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Soft pressure sensors have sparked a lot of interest over the last decade because of their applications in human
motion recognition, object detection, and human-computer interaction. However, their mass production and
availability to end users are limited due to the complex and time-consuming steps. The scalability of working
range for various applications is also a critical challenge. Therefore, a laborless, rapid, and scalable
manufacturing technique for capacitive-based soft pressure sensors with high sensitivity and high working range
is proposed in this work. The novel manufacturing method enables manipulation of sensor properties by varying
production parameters based on specific application needs. The proposed sensor’s electrode is made of
conductive knit fabric, and the dielectric layers are made of thermoplastic polyurethane (TPU) sheets. As a result
of the novel approach, it is possible to generate scalable air gaps between electrodes and dielectric layers to
capture low pressures of less than 1 kPa. The usage of multi-layer TPU sheets also increases the working range of
sensors up to 1000 kPa. Here, the proposed technology is successfully applied to create several sensor mats for
different purposes such as improved gesture and shape recognition, and interactive gaming mats for children.

1. Introduction indicators can be used to assess the performance of these sensors,

including stretchability, sensitivity, mechanical durability as well as

Over the past two decades, the development and investigation of
electronic textile structures have received a lot of attention due to
inherent softness, breathability, and flexibility. These characteristics
create a satisfying platform to sense various stimuli such as strain,
pressure, and temperature [1-3]. Textile-based sensors are able to
distinguish a variety of stimuli simultaneously from the environment
and can be used in a wide range of applications i.e., electronic skin [4,5],
rehabilitation/personal healthcare [6,7], virtual reality (VR) and
augmented reality (AR) applications [8,9], pressure mapping [10,11],
and motion detection such as breathing, speaking, and joint movements
[12-14].

According to the sensing mechanism, further classifications can be
made between piezoresistive [15], capacitive [16,17], triboelectric
[18], and also hybrid devices [19], demonstrating the relevance and
diversity of the sensor researches. When it comes to the application of
strain and pressure sensors in real-world circumstances, various
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response time [20,21]. Among the various sensor types, capacitive
sensors are appealing because of their advantages, including their sim-
ple structure, low power consumption, quick response, signal repeat-
ability, and so on [22].

Capacitive pressure sensors are parallel plate capacitors with a
dielectric sheet placed between two flexible electrodes. Capacitive
pressure sensors detect changes in capacitance as a result of applied
pressure and convert those changes into electrical signals. The following
equation defines the capacitance.

S
C= €otrs, (€]
where the capacitance C is determined by the parameters: ¢y corre-
sponds to the free space permittivity, &, is the relative permittivity, S is
the area of the conductive plates and § is the distance between the plates
[22,23].
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Many researches have been conducted to manufacture pressure
sensors so far. For example, in order to overcome the sensitivity and
sensing range limitations of pressure sensors, Yang et al. [24] created a
solution based on polyvinylidene fluoride (PVDF) powder and carbon
nanotubes that is used in the electrospinning process to create a nano-
fiber dielectric layer. Indium tin oxide polyethylene terephthalate films
are preplaced to the surfaces of the nanofiber dielectric layer as elec-
trodes. Vu et al. [25] used SWCNT ink and stretchable silver paste to
create electrode patterns on polyester/spandex (PET/SP) fabrics in
another study. Screen printing was used to print single-walled carbon
nanotubes (SWCNTs) on the top and bottom sides of the spacer fabric.
Following that, the sensors are shaped by a laser cutting, and the
encapsulation pastes are injected into the spacer layer. At the end of this
step, capacitive pressure sensors with Ag/SWCNT electrode layers were
formed.

Lee et al. [26] proposed a method to fabricate capacitive air-gap
touch sensors via printing and coating. The bottom electrode was first
printed on a PET substrate with silver ink using roll-to-roll gravure
printing. Then, using a polyimide (PI) pattern mask, PDMS was mixed
with a curing agent and spin-coated to form a sacrificial layer. The top
electrode was created by spin coating a stretchable silver ink onto the
sacrificial layer. The sensor samples were then immersed in a tetrabu-
tylammonium (TBAF) bath to remove the sacrificial layer and create an
air gap. Another advancement was reported by Atalay et al. [27] who
proposed a way to increase the sensor sensitivity by generating micro-
pores in the dielectric layer. Towards this aim, silicone elastomer and
sugar granules were mixed and cured, then the granules were dissolved
in an ultrasonic washing tank, leaving micropores in the silicone elas-
tomers. The electric layer is sandwiched between two conductive fabrics
at the end.

