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Abstract 
The work describes background and methods involved 
in the development of Butterfly Lace, a conductive 
multi-color sensor-actuator structure that lies in the 
intersection of traditional craft and smart materials. 
Traditional craft is introduced as inspiration for 
developing smart textiles in lace structure. Both, the 
process of dyeing conductive threads with multi-color 
thermochromic pigment mixes and the technical set up 
for the sensor-actuator system are described. 

The possibilities and challenges for the multi-color 
sensor-actuator combination in a lace structure are 
discussed based on the experience gained from working 
with the material. Potential applications are glanced for 
inspiration and future directions. 
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Introduction 
By introducing smart materials to design area, 
experimental design researchers spend long hours in 
their workshops exploring expressiveness qualities of 
smart materials through applying and testing different 
techniques and methods. By doing that, they try to 
gain knowledge and understanding of the particular 
materials and its design possibilities. Therefore, craft 
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may serve as a platform for inspiration and carrier for 
smart textiles development (Kuusk et al., 2012, 
Baggerman et al., 2013).  

The potential of defining interaction behavior of smart 
textiles by a traditional textile technique is explored in 
Butterfly Lace (Figure 2). It combines a sensor and an 
actuator in the same structure. In Butterfly Lace the 
conductive yarn detects the human touch and attached 
electronic module heats the same yarn up to a certain 
temperature to reveal the defined color pallet. The 
Leuco dye-based thermochromic inks are used to 
create color-changing effect on the yarn. The lace 
structure is used for the property of controlling each 
yarn independently. Each separate thread of the 
structure can sense the user input and display a 
different color accordingly. In that way the traditional 
textile technique defines the interaction behavior of the 
smart textile. Conceptually, Butterfly Lace reflects the 
property of any traditional textile that is changing color 
in time while being exposed to the UV-light.  

First try outs of lace making with dyed conductive 
threads are show in in Figure 1. In ambient 
temperature (up) the black conductive thread in grey 
surface stands out and the black dyed conductive 
thread in black surface is blended in. When heated to 
40°C (below), the black conductive thread looses its 
thermochromic black layer and appears as its original 
color – grey, therefore blending into grey and standing 
out in black lace. 

The performative properties of thermochromic inks that 
suggest new forms of communication and expression 
(Hallnäs et al., 2002) have been explored previously by 
Koososhnia  (2015), Robertson (2011) from the 

printing perspective, and more from integrating 
technology perspectives by Jacobs & Worbin (2005) 
and Dumitrescu et al. (2012). Several design examples 
(for example Bondesson et al., 2006; Lubbers, 2013) 
have been proposed to explore the relationship 
between the body and the space in thermocronic color 
change context. 

Peiris and Nakatsu (2013) explored the combination of 
using touch for temperature element activation and 
thermochromic ink for color change in the surface. They 
described a system, which detects subtle temperature 
differences caused by a fingertip, and used those 
differences as the detection trigger.  

By constructing Butterfly Lace yarn by yarn, with 
conductive and color changing properties in mind the 
programming ability of textile as well as the pattern 
creating ability of technology are implemented. The 
physical construction of lace threads in the pattern 
determines the flow of current through the threads. 
When placing the threads in a pattern that is desired 
form the technical circuit perspective, new kind of 
patterns are created. Patterns in textiles being an 
important carrier for culture and information literally 
carry the interaction properties of the lace in this 
project. 

Developing the Butterfly Lace 
The development of Butterfly Lace started and carried 
on as an extension of ArcinTex network workshop 
(Arcintex, 2014). Multi disciplinary team of researchers 
collaborated while situated in three countries, to realize 
conductive multi-color sensor-actuator structure. Over 
several prototyping sessions, Skype conversations and 
e-mail exchange, the lace is made in a traditional lace 

 

 

Figure 1: First tryouts of lace with 
dyed conductive threads. Photo 
CC-BY Kristi Kuusk. 

 



 

factory in Eindhoven, dyed in Boras and electronic 
component circle designed as well as assembled during 
a Berlin residency.  

The experiments started with the aim to create a wide 
spectrum of colors that would appear in different 
temperatures on the same yarn. One way of achieving 
color-changing effects on textiles is though mixing 
leuco dye-based thermochromic ink with a base color 
and a static textile pigment paste. The color of the 
mixture changes from one color to another as a result 
of an increase in temperature (Orth, 2004; Berzowska, 
2005; Worbin, 2010; Calder et al. 2013).  

In the first series of experiments, blue and red leuco 
dye-based thermochromic ink with activation 
temperature of 15°C, magenta, torques, orange with 
activation temperature of 31°C, and black with 
activation temperature of 37°C were used. In each test, 
one static textile pigment paste was mixed with either 
blue or red ink with activation temperature of 15°C, 
one of the colors with activation temperature of 31°C, 
and black with activation temperature of 37°C were 
used. The inks were applied on -Nm 10/3 80% 
Polyester ecru; 20% Stainless steel 12 micron- light 
gray conductive yarn.  

