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ABSTRACT Tactile pressure sensors have gained ever increasing attention in designing flexible electronics,
such as wearable devices. Building a pressure sensor characterized by high sensitivity and low implementa-
tion costs is a very critical challenge to satisfy. Recently, a new low-cost pressure sensor, namely Velostat,
has been proposed. Due to its properties of changing its resistance with either flexing or pressure, it has
become popular for making inexpensive sensors for microcontroller experiments. Here, we design a smart
sleeve made of Velostat to perform rudimentary controls on a smartphone. We first evaluate the optimum
layout of the sensor by conducting three tests on the sensor property, such as area of contact, Velostat area,
and layers of Velostat. Based on the test performance, a sensor patch is designed. Then, we develop a novel
resistive signal conditioning circuit to convert the pressure on the sensor patch into an electrical signal to be
transmitted to smartphones via Bluetooth. Finally, we have also realized anAndroid application that performs
the required operations (e.g., multimedia player controller and an SOS alert system) on the smartphone based
on the received sensor data. The functionality of our smart sleeve system is validated in real-time, showing
promising results for the design of low-cost smart wearables.

INDEX TERMS Bluetooth low energy, resistive signal conditioning, smart wearable, tactile pressure sensors,
velostat.

I. INTRODUCTION
The demand for the ability to perform trivial tasks quickly
on the go is ever-growing with the increase in the pace of
today’s lifestyle [1]. Sensors have significantly contributed
to making life easier in numerous ways across various fields
and industries [2], [3]. Basic smartphone operations tend
to have long and overly complicated operational procedures
[4]. They also inevitably require the user to hold the phone
to perform the required tasks. It may not be feasible every
time. Hence, a sensor embedded and readily available in
the sleeve of clothing apparel makes it highly functional
and easy to perform tasks. Pressure sensors have been else
developed to convert pressure information into electrical
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signals. In particular, piezoresistive [5], capacitive [6], piezo-
electric [7], and triboelectric [8] sensors have been studied in
the literature with different performances. The piezoresistive
pressure sensors have demonstrated to be the best choice for
the design of wearable next-generation flexible pressure sen-
sors due to their great sensitivity, ease structure, fast response,
low cost, and robust anti-interference capability [9]. Chen
et al. [10], proposed a soaking approach to fabricate porous
sponge pressure sensors. The structure exhibits high sensitiv-
ity, a wide pressure detection range, quick response/release
time, and good reproducibility. Zhang et al. [11], devel-
oped a smart glove that exploits pressure sensors composed
of mesh-like micro-convex structure polydimethylsiloxane
(PDMS), MXene nanosheet/Ag nanoflower (AgNF) films,
and flexible interdigital electrodes was designed by layer-
bylayer (LBL) assembly. Xia et al. [12] implemented a
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flexible pressure sensor based on Layer-by-layer (LbL) self-
assembly of the MXene/carbon black (CB) on a polyurethane
(PU) sponge is reported. The sensor has shown excellent
performance in controlling smart devices through external
pressure as a human–machine interface. Then, in [13], a con-
ductive and biocompatible hybrid hydrogel was assembled
into an adhesive, flexible wearable sensor for ultrasensi-
tive human–computer interaction and smart detection. The
Velostat piezoresistive material, also known as Linqstat,
was developed by Custom Materials, now part of the 3M
company, and was later purchased by ‘‘ Desco Industries
’’ in 2015, becoming a US brand [14]. It is a packag-
ing material constituted by a polymeric layer (polyolefins)
impregnated with carbon powder to make it electrically
conductive. Its main feature is to change its electric resis-
tance with bending or pressure due to the changing of the
geometric parameters (see Fig. 1). Since the layer’s resis-
tance decreases when pressure is applied, this reading can
indicate when the weight is applied or removed from the
sensor.

