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ABSTRACT
Motion capture technology is widely used in movement-related
Human-Computer Interaction, especially in digital arts such as
digital dance performance. This paper presents a knit stretch sensor-
based dance leotard design to evaluate the locations where the
sensors best capture the movement on the body. Two studies are
undertaken: (1) interviews to determine user requirements of a
dancemovement sensing system; (2) evaluation of sensor placement
on the body. Ten interviewees including dancers, choreographers,
and technologists describe their requirements and expectations
for a body movement sensing system. The centre of the body (the
torso) is determined to be the area of primary interest for dancers
and choreographers to sense movement, and technologists find
the robustness of textile sensors the most challenging for textile
sensing system design. A dance leotard toile is then designed with
sensor groupings on the torso along the direction of major muscles,
based on the interviewees’ preferred movements to be captured.
Each group of the sensors are evaluated by comparing their signal
output and a Vicon motion capture system. The evaluation shows
sensors which are constantly under tension perform better. For
example, sensors on the upper back have a higher success rate than
the sensors on the lower back. The dance leotard design was found
to capture the movements of standing lean back and standing waist
twists the best.

CCS CONCEPTS
• General and reference → Design; Evaluation; Experimen-
tation; • Computer systems organization → Sensors and ac-
tuators; • Human-centered computing → User studies; Lab-
oratory experiments; User centered design; Interface design
prototyping; • Applied computing→ Performing arts.
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1 INTRODUCTION
Digital performance [3] is a form of live art that integrates com-
puter technologies and techniques into a live art performance. Over
the past several decades, computer technology has been widely
used in the performing arts. Artists have enhanced their artistic
performance by combining computer technology, multimedia, and
tangible interaction in dance [2, 16, 19], theatre [7], and perfor-
mance art [22, 23] . Particularly in dance production, the addition
of computer technology gives artists more creative space [6, 20, 21].
The computer techniques and software such as motion capture
system and advanced animation are often used to present a vir-
tual dancer’s animation [15, 18], which allows artists to invent and
improve their creative expression through body language. It also
gives the performer the ability to interact with audiences during the
performance with visual, sound, virtual displays, and other effects
commonly used in digital production as the output [3].

In dance performances where body language is the primarymode
of expression, motion-sensing is particularly essential. Motion cap-
ture systems[4] and wearable technology [14] are currently the
primary methods for motion sensing. Among them, motion capture
systems are mostly vision-based systems with high-resolution cam-
eras, while wearable technology places sensors directly on the body
for data collection. Vision-based systems are usually costly, require
complicated installation and setup, and are easily affected by the
environment. Wearable technology can offer a better solution by
carrying the sensors on the body. However, to wear several hard
electronic sensors on the body while dancing is not ideal for the
performer. It not only restricts dancer movements but also increases
the rate of injury.

Instead of wearing inflexible electronic equipment on the body,
e-textiles provide a solution for sensing humanmovement data next
to the skin. E-textiles sensors can be integrated into the garment as a
soft, lightweight, and invisible formwith fabric-based strain sensors
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[10, 24, 27] becoming more prevalent in e-textile applications for
body movement [5, 13]. Stretching is an attribute possessed by
knitwear which both enhances the comfort of clothing, and allows
for flexibility in shaping. This fits the needs of wearable sensing
perfectly as knitted stretch sensors can be placed on the body tightly
in a comfortable way [9, 11]. This means data can be collected closer
to the body with the technology remaining hidden. The textile
sensor is not only flexible but also can be integrated into clothing,
which is close to the body without restricting movement. However,
for garment sensing system, the location of the sensors on the body
[25] becomes the key to track movements. It needs to be considered
and design based on the motion and application.

Our interest is in the design of a textile-based tangible system
for dance performance. Previous work has focused on individual
sensor design [12] and reliability testing [11], but we are interested
in placing those sensors on the body. First we need to determine
the system requirements including what dancer actions should be
sensed and what parts of the body should be tracked while dancing.
To determine this a qualitative interview study is carried out with
dancers, choreographers, and technologists. Building on the results
of the interviews, we then examine where to place the sensors. To
do so, we design a dance leotard to test which sensor locations best
capture the desired movements.

2 STUDY I - EXPERT INTERVIEWS
To gather target users’ ideas, requirements, and expectations of
various aspects of digital dance performance. We conducted a qual-
itative interview study with dancers, choreographers and technolo-
gists.

