurance companies 
will benefit from this because patients claim 
the costs of their visits, less visits means less 
claims. Therefore, if physiotherapy was the 
one to go for, contact needed to be made with 
health insurance companies so that they can 
exert pressure on physiotherapists to buy the 
Mirrorcle. (by for instance stating that they will 
no longer insure them if they don’t)

Koen stressed that the fitness market is a lot 
easier to enter because there is more money 
to be spend on innovations like this. Also, for 
a medical aid, we need to validate the claims, 
which can easily take more than a year. In fit-
ness, this is not necessary.

An online community will be of great value. 
People can share their own results and rank 
with others. Fitness is very much a result-dri-
ven activity, a focus on this would be beneficial. 
He suggested to implement showing compari-
sons, show them how they will look like if they 
continue to work hard/harder. Connecting to 
smartphone app so they can get motivated at 
home (push notifications etc.) and can show 
people their progress, would add another lay-
er of depth to the concept.

He also gave a lot of advice for the TU/e Con-
test finals and how to tackle the presentation 
in front of the dragon’s den setting (he had 
been an investing dragon several times), but 
more on that in the section about TU/e Con-
test.

After the meeting with Koen, a team meeting 
was held and the decision was made to keep 
developing software for Lower Back Pain to 
show the concept to the investors, but to focus 
the business on fitness, this also to show the 
investors that some serious market considera-
tion had been done.
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MARKET RESEARCH

Market Research
It was time for some market research. Below, 
there are some facts and figures about fitness.

Facts and Figures
Fitness has become one of the most practised 
sports in our society. Fitness centres can be 
found in hotels, companies, sport complexes, 
as individual employers, etc.

There are around 1.600 fitness centres in the 
Netherlands, with an average of 1.600 mem-
bers each. 20% of the dutch population practi-
ces fitness, concerning around 3 million peop-
le. Around 75% of visitors does so at least once 
a week, and an average visit lasts for 1,5 hours. 
A visitor is on average 30 years old.

The average turnover of a fitness centre is over 
400.000 euros. The total turnover of the entire 
branche is estimated at 1 billion euros.

Trends
• Growing demand for personal coaching  

• 24/7 coaching via mobile apps 

• The market will become more and more do-
minated by lowbudget centres like Basic-Fit 

• Consumers are only willing to pay more for 
concepts with a unique experience or con-
cepts with great added value. Fitness centres 
can distinguish with new, innovative concepts. 
 
Source: Rabobank Cijfers & Trends - Fitness-
centra, 30 April 2015, Appendix ?.?
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COSTS

Production costs
To get a clear picture of how much the Mir-
rorcle would cost, a list of necessary parts was 
made, and an internet search was conducted 
to scavenge for the cheapest suppliers. On the 
right [Figure 45] is the list of components with 
pricing and supplier. Green parts have been 
validated, yellow parts have been calculated 
with unvalidated estimations. 

40

Figure 45



COSTS

Overhead costs
Also, an overview of the overhead costs has been made [figure 46]. 
There was not enough time to research how many would be sold each month, so a consumer cost price has not yet been calculated.
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BUSINESS

Business Model Canvas Version 3.0
With all the necessary parts, companies and resources listed, a last (mind you, not final, there is never a final) business model canvas was made. 
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MARKET RESEARCH

Market Strategy 
The figure to the left [figure 48] shows the plan 
how the product will be developed. Professio-
nal help from experts and companies (see sec-
tion about TU/e Contest) will take the project 
to the next step. Firstly, the concept will enter 
the fitness market, and afterwards expand into 
other markets like dancing, sports, and maybe 
even an implementation back into fitness. 

Expanding into other markets will not only in-
terest investors, it will also ensure future and 
growth in the company. It will help crossing 
the chasm (Moore’s Chasm) between early 
adopters and the mass markets. As shown in 
figure 49, on the next page a pilot with a single 
fitness centre/chain shall be conducted, provi-
ding precious input and user feedback. After 
this, there will be a focus on implementing the 
concept on large scale in a fitness chain like 
Basic Fit, after which other fitness centres/ho-
tels/sport complexes  will follow and the con-
cept will be iterated towards different markets.
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TU/E CONTEST

Team Mirrorcle also entered the TU/e Contest, 
a contest where all students could participate 
in showing others that their concept/idea was 
best. The focus of the contest was very much 
on innovative, technological and feasible ide-
as. Around 140 projects registered.