A capacitive sensor enhanced by a tilted micropillar array-structured
dielectric layer is developed by Luo et al. [28]. In this work, photoresist
was spin coated on a silicon wafer and exposed to UV light to create the
template. Following that, poly-(dimethylsiloxane) (PDMS) was poured
and cured to create a dielectric layer structure with tilted micropillar
arrays, which was then bonded to Au-coated PET electrodes. Pyo et al.
[29] present a capacitive tactile sensor comprised of graphene elec-
trodes that are separated by spacers which form air gaps. Chemical
vapor deposition was used to create monolayer graphene, which was
then transferred to PET substrates. Electrodes patterned by photoli-
thography and etched by O2 plasma. For spacer fabrication, photoli-
thography was used to pattern SU-8 on the PET film. In the meantime,
PDMS was spin-coated on the other graphene and exposed to N2 plasma
to form amino groups capable of reacting and bonding with epoxy
groups on the SU-8 surface. Finally, the top and bottom layers were
aligned and bonded together. Furthermore, a multimaterial 3D printing
technology was utilized to produce a tactile sensing mechanism that
have a specific geometry to fit the curved surfaces by Guo et al. [30]
Using Ag/silicone ink, the bottom electrode layer was printed on the
silicon base layer. The silicone and pluronic inks were used to print the
isolating and supporting layers, respectively, and the top electrode was
printed on the supporting layer to create the sensor.

Despite the advancements in soft pressure sensor technologies, there
are still significant manufacturing complexity that limits the scalability
of sensors in terms of high sensitivity, high resolution, quick response,
good stability, and durability over the various applications [31]. Here, a
novel pressure sensor arrays fabrication technique will be described in
order to meet the demand for a scalable, laborless, rapid, and repeatable
fabrication strategy for mass production and commercialization. The
developed manufacturing method is adequate for large-scale production
and the proposed pressure-sensing mattresses have the ability to detect
pressures over a broad working range (0 kPa - 445 kPa for 10 x 10 mm?
cell, 0 kPa - 1000 kPa for 15 x 15 mm?) cell, making them very
competitive among the other products in the market.
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2. Experimental section

In this paper, we overcome above mentioned difficulties by pro-
posing an effective and simple novel manufacturing method for textile-
based capacitive pressure sensors fabricated with conductive fabric
electrodes and dielectric TPU (Fibre Glast Developments Corp - Stret-
chlon 200 Bagging Film) layers. In order to achieve high sensitivity, we
used a novel technique to generate air gaps within the sensor itself, and
we also alternated sensor properties (sensitivity, working range, and
response/recovery time) by modifying manufacturing parameters,
resulting in versatility for various application areas. While the presence
of air gaps significantly enhances sensitivity, the dielectric layers
maintain the integrity of the produced sensor arrays and determine their
operating range. This strategy is essential for real-world applications
that require highly sensitive and robust pressure sensors.

In order to adjust the capabilities of pressure sensors, it is important
to understand the effect of dielectric layers and sensor array cell sizes on
sensitivity and working range. For this aim, we also investigated the
contribution of number of different TPU layers (1, 2, and 3 layers) on the
working range of the pressure sensors and formed two different cell sizes
(10 and 15 mm side length) to observe air gaps formation within the
sensor cells to better understand how air gaps affect sensor sensitivity.

We found that adding extra TPU layers increases the working range
of sensors whereas the sensor arrays that have bigger air gap (AG) / cell
size (CS) ratio yielded higher sensitivity, which can be explained by the
amount of air gap and lower stiffness. On the other hand, the sensor
density of pressure mats is dependent on cell size and proximity of each
cell, therefore utilizing smaller cell sizes provided the best object reso-
lution, as expected.

Our novel manufacturing technique can be divided into four main
steps: (1) laser cutting of the conductive knitted fabric (Shieldex Med-
Tex P130, thickness of 0.45 mm + 10%) as upper and lower electrode
layers, (2) the formation of square cells in a double-sided fusible sheet
(Can-Do National Tape - Custom Converted Clear Thermoplastic Poly-
urethane Sewfree Tape) using laser cutting, (3) generating cavities in the
pressure plate (Plexiglass/Acrylic (PMMA), thickness of 4 mm) that are
consistent with the cell dimensions from the previous stage, and (4)
replacing dielectric (TPU) layers between electrodes and applying heat
at 90 °C for 5 s to all sensor layers that are stacked over the designed
pressure plate. The unique production approach for textile based
capacitive pressure sensors is shown in Fig. 1.

