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NOISEWEAR: DEVELOPMENT OF
AN INTERACTIVE GARMENT THAT
EMPHASIZES NOISE THROUGH LIGHT

ABSTRACT

One of the factors that determine the quality of our daily lives are sound and
noise. They can be a positive contribution to it, or a burden and stress factor,
or even a health risk factor. Based on the premise that it is harder to ignore
what we see than what we hear, the team developed a garment that senses
environmental noise and shows it through lighting. In this way, people are
made aware about the noise around them. In this paper, we describe and
discuss the design process of the interactive garment developed, which com-
municates with the user and other people around through light.
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INTRODUCTION

In our daily lives, we are constantly exposed to the physical phenom-
enon of sound. This can differ from very pleasant sounds to unbearable
ones that cause pain to the ear — noise. However, it is ignored very often.
When do we hear it? When one pursues silence or can’t bare it, or when it
is not like usual sounds. Since sound pollution is a current environmental
and health concern, it is important to call society’s attention to this issue.
To do so, we intended to create a garment that would interact with the user
and the environment, by transforming sound into light, considering that it
is harder to ignore what we see than what we hear.

According to van Ligtenberg and Wanink A. (1982), Sound is the re-
sult of air pressure changes which are detected by our ear and interpreted
by the brain as music, discourse and other forms of sound. The human ear
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is able to detect pressure changes between 20mPa and 100mPa, which rep-
resents a difference between odB and 120 dB.

Noise or sound pollution are the name given to unpleasant or unde-
sirable sounds. According to Luigi Russolo (1967), noise didn't really exist
until the 19th century. It only came along with the advent of machinery. The
author considers that nature is usually silent and that was how life went
on for centuries, except in some special cases, such as storms, hurricanes,
waterfalls and some exceptional telluric events.

Sound pollution is one of the major issues related to urban degrada-
tion and it is a matter of public health (World Health Organization, 2011).
Agents responsible for sound pollution include transports, industrial and
commercial activities or simply loud music.

Results from studies that have been carried out to understand the
relationship between noise and human health show that people may suf-
fer psychological or physiological changes due to continuous exposure to
noise (Chambel, 2005).

Some health issues related to noise include morning fatigue (Kluise-
naar, Janssen, van Lenthe, Miedema & Mackenback, 2009), increase of anx-
iety (Hardoy et al, 2005), sleep disturbance (Hume, Brink & Basper, 2012),
prevalence of mental disorders (Rocha, Pérez, Rodriguez-Sanz, Obiols &
Borrel, 2012) or emotional responses such as anger (Miedema, 2007).

Given that sleep is fundamental for mental recovery (Breslau, Roth,
Rosenthal & Andreski, 1996), it is suggested that subjects with a lower qual-
ity of sleep will be less capable of instantaneous reactions (reflexes) and
more susceptible to mental disorders (Sysna, Aasvang, Aamodt, Oftedal &
Krog, 2014).

The study conducted by Babisch, Berele, Schust, Kersten and Ising
(2005) reveals that vision can predict the level of noise annoyance. Pauvonic,
Jakolievi¢ and Belojevi¢ (2009) suggests that, during the day, noise annoy-
ance will be related to the number of transports, whilst, at night, it is related
to the type of transport. Given the number of different noises, it is harder
to recognize the origin of each singular noise during the day. On the other
hand, due to a smaller number of noise sources at night, it becomes easier
to recognize its origin and type. This relationship suggests that the recogni-
tion of sounds may increase noise annoyance, thus vision is an important
sense to predict noise annoyance. This statement confirms the premise of
“it is harder to ignore what we see than what we hear”.
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STATE OF THE ART

Clothing is a skin that separates us from and connects us to environ-
ment. It is a constant communicator of emotions, experiences and mean-
ings (Seymour, 2009). Today, fashionable wearables (garments, accessories
or jewellery that combines style and functional technology) are a mediator
of information and an amplifier of fantasy (Rheingold, 2000). According to
Kirsten, Cottet, Grzyb and Thérster (2005), “clothing is the environment
that we need and use every day”.

Several smart clothing and interactive fashion projects have been re-
ported in the literature. Some of those projects use light and sound to im-
prove the functionalities and expression of the garments or to enable social
interactions.