Velostat is characterized by the following parameters [15]:
(i) surface resistivity (RS ) and (ii) volume resistivity. The first
measures the electrical conduction of materials with thick-
ness H much less than width W and length L; instead, R is
the resistance and ρ the corresponding bulk resistivity of the
sample. This quantity is given by RS = R×W/L= ρ/H . The
measurement unit of surface resistivity in the International
System is the Ohm (�). Besides, it is often used ‘‘Ohms
per square’’ (indicated with �/sq), dimensionally equal to
ohms, but used only for surface resistance to avoid misun-
derstandings. The volume resistivity is the current leakage
resistance through the insulating material’s volumetric body,
expressed in ohm x cm2. The higher volume resistivity means
lower leakage current and, thus, lower conductance. Velostat
has been recognized as one of the most stable, reliable, and
therefore, probably the most promising polymeric composite
material for the design of tactile sensors. The main advan-
tages of this material are a flexible range of dimensions,
mechanical and chemical stability, and relatively low price
[16], [17]. All these specificationsmake theVelostat be devel-
oped from an alternative to traditional material in designing
the force sensor. Among all previous fields, Velostat’s main
field is the flexible sensor design, which has great implemen-
tations in robotics, wearable sensors, and human-machine
interaction devices.

Ishita et al. [18], with Velostat, designed a wireless cum
passive pressure measuring system. The LC circuit in the
sensor is upgraded with LCR tank circuits using vari-
able resistance from Velostat. The parameter such as input
impedance, resonance frequency, and quality factors changes
with the resistance change in Velostat/conductive foam on
applying pressure. Yuan et al. [19], to effectively identify
and detect an object, designed a pressure sensing system
using Velostat. The designed system consists of an array
of 27 X 27 piezoresistive sensors using a Velostat and signal

FIGURE 1. Velostat mechanism of pressure sensitive resistor.

processing module. For the classification of objects based
on sensor array data, the convolutional neural network is
employed. Accuracy of 98.54% was observed. Fatema et al.
[20] designed a 4 X 4 matrix shaped flexible pressure sensor
using Velostat to measure the efficiency of patients perform-
ing physiotherapy. On the results obtained from the sensor
system, neural networks are applied for effective position
detection, and an error of 0.103 cm was detected, compared
to the mathematical analysis error of 0.704 cm. Hopkins et
al. [9] studied the implementation of sockets for use in lower
limb prosthetic limbs using pressure sensitive Velostat. The
designed system is implemented in real-time on one subject
by verifying repeatability, accuracy, and hysteresis response.
An average accuracy error of 110 kPa was observed, with
a difference of 67% in the voltage. Hopkins et al. [21]
developed a shoe for the detection of the gaint phase with
174 independent sensing blocks using Velostat. The perfor-
mance of the shoe is evaluated by asking the volunteer to
walk in a straight line and turning. The mean absolute time
of 45 ms to 58 ms and 51 ms to 77 ms for straight line and
turning walking was observed between predicted phases and
actual phase measurement.

This paper aims to develop a sensor sleeve that can be
integrated into the fabric of any clothing article of choice by
simple stitching, thereby maximizing flexibility. The novelty
introduced in our paper is twofold: (i) we design both a smart
sleeve using a force sensor made of Velostat and a novel
resistive signal conditioning circuit (RSCC) to convert the
change in the resistance of the sensor into an electric signal.
The design of the smart sleeve is started with the development
of a sensor patch. The design dimensions of the sensor patch
is selected with the three preliminary tests conducted onVelo-
stat to test the sensor properties: 1) dependence on the area of
contact, 2) dependence onVelostat area, 3) dependence on the
number of layers of Velostat. When a force is applied to the
Velostat sensor (sensor patch), there is a change in resistance
that is now converted to an electric signal using our novel
RSCC. The signal from the RSCC is passed to the analog
to digital converter (ADC) of the microcontroller, namely
nRF51822, made by Nordic Semiconductors [22]. Finally,
the data is transmitted to a smartphone through the Bluetooth
low energy (BLE) module [23] present in the microcontroller.
Then, (ii) we develop an Android app, by means of the
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Android Studio integrated development environment (IDE),
to process and utilize the sensor data. We design an appli-
cation that can provide controls for the multimedia player
of the smartphone. In the smart sleeve, we have four strips;
hence, the pressure of each strip corresponds to a multimedia
control (increase and/or decrease volume, play music, skip
to the previous song, skip to the previous song). Moreover,
music toggles pause/play when the third and fourth strips
are pressed together. Finally, the pressure of all the strips
simultaneously demonstrates the potential application of the
system as an SOS alert system. By pressing all four sensing
strips simultaneously, an SOS alert can be transmitted via the
smartphone.

