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Abstract 

Following the idea of aesthetics our research was 

dedicated to design the system which stimulates both 

the mind and the body and emphasize uniqueness and 

temporality of the body movement. Tracking data is 

provided only from phone accelerometer which makes 

it accessible and easy to use. We built the case to 

protect the phone and software which creates visual 

representation of the body expression in the real-time 

settings inspired by martial art Capoeira. System was 

tested with capoeira performers, yoga performer and 

general public at the exhibition. What we found out is 

that visual representation of movement in real-time 

interactive system encourages people for a greater 

expression in their body movement. It is immersive and 

embodied in the sense that gives an impression of 

drawing with the body. Images created by the 

movement capture can create symbolic meanings 

associated to the movement or its purpose. 
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Introduction 

At the beginning of project, our aim was to provide an 

aesthetic visualization of person’s movement as a 

unique representation of human body expression. The 

first idea was to gather skateboarder’s movement data 

and create their personal “tag” visualized from the trick 

they perform with skateboard. This group seemed 

adequate as being part of the street culture and tightly 

connected to graffiti art in which each person has 

unique “tag”. As we started our research and analyze 

gathered movement data from accelerometer, we 

realized that each body movement is clearly unique, 

even if it’s performed again by the same person. This 

awareness of difference in each movement made us 

change our course and focus on how to display this 

uniqueness and temporality in bodily expression and 

provide the aesthetic visualization of it. Our intention is 

to build a system which includes both mind and body 

sensations and therefore design for aesthetic 

experiences which invites people to actively participate 

in creating sense and meaning [1]. 

Inspiration from Capoeira 

Once our goal was clear we started to think how to map 

movement into visual representation. Since it was 

already familiar for us, we based our research on 

Brazilian martial art Capoeira. The starting point was to 

understand basic principles and symbols. Capoeira has 

a unique history and it is strongly connected with 

devotions and life style of African slaves exported to 

Brazil in the 17th century. 

One of the basic concepts of capoeira is Roda (Figure 

1). Roda is a symbol of the sun. It is a circle formed by 

capoeira players (capoeirista) and musicians. 

Capoeristas enter the circle and play the game within it 

while others sing traditional songs. We decided to use 

the metaphor of Roda in the way that all movements 

are mapped into the drawing point moving around the 

circle. Therefore, we also imitate continuous movement 

of capoeiristas. After the main concept has been 

confirmed, we decided to define the mapping of 3 main 

capoeira movements.  

First, all capoeira kicks are high and rotational (Figure 

2). In our system, when the user raises a leg, the 

drawing point goes from the centre to the borders of 

the circle (Figure 3a). 

Figure 3: (a) visualization of capoeira kick, (b) visualization of 

rotation around vertical axis, (c) color representations of 

change of the fulcrum 

   
a                           b                        c 

Second, many capoeira movements are performed with 

the rotation around the vertical axis (Figure 4). That is 

why two capoeira players always move around the 

circle (Roda). We decided to map the rotation around 

the vertical axis to the clockwise and anticlockwise 

movement of the drawing point (Figure 3b). 

Third, capoeira is characterised by frequent change of 

the fulcrum - from feet to hands (Figure 5). During this 

movement a capoeristas is rotating around the 

 

Figure 1: Roda  
 
 

 

Figure 2: Capoeira kick 

 

 

 

Figure 4: rotation around vertical 

axis 

 

 

 

Figure 5: change of the fulcrum 

 



 

horizontal axis. That direction of rotation was mapped 

to changing the drawing color (Figure 3c).  

System design 

Exploration of body movement has been used to  

support creativity in movement creation as [2] and to 

augment body in performance as [3]. Most of those 

systems were developed for professional dance 

performance or based on it. Various techniques were 

used to track the body position, from retro-reflective 

markers [3] to cameras [4] and accelerometers [5]. 

Many of those systems are based on Laban Movement 

Analysis (LMA) which describe movement in four 

different categories: Body, Space, Shape and Effort [6].  

Final design solution is a black screen on which lines 

are drawn along with the movement in respect to 

trajectories derived from capoeira performance. Since 

our design is mostly based on the rotation of the body, 

we decided to add one more feature to partly support 

the Effort component of LMA: the weight of the line 

changes depending on the acceleration of the 

movement. Drawing the lines in the real time to finally 

produce image at the end of performance highlights the 

temporality of the movement and creates unique 

visualization of body expression. 

Change of color is made by significant change in the 

hue on the color wheel. Granger [7] found that 

harmony/preference increased as hue distance 

increased as well, meaning that observers prefered 

color combinations when the differed greatly in hue.  

Accelerometers have been used in movement 

recognition systems, but rarely to assess expressive 

qualities of movement [5]. Our intention was to use 

easily accessible tracking sensors so we decided to 

gather data from the accelerometer in the phone. Many 

modern mobile phones are equipped with 

accelerometers. For our experiments we used iPhone 4 

and iPhone 5. The data from the phone was sent by 

UDP protocol using the application “Sensor Stream”. 

The data was received using UDP Processing Library, 

processed by the low pass filter and visualized in 

Processing. All data was also recorded, which allowed 

us to configure the visualization parameters to receive 

more expressive picture. 

Protective case 

If we wanted to capture movement data using only 

phone, we had to find a solution how to attach it to a 

participant's body. We adapted the design of the 

standard iphone's case with the following constraints. 