Motivation 
The motivation to enter the contest was main-
ly because the project fitted very well in focus 
of the contest, Mirrorcle is innovative, it has 
never been done before, technological, it uses 
new technologies, and feasible, a working pro-
totype had already been made. 

On top of this, the TU/e Contest also served 
as an excellent motivational factor, giving the 
team extra responsibilities and deadlines, 
keeping up the work pace, not only at the end 
of the semester when ID deadlines were co-
ming, but also during the semester.

Promotion (Campaign)
Each project needed to recruit votes, because 
the top 20 projects with the highest amount of 
votes would continue to the semi-finals. When 
the team entered the contest, a Facebook page 
was set up almost immediately, making sure 
there was a main medium to gain exposure.

After having shot some basic photo’s for the 
Facebook page, the promotion began, inviting 
people to like the page and posting messages 
that they needed to vote for Mirrorcle. Within 
a few days, the team had created a huge peak 
of likes and votes, but this impulse attenuated 
as time progressed.
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TU/E CONTEST

The team decided to create another peak of likes and votes, by making a promotional video 
and distributing this. For this, the prototype needed to be presentable, so the team focussed on 
making the outside of the prototype. After extensive research into how Kickstarter promotional 
videos were setup, a  thoroughly thought out script was made. An interview with Annick Tim-
mermans, our client, at the University of Hasselt was arranged, the needed shots were filmed, 
and a couple of weeks later, the promotional video was finished. [Figure 52]

To reach other people than from Facebook, the team shared the video on other media, such as 
Twitter, Linkedin, etc. The team even managed to promote the Mirrorcle at the Society of the 
Eindhoven Studenten Corps. To gain even more votes, a more personal approach was used, sen-
ding emails to colleagues and friends of parents, family, and many more. This resulted in ano-
ther huge peak of incoming votes, making sure the team recruited the most votes of all projects.

Semi Final: Training day
Continuing into the next round, the team was 
invited for a so-called Training Day, where all 
20 teams would have the opportunity to talk to 
the companies involved in the contest ([igure 
53], the team with guys from ACE), along with 
the possibility of participating in a workshop 
by Startup Bootcamp XL about business mo-
dels, and a pitching workshop.

A lot of information and input was collected 
to implement before the finals, what the com-
panies wanted to hear in the pitch, what last 
steps needed to be taken to convince inves-
tors, but it was also a great network opportu-
nity with officials from these companies.
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TU/E CONTEST

Cursor
The Cursor is the newspaper from the Univer-
sity of Technology Eindhoven, they wanted to 
write an article about several projects in the 
TU/e Contest, one of which was the Mirrorcle. 

Mirrorcle even appeared on the front page! 

Final 
During the (semi) finals, which took place in 
the Blauwe Zaal in the Auditorium of the TU/e, 
all 20 projects had the chance to do a 1 minute 
pitch to the Grand Jury. The best 6 pitches/pro-
jects were selected to continue, one of which 
was team Mirrorcle, and were allowed to give 
a 3 minute pitch to the grand Jury. 

The 1 minute pitch focussed on getting the ju-
ry’s attention, explaining the basis of our con-
cept, and very briefly mentioned our business 
case. The 3 minute pitch went into more detail 
about why Mirrorcle wanted to switch to fit-
ness, showed a bit more of the concept, intro-
ducing the team, and the future plans.

Although the first minute pitch went very well, 
the prototype failed during the second pitch, 
which resulted in time shortage, so some im-
portant parts of the pitch had to be left out. 
The feedback hence focussed on for instance 
future plans and business case, which could 
not be covered in the pitch.