The remainder of the paper is organized as follows. The
design process of the force sensor is started by conducting
three preliminary tests on Velostat to study the properties,
which are discussed in Section II-A. Then, the sensor patch is
developed and discussed in Section II-B. The designing part
of the RSCC is proposed in Section III. Further, the voltage
from RSCC is applied as input to the microcontroller for
analog to digital conversion. It transmits data wirelessly to a
smartphone using BLE technology, which is discussed in Sec-
tions IV-A, IV-B, and IV-C, respectively. Results, discussion,
and the Android Studio IDE used to develop applications
for Android smartphones are discussed in Section V-A, V-B,
and V-C respectively. Finally, our conclusions follow in
Section VI.

II. SENSOR TESTING AND PATCH DEVELOPMENT
A. SENSOR PROPERTY TESTING
We need to design a sensor with maximum accuracy in
measuring the input by ensuring suitable resistance to the
sensor and acceptable change in resistance range when the
force is applied. Velostat is suitable as it exhibits a volume
resistivity of less than 500 �/cm [24], [19]. In recent years,
Velostat has been used in applications like pressure sensing
in the fields of soft robotics [9], robotic touch perception
[25], robotic tactile interaction [26], and the hand strength
distribution and gesture recognition [27]. Three preliminary
tests are conducted on Velostat to test the sensor properties: 1)
dependence on the area of contact, 2) dependence on Velostat
area, 3) dependence on the number of layers of Velostat. The
tests made use of square-shaped patches of Velostat and con-
ductive cloth. Velostat patches aremade of sizes 4 cm2, 9 cm2,
16 cm2, and 25 cm2, whereas conductive cloth patches are
made of sizes 1 cm2, 4 cm2, 9 cm2, and 16 cm2 respectively,
as shown in Fig. 2(a). The results of the preliminary tests are
presented in Section V. From the inferences drawn from the
preliminary testing, we designed a sensor patch made of four
individual strips of Velostat, each having four layers. Each
strip of the sensor patch is connected to an RSCC.

B. SENSOR PATCH DEVELOPMENT
Drawing insight from the tests performed in the pre-
vious section, a sensor array patch was designed. The

FIGURE 2. a) Sensor patches used for testing; b) Array of sensor paced in
a 9cm x 9cm patch layout.

factors that are kept in mind when designing the
patch were:

• small-sized patches provide a better range;
• more number of layers provides better range;
• smaller area of contact increases the resistance of every
sensor.

The inferences drawn from the tests provide valuable
groundwork for the design approach to follow. However,
the physical limitations and constraints of the sensor patch
are taken into account to ensure that it is practically imple-
mentable. Some limitations are:

• area of coverage;
• thickness;
• cost.
Thus, given the above constraints, tradeoffs, and parame-

ters that influence the properties, the design of the patch is
accurately performed. First, the overall size of the patch is
determined to be 9 cm x 9 cm. The dimensions fall within
the outer arm’s limits and are also suitable for the forearm.
For the layout of the sensing elements, four elements can
provide a sufficient number of controls, not making the sys-
tem overly complicated or power-consuming. To incorporate
gestures like swipe, drag, and so on in the future, a simple
parallel layout of the four elements, as longitudinal strips,
is chosen. Next, the dimensions of each strip are selected.
From the testing, we understand that a smaller Velostat strip
has multiple benefits. Hence, to maintain a low net area while
keeping the strips long enough to ensure a comfortable room
for error, the individual strips are chosen to be of dimensions
7 cm X 7 mm, occupying a net area of only 4.9 cm2. The low
width also provides additional room between each sensing
element (1.4 cm). The contact area can be minimized to keep
the static resistance high and reduce the relatively expensive
non-woven conductive cloth cost. Hence, longitudinal strips
of 7 cm X 2 mm were chosen, with a total area of 1.4 cm2,
as shown in Fig. 2(b). Finally, each element is made to have
four layers of Velostat to maximize the resistance range while
keeping the thickness of the patch within limits to retain
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flexibility. A simple comb-shaped common ground terminal
is placed using non-woven conductive cloth connected to the
bottom of all four sensing elements. The four strips ofVelostat
are then placed on top of each tooth of the comb structure, and
the fifth segment is left free to become the ground terminal.
The remaining three layers are placed on top of each strip.
Subsequently, a single strip of non-woven conductive cloth
is placed on top of each sensing element, which acts as the
positive terminal for each sensing element.

