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Abstract— Gesture control plays an increasingly
significant role in modern human-machine interactions.
This paper presents an innovative method of gesture
recognition using flexible capacitive pressure sensor
attached on user’s wrist towards computer vision and
connecting senses on fingers. The method is based on the
pressure variations around the wrist when the gesture
changes. Flexible and ultrathin capacitive pressure sensors
are deployed to capture the pressure variations. The
embedding of sensors on a flexible substrate and obtain the
relevant capacitance require a reliable approach based on
a microcontroller to measure a small change of capacitive
sensor. This paper is addressing these challenges, collect
and process the measured capacitance values through a
developed programming on LabVIEW to reconstruct the
gesture on computer. Compared to the conventional
approaches, the wrist-worn sensing method offerings a
low-cost, lightweight and wearable prototype on the user’s
body. The experimental result shows that the potentiality
and benefits of this approach and confirms that accuracy
and number of recognizable gestures can be improved by
increasing number of sensor.

Keywords— Gesture recognition, Capacitive pressure
sensor, Capacitance measurement, Wearable electronics.

I.INTRODUCTION

Gesture interface between human and machines has
been a centre of attention in past decades due to the rapid
growth of the market, as well as growing scientific
interest. Such communications are implemented through
wearable and flexible devices which offer great
advantages over conventional rigid electronics, such as
lightweight, bendable, portable, and potentially foldable
devices.

The general approach of sensing gesture can mainly
be classified into two categories: (1) movement-sensor-
based and (2) camera-based [1]. In the movement-
sensor-based gesture recognition, sensors attached to
user’s body measure any movement and motion [2]. For
example, flexible sensors for measure the bending of
finger or accelerometer that measures the movement of
hand are using movement-sensor-based approach.
Studying  these  motions, will enable the
computer/machine to reconstruct various gestures. On
the other hand, camera-based gesture recognition has
been recently developed as a commonly used method for
the computer vision application [1] [2]. The computer is
able to extract the gesture information though images

iti Load
Gesture Pressureon Capacitive
the wrist * |Pressure =
Sensors t
Measurement results Top View Side View

- 0
apacitive value Fixture to distribute
‘—_\C P 'i/ valu the load

w
== .I|

User Interface v LLLLLL)
Microcontroller

Control command

Application

Fig. 1. System structure

processing. For example, Microsoft Kinect, a
developable 3D camera, is able to collect the gesture
information including position (X, y, z coordinate), palm
tilt, angle of fingers, etc. This approach is widely applied
on game consoles and some high-tech platforms, which
obviously improves the users’ experiences [2].

The movement-sensor-based solution is low cost,
wearable and portable. The disadvantage is that this
method requires a lot of attachments, such as flexible
sensors, on the user’s body. The camera-based solution
provides a higher accuracy and better user experience.
However, since the camera is fixed, the operational range
space is limited [2].

This paper aims to introduce a trade-off approach of
gesture recognition methods that requires less
attachments and has no limitation from camera. The
gesture is reconstructed on the computer to perform the
corresponding control by measuring the pressures around
the wrist. The recent advances in flexible and wearable
electronic s and materials allow this kind of device to be
in form of a wristband [3] [4].

This paper is organised as follows: The working
principle and system structure is introduced in Section II.
Section III presents a method for the measurement of a
small change in capacitance. The hardware and software
design are provided in detail in Section IV and V
respectively. Finally, the experimental result and
conclusion of the prototype will be discussed.

II. METHODOLOGY AND SYSTEM DESCRIPTION

The tendons movements around the wrist due to
gesture changing is the working principle behind the
sensing mechanism [5] [6] [7]. Attaching a certain
number of pressure sensors around the wrist, capture the
pressure variations distribution from the sensors output.
These variations are used to distinguish and reconstruct
gestures on computer after calibration [6] [8] [9].



To achieve that, this project introduces a system
based on flexible and thin capacitive pressure sensors,
measuring readout circuit, flexible substrate wristband
and user interface software.

