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Abstract
In this pictorial, we visualise the growth plan for Guido, a 
smart swimsuit designed for visually impaired swimmers. 
The design goal is to guide and notify Paralympic 
swimmers, providing them with the same tools as non-
visually impaired swimmers. Moreover, we envision an 
increase in performance as well as the self-confidence for 
the athletes thanks to Guido. 
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Introduction
Swimming has been part of the Paralympic Games since 
1960. Ever since, the number of athletes participating 
has been increasing every edition.
Unfortunately, visually impaired swimmers experience the 
problem of not being able to swim autonomously, as they 
are always dependent on at least two tappers standing 
on the sides of the pool. Guido is a swimsuit developed 
with a smart textile, which is able to provide visually 
impaired swimmers the possibility to swim independently, 
notifying them at the moment at which they have to turn 
and whenever they are drifting in their lane. The process 
from design case to actual design will be discussed by 
explaining what steps have been taken throughout, as 
well as important design decisions taken.

Guido: The smart swimsuit that 
guides visually impaired swimmers
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The first approach

The first phase consisted of 
getting to know the issues 
around the prescribed design 
problem. The outgoing problem 
being presented by our client 
Libra. 
Libra is a rehabilitation center 
which aim is to improve 
people’s functions and skills 
and optimalisation of their 
self-reliance. One department 
focusses especially on sports 
and had close contacts 
with the Dutch professional 
swimming team. For this 
period, they were aiming at 
providing an electronic turning 
around warning system for 
visually impaired swimmers. 
Throughout this project, we 
had contact with Jan Verberkt 
and Ton de Lange, who are 
experts at Libra and facilitated 
the connection between the 
professional swimmers and us.
Currently, the swimmers are 
made aware of reaching the 
edge by being tapped with a 
stick. One major drawback of 
this is the fact that this takes 
away all the autonomy of the 
swimmers, as these swimmers 
are dependent on at least two 
tappers.
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Learn from the professionals

An accurate analysis of the competitors was a good 
starting point to gain more knowledges about the problem 
and which technologies other companies used to solve it.
The “Blind Cap” by Samsung and the “Shot” are the two 
more meaningful products on the market. 

Samsung made a prototype of a swimming cap that 
utilizes built-in vibration, triggered by the coach via 
Bluetooth near the moment of the turning point.
Using this method gives no autonomy to the swimmers, as 
they still depend on the coach to time the notification and 
warn the swimmers.

Another product being worked on is the so-called Shot. 
This product consists of bone conducting headphones, 
giving the swimmer a direct link with the coach.

The main issue with both of these products is that the 
swimmers’ autonomy is taken away.
For this project, this is a really important factor to suit 
the needs of our users. Moreover, in both the Blind Cap 
as well as the Shot, the coach still has an influence on the 
performance of the swimmer, as he has to stay alert all 
the time.
There will always be the possibility of a human error, 
because as of right now, there is no other exact way of 
notifying these swimmers in an accurate manner.
Another point of discussion is the fact that these products 
may or may not be allowed during matches, as the 
regulations of the Paralympic Games and championships 
are very strict and are difficult to change. For example, 
direct contact with anyone by means of electronic devices 
is prohibited.

C o m p e t i t o r  # 1

Through BlueTooTh, The cap is 
linked To The app. 
The coach only will have 
To press The BuTTon To send 
a viBraTory signal To The 
swimmer, poinTing ouT The 
exacT momenT of The Turn.

C O M P E T I T O R  # 2

The sysTem consisTs of a 
poolside TransmiTTer and 
several waTerproof receivers. 
The sound is perceived by The 
aThleTe from The headseT 
via The bone conducTion 
Technology.

wITh ThIs METhOd ThE 
COaCh Is ablE TO TEaCh 
and dRIvE ThE swIMMER.
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User-centred design

First off, to find out what kind of 
a result the client was expecting, 
the rehabilitation center Libra was 
visited.
Here an insight was gotten on 
what is perceived as problematic 
to the impaired swimmers.
Apart from the turning, a couple 
more problems arose. Visually 
impaired swimmers tend to swim 
right beside the buoy, to make 
sure they are swimming straight. 
Touching the buoy decreases 
the swimmer’s speed. Moreover, 
when they do not touch it, they 
drift in their lane as they are 
not swimming in a straight line. 
Autonomy was also a major issue, 
as the swimmers depend on two 
others for turning.
Taking on these problems as well 
and incorporating this into the 
design was necessary as not only 
appeal to just the amateur but 
also to the professional swimmers, 
because of performance being 
a concern for these particular 
swimmers.