The Heartphones (Poh, Kim, Goessling, Swenson & Rosalind, 2005)
combine light and sound, where sound is presented in the form of mu-
sic and light has been used to measure heart rate. The system comprises
a reflective photosensor that includes a phototransistor and a red LED, a
processing unit, a display device and a radio transceiver. The sensor was
inserted into the earbud, which is placed against the tragus when worn in
the ear and the changes in path length of the incident light, caused by the
volumetric changes in the blood vessels during cardiac cycles, indicates the
timing of cardiovascular events and, consequently, the heart rate. The user
can access this vital information through a mobile application. Light is here
used as an input signal, instead of an output signal. In this project, function
is more important than expression.

The HEART-DONOR (Beloff, 2008) is a vest created by Laura Beloff
and Erich Berger that connects people through the display of heartbeats
and the presence in social networks. A sequence of up to 30 heartbeats
for each of the selected friends and family are recorded. These heartbeat
rhythmic patterns are then displayed in a series of small lamps, one for each
person, attached to the front of the garment. Each lamp is controlled by the
heartbeat’s “owner” Skype account: they will change from green to red and
from red to green when the person goes offline or online, respectively.

Profita, Roseway and Czerwinski (2015) present a series of Lightwear
(light-emitting wearables) designed to assist the treatment of Seasonal Af-
fective Disorder (SAD). The brown golfer’s hat is one example of the pro-
totypes reported, which combines the looks of a classic male hat with the
light therapy functionality. The attention given to emotional and social fac-
tors (i.e.: self-expression and social acceptance) is clear, since there was
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always the concern to create a garment that the person would want to wear,
besides having its therapeutic benefits.

Yossifova and Kim (2004) have designed the HearWear, an electron-
ic skirt that, just like NOISE, reacts to environmental noise and shows it
through moving light patterns. It not only addresses the issue of urban
noise, but enables people to visually express their noise experiences. Ac-
cording to the authors, the shared experience becomes fashion.

In the deep ocean (four to five thousand meters), where there is no
sunlight, there are bioluminescence creatures that can create their own light.
Vera Wang tried to present them to the world through her Into the Deep col-
lection, where she used electroluminescent panels in fashionable garments
to simulate the light those creatures can create. Alpha Lyrae is another one
of her projects, but this time she puts light into clothing, displaying images
that show the story of construction of the Universe (Flood, 2012).

When observing the evolution of smart clothing research, one can no-
tice that there has been an increase in design concerns, rather than technol-
ogy only. Although the first projects described in the literature were mainly
technology driven, concerning only the exploration of new functionalities,
the more recent projects also involve human aspects, physically, psycho-
logically and socially.

MATERIALS AND METHODS

The starting point of the project follows a thought from Shiefferstein
and Hekkert (2008) that highlights the importance of defining the concept
and interaction before actually considering a specific type of product. Call-
ing people’s attention to environmental noise and using light as the pri-
mary feature set the framework for the experiment conducted.

After setting the concept, it was decided that clothing would be the
platform to give shape to the communication of sound through light. Sev-
eral garments were designed and one was chosen according to its relation-
ship with the concept. The textile substrate — a black jersey knit fabric — was
selected according to the garment’s intended expression. The result was a
black dress designed to show different colors in different areas of the gar-
ment, according to the noise level.

The next idea was to build the garment first and attach the LED strips
to its surface. This would mean that the strips and the conductive yarns
would be shown and that kind of expression wasn’t desired. For aesthetical
purposes, it was decided that the LED strips would be inserted in an inside
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layer to hide the strip and just show the LEDs, which led to repeating the cut
and sew process, but now with a different approach. It was firstly thought
that the LEDs could stay behind the black jersey knit fabric, but the dark
color absorbs more light than lighter colors and that way the light would be
expressed as weak dots, which wasn’t the intention (Figure 1). It was thus
decided to cut holes to show the LEDs, which meant to design a pattern of
white dots along the dress, for when the system was disconnected. That
means that the technology would affect the garment’s aesthetics. The dress
would be no longer a black dress.

