
Effect of Nearby Human Body on WPT System
Qiaowei Yuan∗, Qiang Chen†, and Kunio Sawaya†

∗Sendai National College of Technology, Japan
†Tohoku University, Japan

Abstract—Based on the transmitting efficiency of WPT system
calculated by using s-parameters when the WPT system is
equivalent to a 2-ports lossy network [1], the effects of human
body on the transmitting efficiency of WPT system with three
different transmitting/receiving elements are further investigated
in this paper. It is found that the WPT system using the element
consisting of loop and a parasitic helical, resonant element in
other words, can prevent the reduction in the transmitting effi-
ciency from the human body, thus it is an efficient and safe choice
to us a loop with a parasitic helical as the transmitting/receiving
element.

I. INTRODUCTION
Wireless power transmitting (WPT) is interested again

because of its potential application to charge laptops, cell-
phones, household robots, MP3 players and other portable
electronics without cords [1]-[6]. The optimum load for max-
imum transmitting efficiency of WPT system was presented
when the WPT system was equivalent to a 2-ports lossy
network in [5] by present authors. The maximum transmitting
efficiency of WPT system with resonant transmitting/receiving
elements and non-resonant transmitting/receiving elements
have been analyzed and compared in [1]. It has been ob-
served that the resonant characteristic of transmitting/receiving
elements gives little impact on the maximum transmitting
efficiency when the receiving element is close to the transmit-
ting element, but affects the maximum transmitting efficiency
greatly when the receiving element is far from the transmitting
element. In this report, the effects of human body on WPT
system with three different transmitting/receiving elements
will be further investigated, and then to discuss the safety for
human bodies when WPT is near to the human bodies.

II. THREE WPT SYSTEMS
Three WPT systems used in this report are shown in Fig.

1. In type-A, a square loop D with a side length of 30 cm
is used as the transmitting element and receiving element; In
type-B, the same square loop D as type-A loaded with a 210
nF inductor is used as the transmitting element and receiving
element; In type-C, the same square loop D with a parasitic
square helical coil C is used as the transmitting element and
receiving element; All transmitting or receiving elements are
made of copper wire with the conductivity of σ = 5.8 × 107

[S/m]. The radius of all wires are 2 mm. The input impedances
of three types of elements which are used in the above three
WPT systems are compared in Fig. 2. It is found that element
in type-A system does not resonate at the concerned frequency
range, while the element used in type-B gets antiresonance and
that used in type-C gets resonance at a frequency of 19.2MHz,

respectively. Frequency of 19.2MHz will be regarded as the
operating frequency in this paper.
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Fig. 1. Three types of WPT systems.
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Fig. 2. Input impedances of three types of transmitting elements.

III. EFFICIENCIES OF WPT SYSTEMS CALCULATED BY
USING S PARAMETERS

The transmitting efficiencies of three WPT systems when
the loads are satisfied with their matching condition respec-
tively are shown in Figs. 3, 4,,where all s-parameters are
calculated by FEKO soft and the transmitting efficiency is
calculated by using

η =
|s21|

(
1− |Γl|2

)

|1− s22Γl|2 (1− |Γin|2) . (1)

where, Γl is the reflection coefficient related with the load
impedance Zl and defined as

Γl =
Zl − Z0

Zl + Z0
, (2)

and Γin is the reflection coefficient at the input port, calculated
by

Γin = s11 +
s12s21Γl

1− s22Γl
. (3)
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From Figs. 3, 4, it can be found that, no matter how the
resonance situation the transmitting/receiving element of the
WPT system is, all of the maximum transmitting efficiencies
of three WPT systems are greater than 90% when the distance
d between transmitting element and receiving element is
equivalent to 10 cm. However, when the distance d is increased
to 30 cm, the transmitting efficiency of type-A and type-B drop
to about 25%, 18%, respectively. It was explained in ?? that
the WPT system using the type-C as transmitting/receiving
elements has less reflected power at the transmitting port.
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Fig. 3. Transmitting efficiency of three WPT systems (d=0.1cm).
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Fig. 4. Transmitting efficiency of three WPT systems (d=0.3cm).

IV. EFFECT O F HUMAN BODY ON EFFICIENCIES OF WPT
SYSTEMS CALCULATED BY USING S PARAMETERS

As shown in Fig. 5, the human body has, for simplicity,
been modeled as a rectangular dielectric box with a size of

0.5 m × 0.2 m × 1.7 m. The distance between the center of
the human body and the center of the receiving element in the
y direction is denoted by s. Muscle-type dielectric material
with a relative dielectric constant of 107.2 and conductivity
of 0.67 [S/m] which are based on the body tissue dielectric
parameters published by FCC is used to represent the human
body approximately. Moreover, a perfect conducting box with
the same size of the human body is used for comparison.
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Fig. 5. WPT system near to human body.

The power transmission efficiencies of the WPT systems
near to different kinds of human bodies are compared in
Figs.6-9. In Figs. 6, 8, the distance d between transmitting
element and receiving element is 0.1 m, while the distance d
in Figs.7, 9 is 0.3m. Figs. 6, 7 are the transmitting efficiencies
when a perfect conducting human body model is used, Figs.
8, 9 are the transmitting efficiencies when a muscle-type
human body box is used. From the Figs. 6- 9, it is observed
that power transmitting efficiency is reduced when a human
body is near to the WPT system, particularly when the WPT
system using type-A or type-B transmitting/receiving element.
The reduction caused by the existence of the conducting box
is more serious than that caused by the existence of the
muscle-type human body. However, it is also observed that
the reduction caused by the conducting box or the muscle
type human body is very small in the WPT system using
type-C transmitting/receiving element. It can be explained
that the near magnetic field surrounding the type-C transmit-
ting/receiving element is much stronger than that of type-B or
type-C as shown in Figs. 10-12.

V. CONCLUSIONS

The effects of human body on the transmitting efficiency
of WPT system with three different transmitting/receiving
elements have been investigated in this paper. It has been
found that the WPT system using the element consisting of
loop and a parasitic helical can prevent the reduction in the
transmitting efficiency from the human body, thus it is more
efficient and safe choice to us a loop with a parasitic helical
as the transmitting/receiving element.
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Fig. 6. Transmitting efficiency of WPT with a conducting box (d=0.1m).
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Fig. 7. Transmitting efficiency of WPT with a conducting box (d=0.3m).
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Fig. 8. Transmitting efficiency of WPT with a muscle body (d=0.1cm).
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Fig. 9. Transmitting efficiency of WPT with a muscle body (d=0.3m).

Fig. 10. Near field of type-A.
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Fig. 11. Near field of type-B.

Fig. 12. Near field of type-C.
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