2.1 Method
Ten participants who were professional dancers, choreographers,
and technologists (including an author of this paper) participated
in the study. The interviews were semi-structured with two sets of
open questions. For participants who have a dance background, we
asked about their experience, dance style, the characteristics of the
movements, clothing, materials, colour, which part of the body to
sense, and common basic movements. The questions for technol-
ogists focused on their experiences with motion-sensing projects,
challenges when designing textile interfaces, and suggestions for
textile sensing system design. For interviewees who had experience
in both dance and technology, we included all interview questions.
Interviews were carried out either in-person or online, each lasting
between 45 to 90 minutes and were video recorded. The video data
was transcribed manually and analyzed using thematic analysis[1]
with MaxQDA.

2.1.1 Participants. As Table 1 shows, most participants had back-
grounds in multiple relevant areas. For example, P5 is a chore-
ographer who also works with e-textile technologies. All of the
technologists have experience in movement-related textile projects.

2.2 Results
2.2.1 Technologists. The technologists all had a similar background
in researching e-textiles within the field of human-computer in-
teraction. Participants shared their experience of working with
dancers, designing for the body, and development of motion-related

Table 1: The background of interviewees

Participant NO. P1 P2 P3 P4 P5 P6 P7 P8 P9 P10

Dancer ✓ ✓ ✓ ✓ ✓
Choreographer ✓ ✓ ✓ ✓
Technologist ✓ ✓ ✓ ✓ ✓

projects. They reflected on their choice of materials and types of
sensors, which were generally based on the creative concept and
requirements of the project. Once those are established, they then
consider and test the electrical properties of the selected materials
and sensors. In designing e-textile sensing systems, a sensor’s ro-
bustness and obtaining a reliable, consistent output are the most
challenging aspects, e.g. “I think often [about] the robustness of it -
the technology can make it quite challenging”(P8), “to get the same
results with the same movements”(P10). Beyond stretch sensors,
participants also used switches [17], tilt sensors [26], and capacitive
sensing [8] for motion sensing in their projects.

2.2.2 Dancers and Choreographers. All the dancer and choreogra-
pher interviewees work in contemporary dance / modern dance.
They described this dance style as incorporating many other dance
styles and containing a lot of floor work. Compared with dance
styles such as ballet, contemporary dance allows for more freedom
in the interpretation of the movements. The movement character-
istics in contemporary dance are varied, e.g.“It has quite a lot of
different dynamic quality it could be very slow it could be really fast
could be very energetic”(P2), “it could be any characteristic”(P3).
The choreographer has the responsibility to decide what style and
quality of the movement is in a dance performance piece.

As for the clothing, participants emphasized the comfort and
flexibility of the clothing used in rehearsal, e.g. “should be com-
fortable or just you know movable”(P4). Participants reported that
they prefer layers and dark colours, e.g. “usually long sleeves be-
cause it’s about - you know - rolling on the floor”(P2). This differs
from the dance performance where the costume depends on the
choreography style and creative direction.

The centre of the body was mentionedmany times as an essential
part of contemporary dance. Dancers treat the centre of the body
as to where all the movements come from, e.g. “dancers definitely
think of, like, their torso as where the movement comes from and
like they initiate from their spine and from their core”(P5). As such,
the centre of the body: torso, spine, back, and core, are the parts
of the body of primary interest for dancers and choreographers
for motion tracking while dancing. For a better understanding
of contemporary dance movements, participants were asked to
perform the basic movements around their interested part of the
body. Roll down, lean back, side bend, C-curve, and back arch were
mentioned and performed by participants as the basic movements
around the torso, e.g. “we do a lot of like rolling through the spine
right to stand up and like rolling down”(P2), “I’m arching my back
and this is curve... I’m creating shapes like c shapes each way”(P4).
Participants described the essential aspects of these movements
and also assessed and analysed the potential locations of the body
where stretching occurs while performing these movements.
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2.3 Discussion
From the interviews, we found crucial suggestions and require-
ments for designing a sensing system for dance performance. The
sensors’ electrical and material properties play a key role in the
sensing system. In order to accurately monitor body movements,
the sensors need to be robust and have consistent and repeatable
readings otherwise they can interfere with the creative expression
of the digital dance performance.

