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Abstract�Intra-body Communication (IBC) is an emerging and 
interesting communication technique for Body Sensor Networks 
(BSN). It employs the human body as communication channel 
for transmitting signals in order to reduce electromagnetic 
interference and abundant cables often appeared in home health 
care devices. Currently researches, aim at developing the 
application of IBC in BSN, have been conducted by other 
researchers to demonstrate the feasibility and capabilities of IBC. 

In this paper, a preliminary two dimensional model for IBC is 
developed. This model attempts to provide insight of 
transmitting electrical signal through human body and forms a 
simple basis for developing IBC applications. Simulation results 
reveal the potential distribute in different type of biology tissues 
with different conductivities at low frequency and finally, 
experimental measurements validate the correctness of the 
model. 

Keywords—Body Sensor Networks, Intra-body communication, 
Model, Conductivity 

I. INTRODUCTION 

Body Sensor Networks (BSN), which tries to construct a 
platform for acquiring, analyzing and processing all kinds of 
physiological parameters within human body, plays an 
important role in the mobile health care. Different 
communication methods for BSN, such as Bluetooth, RF, 
Zigbee and IrDA technique, have been developed.  

Intra-body communication (IBC), which uses human body 
as the transmission medium[1], is an emerging 
communication technique for BSN. Since it employs human 
body as a “wet wire” for data channel through the electrodes 
attached to the skin, external electromagnetic noise has little 
influence and abundant cables often appeared in home health 
care devices are reduced. Moreover, high conductivity of 
human body compared to the surrounding suggests the IBC as 
a power-saving means, operating on only several mill watts of 
power. Since the first success prototype system reported by 
T.G. Zimmerman in 1995[1], the investigations of the IBC 
are mainly focused on the suitable operating frequency, 
different communication protocol, configuration of the 
electrodes, and different implementation methodologies. 
Currently, there are two types of techniques for IBC, namely: 
capacitive coupling and galvanic coupling.  

The capacitive coupling type shown in Fig.1, regards human 

body as a wire. The return path of the electrical signal is 
provided by either electrostatic coupling or air coupling to 
conductive object such as earth ground or external.[1] 
However, the quality of this transmission method is depended 
on the environments[2]; stable and reliable transmission will 
easy be compromised. Numerical model analysis of 
capacitive coupling type with Finite Difference Time Domain 
(FDTD) was also reported by K. Fujii [3]. However, due to 
the existence of skin-effect, the FDTD method is usually 
applied in the frequency range of more than several MHz and 
required further more resource for calculating model in the 
lower frequency. 

The scheme of galvanic coupling type is shown in Fig. 2. It 
treats the human body as a waveguide during transmission. A 
coupling current propagates along the human body via a pair 
of transmitter electrodes and the potential is detected by the 
receiver electrodes in other terminal differentially. The 
feasibility of this method has been demonstrated by 
experiments [2], [3-6] and application prototypes have been 
reported[2], [7]. However, according to the experiment done 
by various researchers, the attenuation of the electrical signal 
is large and conduce difficulties for receiver design. The 
problems related to measurement of channel characteristic[8], 
testing with different communication protocol[4,5] and 
prototype applications[7] have been the hot topic of 
waveguide technique. In 2007, a 3-D model analysis with the 
FE method was reported by M. Wegmueller[8]. He acquired 
the inspiration from the model successfully used in Electrical 
Impedance Tomography (EIT) and Functional Electrical 
Stimulation (FES), and supposed the arm model was 
consisted of a multiple layer column with conductivity and 
relative permittivity respectively. He reported that 20 subjects 
had been conducted with the clinical trial and the 
experimental results had the same trend approximated with 

  
Fig. 1: Circuit model of capacitive coupling 
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the model analysis. 

The present work focuses on the galvanic coupling type as 
the most promising and practical method for IBC, and 
attempts to explore a theoretical background for clarifying the 
mechanism of transmitting electrical signal through human 

body in low frequency. Maxwell Equation is simplified to the 
Laplace Equation with the quasi-static approximation. A 
preliminary two dimensional analytical model with several 
homocentric tissues is established. The conductivity of the 
body tissues, such as skin, fat and muscle are conduced into 
the model respectively to assess the distribution of potential in 
the cross section of the arm. We also present the measurement 
result on an inhomogeneous disc filled with several materials 
to validate the proposed electromagnetic model. 

II. MODEL 

In this section, the adult forearm is selected for studying the 
mechanism of current flow propagating within human body. 
The author simplifies the forearm with a 30cm long and 5cm 
in diameter column. Though our finally intention is to 
provide the insight of transmitting electrical signal within the 
column at low frequency, we firstly turn our attention to the 
idealized 2-D case, i.e. the surface of a disk with different 
conductivity as a preliminary attempt.  