Fig. 1(a) demonstrates the shaping of conductive knitted fabric into
sensor arrays with desired dimensions for end-use applications, as well
as an optical microscopy image of the loops in the knitted fabric.
Following that, creating square spaces via laser cutting in the double-
sided fusible sheets which is responsible for keeping electrode and
dielectric layers together. It should be noted here that creating cells in
the fusible sheet has a direct impact on the amount of air gap formation
in the manufactured pressure sensors therefore it ought to be carefully
adjusted in terms of dimensions.

The stacking sequence of all the sensor layers is shown in Fig. 1(b),
with upper and lower conductive knitted fabrics acting as electrodes,
TPU layers between them acting as dielectric layers, and double-sided
fusible sheets bonding all together. The image also illustrates the
application of heat and pressure to the layers that are replaced one by
one over the pressure plate by the heat press (Serfo - Automatic Transfer
Printing Press). The importance of the pressure plate here is that it is
positioned beneath the layers during the manufacturing process, and
when heat is applied from the top to melt the fusible layers, the edge
points of the arrays are determined by the cavities of the plate, so that
the pressure is only applied to the edges of the arrays, and the knit fabric
begins to widen through these holes, generating air gaps.

After all, as shown in Fig. 1(c), the textile-based pressure mat has
been obtained in the desired shape and size, following the application of
heat and pressure (see also Movie S1, Supporting Information). The real
images of pressure sensor arrays along with air gaps in each cell can be
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Fig. 1. Schematic diagram of the fabrication process of the textile-based capacitive pressure sensor. (a) Laser cutting of conductive knitted fabric into sensor arrays
and the creation of square cells in a double-sided fusible sheet. (b) Replacement of dielectric (TPU) layers between electrodes and application of heat to all sensor
layers stacked over the designed pressure plate. (c) Illustration of fabricated the textile-based pressure mat. (d) Actual images of pressure sensor arrays having air

gaps in each cell.

seen in Fig. 1(d). The elimination of complex fabrication steps to enable
mass production, as well as the controllability of sensor characteristics
in terms of working range and sensitivity by adding extra dielectric
layers and altering air gap formation are inherent advantages of this
manufacturing approach.

3. Characterization results
3.1. Manufactured specimens and macrostructure

In order to scrutinize the efficiency of sensor cells as well as
demonstrate the scalability of the manufacturing approach, 9 pieces of
10 x 10 mm?, and 9 pieces of 15 x 15 mm? pressure sensor cells were
produced utilizing the introduced manufacturing process. The electrode
dimensions, number of dielectric sheets, and air gaps within the sensor
cells were modified during the study to alternate the sensitivity, dura-
bility, working range, and stability performance for identification of
optimum sensors in various fields of application. During the study, three
experimental setups were designed to examine the sensitivity, dura-
bility, working range, and stability performance of samples (more de-
tails can be seen in Figs. S1-3, Supporting Information). The
photographs and microscopic images are illustrated in Fig. 2 to
demonstrate the prepared 15 x 15 mm? sensors that are designed with
increasing numbers of dielectric layers for the further characterization
stages. Fig. 2(a) represents the pressure sensor cells that are devoid of air
gaps to truly comprehend how air gaps influence the sensor perfor-
mance, while Fig. 2(b) and (c) show the sensor cells with varying
amounts of air gaps as an outcome of modifying pressure plate cavities
and changing fusible layer dimensions, demonstrating the scalability of
the developed technique. The cross-sectional microscopic images of 10
x 10 mm? sensor cells are shown in the Supporting Information

(Fig. S4).

3.2. Sensitivity characterization

The sensing capabilities of the capacitive pressure sensors are
assessed as shown in Fig. 3. To determine the scalability of
manufacturing procedure, the above mentioned 15 x 15 mm? and 10 x
10 mm? sensor cells with varying air gaps and TPU layers were tested
and compared to sensors with no air gap by using the experimental setup
which is developed for the sensitivity characterization (see Fig. S1,
Supporting Information). Fig. 3(a-c) represent the sensing behavior of
15 x 15 mm? sensor cells with increasing numbers of dielectric TPU
layer. The pressure sensitivity of the fabricated sensor cells increases as
the air gap amount increases from 0 to 44%, according to the results of
the sensitivity characterization. The sensor with the highest amount of
air gap and the thinnest dielectric layer as in see Fig. 3(a) had best
sensitivity with 306.69 x 10~2 kPa™! (below 1 kPa) and 9.44 x 1072
kPa ! (between 1 kPa and 30 kPa). This is then followed by the sensor of
11% in terms of AG/CS ratio which has lower amount of air gap, with
the sensitivities of 110.79 x 1072 kPa~! and 2.76 x 10~2 kPa™',
respectively. Moreover, the sensor that has no air gap showed the least
sensitivity performance while proving the efficiency of our approach
(see Table S1, Supporting Information).