Nevertheless, team Mirrorcle came third in the 
contest (figure ?.?), out of 140 projects, gran-
ting the team a sum of money. Although only 
the first place would receive professional help 
from companies, the team has already recei-
ved numerous invitations by these companies 
to have a talk about the future. 
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REFLECTION DESIGN PROCESS

1: Idea generation

2: Deciding on direction

3: Research to display

4: Deciding on display

5: Making the frame

6: Deciding on continuing with TU/e contest

7: Research to the judge, facebook promotion

8: Deciding on how to make the movie

9: Making the movie

10: Midterm demo day presentation

11: Reflecting

12: Envisioning what to achieve in the second 
quartile

13: Setting goals
--individual design processes--

14: Demo day and TU/e contest

The amount of envisioning was less of a pri-
ority, since the direction of the project was 
already decided at the beginning. However, 
when looking at the individual design process 
envisioning still played an important role. In 
the future, discussing a vision could be done 
more frequently with the whole team in order 
to avoid communication problems.

Reflection
Analyzing the visual of the design process, 
shows that some improvements could be 
made in the future. First of all, we could start 
making earlier in the process. The project star-
ted with a lot of thinking and decision making 
where making became of a less priority. Fu-
rthermore, the amount of exploring and vali-
dating in context could be improved. Valida-
ting could help to find improvements earlier in 
the design process which could save time. 
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REFLECTION JELLE

I believe that continuing with Mirrorcle has 
been a great learning opportunity. I have been 
focussing on the business aspect of the pro-
ject, and I believe that I have immensely incre-
ased my marketing insights by using different 
business model techniques, reading books on 
business innovation (Lean Startup by Eric Ries, 
Business Model Generation by Osterwalder), 
and getting inspired by a lot of business ex-
perts. I notice that, whenever I hear someone 
talk about their concept, I immediately start to 
think about business opportunities and feasi-
bility.

I have also learned a lot about intellectual 
property. I have learned that patents can be 
great (sometimes indispensable) assets when 
you’re planning on selling the idea/concept to 
investors, because they need a reason to buy 
it instead of just copying it themselves. Becau-
se we presented our concept before, patenting 
was no longer possible, but I learned that the-
re are alternatives to protect your intellectual 
property, like design rights, trademarks and 
creating brand identity.

Entering the TU/e Contest helped greatly in 
realising that things were becoming more and 
more serious, and there was true potential in 
the Mirrorcle. This contributed to me handling 
the project with a more professional attitude. 
It also allowed me to create contacts within se-
veral companies, so it was a great networking 
opportunity too.

I think that the semester has been very fruit-
ful, especially because it has been different 
from the standard Industrial Design project. 
I now understand the importance of business 
insight, and next projects I will start from this 
perspective, instead of adding it to the project 
in a later stage.
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REFLECTION JASPER

Extraordinary, is how I would call my past year 
at Industrial Design.

The reason why I call this year extraordinary 
is because I managed to find a theme where 
I feel I belong. When starting with the project, 
we immediately were provided with a clear 
problem statement, supporting research and 
a helpful client. I think I could speak on behalf 
of the first team when I say this really helped 
us getting to the concept very early in the de-
sign process. This created the ability to deliver 
3 iterations of a prototype, which was some-
thing that felt very satisfying. On top of that, 
the approach of designing for a world problem 
is something I really liked.

That I felt myself comfortable within the the-
me was not the only reason I chose for this 
extra semester. Also because I really wanted 
to explore a design process from another di-
mension. In the first year I saw how to get 
from nothing to a thought trough concept and 
a low-fi prototype. Now I wanted to explore 
the area that lied behind this phase. I wanted 
to see how it is to take prototyping to a next 
level: product designing. Also when looking at 
the area of market, promotion and branding I 
saw many opportunities to dig out.

The first quartile for was a rather strange quar-
tile. Continuing in the same theme meant two 
new team members. This was kind of exiting. 
You can never predict if they want to join you 
on your design journey. Fortunately, the two 
new members were ready and willing to conti-
nue the project together with us. After the first 
quartile, the team was on the same line, a new 
goal and vision were set, a part of the new pro-
totype was developed, the interface started to 
take shape and the first roots of the TU/e con-
test were formed. In advance, I had hoped the 
blending of the team and the constitution of 
the new vision would develop a lot faster. But 
now I noticed that, when working on the same 
project for half a year, it takes a lot of care to 
get two totally fresh persons on the same line 
as you are. They will come with new idea’s and 
concepts which are completely different. Of 
course this is a very good thing, and for us it 
was to task to incorporate these new ideas but 
make sure not to derive too much from the 
existing concept. In my opinion this worked 
out really well, mostly because of the use of a 
list of requirements.