Single color LED strips in three different colors were selected as the
light emission material. Several ways of cutting and reconnecting LED strip
segments were explored, including sewing textile conductive yarn. For aes-
thetical and functional purposes, the electronic components applied — con-
trol unit, sound sensor and battery — were located in the back, inside a pock-
et. Two functional issues were found in this construction: the connections
between LED segments weren’t strong enough to allow movement and,
because the conducting yarns weren't isolated, it wasn’t possible to build all
the circuits necessary to connect the control unit to all the LED parts — back
and front torso, skirt, sleeves and hood multiplied by three colors — since
the yarns would touch each other.

Figure 1: Light intensity difference between hiding the
LEDs behind a black jersey fabric (left) and showing them
(three stronger dots in the left figure and right figure)

The experience earned before by working and learning with the ma-
terials and the problems encountered in the first system led to the design
and construction of a second prototype. The black dress was replaced by
a white male jacket and the white dot pattern was now covered by a textile
layer that would protect the LEDs from weather conditions (ex.: rain) and
diffuse the light.
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A polyester (PES) waterproof fabric was chosen as the outer shell and
a 100% polyamide (PA) fabric for the lining. Although not entirely textile,
a concept of a 3-layer interactive fabric was developed. The first layer is the
lining, where the LED strips where attached. The middle layer is the PES fab-
ric with holes cut, which are consistent with the LEDs positions. The outer
layer is a waterproof fabric that protects the LEDs from moisture whilst al-
lowing the light to pass through.

The jacket patterns were taken from the Gerber Technology book,
Méthode de trace de vétements masculine sportswear. The positions for each
single LED were marked in the PES fabric and holes were cut. For a better
finishing, ferrules were inserted in each LED hole (Figure 2). The conven-
tional sewing method was used to join the parts, although ultrasound sew-
ing would be preferable to make the garment truly waterproof.

The system includes a sound detector module from Sparkfun to
measure the environmental noise, an Arduino Nano microprocessor and
an EGLO 13532 RGB LED (light emitting diodes) strip set with infrared con-
troller and power driver. From this set, the IR control was eliminated and
wires were soldered to the power driver control inputs that were in turn con-
nected to the Arduino PWM outputs, allowing control of LED’s color and in-
tensity. A pack of three Li-lon rechargeable batteries (3x3,7=11,1 V) was used
as the power supply. To carry the electronic system, a box was designed and
printed in 3D (Figure 3).

The LED strip was cut in several spots that were then reconnected
by soldering thin, isolated electric wire between them. This allowed the
creation of a matrix pattern on the front and the back of the jacket. For the
other electronic components, a pocket located in the back of the jacket was
provided.

The system was programmed so the colors and intensity would
change according to the intensity of the measured noise. A weak, slow white
fade represents total silence and rapid blinking intense red shows the high-
est noise levels. Between these two, a continuous intensity increase, as well
as a continuous color change from green to red, passing through blue, dis-
plays the measured noise level.
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Figure 2: Jacket's interior (Left: Overview, Right:
detail of ferrules and connections)

Figure 3: Electronic system inside a 3D printed box

To study how the garment would interact in different environments
and how people react to this new form of fashion, a field study was con-
ducted comprehending direct observation and video recording. Although
this kind of fashion is becoming popular in some places around the globe,
it is not much known in the small town of Guimaraes, Portugal.

RESULTS AND DISCUSSION

When the jacket was tested in different environments (Figures 4 to
8), one could see the colors changing the way that was expected most of
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the time. In silent places, the jacket kept the white color, but a vehicle pass-
ing nearby was enough to change the color of the jacket — it would go from
green to red, depending on the distance between the garment and the ve-
hicle. Inside a bar with loud music, the jacket hardly changed from red to

another color. When it changed, it would stay between blue and red, so the
image was purple.

Figure 4: Outside, in a silent place (left); Walking on the street
(right)

Figure 5: Near a bus, the LEDs turn to red and blink (left); The LEDs
turn to green when talking (right)
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Figure 6: Inside “El Rock” bar; loud music; visual
effects: purple (right) and intermittent red (left)
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One of the problems detected was that in order to have more ac-
curate results, the person wearing the jacket had to be still. Motion or the
sound of the shoes when walking, for instance, was enough to produce a
significant effect on the display. Since the jacket wasn't tight to the body,
the system would move when the person moved, reacting to the noise of
the box rubbing against the fabric, producing a false indication of environ-
mental noise. Also, the connection between the LED strip and the control
system broke after sitting and lifting up a few times, since it was located in
the hip line.