On the other hand, 10 x 10 mm? sensor cells performed higher
sensitivity compared to 15 x 15 mm? cells, due to the higher air gap/cell
size ratio of 10 x 10 mm? sensors. Similar to the previous sensitivity
tests, Fig. 3(d-f) show the sensitivity characteristics of 10 x 10 mm?
sensors, with a similar increase depending on the amount of air gap.
Among these sensors, the sensor 56% which has a single layer of TPU
and highest amount of air gap exhibited the best sensitivity 268.82 x
10 2 kPa ™' (below 1 kPa) and 6.36 x 10 > kPa ' (between 1 kPa and
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Fig. 2. Optical and cross-sectional microscopic images of 15 x 15 mm? textile-based capacitive sensor specimens with one, two, and three dielectric TPU layers from
left to right. (a) Sensor cells with no air gaps. (b-c) Air-gapped sensor cells manufactured by utilizing pressure plates with a cavity of 5 x 5 mm and 10 x 10 mm?,
respectively. These two air-gapped sensors are named as “11%” and “44%” due to their air gap/cell size (AG/CS) ratio.
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Fig. 3. Sensitivity results of the square sensor cell specimens with one, two, and three dielectric TPU layers from left to right. (a-c) The sensitivity values of 15 x 15
mm 2 pressure censor cells. (d-f) The sensitivity values of 10 x 10 mm 2 sensor cells. Different colors represent the different AG/CS ratios within sensor cells that are
generated by the pressure plate cell cavities and fusible layer cells depending on the dimensions.
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30 kPa). This followed by the sensor 25% which has relatively low
amount of air gap, with the sensitivities of 86.09 x 1072 kPa~! and 7.55
x 1072 kPa~!. In terms of TPU layer comparison, due to dielectric
thickness, sensors with single layers performed highest sensitivity, and
followed by sensors that has 2 and 3 TPU layers, respectively. This
demonstrates that, dielectric thickness has a negative impact on sensor
sensitivities as expected (see Table S1, Supporting Information).

3.3. Analysis of response and recovery time

Response and recovery durations of pressure sensors are also
important parameters to consider when minimizing the delays in ap-
plications, therefore response and recovery time of the sensor cells with
different sizes and air gaps were analyzed. We first tested 15 x 15 mm?
sensors with one layer of dielectric TPU to determine the effect of air gap
on response time of the proposed sensors. The tests for the electrical
response were carried out by putting 100 g weight (corresponding to
4.35 kPa) on the sensors and the sensor without air gap shows a response
time of 140 ms and a recovery time of 360 ms (Fig. 4(a)). On the con-
trary, the response time was measured to be only 160 ms and a recovery
time of 7.32 s for the sensor with 44% air gap (Fig. 4(b)).

The results of 10 x 10 mm? sensors tested with 50 g weight (4.9 kPa)
are shown in Fig. 4(c) and Fig. 4(d). The sensor without air gaps has a
response/recovery time of 140 ms and 240 ms, whereas the sensor with
air gaps, similar to the previous sensors, has a response time of 220 ms
and a long recovery time of 7 s, respectively. The results reveal that the
recovery time of an air-gapped sensor is longer than that of a non-air
gapped sensor. The difference in recovery times can be ascribed to the
fact that the relaxation time of conductive knit fabric takes a long time
after unloading the weight.

Micro and Nano Engineering 15 (2022) 100140

3.4. Characterizations of durability and working range

The mechanical durability of the capacitive pressure sensors in terms
of pressure sensitivity is tested by subjecting the 10 x 10 mm? cells and
15 x 15 mm? cells to 1000 cycles of loading/unloading pressure of 50
and 22.2 kPa, respectively at a speed of 20 mm/s. For more details about
testing and designed cycle test set-up, see Fig. S2, Supporting Informa-
tion. Following the sensitivity results, the best performing air-gapped
sensors and air gap-free sensors are chosen for comparison in the cycle
test. By comparing the initial and last cycles of air-gapped 15 x 15 mm?
sensors (Fig. 5(a)) and air-gapped 10 x 10 mm? sensors (Figure(b)), we
observed that electrical performance of 15 x 15 mm? sensors show less
than 6.32% and 10 x 10 mm? sensor show less than 4.47% variation
over the 1000 cycles, demonstrating that the performance of manufac-
tured pressure sensor is consistent for long-term use. However, the
sensors that are devoid of air gaps exhibit relatively lower degradation
less than 1.83%, due to the robustness of sensors without air gaps (see
Fig. S5, Supporting Information).