The system structure is shown in Fig. 1. Initially, the
changes in pressure distribution stem from changes in
gesture are captured by capacitive pressure sensor array.
The sensors used in this design are five flexible off-the-
shelf sensors (SingleTact). Besides, a microcontroller is
used to measure the capacitance value by charging them
and count the time steps one by one [10]. Finally, the
capacitance values will be used to reconstruct gesture
according to the pre-recorded values in calibration step.
The user interface on the computer aims to display the
value and do some configurations, which may be not
necessary in real application scenario. In this way, the
gesture can be used to control some devices such as smart
phone.

The flexible and accurate capacitive sensors with
0.35 mm thickness, have been embedded on a PDMS
based flexible and transparent substrate. The key
characteristics of the sensors summarized as Table 1

[11].

Table 1. Key parameter of the sensor
Typical Baseline Capacitance (Cs.,) | 230 pF
Typical Capacitance Change (AC) | 5.5 pF
Force Range 0-4.5N

Since the range of capacitive change is small, the
capacitance meter in the system is crucial for gesture
recognition. In this paper, we use a microcontroller to
generate pulse to charge the capacitors and count the time
[12]. The microcontroller should have a good
performance in terms of 1) fast system clock to control
the changing, 2) small input leakage current to minimize
the effect of unwanted charging and 3) the amount of
analogue input pins.

Fig. 2 shows the peripheral circuit of the
microcontroller. Two digital pins and one analogue input
pin are employed to measure one capacitor. In addition,
an integrating capacitor is needed to share the charging
during each measured period. The value of this capacitor

(Cine) depends on the C,,, and A C of the capacitive sensor.

Theoretically, it should be much larger than C,,. The
larger the C;y, the better the precision, but slower the
sampling rate [12].

There are four steps for one capacitor measurement:
1) Discharge: Set all digital pins to low level and give it
a delay to discharge the Cj; and Ci.
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Fig. 2. (left) Capacitance measurement circuit including the
microcontroller and one capacitive sensor. (right) Equivallent circuit
of the (left) under the rapidly charging and sharing

2) Charging: Set D1 to high level (Vpp) and D2 to high-
impendence with a short delay to disconnect the C;y and
fully charge the Ci,.

3) Sharing: Set D1 to high-impendence and D2 to low
level with a short delay. The C;,; is now connected so that
it is able to drop current from D2 and share the charge
with Cg,. The Vi, will be slightly increased. At the same
time, increase the time counter (k++).

4) Comparing: Read the voltage on the AIN. If Vi
reaches an upper reference voltage Vry (here we take
Vru=0.7Vpp), stop charging and sharing and store the
counter value. Otherwise go back to step 2.

5) Calculation: Calculate the capacitance by counter k,
Cint, Vop and Vgp.

In this case, the equivalent circuit is shown in Fig. 3.
The D1, D2 and Cg, can be considered as a resistor since:
Q;
I, = T_ ~ (Veen = Vine) Csen/Tow
Sw
Therefore:
Rsen ~ SW/CSETI
Where Ty, is the switching period.

As can be seen in Fig. 2(right), the equivalent circuit
is a RC circuit. Therefore, during the charging and
sharing, the V;,; will exponentially reach Vry. Equation
(1) shows the relationship between the current ‘k’ value
and Viy.

th = VDD (1 — e_(kTsw)/(Tsw/Csen)) (1)

Once the V;, reaches Vgy:

VRH = VDD (1 — e_(kTsw)/(Tsw/Csen))

In Vpp/(VDp—VRH))
Y7 — 2)

As can be seen in Equation (2), the Ciy, Vpp and Vry
are constant and k is the measured value so that the Cg,
can be calculated [12]. It is worth noting that the Cs, is
not the actual value of the capacitive sensor. It consists
of the capacitive sensor and parasitic capacitance (Cpr)
introduced by the circuit and microcontroller, which can
be removed by offsetting a certain value of Cp,, in testing
stage [12]. However, it would not influence the result
since the AC is the main variable indicating the change
in force and the C,,, is a constant.

