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a b s t r a c t

This paper proposes a technique for three dimensional non-contact sensing of hand motion through
electrostatic field. In order to determine hand direction and speed in three-dimensions, the technique
exploits the geometrical relationship among six spherical electrodes organized in two planes, and the
induced current on the electrode due to hand movement. This system consists of an electrode array,
current-sensing circuits, a digital signal processing module with virtual instrument technology, and
LabVIEW for visualization. The experimental results demonstrate that by analyzing the currents induced
in the electrodes, the angle and speed of hand motion can be inferred with high precision, and the
system's effectiveness enable for accurate recognition of hand motion and humanecomputer interaction.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, a hotspot in Humanecomputer Interaction (HCI)
research has been to facilitate user input. More natural and
comfortable HCI methods are the goal of several research efforts.
Traditional methods in gesture recognition are primarily based on
visual sense [1,2], wearable devices or a combination of the two
[3e6]. Advantages of using visual sensing include passive detection,
non-contact and freedom of movement. However, recognition us-
ing visual sensing also presents drawbacks such as blind spots,
complex algorithms and sensitivity to environment. To address
these limitations, HCI researchers adapted wearable devices with
electromyography (EMG) sensors, which are placed on the user's
skin [7e10].

Based on this idea, a method using electrostatic detection to
monitor three dimensional handmotion is proposed, which has the
advantages of non-contact as well as passive detection. As a human
body in motion becomes electrostatically charged through contact
and friction charging [11], the resultant change of an electrostatic
field enables an indirect measurement of body movement. Re-
searchers measured electrostatic signals during walking with a
measuring device on the body [12,13] and used a non-contact
method to measure the human body's electrostatic signal
[14e17], particularly the electrostatic signal generated from

walking [18,19]. With the detection of the current on the electrode
generated with the capacitance change between the hand and
electrodes, the 8 orientations in a plane can be recognized with a
four electrode array and neural network [20,21]. The induced cur-
rent in a plate electrode varies with the relative position of the
charge source [22]. Consequently, monitoring the direction and
speed of handmotion using a plate electrode is difficult. So, in order
to achieve accurate recognition of hand motion in three-
dimensions, a detection methodology using a six spherical elec-
trode array arranged in two planes is put forward.

2. Theory

The electric field in the immediate vicinity of the hand of a
charged human body varies as the hand moves. If grounded con-
ductors are immersed in this electric field, charges induced on the
conductors will vary with hand motion resulting in induced cur-
rents. Especially, it is detected in the research that the induced
currents are generated by the change rate of the electric field which
is solely affected by the movement of the charge source. The still
human body, (Compare to the fast moving hand, the rest parts of
the body can be regard as being immobile), to the contrary, causes a
minimal or background disturbance in the electric field. Hence, the
detection circuit will responds only to the moving hand. Taking
advantage of the correlation between the induced current and the
electric field change, as a result of hand motion, the trajectory of
hand motion can be detected through analysis of the induced
current on the electrode.
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We use spherical electrodes because they are symmetric [23].
The charge induced in a spherical electrode varies only with the
distance of the charged source from the electrode. Specifically,
there is no angular variation.

A quantitative analysis of the charge induced on the spherical
electrode is given. Fig. 1 (a) shows the position relationship be-
tween the hand, with a charge Q, moving along a trajectory, and
spherical electrode placed on the origin. The distance from the
center of charge to the center of spherical electrode O is r. In Fig. 1
(b), an abstraction of Fig.1 (a), R0 is the radius of spherical electrode.
The boundary condition is the electric potential on the surface of
the spherical electrode UR0

¼ 0. According to the uniqueness the-
orem, the space electric field and the induced charge distribution
on the conductor surface are certain, so the method of images is
employed to analyze the induced charge distribution on the
spherical electrode.

Based on the above boundary condition of the electrode and the
symmetry of induced charge distribution, the assumption is made
that charge Q

0
is on line OQ, and the value and position of Q

0
are

[24]:

Q 0 ¼ �R0
r
Q ; d ¼ R20

r
(1)

Where d is the distance from Q0 to O.
Within the spherical coordinates, the potential of any point P
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Where a, a
0
, and R are the distances from P to Q, Q

0
, and O,

respectively, and q is the angle between OP and OQ.
The electric field distribution is symmetrical about OQ, and has

no relationship with azimuth angle 4. The three components of
electric field strength can be expressed as [24]:

The total electric field strength E is calculated as E¼ ER þ Eq.
Taking R¼ R0 and Equation (1) into Equation (3), the electric

field strength of spherical outer surface can be expressed as:8>>>>>>><
>>>>>>>:

ERjR¼R0
¼ � Q

4pε0

r2 � R20

R0
�
r2 þ R20 � 2rR0 cos q

�3=2
EqjR¼R0

¼ � Q
4pε0R0

�rR0 sin qþ rR0 sin q�
r2 þ R20 � 2rR0 cos q

�3=2 ¼ 0

(4)

Total electric field strength EjR¼R0
¼ ERjR¼R0

. That is to say, the
electric field strength of outer surface points to the center of sphere
along the radius direction and perpendicular to the spherical
surface.

The induced charge surface density can then be expressed as:

s ¼ �ε0
dU
dn

����
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����
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The induced charge on the spherical surface is:

QE ¼
Z

sdS ¼
Z

� Q
4p
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R0
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�3=22prdl
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Where r ¼ R0 sin q; dl ¼ R0dq; 0 � q � p, the induced charge
on the spherical surface is equal to the image charge, which is
consistent with the conclusion in Ref. [25].

The induced current on spherical electrode can be expressed as:

i ¼ dQE

dt
¼

d
�
�R0

r Q
	

dt
¼ QR0

r2
dr
dt

(7)

In Equation (7), when dr/dt¼ 0, the moment when handmotion
is tangent to sphere with radius r, i¼ 0. Since the induced current i
represents the change rate of electric field E, when i is 0 the change
rate of electric field is 0, which is an extreme of the induced electric
charge on the electrode.

Fig. 2 shows the oscillogram is obtained when the hand moves
in front of the electrode from the left-to-right and back again. As
Fig. 2 shows, the oscillogram demonstrates a positive trend when
hand approaches the electrode and a negative trendwhen the hand
moves away from the electrode. The Zero Crossing Point (ZCP) is
defined when the sensor output waveform changes from positive-

to-negative or from negative-to-positive.
In other words, the ZCP appears when the hand is closest to the

spherical electrode. Therefore, we can identify the time when the
hand is closest to the electrode.

The calculations above demonstrate that the positional rela-
tionship between the hand and electrode can be obtained through
analysis of the induced electrostatic signal generated on the elec-
trode during hand motion. The different induced waveforms
generated on the different spherical electrodes arranged in space
are used to obtain position parameters of hand motion. More
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