Interaction with Touch-Sensitive Knitted Fabrics: User
Perceptions and Everyday Use Experiments
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Figure 1: Touch-sensitive knitted fabric and example applications used during our formative focus group study. (a): A large
multi-button knitted controller used with the Whack-a-Mole game. (b): A knitted controller on which the touch-sensitive area
is designed to capture sliding motions and gestures, used to control the Brick-breaker game. (c): A knitted controller with
one interactive button which controls a Flappy Bird-style game. (d): The piano keyboard, volume slider, and media control
button touchpad connected in a system. The sensing hardware is networked via I2C, with a single sensing controller directing
communication between all three devices. The master I2C device connects to a MacBook Air via USB MIDI to interface with
GarageBand.
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2.1 Qualitative Studies of Fabric Sensors
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Figure 2: Knitted touch sensor design workflow: 1) Textile designers conceptualize sensor layouts while considering knitted
circuit design guidelines. 2) The textile layouts are programmed using Knit Paint in the Shima Seiki SDS-ONE APEX3 software
suite, and compiled for the desired weft knitting machine. 3) The compiled programs are transferred to the configured knitting
machine for assembly. 4) The completed sensors undergo testing and evaluation to assess performance. 5) The textile circuits
are directly integrated into devices with no human intervention needed after assembly.
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Figure 3: Extensibility of the knitted capacitive touch sensing circuit. The serpentine resistive sensing circuit (a) can be
adapted to form a multitude of shapes approximating (b) a volume slider, (c) a 3-button media controller, (d) a piano keyboard,
and (e) a multi-button game pad. The black polygons indicate exposed interface elements while the red lines indicate yarn

interconnection pathways hidden within the textile structure.
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Figure 4: Touch sensitive fabrics of varying sizes, knitted
with conductive carbon-coated nylon and regular polyester
yarns of different colors. They are all knitted in one piece
with no electronic layers in between. (a): Front of touchpads
of varying sizes and colors. The noticeability of interactive
components can vary with the non-conductive yarn choice:
the black touchpad has subtle interactive areas, while the
white one, prominent ones. (b): Back of touchpads of varying
sizes. The bigger sensor is knitted through the same process
to be thicker.
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Table 1: Characteristics of design form factor used in the formative focus group study.
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Figure 5: Properties and applications of touch-sensitive knitted fabrics (a): Stretch-ability. (b): Being able to roll the fabric.
(c): Visualization application of the approximate location of touch on a 36-button knitted fabric. (d): An application using a
knitted alphanumeric 36-key keyboard as an input. (¢): Multi-button controller sensors with a similar design, but different
sizes. The knitted components on each sensor are scaled versions of each-other.
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devices, [which] are a little bit scary” = x gr “T think
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Figure 6: Experimental setup including the swipe gesture illustrations which participants were shown, corresponding to the
gestures categories. An example of the last category, random contact, is shown in (d), together with the data collecting hardware.
Gestures varied for that category, since participants were not shown a particular motion trajectory, as in (a), (b), and (c) — some
examples were mentioned to them, and they were informed of the types of situations that might generate accidental touch

events.
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Figure 7: The representation of a swipe gesture using voltage gains from two signals over time. Each plot column contains 20
instances of swiping across the volume controller to perform the same gesture, obtained from one participant. The top row
visualizes the A and B voltage gains over a 4 second duration. The bottom row contains a flattened view of the A and B voltage
gains throughout the duration of each gesture overlaid on a grid depicting the linear location and capacitance mapping. These
plots illustrate three similar but different swipe gestures and random contact gestures: (a) a single swipe across the volume
controller (b) a swipe that stops halfway across the controller, (c) and a double swipe, starting by the swipe in (a) and then
continuing in the reverse direction of it, (d) contact emulating accidental touch events.
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Figure 8: Heatmap indicating gesture distances, computed
using the sum of Euclidean Levenshtein Distance of all ges-
ture sample pairwise comparisons. Gesture samples of the
same type are more similar to each-other than samples from
different gesture types.

Table 2: Statistical significance of similarity matrix results.
These values suggest that the difference between group (1)
and group (2) comparisons is significant.
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Figure 9: In (a), we can see the samples that underwent 5 cycles of washing and drying. In (b), the change in resistance values of
those sensors across all cycles is shown. The y-axis values are calculated as the rate between the trial and baseline resistance
values. These results demonstrate that there is only a slight decrease in the resistance values after undergoing washing and

drying.

Table 3: The percent change in resistance AR between the baseline b and each test d, is reported. The resistance is measured
between the two yarn endpoints of each sensor. These results show that the resistance values after each washing and drying

cycle are within ~  of the baseline.
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Figure 10: Sketch of the Media Control Buttons sensor, anno-
tated with points along which the resistance was measured.
The red lines show the unexposed carbon-coated yarn in the
textile.
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Table 4: The percent change in resistance ( AR) values between the baseline (b) and the last washing and drying (d ) test. These
results are reported for measurements across and between visible sensor components.
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Figure 11: In (a), we can see the samples that were used for the horizontal and vertical stretch tests. In (b), the change in
resistance values of those sensors over the 100 consecutive collected samples is shown. The solid lines show the resistance
values over time, while the dotted lines, the average for that sensor’s samples. The y-axis values are calculated as the rate

between the sample and baseline resistance values.
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Table 5: The percent change in resistance AR between the baseline and each of the two stretch tests (horizontal, H and vertical,
V) is reported. 11(a) shows the three sensors used for this experiment. The resistance is measured between the two yarn
endpoints of each sensor. The maximum and average changes in resistance are reported.
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