In the second quartile we diverged the team 
into different subjects which needed to be re-
searched or developed. I engaged myself on 
programming the logics behind the interface. 

Next to this, I followed the assignment Creative 
Electronics. Applying the acquired knowledge 
into practical use in the project, resulted in a 
substantial growth regarding my skills in pro-
gramming.  Together with Daphne, who was 
responsible for delivering the graphical ima-
ges, we worked towards developing a working 
interface. Within this collaboration, communi-
cation had of high importance. Eventually the 
teamwork went quite well. One thing I would 
like to improve next time is to be more clear 
about what I need and when. This time the 
graphical interface images were delivered too 
tardily. Which resulted in some time pressu-
re at the final stages. Next time I know, when 
your work depends on the work of someone 
else, make sure you are clear about which re-
sources you need and when.
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REFLECTION JASPER

Next to this the TU/e contest also played a 
big part in the second quartile. Getting advice 
from big companies like ASML, ACE, Metronik 
etc. was really inspiring. They gave me insight 
in the world of a startup. I feel I grew some 
substantial awareness on the area of getting a 
product into the real world.  Right now the con-
cept is starting to change from physiotherapy 
to fitness. Which is something I see as fruitful 
direction for the project. Nevertheless for me 
as a designer this means I’m not designing for 
a world problem anymore. We would be crea-
ting a commercial product. Unfortunately this 
will not contribute to my personal growth as a 
designer, therefore I would like to take this on 
as a part-time activity next year. This because 
the Mirrorcle is a project with a lot of potential, 
it would be a waste to throw it away.
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REFLECTION DAPHNE

At the beginning of this semester I decided 
to work on an existing and validated design, 
and see how my design directions end up dif-
ferently than when I start from scratch. Fu-
rthermore, I expected to be able to focus on 
developing the look, feel and interaction of the 
product. While looking over the shoulders of 
my teammates I expected to learn about busi-
ness and technique: I wanted to learn which 
tools exist and become important in this part 
of the design process and how I can use them 
in other projects.

We ended up developing a new prototype and 
working on promotion during the TU/e con-
test.

Prototype development
The idea generation in the beginning of the 
semester was an interesting start to get intro-
duced in the design decisions of the previous 
project. It was interesting to see that diverging 
our ideas lead to the initial concept.
In making the hardware I learned about the 
existence of different techniques to project 
light, I learned about the possibilities of one-
way mirror foil, technology like the raspberry 
pi and the Kinect sensor. During the workshop 
Electronics for Health I learned about the exi-
stence of different sensors and microcontrol-

lers. I found the possibilities around the rasp-
berry pi so promising that I need to develop 
this further in future projects.

In the topic of business I learned about the 
Porter five forces, how to iterate on a business 
model canvas and some practical insights: you 
should not try to bring a perfectly working pro-
duct on the market, but a product that is just 
good enough for your goal to make sure that 
you do not use valuable feedback and money. 
Furthermore, it is sometimes necessary to 
switch from market if you want to reach your 
initial goal.

I personally worked a lot on the house-style 
and designing the interface. I learned the steps 
of finding a house-style that reflects what the 
project stands for in an abstract way. I found 
graphic elements that define my style as a de-
signer. In designing the interface I made the 
fault to do not plan clear iterations which I 
can improve in the future. Also keeping the 
amount of information per screen limited was 
a good learning point: not only in the amount 
of buttons but also in the amount of informa-
tion I place on the screen.