Fig. 5(c) and (d) illustrate the sensitivity change of the sensors under
a constant load 100, 250, and 500 g of weight (approx. 4.35, 10.9 and
21.8 kPa for 15 x 15 mm? sensor and 9.8, 24.5 and 49 kPa for 10 x 10
mm? sensor cell) for 1 h. As shown, when a constant pressure was
applied to the sensor cells, the capacitance abruptly increased within
milliseconds, then reached a plateau and no other significant capaci-
tance chance has been observed during the period of 1 h. This property
has demonstrated that the proposed sensors are durable for constant
pressure and are suitable for applications that require long-term stabil-
ity, such as shoe insoles, wheelchairs, or smart beds. Furthermore, in
order to meet the practical engineering application, it was necessary to
investigate the effect of dielectric thickness on the developed sensors’
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Fig. 4. Response and recovery times of the proposed pressure sensors. (a,b) Performance of the 15 x 15 mm? non-airgapped and air-gapped pressure sensors with
loading-unloading of 100 g (4.35 kPa) weight. (c,d) Performance of the 10 x 10 mm? non-airgapped and air-gapped pressure sensors using 50 g (4.9 kPa) weight.
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sensor cell specimens under 100, 250, and 500 g for 1 h. (e,f) Working ranges of 15 x 15 mm? and 10 x 10 mm? sensors with varying numbers of dielectric

TPU layers.

sensing range and sensitivity. The detection limit of the sensors was
demonstrated by applying pressure to the sensor over a wide range of
pressures ranging from 1 to 1000 kPa. Fig. 5(e) depicts the responses of a
15 x 15 mm? air-gapped sensor with varying numbers of dielectric TPU
when pressure is applied (measured up to 435 kPa), and Fig. 5(f) depicts
the capacitance change of a 10 x 10 mm? sensor when pressure is
applied (measured up to 1 MPa) via the developed test set up in Fig. S3,
Supporting Information. The result reveals a detection limit of less than
1 kPa, indicating that the sensor’s performance is only valid within a
relatively narrow pressure range; in our case, the sensor remains sen-
sitive at pressures up to 1 MPa. It is expected that the sensitivity and
detection range can be customized by adjusting structural parameters
such as electrode size, air gap amount, and number of dielectric layers.

4. Applications
4.1. Object recognition

The developed pressure sensor mats are utilized in object recognition
system (Fig. 6). The system can differentiate objects placed on the mats
and determine their respective locations on the mats using their shape
and weight information. Since the manufactured mats are capable of
measuring the applied pressure level in each cell, the heatmap of the
placed object is visualized using the python Tkinter module [32]. Then
the created heatmaps are processed as an binary image and the object
recognition is carried out on the obtained images by using Connected-
component analysis which labels the different regions that correspond
to different objects on the image (see Movie S2, supporting Informa-
tion). The regions are labelled according to their pixel intensity values.
After identifying the shape of the object, its weight was determined by



C. Gumus et al.

(c).

Micro and Nano Engineering 15 (2022) 100140

- =)
¥ [ [ [ B | | -
~ HE = EEEm B EEa
" .. -.. ... 10 s - . 1.0
| = | H [
- il  HEE EEE o - [ B 05
- HEEE u_N - —
~ | enS, m |
- - [ 1| B
) @
e e
012345673891 012345617891
°© o
. -
[ N i MEE
- il HEE EER _ - i s 10
. S B
-l  HEE EEE o - = Pl 05
° | - [ o
& -00 . O o -00
© - HES
) @
e e
012345673899 012345617891

Fig. 6. Object Recognition System. (a) Fabricated pressure mat with 11 x 11 sensor arrays. (b) The objects that were used to apply pressure. (c-d) Heatmap

visualization of objects over the textile-based pressure mat.

thresholding the individual cell values. To better analyze the perfor-
mance of the developed object recognition system, various objects with
different weights and shapes were tested.