Through the interviews, we better understood the features of
contemporary / modern dance. Contemporary dance is more inter-
pretative than other styles as the repertoire of movements allow
more freedom while also incorporating other elements from other
dance styles. Thus, this dance style fits well within interactive digi-
tal art performance and with more improvisational performances.
From the dancers’ preferences and requirements in leotards partic-
ularly for rehearsals, we should consider designing a dance leotard
with long sleeves in dark colours. The dance leotard is the most
commonly worn clothing for dancers. It not only needs to fit the
body perfectly but it also allows for full range of motion without
restriction. They are ideally tight against the body to prevent un-
wanted exposure of the body when the costume is too loose. As for
which area of the body to prioritize tracking with a sensing system,
the torso is clearly identified as the preferred location in order to
track the dancer’s movement.

3 STUDY 2 - SENSOR PLACEMENT
Building on the results of the interviews, we designed a leotard with
knit stretch sensors to measure torso movements as can be seen in
Figure 1. Along with fitting within the aesthetic requirements of
the dancers and choreographers, the leotard is used to address the
reliability and robustness concerns that the technologists expressed.
In particular, we examine how the performance of the stretch sen-
sors measuring body movement is affected by the location of those
sensors on the body.

Figure 1: The silver-plated conductive fabric: Technik-tex
P130B, the knit stretch sensor-based dance leotard and de-
tail of bonded sensors.

3.1 Dance Leotard Design
A long-sleeve leotard was constructed from black Eurojersey fabric.
The garment is made for women who wear UK size 8 (EU 36, US
6), but it fits UK sizes 6-12 (US 4-10/ EU 34-40) as the material is
stretchy. Sensors were placed along the torso emphasising the spine,
back muscles, and abdominal muscles. Multiple sets of sensors were

placed close to each other to allow for a comparison of whether
a subset of sensors provides better performance. Photos of the
sensors, which are metallic stripes of conductive fabric, can be
seen in Figure 1 and graphically in Figure 2. Each group of sensors
is placed to follow the direction of the underlying muscles that
would be used for a particular set of movements: a group of long
sensors along the spine are designed to capture the movement of
the spine; four groups of two sensors cross each other around the
waist aim to capture twisting from two directions with a piece of
non-conductive fabric bonded between two sensors as electrical
insulation (see the enlarged photo in Figure 1). In the centre front,
a long sensor covers the front zipper and secures in place at the
neck using a press-on snap. Finally, four groups of short sensors
placed on each side of the front chest and upper back to capture
the movement of the upper torso.

For the construction of the stretch sensors, we chose to use a com-
mercially produced silver plated conductive knit fabric, Technik-tex
P130B (Figure 1), as it has been found to be suitable for small-scale
movement sensing [11]. This material has 78% polyamide and 22%
elastomer and stretches in both warp and weft directions. All the
sensors were constructed with the same width of 20mm using
Technik-tex P130B. We used a bonding technique with one layer
of bonding to attached the sensors to the leotard as it provides a
secure attachment to the garment while increasing sensor output
stability without restricting movement [12].

3.2 Method
To evaluate the performance of the sensors in dance movements,
we use a Vicon motion capture system to capture the movement
data as a baseline for comparison with the sensor data. A set of
movements and corresponding marker placements were designed
for data collection and analysis.

3.2.1 Movement Capture. We chose a set ofmovements that dancers
and choreographers mentioned in the interviews as basic move-
ments focusing on the torso. As Figure 2 shows, a set of six move-
ments were captured all while standing: roll down; lean back; side
bend; C-curve; back arch; and twist. The standing roll down was
captured in two iterations, each iteration with a different set of sen-
sors. For each movement a corresponding set of reflective markers
were placed along the body and a specific set of stretch sensors
were activated and measured. This was so movements and sensor
performance could be analysed in isolation. For example, only the
sensors along the spine were electrically connected for one of the
standing roll downs. Because of the symmetry of the body, the
movement of the standing side bend and standing waist twist were
captured only for one movement direction, but the sensors on both
sides of the body were connected. For example, the movement of the
standing side bend only bends to the left side, but both the sensors
on the left and right side were recorded. The highlighted strips in
Figure 2 identify which sensors were used for each measurement.

The motion capture system was used to measure the change in
the leotard and underlying body shape throughout the movement.
Reflective markers, shown as highlighted circles in Figure 2, were
placed along the stretched muscle to get the approximate change
in length that occurred throughout the movement.
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Table 2: Each long sensor’s correlation coefficient in themovement of standing roll down. Each sensor’s correlation coefficient
in each participant calculated as the median of stretching and relaxation portion across 30 cycles. The result with a high
correlation coefficient with an expected positive or negative value is shown in bold text. The cells with grey backgrounds
highlight the failed sensors.