Furthermore, I worked on the persuasiveness 
of the mirrorcle, to combine my knowledge 

with my USE-learning line Human in Techno-
logy. The biggest learning point was to not 
overdo it. It was clearly not only about adding 
an extra load of information, but about stra-
tegically trying to find out in which steps your 
users need extra persuasive factors and ad-
ding it on those spots in the interface. I lear-
ned that overdoing the persuasiveness have 
negative effects on the usability.
Reflecting on this process, I received the feed-
back that the whole setup of the interface 
should be slightly more persuasive and per-
sonal, and especially in the way of interacting 
with the mirror. I need to learn to find a ba-
lance between the identity of a market (in our 
case the impersonal clinical environment) and 
the needs of the user. In future projects, I can 
avoid mistake this by planning more time for 
user tests, and also by testing the interface in 
different environments.

TU/e contest
During the TU/e contest I learned about set-
ting up a promotion and pitching your ideas. 
I found that it is really important to set clear 
priorities, since I had the feeling in this project 
that developing the prototype became less im-
portant than competition in the contest, which 
was not our initial goal of the project.
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REFLECTION DAPHNE

During the promotion I found that facebook is 
a very powerful tool, especially when you are 
in a team. Making a movie is a very powerful 
tool to get shared along different networks of 
people, but I need to ask  myself if it is really 
necessary to achieve this for my final goal.
During the pitches in the finals I was able to do 
valuable observations. I created a list of tips 
and inspiration I can use for preparing future 
pitches.

Teamwork
I reflected extensively on the teamwork this 
semester, since in my opinion this was a pity 
exercise. The main conclusion was that the 
combination of dividing tasks and working at 
home made me lose overview of the continu-
ation of the planning. I learned that in the role 
as a team leader it is really important to keep 
this overview and to keep tracking each other’s 
development. In future projects I will avoid 
this working attitude by making clear agree-
ments with the team at the start of the semes-
ter about what we expect from each other.

Vision development
During this project, I found out that I got very 
enthusiastic about the technical background 
of the concept. Adding technology in a crea-
tive way makes the product interesting for 
me to explain to others, and it adds an extra 
challenge to get it working. I also loved the 
setup of health and helping people, but du-
ring the business model development I found 
out that these sectors are not always very de-
signer-friendly. Last but not least, this project 
was very much focused on business and pro-
motion. I enjoyed this part of the project but 
for my feeling it was a bit out of balance with 
prototyping and designing. In the future, I will 
try to balance going to contests or exhibitions 
with having a priority on prototyping and con-
cept development.
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REFLECTION MAARTEN

The requirements for the 2nd and 3rd year of 
Industrial Design are to achieve depth in all 
competency areas. This is done by applying 
gained knowledge, skills and attitude in these 
competencies, and applying them at a profes-
sional level. 

As the B2.1 semester came to a close, I set my 
overall growth learning goals for my next pro-
ject:

• To gain depth in Social-Cultural Awareness, 
by experiencing the role of an industrial de-
signer as design approaches mass production.  

• To develop a business attitude and apply this 
attitude where necessary in the design process 

•To gain more understanding for my place in 
a design team, my identity.  

•To professionally apply a user-centered de-
sign process 

•To apply my understanding of technology, IPR 
and descriptive and mathematical modeling to 
communicate with experts on a professional 
level.

• To apply my pitching and communicative 
skills and strengths at a high level.

I realized the challenge, as these experiences 
usually happen deeper into a design process 
than one semester will allow. Ideally I would 
work on an existing project, and go into grea-
ter depth of learning, involving experts along 
the way. This ideal wish was realized when I 
was invited to join the team that was going to 
take the Mirrorcle to the next level. Because of 
this, I have a achieved nearly all these learning 
goals this semester. 

Working together with Jelle catalyzed my 
growth in developing a business attitude enor-
mously. 

Being placed between Jasper, who is by natu-
re a real designer, and Jelle who is by nature 
a real designer gave me new insight into un-
derstanding my place in the team. I feel com-
fortable in business and in design, but mostly, 
being the link in between. 

I wasn’t able to achieve my goal for professi-
onally applying the user-centered design pro-
cess; so I developed this in my RSDL activities.

I was able to practice communicating my 
knowledge to experts in production processes 
and IPR through communicating with experts 
during the TU/e contest. This was really the 
next step in my development of Integrating 
Technology. I practice my understanding for 
descriptive and mathematical modeling, but I 
did not develop it further. 