III. PROPOSED RESISTIVE SIGNAL CONDITIONING
CIRCUIT
Being a piezoresistive material, Velostat senses the applied
force by variation in its resistance and can be treated as a
variable resistor. The variable resistor is placed in a voltage
divider circuit, with a resistor in series, to find voltage change.
The Velostat inside the sensor patch will generate resistance
whenever there is a force applied on the sensor patch. The
variable change in resistance from the sensor patch is pro-
vided to a novel RSCC to convert it into equivalent voltage.
The operating voltage of the variable device is set to 3.3 V,
as this is the voltage provided by common button cells such as
CR2032 as well as one-cell Lipo batteries (3.7 V). So, 3.3 V
will also act as a power supply for the voltage divider circuit.
Since the patch we designed contains four strips of Velostat,
four voltage divider circuits are connected in parallel.

On the designed patch, we observe a static zero force resis-
tance of each strip to be approximately 5.2 k�, but when a
user touch input is present, the minimum resistance observed
is about 600� to 1 k�. There is a variation between these two
values based on the force applied to Velostat. We decided to
use theminimummean value of 800� for the resistance of the
Velostat patch in the presence of a user pressure. The ADC of
the microcontroller nRF51822 has input voltage in the range
of 0 to 1 V. So, we need to map resistance variation from
5.2 k� to 800 �, to 1 to 0 V. However, as it is impossible to
observe 0 V across the Velostat (as the resistance will have to
be 0 �), it is mapped to 0.2 V instead.We know from voltage
division that:

Vout =
Rvel

Rvel + Rseries
× 3.3V (1)

Thus, mapping the zero force static resistance of Rvel =

5.2 k� to Vout = 1 V, we obtain resistance value Rseries =

11.9 k�. Similarly, mapping the applied force resistance of
Rvel = 800 � to Vout = 0.2 V, we obtain Rseries = 12.4 k�.
Thus, we use the mean value of resistance obtained for each
case, which is 12 k�. The final schematic is shown in Fig. 3.

IV. EMBEDDED SYSTEM DESIGN
A. HARDWARE
The system on a chip (SoC) used in this work is the nRF51822
by Nordic Semiconductors. It is an ultra-low power wireless
transceiver SoC with BLE-4 support. The Velostat strips with

the proposed RSCC are connected as direct analog inputs
to the ADC channels of the nRF51822 microcontroller. The
values can then be read in real-time using the application
code. The voltage applied across the whole circuit is 3.3V.
The other hardware aspect of this system is the smartphone
which receives the sensor data sent by the microcontroller.
The phone needs BLE transceiving hardware and software
support through the operating system.

B. SOFTWARE
The software protocol stack called the BLE SoftDevice made
by Nordic Semiconductors runs on the nRF51822 micro-
controller, implementing core BLE functions and interacting
with the application code. The application code written by
the user resides over the SoftDevice and implements the
microcontroller-specific functionality along with setting up
the BLE attributes and Interrupt Service Routines. The online
compiler and IDE called Mbed by ARM [28] were used to
write and compile the application code. The resultant binary
firmware file is uploaded into the nRF51822 microcontroller.
Fig. 4 presents the flowchart of the embedded code uploaded
on the nRF51822 microcontroller, while Algorithm 1 shows
the pseudo-code of the same algorithm. The BLE API of the
Android operating system is used in developing the mobile
application for Android smartphones. The app uses Android
Studio IDE [29] and Java programming language.

Algorithm 1 Algorithm of Pseudo-Code For nRF51822
Microcontroller
Input: Sensor data from velostat strips
Output: Updated BLE characteristics
1: Declare four analog pins connected to velostat strips
2: Initialize ADC
3: Define BLE parameters
4: Initialize timer for 10 ms and assign to

periodcallback()
periodcallback() function switch on sensor polling

5: Initialize BLE and advertise with defined parameters
6: Add a new service, ‘‘Sensor Value Service’’
7: Add ‘‘Sensor Value Characteristic’’ under ‘‘Sensor

Value Service’’ with an array of four floating point
variables concerning to the four velostat strips

8: while (1) do
9: if (Sensor polling == TRUE) then
10: Read values from ADC corresponding to the

sensor strip’s data
11: Upload BLE characteristics with data

received from sensor
12: Switch OFF sensor polling
13: Else
14: Wait for BLE events (till the sensor strip data

is updated)
15: ON power saving mode
16: end if
17: end while
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FIGURE 3. Diagram of the whole proposed system, from the Velostat
sensitive resistor to the Android app on the smartphone via BLE module,
plus the novel RSCC.