Alongside the product, the client 
was also interested in seeing an 
application, to help the coach 
and athlete collect data about the 
swimmer’s progress.

To gather information on visually 
impaired swimmers, we got in 
contact with two Paralympic 
swimmers: Cecilia Camellini and 
Liesette Bruinsma.
From the contacts we had with 
the swimmers as well as Liesette 
Bruinsma’s coach, more insight 
was gained on the swimmer’s 
needs and wishes.
An important aspect which came 
to discussion was the size and 
the design of the product. It had 
to be as light as possible while 
simultaneously not interfering with 
the flow of the swimmer through 
the water by creating drag. Also, 
no more gear they already wear 
should be used.

Confirmation was given of the fact 
that bone conduction technology 
works very well underwater, giving 
the swimmer the ability to hear 
the trainer speak while also being 
able to hear their surroundings.
The communication with the coach 
during training is essential for a 
visually impaired swimmer. 
Also, being autonomous came 
through as being very important 
to both swimmers. Depending on 
third parties such as the tappers 
caused increased stress, especially 
during matches.

O U T G O I N G  # 2

C e c i l i a  C a m e l l i n i

notification when to turn

the communication with the coach

the cap is the most confortable gear

useful app 

the bone conduction works better 
underwater

strict 
regulation.

depending on third 
parties increases stress

no gear more

P a r a ly m P I c 
aT h l e T e
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First ideal solution

Based on the information gained by the user research, an ideal 
outgoing for the project result was constructed.
This final product consisted of, besides the main objective of 
notifying an upcoming turn, the ability to track distance, collect 
data and the option for the trainer to directly communicate with 
the swimmer.
While the tracking of distance is mainly a function for matches, 
the communication between trainer and swimmer is specifically 
for use during training. 

t r a i n i n g
d e v i c e

d i s ta n c e
t r a c k e r

M i c

d ata

+  u s e r s

a P P

The collecting of data from the swimmer, such as stroke speed 
and heart rate are of use during both training and matches.
With this outgoing, the swimmer would be granted the ability to 
swim autonomously, while still keeping contact with their trainer.
From this ideal outgoing we tried to come up several concepts to 
fulfilling the design needs.
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O P E N C V

B O N E
C O N d u C t i O N

S W I M M E R
D E V I C E

S E N D E R
R E C E I V E R

R E F L E C T E D
WAV E

O R I G I N A L
WAV E

E L E C T R O N I C
I N T E g R aT E d

S M a R T
T E X T I L E

u LT R a
waT E R p R O O f

d O u b L E 
M I C R O 

C a M E R a

Technology research

In order to come up with concepts, technology research was 
inevitable. Since our design case was narrowly defined, there was 
not much room for a diverse set of technologies to use within our 
design. Moreover, one of the most important challenge was to 
find a technology which can work accurately underwater.
As we all know, electronical components and water do not go 
together in most cases. In the first stages of the 
conceptualisation phase, we tried to figure out how to track the 
distance between the swimmer and the edge of the pool.
In order to do that, we researched wireless communication 
technologies such as GPS, Bluetooth, Wi-Fi, infrared and 
ultrasonic waves.
All of these technologies had their own complications, such as not 
being able to track distance accurately, requiring too much power 
and of course not being able to operate underwater.

Instead of try to track the distance of the swimmer, the second 
concept focusses on tracking the position of the swimmer in pool. 
This is done by locating a camera above the pool, that detects 
the swimmers’ cap individually. The disadvantage of this concept 
is that every pool would need a centralised camera, meaning that 
it is not portable. Moreover, questions on accuracy arose. 

The first concept was a device using a sonar sensors attached to 
the edges of the pool, tracking the distance between the sensor 
and the device located on the cap. The main issues were that the 
sonar sensors will interfere with each other when multiple are in 
use. Moreover, they send waves in a cone which will therefore 
detect other swimmers whenever they come near.