In the campaign for the TU/e contest I expe-
rienced starting a campaign to create aware-
ness about a product. I also used my pitching 
strengths in the high-pressure final. 
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REFLECTION MAARTEN

Your one-minute-pitch was top. 
~ Jan Mengelers (Voorzitter College van Be-
stuur TU/e.

The feedback I got on my pitching was very en-
couraging, and I am going to take this strength 
to a very high level in the future. 

I also developed a new vision on the clinical 
health sector. Although design plays a vital role 
in the sector, limitations, clinical credibility 
and testing create a spider-web that provides 
many limitations. Because of this (and other 
factors) I have tuned my vision towards beco-
ming a designer for reinstatement or improve-
ment of mental wellbeing through intelligent 
design, storytelling and creation of empathy.
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FUTURE CONCEPT IMPROVEMENTS

One piece
Because it was necessary to create a portable 
product that could be taken home from the 
physiotherapist, the new prototype got a mo-
dular design. This would make it easy to dis-
mantle, transport and construct the product. 
The disadvantage of this, came to surface while 
developing the prototype. When the Mirror is 
split up into 3 different modules. You cut down 
the possibilites to place the screen. Right now 
the biggest screen that could be implemented 
is 22”. Also the positioning of this screen isn’t 
very convenient.

Another problem that occurred is, when divi-
ding a mirror in 3 different modules, even the 
smallest irregularity causes an optical distor-
tion.

When the Mirror’s destiny would switch to fit-
ness, the product doesn’t have to be portable 
anymore. This means that in the future, the 
Mirror should consist of just one piece of glass.

Material
Feedback told that the Mirrorcle gives the user 
a ‘distant’ feeling. Mostly because the material 
that is used: aluminium, feels very cold and in-
dustrial. At the beginning of this semester, this 

was a very logical choice. The Mirrorcle had to 
be sturdy, clean and light-weighted. Here the 
same principle occurs as before. When the 
switch is made, portability isn’t top priority 
anymore. Therefore the material can be adap-
ted to be more user friendly. Possible material 
considerations could be wood or plastic. 

Also the use plexiglas with half-way mirror foil 
should be changed. Placing the foil over the 
plexiglas most of the time results in an irregu-
lar surface. Nowadays companies exists that 
can create custom made glass against low pri-
ces. Using hardened half-way mirror glass me-
ans better looks and feel for the user.

Interaction
Emotional connection triggered before, during 
and after the interaction with the Mirrorcle is 
of vital importance to the viability of the busi-
ness model that was created for the Mirrorcle.
We create value for fitness centers or physio-
therapists by providing a product and ser-
vice that will attract new customers and keep 
customers coming. If customers are to keep 
coming they need to fall in love with the inter-
action with the Mirrorcle, and see the benefit 
of returning to it. 

However, if the interaction gets too intimate, 
it might frighten customers, or create a barri-
er for users. This means that new steps have 
to be taken to provide a nuance in the inter-
action, so that the Mirrorcle fulfills both these 
criteria.
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FUTURE SOFTWARE IMPROVEMENTS

More Power
Unfortunately the raspberry wasn’t strong en-
ough to handle the software. To solve this pro-
blem, the next version of the Mirrorcle needs 
a stronger device. Specific research is needed 
to find out what would be the optimal choice 
considering processing power, price and inte-
gration within the other hardware.

Connectivity
The Mirrorcle still has to be able to send and 
receive data from over the internet. This en-
hances the connection with the user and func-
tionality. This is quite a challenging subject to 
tackle, because  expert knowledge on the area 
of programming is needed to develop this kind 
of system. In the future the team could look 
for a new team member with the right know-
ledge and skill to develop the connectivity of 
the mirror.

