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Abstract: A human body can be considered as a communication

channel in which the electrical signal propagates through the body

based on an electrostatic coupling mechanism when the frequency is

sufficiently low. Since the human body approximately acts as a

conductor in this case, we can detect the existence of the human body

by measuring the corresponding electric filed variation in a close

proximity of the human body. In this study, we aim to detect the

approaching direction of a human arm based on this electrostatic

coupling mechanism in human body communication for application

to a user-machine interface. We first provide an appropriate

explanation of this detection system based on the electrostatic

coupling mechanism, and then conduct not only a computer

simulation but also an experiment to validate the feasibility of the

proposed detection system.
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1 Introduction

Human body communication (HBC) is a promising candidate to be used in

user-machine interface [1, 2, 3, 4]. When a human wearing a HBC

transmitter touches a receiver, the communication channel will be

established between the transmitter and the receiver through the human

body so that the signal from the transmitter propagates along the human

body. The propagation characteristic depends on signal frequency. There
may be three propagation mechanisms [5, 6, 7]: the surface propagation of

the 1/d term, the reactive induction of the 1/d2 term, and the electrostatic

coupling of the 1/d3 term, where d is the distance between the transmitter

and the receiver. These three terms don’t depend on the actual propagation

distance but the distance normalized to the wavelength. That is to say, at a
specified distance d, the contribution from the three different mechanisms

depends on the frequency. At low frequencies, the wavelength is large and

the normalized distance is consequently small. So the electrostatic coupling

term is dominative. It is possible in this case to assume the environment as a

reference to detect the variation of electrical potential of the human body

or electric field around the human body.
　 In this study, we propose a system to detect the human arm

approaching detection. Such a system can provide useful means in user

identification. The basic idea is based on the electrostatic coupling

mechanism in HBC. We first describe the system model and explain the

basic principle. Then, we conduct a computer simulation to demonstrate

the feasibility of such a detection system by using a finite difference time

domain (FDTD) numerical method. Finally, we show an experimental

validation for the simulation results.

2 Systemmodel and principle

The system model to detect the approaching direction of a human arm is

shown in Fig. 1. Tx is a transmitter electrode, and Rx1, Rx2 and Rx3 are

voltage sensors with the same electrode structure as Tx. All the electrodes

consist of a pair of square metal electrodes (20mm×20mm with a spacing

of 10mm). At the transmitter electrode, which is placed on the center of a
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plastic plate (180mm×280mm×40mm) surface, a voltage source is

applied to generate an electric field in its close proximity. When the

human arm approaches from some direction to touch the transmitter

electrode, a signal will propagates along the arm. If the frequency is below a

few tens of MHz, the human body approximately acts as a conductor so

that its electrical potential changes with the transmitted signal. Then the

three sensors can detect the varying electrical potential of the body with

respect to the environment or the electric field in their close proximity.
With an appropriate arrangement for the three voltage sensors, we can

determine the arm approaching direction based on the magnitude

relationship of the voltages detected at the three sensors.
　 The principle of the detection system can be explained based on the

electrostatic coupling mechanism as shown in Fig. 2, in which we only

consider the transmitter Tx and the voltage sensor Rx3. First, Vin is the

voltage source in the transmitter electrode with a frequency of 10MHz, and
Rin is the internal resistance of the voltage source. Next, there are two

routes for the signal from the transmitter Tx to the voltage sensor Rx3. One

route is air, and the other route is the human body. The lower route in Fig. 2
is a capacitive coupling between the upper parts of the transmitter

electrode and the sensor electrode, which is denoted by C2. The upper route
is approximated by a parallel circuit of the capacitance CH and the

resistance RH to express the human arm, as well as a capacitance C1

approximating the coupling between the human arm and Rx3. It should be

Fig. 1. System model to detect the approaching direction

of a human arm.

Fig. 2. Electrostatic coupling expression between a human

arm and the detection system.
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noted that C1 varies with the approaching direction of the human arm. In
addition, Cx is the capacitance between the two plates of Rx3 electrode. C3

is the capacitance between the lower parts of the transmitter electrode and

the sensor electrode. It should also be noted that there is an additional

capacitive coupling between the human body and the earth ground [1].
However, it is insensitive to the distance between them, and furthermore, if
the transmitter and the voltage sensor are close to each other, the

capacitance between them should be dominant to the signal propagation.
Therefore, in this paper, we ignore the capacitance between the human

body and the earth ground. It has been numerically confirmed that the

effect of the earth ground is insignificant to the received voltage at the

human arm [8].
　 With these electrostatic coupling considerations, the sensor voltage at

Cx can be obtained as a function of the approaching direction of the human

arm for each C1. Table I shows the parameters for explaining the basic

principle of the detection system when the human arm model approaches

the Tx in an inclination angle of 30 degrees with respect to the horizontal

plane. The human arm model was assumed as a muscle tissue. Rh and Ch are

calculated from RH ¼ l=�S and CH ¼ "S=l, respectively, where l is the

length of arm, S is the cross-section of the arm, � is the conductivity of the

arm, and " is the permittivity of the arm. Moreover, C1, C2 and C3 are

approximately determined from "0Se=d, respectively, where Se is the

equivalent cross-section and d is the distance between the two metal plates

or between the arm and the metal plate of the transmitter/sensor
electrodes. Although a numerical electromagnetic field analysis technique,
as used in [9], can give the parameter values in a higher accuracy, it is

sufficient to use these simple approximations for our objective of explaining

the basic principle.