Participant NO. P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
Sensor 1 (Stretch) -0.381 -0.299 0.861 0.103 -0.787 -0.738 -0.192 -0.326 -0.314 0.905
Sensor 1 (Relax) 0.452 0.415 0.312 -0.130 -0.604 -0.519 -0.847 -0.499 -0.291 0.779
Sensor 2 (Stretch) -0.337 -0.430 0.916 0.091 -0.759 -0.723 -0.420 -0.065 -0.438 0.679
Sensor 2 (Relax) 0.599 0.166 0.582 -0.060 -0.667 -0.461 -0.858 -0.410 -0.24 1 0.362
Sensor 3 (Stretch) -0.840 -0.848 0.660 -0.678 -0.891 -0.841 -0.797 -0.365 -0.898 -0.757
Sensor 3 (Relax) -0.820 -0.929 -0.119 -0.796 -0.936 -0.753 -0.964 -0.750 -0.818 -0.915

Figure 2: The connected sensor and reflective marker set up
of each movement. The connected sensors show in green,
the red dots are reflective markers for the motion capture
system, the red line shows the approximate length and
changes of the target part of the torso.

Each movement was repeated 30 times by ten participants. Par-
ticipants were female university students, none of them took part
in Study I. Vicon Blade software recorded each marker’s position in
the X, Y, and Z-axis, while simultaneously a separate Arduino-based
microcontroller measured the sensor’s electrical resistance. Each
activated sensor was electrically connected to the measurement

circuit with two safety pins soldered to wires1. A button was used
to instruct the microcontroller to start and stop recording data. To
synchronize the data from the two systems, we covered the button
with a reflective marker to record the pressing of the button within
the motion capture system. The sensor’s raw data was recorded
directly from the serial port and then downsampled to the 120Hz
for synchronization with marker data from the Vicon system.

3.2.2 Data Analysis. Treating the Vicon data as the ground truth
body position data, the analysis looks at how well the electrical re-
sistance of the stretch sensors correlate with the Vicon’s capture of
the movement of the body. The distance between each consecutive
pair of reflective markers along the body are calculated and summed
for each movement. The changes in these lengths are treated as the
approximate stretch of the body. Then we compare the correlation
coefficient between the length of the markers and the electrical
resistance of the sensors to examine the effectiveness of the sensors
for measuring the body movements.

Two data subsets are analysed for each movement by dividing
each cycle of the movement into a stretching and relaxation portion
through finding the peaks and troughs of the captured signals. The
correlation coefficient is then calculated between each sensor’s
resistance and the length of the markers for that part of the cycle.
The overall metric of the sensor performance for a participant is the
median of the correlation coefficient across the 30 cycles for either
the stretching or relaxation portion of a particular movement.

3.3 Results
In theory, a sensor’s resistance decreases when stretched and in-
creases when relaxed. Thus, if the sensors and markers are moving
in the same direction, the change of the sensor’s resistance and the
length of markers have negative correlations. Ideally, for groups
of negative correlations, the correlation coefficient of the sensor
resistance and the changes in the length of markers should be close
to -1. In contrast, in comparing groups of positive correlation when
the sensor length is inversely changing with a movement (such as
being on the back during a lean back movement), the correlation
coefficient of the sensor resistance and the changes in the length of
markers should be close to +1.

On a first pass of the data, we list the correlation relationship
between each group of sensors and corresponding markers as can

1https://www.instructables.com/id/Safety-Pin-Crocodile-Clips-for-ETextiles/
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Table 3: Comprehensive performance of each group of sensors. The best-performed sensor in each group is highlighted in bold
text. Positive/Negative correlation are the relationship between the sensors andmarkers in the ideal situation. The success rate
is defined as the percentage of successes (correct correlation direction) over the ten participants. The correlation coefficient is
the median of the overall sensor correlation coefficient over the ten participants, i.e. the median of the values for each row of
Table 2 repeated for each sensor.