The mathematical model is a forward problem based on the 
Maxwell Equations. According to [9, 10], when the 
stimulation frequency is lower than 200KHz, the permittivity 
ε of the biology tissue could be neglected via the assuming of 
quasi-static approximation. Throughout this paper Ω is 
denoted the disk br ≤ , i.e. the cross section of the column, 
and ∂Ω the boundary of the disk br = , as shown in Fig.3. 
Further, Ω is assumed as a linear conductor with the scalar 
conductivity. Using the polar coordinates, an inhomogeneous 
distributionσ is defined: 
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 The Maxwell Equation governing our problem can be 
reduced as (1) when no source within the disc: 

( ) 0       in ,σ∇⋅ ∇Φ = Ω                            (1) 

where Φ  is the potential in the circle. If the conductivity of 
the disc is constant or sectional constant, (1) would reduce to 
the Laplace Equation: 

2 0        in ∇ Φ = Ω                           (2) 

with the Dirichlet boundary conditions 

( )         on .U fθ = ∂Ω                            (3) 

 

Given the potential function ( )U θ on the boundary, the 
author attempts to find the potential distribution in the cross 
section during the IBC performing at low frequency. The 
injected signal is chosen [11] so that  

2
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The forward problem of Equation (2) can be solved 
analytically by using variable separable method in polar 
coordinates. In the region 0 r a≤ ≤  and in the 
annulus a r b≤ ≤ , equation (2) can be simplify to [12] 
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Thus the variables r andθ  are separable obviously. The 
general solutions are given as follows: 
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Considering the continuity of the potential and the current 
density at the interface 0r = and r a= , it implies the 
conditions 

( 0, ) 0r θΦ = =                                       (8) 

          1 2  a ar r
σ σ− +

∂Φ ∂Φ=
∂ ∂

                             (9) 

and     ( ) ( )a a− +Φ =Φ                      (10) 

Substituting the boundary condition (8), (9), (10) into (6) 
and (7), the follow analytical solution of this inhomogeneous 
problem with two different mediums in the disc can be 
obtained: 
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Fig. 3: The disc with different homocentric mediums  
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Fig. 2: Galvanic coupling type 
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  According to the relationship between potential Φ and 
current density J in the disc 

 
J

r
σ
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the distribution of current density could be obtained easily 
as follows: 
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Although tissues in the human body are more than two kinds 
of tissues incontestable, the proposed method could extend to 
multi-layer problem easily; provide that more compute 
resources are needed. The results of two and three tissues are 
displayed in the next section. 

III. EXPERIMENT AND RESULTS 

1) Simulations 

In the paper [12], C. Gabriel argued that the arm 
conductivity could be defined individually according to 
different tissues. The simulation experiments are assumed 
that the arm is consisted of two layer tissues (skin and muscle) 
and three layer tissues (skin, muscle and bone). The thickness 
of the skin is 0.5cm. And in the case of the three layer tissues 
the radius of the bone is 2cm. All the conductivity involved in 
the experiment is reference in Table I.  

 

And the injected potential ( )U θ  in the transmitter is 
supposed as 

 ( )
o o

o o

   3          35 35
0                     

 3           145 215 .

V
U otherwise

V

θ
θ

θ

 − ≤ ≤=  − ≤ ≤
                (15) 

Fig.4 and Fig.5 treat the arm is consisted of two layer tissues. 
Wet and dry skins are simulated respectively. Obviously, the 
skin plays an important role during the signal propagation. 
Dry skin takes more part of potential and lead to the current 
much smaller than the case of wet skin. The reason is that the 
conductivity of skin is seriously affected by the humidity of 
surrounding and skin itself. Thus the conductivity of skin is 
an important parameter toward the characteristic of body 
communication channel. On the other hand, the distribution 
of current density reveals that a large part of the current 
density concentrates around the boundary of the electrodes.  

 

 

Fig.6 and Fig.7 assume that the arm is consisted of three 
tissues: skin, muscle and bone. Compare with skin and 
muscle, the effect of bone can be neglected according to the 
distribution of potential and current density. Furthermore, the 
two layer tissues model of skin and muscle can depict a 
majority of electrical characteristic of forearm during the 
signal propagation. 

 

2) Measurements 

In order to validate the correctness of the theoretical model, 
the author designed a special set for the measurements, as 
shown in Fig.8. Considering the model is two dimensional, 

Table I: CONDUCTIVITIES OF DIFFERENT MEDIUMS AROUND 
200KHz 

Medium type 
Skin 
wet 

Skin dry  
Muscle 

transverse 
Bone 

σ (S/m) 1.1E-1 1.0E-3 3.5E-01 3.8E-2 

Medium type 
Pure 
water 

Agar Saline 
Arm 

average 

σ (S/m) 5E-3 3.65E-2 8E-1 1.95E-1  

 
Fig. 6: The distribution of potential (left) and current density (right) in the 

case that the arm is consisted of dry skin, muscle and bone. 