The waveform on AIN during one measuring period
is shown in Fig. 3(a). A zoom in is shown in Fig. 3(b).
Where the circuit parameters are:

Table 2. Circuit parameters in this experiment

Parameter | Value | Parameter Value
VDD 33V VRH 227V
_Cmured) 15 pF Csen 230-2355pF
Cim 1 HF

In this paper, there are five capacitive sensors need to
be measured. To achieve multiple capacitors
measurement, the general idea is that apply the same
procedure one by one, which means duplicating the
components and circuit five time and using a ‘for’ loop
to switch in the program. However, this method requires
three pins including one analogue pin for each sensor.
Furthermore, it is time-consuming to operate multiple
ports.



(@) Vsen During One Measuring Period
4.00

T
AIN ‘ Discharging

(b) Zoom In the Charging And Sharing

l Charging Voltage

Time

Voltage

Fig. 3. The V., waveform during a complete measuring period f:l:;tured
by an oscilloscope is shown in (a). Ideally, (b), showing the effect of
each charging and sharing on V,.,, can be seen by zooming in (a).

Fig. 5 shows an alternative approach where the five
sensors sharing common D1, D2 and AIN. On another
port of Cq,s, they are connected to digital IO (S1, S2 and
S3) instead of ground. By switching the DIO between
low level and high-impendence to select the sensor.
When one sensor is selected, the corresponding DIO
should be in low level while the others are in high-
impendence mode to prevent them from drawing current
to influence the selected sensor. This approach requires a
small input leakage current of these DIO. Otherwise, all
capacitors would be charged simultaneously and it
equivalently is a set of parallel capacitors.

III. DESIGN AND PROGRAMMING

A. Microcontroller Programming

The programming of the microcontroller
(ATSAM3XSE) is on Arduino compiler. However, the
Arduino library should not be used because the high-
speed operation is essential, especially in sharing and
charging stages. Operating the register directly will
significantly improve the performance.

In the program design, firstly, a ‘for’ loop is used to
switch the measured sensor, followed by the charging
and sharing loop to wait for the Vry, which is the crucial
part:

while (ai < 2815) {

Charge();
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Fig. 4. Multiple capacitive sensors measurement

Share Charge();
k++;
ai = analogReadADC();

}

Discharge();
Serial.print(str[i]);
Serial.print(k);
k=0;
delay(2);

After that, all capacitors in the circuit should be
discharged and the ‘k’ value, together with the sensor
index symbol, will be sent to the software by serial
communication.

B.  User Interface Design

The software is developed on LabVIEW platform. A
producer/consumer structure is used to receive the ‘k’
data and process it. Five capacitance values are displayed
on the front panel. In calibration step, the capacitance
value of each gesture will be stored. After that, the pre-
recorded gesture can be recognized. The amount of
recognizable gesture increases as the amount of
capacitive sensor.

C. Wristband design

The wristband design is also important for overall
performance and repeatability. The aims of the wristband
design are to:

1) ensure the sensors are attached on the user’s wrist
appropriately,

2) isolate the capacitance introduced by the user’s body,

3) offer a mechanical support to the sensors.

The Polydimethylsiloxane (PDMS) is chosen as the
main body of the wristband because it is flexible, inert,
low-cost and commercially available [13]. The sensors
are embedded in the PDMS as flexible substrate to
helping the sensors in attach the body. The wristband
design and its configurations is shown in Fig. 5.

@) PDMS substrate

(b)

Fig. 5. (a) is the 3D model of the wristband with five embedded
sensors. A prototype is shown in (b).



IV. EXPERIMENTAL RESULT

Experiment was carried out in terms of the precision
of capacitance measurement, sampling rate and the
number of recognizable gesture, with the first prototype
of wearable gesture sensing wristband.

Under the same circuit parameter as Fig. 4, the error
in terms of change in capacitance can be kept within
0.3 pF at static state. When the sensor is attached on
body, this number is raised to 0.7 pF due to the
sphygmus, small hand movement etc.

Additionally, the sampling rate is around 25Hz.
According the Equation (2), a larger C;,; can improve the
precision but reduce the sampling rate. The result shows
that, at this parameter, the precision and sampling rate are
acceptable for real-time on-body gesture recognition.