　 Fig. 3 shows the sensor voltage at Cx, which was calculated from the

electrostatic coupling model in Fig. 1. As can be seen, the sensor voltage is

the largest when the human arm is just over the sensor. This is because

when the human touch the transmitter, the signal from Tx propagates

along the arm so that the electric potential of the arm varies and the

electric field around the arm becomes larger than that in the absence of the

arm. This feature results in a larger voltage at the sensor when the arm is

just over the sensor. As the arm separates from the sensor, the detected

voltage will decrease. In such a way, we can know whether the arm

approaches from the sensor direction.

Table I. Parameters in the electrostatic coupling model.
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3 Simulation

To examine the feasibility of the detection system, we conducted a

simulation for the system model in Fig. 1 by using the FDTD method. The
system model was composed of 5-mm voxel cells. The plastic plate was

assumed to have a relative permittivity of 4 and a conductivity of zero. The
human arm was assumed as muscle with a conductivity of 0.64 S/m and a

relative permittivity of 160. We calculated the voltages at the three sensors

when the human arm approached to the transmitter from 0 degree to 360

degrees, in an inclination angle of 30 degrees with respect to the horizontal

plane. Fig. 4 shows an example of FDTD-simulated electric field

distribution when the human arm is touching the transmitter Tx in a

specific direction. The electric field distribution shows that, when the

human arm is approaching to Tx, the electric field will be increased in the

close proximity of the human arm. Consequently, the voltage detected at

the sensor closest to the human arm is the largest.

　 Fig. 5 shows the FDTD-simulated voltages at the three sensors Rx1,
Rx2 and Rx3 as a function of approaching direction from 0 degree to 360

degrees. As can be seen in (a), when the human arm is absent, the detected
voltages at all of the sensors are less than 2mV and are almost at the same

level. However, when the human arm is approaching to the transmitter

Fig. 3. Sensor voltage at Rx3 calculated from the

electrostatic coupling model.

Fig. 4. Electric field distribution when the human arm

approaches to the transmitter electrode.
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from an angle between 0 degree and 360 degrees with a 45 degree interval,
the detected smallest voltages at Rx1, Rx2 and Rx3 are about twice larger

and the detected largest voltages are about three times larger than that in

the absence of the human arm. Moreover, the largest voltage is always

detected when the sensor is closest to the approaching human arm. As

opposed to this, as the human arm separates from the sensors, the detected
voltages decrease. When the human arm has an approaching direction in

the opposite of the sensor, the detected voltage is at the smallest level.
Therefore, the approaching direction of the human arm can be determined

by comparing the magnitudes of the voltages at the three sensors as long as

they are placed at appropriate locations.

4 Experimental verification

We further conducted an experimental verification for the FDTD-
simulated results described in the previous section. Fig. 6 shows the

experimental setup of our prototype detection system. The transmitter

electrode was constituted of a differential pair of rectangle metal plates

with a similar size to the simulated one. The transmitting signal was

Fig. 5. FDTD-simulated voltages at the three sensors. (a)
in the absence of the human arm, (b) in the

presence of the human arm.

Fig. 6. Experimental setup of the prototype detection

system.
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generated by applying a 10MHz sine signal at the transmitter electrode. In
order to remove any possible influence from the earth ground through

power lines, the transmitter was operated by a button cell battery. On the

other hand, the sensor electrode also consisted of two rectangle metal plates

with a spacing of 0.3mm. The arrangement of the transmitter electrode and

the voltage sensor was referred to the FDTD simulation model in previous

section. The distance between the transmitter and the sensor was fixed at

110mm.
　 As shown in Fig. 6, the peak to peak voltage at the sensor was directly

detected by an oscilloscope. The voltages detected at the sensor were

obtained when the human arm touched the transmitter from an

approaching direction between 0 degree and 360 degrees. During the

measurement, the human arm was always touching the transmitter

electrode but changed the approaching direction with an interval of 45

degrees. Ferrite cores were used to cover the entire cable between the sensor

electrode and the oscilloscope for preventing possible leakage of electro-
magnetic radiation from it.
　 Fig. 7 shows measured results by using the prototype detection system,
where only one voltage sensor was set at the approaching direction of 270

degrees. The measured results show that the detected voltage at the sensor

is the largest when the human arm is just over the sensor electrode, i.e., in
the approaching direction of 270 degrees or the sensor direction.
Additionally, the farther the approaching direction of the human arm

detached from the sensor, the more the detected voltage decreases. The
detected voltage is always at the largest level when the approaching

direction of the human arm is identical to the sensor, and the smallest level

when the approaching direction of the human arm is opposite to the sensor.
This tendency of the experimental results fits well with the FDTD-
simulated results, although there are some discrepancies in detected voltage

levels probably due to the difference between the highly simplified human

arm model and the actual human body. In total, however, the experiment

reasonably validates the feasibility of the detection system.

Fig. 7. Measured sensor voltage with the prototype

detection system.
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5 Conclusion

As a user-machine interface application scenario, we have proposed a

system based on electrostatic coupling in HBC to detect a human arm

approaching direction. At first, we have explained the basic principle of the

detection system. Then we have demonstrated the appropriate sensor

arrangement in the detection system and the feasibility of the approaching

direction detection of the human arm by using three voltage sensors.
Finally we have experimentally validated the simulation results by using a

prototype detection system.
　 A future subject is to apply and optimize the detection system in actual

user-machine interface scenarios.
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