Kinect
Right now, the kinect software does what it 
does. But it still looks like a prototype. If the 
Mirrorcle has to be market ready, big changes 
have to be made considering the looks and 
running of the kinect program. On top of that, 
the program has to switch to fitness exercises. 
For this research has to be done about the ins 
and outs of these kind of exercises. The same 
counts for the look of the interface.
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TASK DIVISION
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Introduction
 
Semester 1

Objective

Ideation
 
Prototype

Interface

Software

Interaction

IPR

Business
 
TU/e Contest

Design Process Reflection

Future
 
Compilation

Jelle

Jasper

Jelle

Daphne

Maarten 
 
Daphne

Jasper

Jasper + Maarten

Maarten

Jelle

Jelle

Daphne

Jelle + Jasper + Maarten

Maarten

During the design process Daphne was respo-
sible for the interface design, Jelle for busi-
ness, Jasper for software and Maarten for IPR 
and the electronics. The frame was built by 
Jasper, Jelle and Maarten.
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A2 SOFTWARE

67

In this picture the piece of code is shown that tranlates the keys that are pressed to a veriable called keyVar. Appendix 2.2 shows how this keyVar 
controls the switch between different  frames.



A3 SOFTWARE
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Every different screen is build from this ground code. The only differences are the available keys, the background image and the placing of the 
rectangle cursor.



A4 SOFTWARE
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This diagram shows the logistics behind the the program. The diagram shows every accessible frame and which keys lead from there. 



A4 ONE MINUTE - PITCH
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Exercising is fashionable. Whether you have been given exercises by a physiotherapist, to help 
recover from low back pain, or are improving your fitness, there comes a time where you stand 
in front of the mirror, and exercise.

But are you doing it right?

The Mirrorcle uses a motion tracker to capture the points of your back and visualize them as a 
line in your reflection. It can remind you of how to do you exercise, and predict how long it will 
take for you to achieve your recovery, or fitness goal.

It was developed for a clinical environment, but we see real potential in the fitness market. 
Personalized training and new technologies are much desired in this already booming industry.
The effortlessness and absolute lack of intimate contact with technology make the Mirrorcle a 
perfect investment for fitness centers. Sadly, we only have 1 minute, so we cannot show it NOW.

With your help, we can take the Mirrorcle a step further by developing the service to go with it, 
the intelligent algorithms and bringing it to the market. 

Thank you very much for listening



A5 THREE MINUTE - PITCH
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The Recap 
Let’s just give a quick recap of our previous pitch. The Mirrorcle uses a motion tracker to capture the points of your back and visualize them as a 
line in your reflection. It was developed for a clinical environment, but we see real potential in the fitness market. 

The Target Market
Why? Approximately 3 million people in the Netherlands practise fitness, and this number is rising continuously […] The market will become 
more and more dominated by low-budget concerns, such as Basic-fit. These concerns need to distinguish themselves to keep people coming 
and attract new customers […] Personal coaching and new technologies are much desired in this already booming industry, which is EXACTLY 
where our concept kicks in!

The Concept
Let’s go into more detail. This is the motion tracking system, it sends data about the position of your body to the built-in computer, which dis-
plays visual feedback on the screen. As you can see, the line, which represents your back, moves along with you. If your back is not in the right 
position, Mirrorcle will indicate this. The device will also store all the data and make a prediction about the achievement of your fitness goal or 
recovery time. 

Now, Jelle has been in touch with several Chinese suppliers, we estimate that all the components together will cost a bit more than 400 euros. 
Adding up assembly and transport, we estimate our production costs to be around 500 euros per Mirrorcle.

The Team
We’ll quickly introduce the team as well! We are working with 4 industrial design students, though we all have our specific areas of interest and 
expertise. Jasper, who is in the audience, has been programming the Mirrorcle like there’s no tomorrow, Daphne, also in the audience, has been 
designing the interface, Maarten has been looking into Intellectual Property Protection and making the hardware look sexy and Jelle has been 
playing our business man.

The Future 
So, what will happen if we get your support? First of all we will be able to design and test a service to manage Mirrorcle. The user will be able to 
manage all their data from an application on their phone. We will also be able to invest in some significant hardware updates and make deals 
with industrial prototyping companies.



A6 SEARCH QUERY
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The Search query used for the Derwent Inno-
vations Index patent database is as follows:

TS=((back OR backbone OR spine OR spinal OR 
vertibr* OR rachis) AND (measur* OR meter* 
OR track*) AND (rota* OR angle OR position* 
OR placement OR placing) AND (physi* OR the-
rap* OR clinic* OR fitness)) AND IP=(A61B-005* 
OR A61H*)