The materials used in this first prototype are not suitable for a com-
mercial application. As said before, the connection between the LED strips
and the core system was broken. The changes between sitting and lifting up
caused enough fatigue in the material to break. Another problem is the lack
of flexibility of the materials, mainly the copper material. When bended, it
stays bended until one turns it into its original form. Metal is also known for
its plastic deformation. When bended, it forms cracks in the microstructure
that continue to grow the more a person bends and unbends the materials,
until it finally breaks. These are important aspects to take into consideration
in future work.

It is important to observe a significant point in the design method of
both prototypes.

For the first one, the shape of the garment was designed without a full
understanding of this new material (how it expresses and how to work with
it) which raised functional and aesthetical issues, as mentioned. However,
it created the knowledge necessary to redesign the new garment. Light was
explored again but not in the same way. The decision to replace the black
with a white textile attained a relevant change of the garment’s lighting ex-
pression. Only one RGB strip instead of several strips in different colors
was used, which required a new way of designing with LED strips.

Designing with interactive materials demands for new approaches
and design methods. Working with such new materials, the designer will
have to acquire new skills and background knowledge (Berglin, Ellwanger,
Hallnis, Worbin & Zetterblom, 2005), meaning that a new method must be
followed, as was observed in this project. Having a system that measures
noise levels, analyses the data received and uses light as an output to show
that information, changed the way the garment’s design and development
had to be thought. For instance, the same jacket could have been built with
only one layer of fabric, but the insertion of an interactive system adds two
more layers (although only in the areas where the LEDs are located). It
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changed the garment itself, but it also changed de process of making the
garment, which follows Mazé and Redstrém'’s (2010) idea that the designer
will have to rethink the design process.

As expected, it was possible to use light as a visual manifest of envi-
ronmental noise. As stated by other authors, transports and loud music are
primary noise agents and that was seen during the experiment. Although it
wasn'’t possible to watch its reaction in a factory or nearby a building under
construction, one can assume that it would react the same way, given the
previous results.

It was also interesting to observe the effects that the garment had on
people. Although it is not possible to state that the concept was consciously
understood, no one was indifferent to the light interaction. Surprise and
admiration for such a garment were stamped on people’s faces and many
comments were heard, pointing to the fact that it may well be “harder to
ignore what we see either what we hear”. Although specific colors were cho-
sen to express different noise levels, the ingredient that probably evoked
such emotions was the light and the way it changes with sounds.

CONCLUSIONS

Given the observations made during the experiment, it can be con-
cluded that sight is an important factor to understand the effect of noise on
people, as also discussed by other authors. People may ignore sound, but
they will hardly ignore an image, especially if it is changing.

A concept of a 3-layer fabric with LEDs was shown. The goal for the
project was not to pursue a higher level of integration, but inserting LEDs
and electric circuits in a fabric during the weaving process is desirable and
would be an interesting subject of study. A fabric with these components
using a jacquard textile machine was already proposed in (Schifferstein &
Hekkert, 2008), but the LEDs were soldered after the fabric was finished.

It was also possible to analyze that people were receptive to the ex-
perience created through the Noise jacket interaction. However, it cannot
truly be stated that they are culturally ready to start wearing such interactive
garments. The tests conducted to the garment were mainly technical and
related to the light’s expression. These are not enough to fully understand
social variables. Future work will approach a survey research to further elab-
orate on this statement.

The issues detected were mainly design oriented, as well as the so-
lutions. For the problem of the broken connection, a simple solution is to
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move the core device to another part of the garment or to further protect
the connections mechanically. Besides that, the project requires a review of
the materials and construction decisions in order to optimize the garment
usability and interactive behavior. This will make possible the application of
similar systems in other context, such as in sports, rehabilitation, and other
areas, for example as a visual indication of danger, effort or accomplish-
ment of objectives.
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