Movement Sensor Positive/Negative Success Rate (%) Correlation Coefficient
Name NO. Correlation Stretch / Relax Stretch / Relax

Standing Roll down 1 - 70 / 60 -0.307 / -0.211
(Long sensors) 2 - 70 / 60 -0.378 / -0.151

3 - 90 / 90 -0.818 / -0.819
1 - 70 / 80 -0.421 / -0.550

Standing Roll down 2 - 90 / 100 -0.761 / -0.891
(Short sensors) 3 - 30 / 20 0.738 / 0.471

4 - 40 / 30 0.527 / 0.670
Standing Lean Back 1 - 100 / 100 -0.843 / -0.960

2 + 0 / 0 -0.846 / -0.919
1 + 0 /0 -0.940 / -0.929

Standing Side Bend 2 - 60 / 70 -0.624 / -0.699
1 - 90 / 80 -0.843 / -0.834

Standing C-curve 2 - 70 / 70 -0.522 / -0.492
3 - 50 / 40 0.002 / 0.336
4 + 20 / 20 -0.748 / -0.748
5 + 10 / 10 -0.884 / -0.845
6 + 0 / 0 -0.935 / -0.924
1 + 50 / 40 -0.081 / -0.134
2 + 30 / 10 -0.732 / -0.702
3 + 10 / 10 -0.906 / -0.846
4 - 70 / 90 -0.322 / -0.660

Standing Back Arch 5 - 40 / 60 0.506 / -0.326
6 - 40 / 40 0.483 / 0.448
1 - 0 / 10 0.930 / 0.935
2 + 0 / 0 -0.947 / -0.923
3 + 80 / 70 0.642 / 0.606

Standing Waist twist 4 - 90 / 90 -0.934 / -0.927

be seen in for the long sensors during a standing roll down for all
participants in Table 2. Any results where there is an inconsistent
correlation relationship where the correlation coefficient is either
not positive or negative as expected is treated as a failed sensor.

In the standing roll down results in Table 2, all of the sensors
should have negative correlations with the markers. Sensor 3 works
for all of the participants in the relaxation part and nine of the
participants in the stretching part. Both Sensor 1 and Sensor 2 failed
three times in relaxation and four times in stretching cycles. In most
of the cases, Sensor 3 has a set of higher correlation coefficient than
the other sensors.

Table 3 shows a summary of all the sensor results for each move-
ment listing the ideal correlation coefficient value, the percentage
of successful (non-failed) sensing cycles and the median value of
the correlation coefficient across all 10 participants. The bold high-
lighted sensors performed the best for that movement.

The standing roll down is the only movement performed twice
with two different sets of sensors. The short Sensor 2 and long
Sensor 3 both on the upper back were best overall, but short Sensor

2 had a higher success rate than the long Sensor 3. Short Sensor
3 and Sensor 4 located on the lower back failed more often than
succeeded.

3.4 Discussion
Our first concern was to investigate the sensor failures. Examining
the sensor properties during stretching, the sensor’s electrical resis-
tance starts to decrease only after around 30% strain [11]. In other
words, the sensor resistance and the motion capture markers have
a negative correlation only if the sensor is stretched more than 30%.
When the movement fails to stretch the sensor beyond this level,
the sensor outputs values are inverse to what is expected. This is
confirmed in the analysis of the individual movements.

3.4.1 Standing Roll Down. Standing roll down is a core movement
in contemporary dancewhich focuses on the spine. The leotard com-
pares two sensor design approaches: 1) a group of longer sensors
extending down the back, 2) a group of short sensors segmenting
the spine. The group of long sensors shows the shortest sensor
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in the group performs best with the other two sensors of similar
lengths being similarly poor. The group of short sensors are each
the same length, with the short Sensor 2 - placed on the upper back
like the best performing of the long sensors - performing the best.

The short sensors with the lowest success rate are located on
the lower back and their poor performance appears tied to how
a leotard fits on the body. As the lower spine is concave when
standing neutrally, the garment does not have a particularly tight
fit in this area. This is exaggerated by participants with different
heights and torso lengths. For example, on participant P10 who has
a short torso, the sensors on the lower back folds on itself when
she is in the standing position. For the roll down the sensor is only
extended to its initial length, so the sensors are not stretched more
than 30% and the results show a failure.

3.4.2 Standing Lean back. The sensor intended to capture the lean
back motion is slightly different than the rest of the sensors. It is
floating against the body instead of being closer to the skin because
it covers the zipper placed underneath. The sensor is grouped with
a long sensor along the spine to capture the complementary motion
(Sensor 2 of standing lean back in Figure 2). The front, floating
sensor works for all participants with a high correlation coefficient
in both stretching and relaxation. The paired long sensor along
the back performs very poorly, and analysis from the roll down
movement confirms this was a poor sensor placement. We would
anticipate a complementary shorter sensor on the upper back to
better suit the capture of this movement.