C. BLE
Any BLE-enabled device can be categorized as a peripheral
or a central in the generic access profile (GAP) level. GAP
deals with basic lower-level BLE network attributes and sets
up the device as a broadcaster or observer. In our case, the
nRF51822 acts as the peripheral, broadcasting its presence
with nearby central devices. The device categorization is
client and server on the higher level called generic attribute
profile (GATT). GATT deals with how the devices handle
and exchange the actual data to be sent or received. In this
case, the nRF51822 sends sensor data to the connected (at
GAP level) and listens to client devices, so it is a BLE GATT
server. The low-level connection attributes handled by GAP
are important factors in determining the data rate and latency
between two connected devices. The advertisement attributes
include device name, service universally unique identifiers
(UUID), extra advertisement payload, advertisement type,
and the advertising interval. Other attributes are connection
attributes, connection interval (the amount of time after which
the device can transfer data again, the least value of 7.5 ms
is being used), slave latency (number of requests which can
be ignored if there is no new data to send) and connection
supervision timeout (amount of time to wait before declaring
a connection as lost if no data transfers took place, currently
6 seconds).

The GATT server creates a GATT service and GATT
characteristic, each with a different UUID that defines the
application for which the GATT profile is used. Each device
can exhibit many services. Each service can have many char-
acteristics, each of which will send different data related to
the service. In our application, we create a service called
Sensor service and a characteristic under it called Sensor
Value Characteristic and assign UUID to them.

V. RESULTS AND DISCUSSION
A. PRELIMINARY TESTS ON SENSOR MATERIAL
For the first preliminary test, namely test 1, a fixed area of
Velostat (25 cm2) is subjected to three different weights (50 g,

FIGURE 4. Flowchart of the nRF51822 embedded code.

100 g, and 150 g), with four different areas of contacts (1 cm2,
4 cm2, 9 cm2, and 16 cm2). The results of the test 1 are shown
in Fig. 5. It is a plot of resistance versus the area of contact
fixing the area ofVelostat constant at 25 cm2. The test showed
a proportional decreasing in resistance with an increasing in
the area of contact. However, the range of resistance change
remains constant over the change in the contact area.

For the second preliminary test, namely test 2, a fixed area
of contact (1 cm2) is subjected to three different weights (50 g,
100 g, and 150 g), with four different areas of Velostat (4 cm2,
9 cm2, 16 cm2, and 25 cm2). Fig. 6 shows the results of the
test 2. It is a plot of resistance versus the area of Velostat,
fixing the area of contact constant at 1 cm2. Here we observe
again that the resistance decreases with an increasing in the
area of Velostat.

However, we also notice that the change in resistance for a
fixed change in weight is greater at low areas and decreases as
the area of Velostat increases. Hence, we can obtain a greater
range of values for a change in force when the area of Velostat
is low, thereby providing better accuracy.

In the final preliminary test, namely test 3, the fixed area of
Velostat (25 cm2) and area of contact (1 cm2) are subjected
to 5 layers of Velostat. Fig. 7 shows the results of the test
3. It is a plot of resistance versus the number of layers of
Velostat fixing the area of Velostat and the area of contact
constant at 25 cm2 and 1 cm2. From the figure, we can see
how an increasing in layers produces a significant increasing
in resistance.
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FIGURE 5. Plot of resistance vs area of contact for a fixed area of Velostat

FIGURE 6. Plot of resistance vs area of Velostat for a fixed area of contact.

FIGURE 7. Plot of resistance vs number of layers of Velostat for a fixed
area of contact and Velostat size.

B. MEASUREMENT SET-UP
The initial measurement setup ie. sensor patch and RSCC
is presented in Fig. 8. After designing the optimum sensor
patch, the novel RSCC that converts the change in the resis-
tance of the sensor into an electric signal and the Android
app, we now need to check if the real-time human pressure of
each strip corresponds to a multimedia control in the Android
app (e.g., increase and/or decrease volume, play music, skip
to the previous song, skip to the previous song).

FIGURE 8. Snapshot of (a) sensor patch (b) resistive signal conditioning
circuit (RSCC).

FIGURE 9. Measurement set-up: a) real-time plotting of sensor values; b)
real-time volume increasing/decreasing; c) real-time playback
multimedia control; d) real-time SOS alert activating.