4.2. Gesture detection and recognition

Another application for the manufactured mat is based on gesture
detection and recognition from the capacitive sensor array as shown in
Fig. 7. After the data is collected from the mat, a low pass filter is applied
to the data. To find a base signal level for a cell while being in stable
condition, an automatic calibration system is developed. Then, a
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threshold value is set for activation of each cell. A boolean map of the
mat is obtained which can be used as an input for gesture detection (see
Movie S2, supporting Information).

A consequent gesture recognition works by finding each cluster of
presses in each frame and connecting them to the closest cluster in the
previous frame; if none is found in a sufficiently large area a new cluster
label is added. Each trace is first filtered using Kalman Filter and then
processed to fit the closest described gesture. The result of processed
path input obtained from the developed mat is shown in Fig. 7(a) as a
circle, and Fig. 7(b) as a double line. Here, the user traces the mat simply
with the fingers, and the trace along with its detected gesture is shown
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Fig. 7. Textile-based pressure sensing system and gesture examples. (a) Circle trace gesture recognition. (b) Double line trace gesture recognition.
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on the computer.

4.3. Tangible interaction gaming platform for children

Game-based learning has received a tremendous research interest in
modern education. One of the most prominent benefits of this sort of
learning is the connection to the virtual world. In this application, a
sensor mat is utilized as a tangible interaction platform that can provide
both visual and audio feedback to the user. The tangible user interface is
integrated with devices such as phones that realizes the functionality of
the mat without needing any extra screens. The developed mat is con-
nected to Arduino, which transfers the sensor value of each cell to the
Android phone over Bluetooth using a HC-06 serial module. Several
Android mobile applications focusing on Math and Alphabet Game are
developed which utilize the produced mat as a playground for the
children as shown in Fig. 8(a) and Fig. 8(b) respectively. For each
application, a distinct cover which constitutes of different button posi-
tions, toy areas, etc. are produced and positioned on top of the mat.

The Math game in Fig. 8(a) is developed for children of the age range
4 to 8. In this game, several interfaces are created. The first game mode
enables the user to press any of the numbers on the mat which subse-
quently returns the pronunciation of the number from the phone. The
second mode, on the other hand, asks the user to press the number
shown in the quiz application on the phone. The third game mode
provides several objects on the phone and asks the user to enter the
number of the objects on the mat. The fourth game mode is developed
for older children as it requires the child to enter the result of the
equation on the mat (shown in Movie S2, Supporting Information).

The Alphabet Game in Fig. 8(b) is designed for children between the
age of 4 and 7. This game has 4 modes that can be chosen from the mat.
In the first mode, the child presses any letter on the mat which returns
the written and audio version of the letter in the display of the phone.
The second mode operates in the same manner, but here the child learns
the same word starting with the corresponding initial letter. The third
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and the fourth mode tests the child using the letters learned in the former
modes. Here, the child is requested to press the respective letter/object
shown on the screen of the phone on the mat buttons.

5. Conclusion

In summary, we have proposed a novel textile-based pressure sensor
fabrication technique for eliminating complex and time-consuming
manufacturing conditions and creating sensors with desired patterns
and steady characteristics. Different types of sensor cells with variable
air gaps and TPU (dielectric) layers were initially created using a com-
bination of stacking laser cut layers and a pressure plate assisted heat
application technique to assess the potential application fields for each
type of sensor. Afterwards, the sensors produced during the research
were experimentally tested and observed to have a high and adjustable
sensitivity as well as a wide working range, displaying the effectiveness
of our approach. We have shown that a device sensitivity of as high as of
306.69 x 102 kPa~! within the pressure range of 0-1 kPa and 9.44 x
1072 kPa™! for 1-30 kPa, detection range up to 1000 kPa, stable cycling
performances (up to 1000 cycles), a fast response time (=140 ms), and
mechanical stability under constant deformations are achieved. Thanks
to these features, our sensors are ideal candidates for effective integra-
tion with other functional devices such as e-textiles, wearable devices,
and interactive software. We demonstrated the application of pressure
sensor arrays for the recognition of various human gestures. Also, me-
chanical and computational tools enabled us to design educational
mobile games, and tangible user interfaces to detect object shapes in
high-resolution using pressure sensor mats. We believe that this cutting-
edge manufacturing approach used to develop our sensor will meet the
competitive market demands for textile-based sensor manufacturing,
and opens new routes to fabricating sensors to be used in many fields
such as wearable systems, rehabilitation, entertainment, and gaming.
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Fig. 8. Layout designs of tangible interaction mats on the left and the real world applications of mats on the right. (a) Math game platform. (b) Alphabet

game platform.
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