 

 

 
Figure 2: Tryouts of the color pallet and the conductive 
electronic properties of Butterfly Thread in yarn and lace 
structures. Photo CC-BY Kristi Kuusk. 

 



 

To control the color change on the yarn by a human 
touch, the yarn is set up as part of an electric circuit, 
which uses the yarn itself as a sensor. The duration of 
the touch is measured by using a capacitive sensor, 
and the heating power is set according to the duration 
measured. Brief touch is needed for a small trigger, and 
maximum power is achieved after a few seconds of 
touch. This can be adjusted to different yarns and 
required feedback as necessary. The designed circuit 
varies between detection-mode and actuation mode. In 
the detection mode the signal acts as a capacitive 
detector, and in the actuation, it is used as high-current 
PWM output. If there is no touch signal detected for a 
while, the heating is eventually switched off. 

The heating process indicated that the best differentiate 
between activation temperatures should be at least 
10°C. In addition, it indicated that the darkest color 
should have the lowest activation temperature and 
lightest color should have the highest activation 
temperature.  

Consequently, for the second series of experiment, blue 
leuco dye-based thermochromic ink with activation 
temperature of 27°C, magenta with activation 
temperature of 37°C, and yellow with activation 
temperature of 47°C were used. Through the first test, 
all three inks were mixed together at a 2:6 ratio of ink 
to binder. Then the mixture was applied on the yarn. In 
the other test, the inks were applied on the yarn with 
different order e.g. second test was conducted through 
painting yarn first with yellow 47°C, then magenta 
37°C and last blue 27°C. The third test was first 
magenta 37°C, yellow 47°C and blue 27°C, etc. The 
reason for doing that was to understand whether the 
order from low activation temperature to higher one or 

from higher to lower was curial or not. After heating 
them, it was observed that the lightest color should 
have the highest activation temperature and should be 
the one applied to the yarn first, followed the darkest 
color should have the lowest activation temperature 
and applied the last. With this systematic order the 
garish yarn at ambient temperature, orange at 37°C 
and yellow at 47°C was achieved. 

The circuit used for detecting touch is shown in the 
Figure 3. It is a combination of push-pull output and 
capacitive single slope detector. Q1 and Q2 transistors, 
which form the push-pull circuit are used for controlling 
power to the yarn, while the resistor R is used as a 
pull-up resistor for the capacitive detector. When the 
yarn Y is touched with a finger, the rise-time of the 
measurement pin changes, which is directly affected by 
the human body capacitance. Without a finger, only the 
input capacitance of the measurement pin and the pull-
up resistor R dictate the value. The finger directly 
increases the input capacitance, altering the rising time 
of the slope. 

P-type FET Q1 and n-type FET Q2 form push-pull 
output, which is used to supply power for the 
conductive thermochromic yarn (Y). The power can be 
controlled with normal PWM using the power control 
pin, when the +V control pin is used to supply power to 
the yarn. 

In the Figure 4, the process of heating is shown. There 
are six pairs of temperatures, starting with 24°C - 27°C 
(table temperature), and in 29°C, 33°C, 40°C, 45°C 
and 52°C. The visual change is shown next to the 
actual yarn. The warm blotch on the left side of the 
heated yarn is where the lace has been touched.  

 

Figure 3. Schematic of the 
detection/heater. Schematic CC-
BY Jussi Mikkonen. 

 

Figure 4. Six pairs of 
temperatures. Photo CC-BY Jussi 
Mikkonen. 

 

 



 

Conclusion 
Going into more detail within the textile construction 
process allows each yarn to be controlled separately. 
Every yarn that is part of the lace can act as a separate 
sensor, therefore allowing the trace of the input e.g. 
touch to be read in a very detailed level understanding 
the direction, pressure, temperature and so forth. 
Similarly, each thread is able to act as an actuator to 
display different (or same) color in its lengths. 

The complex input and output possibilities in one lace 
allow rich interaction canvas for different touches to be 
recognized and various color patterns to be displayed. 

The Craft Qualities (Kuusk et al., 2014) have been used 
to look into the potential future applications of Butterfly 
Lace. As a visual interactive piece it was envisioned to 
be used in performance setting. The subtle 
characteristic of the color change of the thermochromic 
inks however is not visible in long distance, which is 
usually applicable in a stage setting. The Craft Qualities 
identified in the Butterfly Lace guide the possible future 
applications towards personal and intimate use of the 
technology, close to the body.  

For example, if the body itself would act as a trigger to 
be sensed by the lace structure, the body could be 
observed and traced in an alternative way by the 
Butterfly Lace. Having the sensor and actuator in the 
same area could open up possible uses in health and 
rehabilitation area to provide instant feedback on touch 
and movement. In daily clothing, considering that 
warming up would be part of the wearables 
functionality, the pressure in specific areas could 
indicate tightness and find its use in tailoring or fitting 
purposes. The possibility to follow subtle color change 

on one’s body brings different mindfulness practices 
into consideration for the future uses of the technology. 
Giving the wearer the freedom to define the visual 
patterns, with their shapes, sizes and colors on the 
body by their movement and touch opens up 
alternative directions for personalisable garment and 
fashion design. 
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