 

The first constraint were:  

 Easy to use, 

 To fix the phone on the arm, 

 Easy screen access, 

 The case have be light.  

 

With the idea of capoiera, some other constraints for 

the design were added: 

 The case shouldn't obstruct the motion, 

 The case can be fixed both on arm and leg.  

 The screen have to be protected from shocks, 

 The case have to be resistant at shocks.  

 

For the show performed by professional, design had to 

support following limitations:  

 Twist, 

 Centrifugal force, 



 

 Support high speed motion.  

 

After evaluated constraints, we did first designs. All of 

them made with fablab equipment. We used 123D 

Design software and Cura (3D printer software) to print 

on 3D printer Ultimaker².  

 

In our first prototype, we used rigid plastic (Figure 6), 

but it was too rigid and it obstructed the motion. 

Because it was inflexible, it would break on a twist. The 

lid was fairly resistant to shocks but the case wasn't. 

 

In second prototype, we changed the plastic to 

NinjaFlex Semi Flex 2,85mm. It is more flexible and 

more resistant to shocks. It is also more difficult to 

make settings for the printing. After some printing 

tests, we found adequate settings and adapted the case 

for versatile fixing. The result is shown in Figure 7.   

 

Test with Capoeira players 

After developing the application and creating case to 

secure the phone, our system was tested by 

professional capoeiristas.  

 

We used two phones along with their cases to capture 

the movement of each capoeirista separately. The 

phones were attached to their left leg. At the 

beggining, we asked them to perform their usual 

practice one by one and captured the data from it. Sets 

of movements ranged from the slow ones to more 

faster and dynamic. Data was gathered for each set 

separately and movement image was created. 

After it, we attached both phones on one capoeirista 

(one on each leg) and captured data from each leg 

separately. At the end, they performed the set of 

practiced movements simountaniously. We expected 

this to emphasize the uniqueness of the each 

movement as supposed that visualizations will be 

simmilar but still slightly different from each other. 

After performance we realized that technology we are 

using is not reliable enough for such fast movements as 

ones in capoeira. The data sent from the phone through 

third party application wasn't consistent as it's 

frequency changed through time. Therefore, for more 

relaiable data, we would have to use more 

sophisticated sensors.  

 

 

Figure 8: capoeirista and his movement visualization (frame 

from the video) 

 

The whole performance was filmed and later on original 

videos were synchronized with visualization animation 

in order to display it at an exibition (Figure 8). 

 

Even though our attempt to present the uniqueness of 

the movement through visualization wasn't so 

succesful, together with capoeiristas, we found created 

images very aesthetic. 

 

 

Figure 6: First design from rigid 

plastic (PLA 2.85mm) 

 

 

Figure 7: NinjaFlex SemiFlex 

Orange, 2.85mm 

 

 

 



 

Movement comparison in Yoga practice 

We believe that movement visualization could be 

encouraging for non-professional practioners of any 

bodily expressive discipline so we conducted small 

experiment with yoga practicioner. Through one week, 

practicioner was wearing the device while performing 

several yoga exercises. Data for each exercise was 

captured day by day and the movement visualization 

image was created.  

Even the image created couldn't serve as a tool for 

movement quality analysis, for our user, it was a 

methaporical representation of change which comes 

with the improvement by regulary practicing. What we 

found out is that creative process in making aesthetic 

visual representation of the movement encouraged user 

to practice more regulary. As stated in [8] creativity 

has a relationship to the concept of play, since creative 

activities are often more similar to playing than they 

are to working. In this case, pratice got another 

dimension apart from it's well being for the body which 

is often percieved as a work.  

This small experiment is not enough to state that this 

type of visualization generally improves discipline or 

has meaningful representations for it's user, but it can 

be inspiration for futher research on impact of creativty 

and aesthetics in habit creation.   

 

Presentation to public 

Our system was presented at the Creative Design 

class's exibition on the 2/2/2016. Videos filmed with 

capoeira performers were played at the screen while 

the real-time data from the phone was projected on the 

wall. Visitors were able to use the system and capture 

their own movements into the visual representation by 

attaching the phone on their arm or the leg(Figure 9). 

Before they started, basic rotations and their 

representations in the image were explained, but we 

strongly encouraged them to try and explore by 

themselves.  

 

Figure 9: using the system with phone attached to the hand 

What we noticed among all the users is that system is 

highly immersive and the body expressiveness 

increaces significantly with the use of the system. At 

the begining most of the users were making short slow 

movements in order to realize the connection with the 

visualization on the screen. After a short while, attempt 

to control the system decreased and movements 

started to be more expressive. We can make parallel 

with Heidegger's work described in [9] and say that 

after a short time using it, our system turns from 

„present-at-hand“ to „ready-to-hand“ creating illusion 

of drawing with your own body. We think this is due to 

the aesthetics of the image created, especially its 

colors, as expression rises mostly at the time when 

color changes appear.   



 

Conclusion 

Our system showed more aeshethics and playfulness 

qualities rather than the analytic ones. Immersiveness, 

endurability [10] and usage simplicity, as the most 

prominent qualities, make this system more suitable for 

non-professional usage in sports, games or any type of 

body expression. We would like further explore it's 

effectivness in habit creation as aesthetic interaction 

promotes bodily experiences as well as complex 

symbolic representations when interacting with 

systems [1]. 
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