The third concept presents a drastically different way to track 
the distance between the swimmer and the edge of the pool. 
The idea rose from an interview with a non-visually impaired 
swimmer. What we were looking for was an opportunity to 
create a language that converts the swimmers’ visual inputs 
into haptic ones, in order to create social equality. The linking 
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t u r n

D r I F t I n G

D I s ta n c e

element we found was the line 
drawn on the bottom of every 
pool, which ends with a T as 
reference of the turning point.
To detect this line, we needed 
to focus on the developing of 
new technologies: the smart 
textile with motion detection 
and tracking with OpenCv.
To conclude, the last concept 
consists of a Cap using a 
system of micro-cameras and 
bone conduction technology.

For this smart textile, we 
researched different materials 
that can be used. Graphene 
appeared to be the best 
solution, because it presents 
singular properties such as 
water repellency; low density; 
high electrical; thermal and 
conductivity resistance; good 
resistance to deformation and 
high modulus of elasticity. 
Moreover, Graphene is stronger 
than diamond and it can 
be used as electronic and 
temperature-sensor.

Through the combination 
of research, feedback and 
contact with our client and 
professionals, we evaluated 
that the last concept fulfilled 
our design case in a more 
sophisticated way.
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Take a step back to move forward: 
The final concept

In this phase, the approach is characterised by the will 
to arrive to a synthesis between researching and testing.
To test the cap concept, we put a camera on the head 
of an experienced swimmer. The aim was to observe the 
movements of the head in order to define the number 
and position of the cameras that we need on the cap.
The solution turned out to be unenforceable: during 
swimming the head is one of the parts of the body that 
moves the most. This negative output forced us to take 
a step back, hence we reanalysed the movement during 
swimming. 

A deeper study of the smart textiles revealed the 
possibility to add more and different sensors. This 
resulted in the step to the swimsuit, since it can hold 
a wider variety of sensors. This data is intended for 
evaluation of high-performance swimmers.
We referred to Peter Peters, a professor with a lot 
of expertise in sensors, software development and 
technology integration. Talking with him gave us a really 
good idea of how we should implement cameras in our 
design. Two cameras on the front as well as on the back 
of the suit would be needed in order to detect when the 
swimmer was drifting (bottom cameras) or reaching the 
end of the pool (top cameras). To validate our thoughts 
about the positions of the four cameras, we did an 
experiment. 

The following step was to study how to notify the 
swimmer. We focused on using a vibration on the body 
as it is an intuitive approach to use this technology in a 
swimsuit. Moreover, vibration is something which is close 
to the skin and its input can be processed in an easy 
manner.

To find out what location on the body would be the most useful for using vibration, we conducted 
some tests. By using a vibration motor on different parts of the body, which would normally be 
covered by a swimsuit, we found out what areas were most sensitive in to vibrations. We discovered 
that the areas at which the bones are located in general perceive vibrations more explicitly than the 
areas at which muscles are located. This was a positive outcome, because vibrations on the muscles 

might not be noticed by the swimmer. We agreed on three spots of where to locate the vibrations, 
while keeping in mind the design of the swimsuit as well as logical positions for notification areas. 
Two of the vibrators for signaling the swimmer to move either left or right were placed on both 
sides of the pelvis and one on the upper sternum, notifying the swimmer of the turning point.
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Prototyping 

While making the suit, we 
had to keep in mind the strict 
regulations of the Paralympic 
swimming matches. The 
swimsuit can only cover a 
defined part of the body. 
We bought a swimming suit 
and some fabric and started 
experimenting with those. 
None of us had ever worked 
with textiles before so this was 
a big challenge for us. When 
we had a clear image of how 
the form of the swimsuit would 
look like, we planned out the 
way to realise it. 

To visualise the micro-camera 
technology on the swimsuit, 
we removed the cameras out 
of old mobile phones.

We placed three vibration 
motors in pieces of foam, 
modeled to fit the body, 
underneath a second layer of 
textile. This was done to show 
the audience how this would 
technology would function like. 
Patterns were painted on for 
clarification of the functions. 
This was done by 3D-printing 
stencils and spraypainting the 
textile underneath. 
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Conclusion

Despite all the challenges we have encountered 
throughout the process, we are satisfied of our own 
achievements. Having close contacts with professional 
athletes and experts in the technological field has been 
amazingly useful and interesting in pursueing the final 
design. 
Furthermore, we think it is a pity we were not able to see 
our final result being used in a professional environment. 
If the opportunity is there, we would be eager to conduct 
a proper user test in order to further develop our design to 
where it can actually have an impact on our user group.
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