Fig. 9(a) presents the raw analog values of the sensor
as plotted by the application. Each sensing strip is allot-
ted a color, as can be seen. The green color represents the
third strip; hence, the green line rises when the third strip
is pressed. Fig. 9(b) shows what happens when the human
pressure is applied to the first or second strip (i.e., volume
decrease or increase on a smartphone playing music). The
first and second strips are in fact assigned to these func-
tions; hence, the volume can be seen to reduce (increase)
on the real-time pressing of the second (first) strip. Fig. 9(c)
demonstrates how the real-time pressure of the third or fourth
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TABLE 1. Strip functionality.

Algorithm 2 Algorithm for Implementation of Android
Application

1: Power up the wireless smart sleeve device
2: In the mobile phone, turn on the Bluetooth
3: Open Smart Sleeve android application
4: Search for Bluetooth devices and select wireless smart

sleeve device
5: The confirmation of connection is visible in the

‘‘state’’ option as ‘‘connected’’ in the Android
application

6: On the Android application, select the visible service
‘‘Sensor Value Service’’

7: Select ‘‘Sensor Value Characteristic,’’ available below
‘‘Sensor Value Service’’

8: Now the Android application starts receiving data
fromwireless smart sleeve device and is visible in the
option ‘‘Data’’ with four values

9: while (1) do
10: Select whether sensor values need to be plotted or

implement functionality
11: if (Plot sensor values) then
12: Select plot option
13: A plot window is opened
14: Upon pressing any strip on the wireless smart

sleeve device concerned signal goes high
15: else if (Implement functionality) then
16: Upon pressing any strip on the wireless smart

sleeve device designated task listed across the
strip in Table 1 is performed concerned the
signal goes high

17: end if
18: end while

strip can activate the music playback control on a smart-
phone. The third and fourth strips are assigned to these
functions; hence, the music can change to the previous (next)
song pressing the third (fourth) strip. Moreover, music tog-
gles pause/play when the third and fourth strips are pressed
together.

Fig. 9(d) demonstrates the real-time potential application
of the system as an SOS alert system. By pressing all four
sensing strips simultaneously, as shown, an SOS alert can be
transmitted via the smartphone. Table 1 presents the summary
of the task allocated against each strip.

C. ANDRIOD APPLICATION
We designed our application relying on the main principles
of software analysis and design. In particular, we exploit
the Layer and Model View Presenter (MVP) design patterns.
The reason for using the MVP pattern is that it allows us to
separate software responsibilities across three main compo-
nents: (i) theModel component groups the data that should be
displayed in the User Interface (UI); (ii) the View component
renders the User Interface (UI) elements; (iii) the Presenter
component manages the interaction between the UI and the
application logic by retrieving and formatting the data that
should be displayed to end-users. The application we design
runs on the Android operating system on any smartphone.

The six steps performed by the application are:
1) Scanning for BLE devices and connecting to them.
2) Distinguishing between smart sleeve and other BLE

devices using GATT UUID.
3) Real-time plotting of four channels of sensor data.
4) Smoothening the sensor data using a primitive Lowpass

filter.
5) Music playback control using sensor data.
6) Signal of Stress (SOS) functionality using sensor data.
In Algorithm 2, the pseudo-code for the implementation of

the Android Application algorithm is illustrated.

VI. CONCLUSION AND FUTURE SCOPE
In this paper, we have designed a wireless smart sleeve built
on the Velostat sensitive pressure sensor. The smart sleeve
is connected to a smartphone, and based on the touch pro-
vided on the sleeve, the assigned task gets executed on the
smartphone. We have first carried out three preliminary tests
to design the optimum sensor patch. Then, we have designed
a novel resistive signal conditioning circuit to connect this
sensor patch to the microcontroller nRF51822. The BLE
module in the microcontroller transmits data to the Android
Studio IDE application developed for Android smartphones.
The smart sleeve we have proposed is a fully functional
wearable device in portable consumer electronics. The device
is a useful daily accessory that is cost-effective, keeps the
user free of distractions while driving, and can help in emer-
gencies. The sensor may falsely trigger the application by
accident, but this can be minimized when conductive threads
are used, as the object must be conductive for the sensor to
pick up any signal. Further work can be done to make the
system responsive to more complicated forms of inputs, such
as gestures. Gestures (e.g., swiping) allow for a deeper, more
versatile control. This can be done by improvising the signals’
processing using artificial neural networks.
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