3.4.3 Standing Side Bend. Two sensors are placed on each side of
the body close to the side-seams to capture the side bend. As the
human body is largely symmetrical, we tested only on one side
(bending to the left) but connected both sides’ sensors. We found the
sensor performance depends on the depth of the bending motion,
especially for the sensors on the left. The sensor on the left side
(Sensor 1) failed for all participants as this sensor was not stretched
and sometimes folded on itself during the movement. The results
of Sensor 2 shows it does not work for all participants and has a
relatively lower correlation than the other best-performing sensors.
It may be because the range of this movement is not that large and
the sensor is not tight enough against the lower part of the torso.
For some of the participants with a shorter torso, the garment is a
little bit long, so the sensors on the lower part are not constantly
under tension. In this case, the sensor is unlikely to be stretched
more than 30% in some of the smaller-scale motions.

3.4.4 Standing C-curve. Standing C-curve is also a smaller-scale
movement that stretches the upper back. Sensor 1, 2, and 3 are
placed on the back were anticipated to stretch during the move.
Amongst them, Sensor 1 performs better than the other two sensors.
The direction of Sensor 1 is closer to the course of the movement
and is placed on the shoulder blades. Sensor 2, which is longer and
goes across the shoulder seam, wrinkles around shoulder affecting
the sensor’s performance. The position of Sensor 3 was lower under
the shoulder blade, where less stretching took place.

3.4.5 Standing Back Arch. The standing back arch can be consid-
ered an inverse movement of the C-curve. The same groups of
sensors are tested in this movement, with a set of three sensors on

the front anticipated to detect stretching. In theory, the sensors per-
formance should be complementary to those useful in the C-curve
— as the sensors on the back fail, sensors on the front should work.
Sensor 4 is the best-performing sensor among the six, but it has a
lower success rate and worse correlation with the motion capture
markers than the performance of Sensor 1 in the C-curve movement.
As our participants are female, the size of the breast will affect the
sensor results as a tighter fit tends towards a better performance.
The best-performing Sensor 4 is placed on the upper portion of
the chest and worked for most of the participants, but with low
correlation coefficients. We conclude that sensors around the chest
do not capture this movement well and that another placement
may be better.

3.4.6 StandingWaist Twist. Agroup of cross-shaped sensors around
the waist were intended to capture rotational movement from two
directions. For the standing waist twist (twisting to the right), we
connected four sensors in pairs of crosses on the left-back and
right-front. The results show that sensors across the lower back,
Sensor 1 and Sensor 2 once again performed very poorly, they all
had incorrect correlation relationships. The other two sensors on
the front performed as we would expect. Sensor 4 has better results
than Sensor 3 as the movement is only in one direction to the right
and we would anticipate Sensor 3 to be better at capturing the
twisting to the left side.

4 CONCLUSION
These two studies looked at how e-textile tangible interfaces could
be improved for motion sensing in live dance performance. A set of
interviews gathered feedback from technologists who have worked
with this technology along with the system requirements as de-
scribed by dancers and choreographers. Based on their input, we
designed a dance leotard to sense torso movement in contemporary
dance. To further improve the reliability and robustness of the gen-
erated sensor data, we evaluated how the sensor placement affects
the ability to track a specific set of movements core to contemporary
dance.

The interview participants confirmed that they would like to use
technology to sense their torso movements in dance performance,
but that current e-textile systems present challenges in their reli-
ability and robustness. A dance leotard was found to be the ideal
form to fit dancers requirements and was also suitable for housing
the sensing system. We made a dance leotard with groupings of
sensors to capture a set of movements around the torso. The perfor-
mance of each group of sensors was compared with the tracking of
a Vicon motion capture system. We found only the stretched sen-
sors that were under constant tension and stretched more than 30%,
adequately captured the movement. Sensors that relax to a point
of little to no tension fail to capture any meaningful movement.
Furthermore the placement on the body and fit of the garment plays
a key role in the sensor performance. The lower back and the chest
are not an ideal place for placing sensors to capture the movements
explored here as they were the most prone to fit problems. This
implies that pattern cutting and garment fit play an important role
in the tangible sensing system design.

These studies only examined isolated groups of sensors for a
particular corresponding movement. Before the dance leotard can
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be used for motion tracking of arbitrary movements, further work
of combining groups of sensors, investigating more advanced move-
ments, and the design of an integrated, complete sensing and pro-
cessing system is needed. We believe that the results of this study
show the promise of knit e-textile sensors for lightweight and low-
cost technology supporting digital dance performance.
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