The number of recognizable gesture is limited by the
number of sensors and measuring precision. For
example, single sensor is able to measure the open and
close of the hand only. As regards five sensors, the
maximum number is around six (Fig. 6). If more than
that, the judging condition between gestures would be
mixed up and the recognition rate will dramatically
reduce. As shown in Fig. 7, when the gesture is changed,
a clear difference on the capacitance values can be
distinguished.

V. CONCLUSION

This paper aims to propose a wearable capacitive-
based gesture sensing system. The prototype has been
implemented by innovative capacitive-based pressure
sensing using flexible sensors embedding in flexible
PDMS layer. It realizes the majority of the functions and
has a good potentiality to be a wearable product. The
future work will involve fabrication of in-house flexible
pressure sensors and replace the off-the-shelf sensors to
improve the performance. Further improvement will be

Fig. 6. Gestures and the corresponding capacitance values (bar
charts).
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Fig. 7. The change in gesture results in the capacitances variations
over time.

achieved by miniaturising the readout circuits [14, 15]
and applying machine learning for gesture classification.

Acknowledgment
This work was supported in part by EPSRC Engineering
Fellowship for Growth — PRINTSKIN (EP/M002527/1),
EPSRC First Grant (EP/M002519/1).

REFERENCES
[1] J.Kela, et al., “Accelerometer-based Gesture Control for a

Design Environment,” Personal and Ubiquitous Computing,
vol. 10, no. 5, pp. 285-299, 2006.

[2] S. Mitra and T. Acharya, “Gesture Recognition: A Survey,”
IEEE Trans. on Systems, Man, and Cybernetics, Part C
(Applications and Reviews), vol. 37, no. 3, pp. 311-324, 2007.

[3] A. Vilouras, H. Heidari, S. Gupta and R. Dahiya, “Modeling of
CMOS Devices and Circuits on Flexible Ultrathin Chips,” /[EEE
Trans. on Electron Devices, vol. 64, pp. 2038-2046.

[4] H. Heidari, N. Wacker. and R. Dahiya, “Bending Induced
Electrical Response Variations in Ultra-Thin Flexible Chips and
Device Modeling,” Applied Physics Reviews XX, 2017.

[5] N. Yogeswaran, et al., “New materials and advances in making
electronic skin for interactive robots,” Advanced Robotics,
vol. 29, 2015.

[6] A.Dementyev and J. A. Paradiso, “WristFlex: Low-Power
Gesture Input with Wrist-Worn Pressure Sensors,” in Proc. of
ACM symp. on User interface software and technology, 2014.

[71 O. Amft, et al., “Sensing Muscle Activities with Body-Worn
Sensors,” in Wearable Implant. Body Sensor Networks, 2006.

[8] H. Wen, et al., “Serendipity: Finger Gesture Recognition using
an Off-the-Shelf Smartwatch,” in Proc. of the CHI Conf. on
Human Factors in Computing Systems, 2016.

[91 A. Vilouras, et al., “At-Home Computer-Aided Myoelectric
Training System for Wrist Prosthesis,” in Int. Conf. Human
Haptic Sensing Touch Enabled Computer Applications, 2016.

[10] R. S. Dahiya and M. Valle, Robotic Tactile Sensing—
Technologies and System, Springer, 2013.

[11] SingleTact, “SingleTact Datasheet,” 2016. [Online].
Available:https://www.singletact.com/SingleTact Datasheet.pdf

[12] K. Blake and S. Bible, “Measuring Small Changes in Capacitive
Sensors,” Microchip Technology Inc., 2005.

[13] C.-Y. Chen, et al., “Flexible PDMS electrode for one-point
wearable wireless bio-potential acquisition,” Sensors and
Actuators A: Physical, vol. 203, pp. 20-28, 2013.

[14] H. Heidari, et al., “A 0.18-um CMOS current-mode Hall
magnetic sensor with very low bias current and high sensitive
front-end,” in Proc. IEEE SENSORS Conf, pp 1467-1470, 2014.

[15] H. Heidari, et al., “A current-mode CMOS integrated
microsystem for current spinning magnetic Hall Sensors,” in
Proc. IEEE Int. Sym. Circ Systems (ISCAS), pp. 678-681, 2014.