 
Fig. 5: The distribution of potential left and current density on the right in 

the case that the arm is consisted of wet skin and muscle. 

 
Fig. 4: The distribution of potential left and current density on the right in 

the case that the arm is consisted of dry skin and muscle. 
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the diameter of the disc should much larger than the thickness 
of the medium used for measurements. So the disc is 
designed with the diameter 30d cm= and the 
thickness 1h mm= . Two mediums are placed in the disc 
homocentric, and the interface is at 9a cm= . A pair of red 
copper electrodes is attached at the periphery of the disc for 
injecting ( )U θ supposed in (15). During the experiments, the 
potential is measured per centimeter on the diameter 
of o o0 ~ 180 and o o30 ~ 210 . 

 

 

In Fig.9, (1)(2) display the measurement results in the case 
that in the region 0 r a≤ ≤ filled with pure water and 
a r b≤ ≤  with agar, (3)(4) display the results in the case 
that 0 r a≤ ≤ filled with physiological saline 
and a r b≤ ≤ with agar. And (1) (3), (2) (4) depict the 
experiment results of the diameter of o o0 ~ 180 , o o30 ~ 210  
respectively. The results of simulation match well with the 
measurement, and further validate the reliability of the two 
dimensional theoretical model been proposed. 

4. Conclusion and Discussion 
Intra-body communication is an efficient approach for BSN. 

Aim at the open question of galvanic coupling type, the 
author proposed a preliminary two dimensional analytical 
model within the inhomogenous and homocentric disc based 
on the Maxwell Equation with certain boundary conditions. 
The distribution of potential and current density is displayed 
in order to clarify the mechanism of signal propagating within 
the human body. The humidity of surrounding and human 
skin may have an influence on the characteristic of human 
body communication channel. The inner tissues, such as bone 
and bone marrow have less influence on the propagation 
process. Thus, the model with two layer tissues has the ability 

to depict the IBC mechanism. According to the measurement 
results derived from the special experiment set, the 
authenticity of the model has been validated. 

 

Of course, the IBC model should be mostly satisfied with 
the actual shape of the body itself. Although the theoretical 
method only performs in the regular geometrical object, it 
could expose the relationship among all kinds of parameters 
in the model. However, the numerical model is an 
approximate mean after all. It is difficult to assess how the 
little variety of factor affects the results. Furthermore, a three 
dimensional electromagnetic analytical model of the human 
body with inhomogenous and homocentric tissues should be 
derived necessarily to investigate the channel model of 
human body. 

ACKNOWLEDGEMENT 

The authors would like to express their gratitude to The 
Science and Technology Development Fund of Macau and 
Research committee of University of Macau for their kind 
support. The authors also appreciate for the continuous 
support from the colleagues in Fujian Key Laboratory of 
Medical Instrumentation & Pharmaceutical Technology, 
Institute of Precision Instrument - Fu Zhou University, 
Biomedical Engineering Laboratory, Microprocessor 
Laboratory, Control and Automation Laboratory - University 
of Macau. 

REFERENCES 
[1] T. G. Zimmerman, "Personal Area Networks: Near-field intrabody 

communication," IBM Systems Journals, vol. 35, pp. 609-617, 1996. 
[2] K. Hachisuka, A. Nakata, T. Takeda, Y. Terauchi, K. Shiba, K. Sasaki, H. 

Hosaka, and K. Itao, "Development and performance analysis of an Intra-
Body Communication Device," in The 12th International Conference on 
Transducers, Solid-State Sensors, Actuators and Microsystems 2003, 
2003, pp. 1722-1725. 

[3] K. Fujii, K. Ito, and S. Tajima, "A study on the receiving signal level in 
relation with the location of electrodes for wearable devices using human 
body as a transmission channel," in IEEE Antennas and Propagation 
Society International Symposium 2003, 2003, pp. 1071-1074. 

 
Fig. 7: The distribution of potential (left) and current density (right) in the 

case that the arm is consisted of wet skin, muscle and bone. 

 
Fig. 8: The structure of the measuring system 

 
Fig. 9: Results of simulation and measurement. (1)(2) display the 
measurement results in the case that in the region 0≤r≤a filled with pure 
water and a≤r≤b with agar, (3)(4) display the results in the case that 0≤r≤a
filled with physiological saline and a≤r≤b with agar. And (1) (3), (2) (4) 
depict the experiment results of the diameter of 00~1800, 300~2100

respectively. 

276

Authorized licensed use limited to: Universidade de Macau. Downloaded on September 26, 2009 at 03:42 from IEEE Xplore.  Restrictions apply. 



[4] J. A. Ruiz, J. Xu, and S. Shimamoto, "Propagation Characteristics of 
Intra-body Communications for Body Area Networks," in 2006 3rd IEEE 
Consumer Communications and Networking conference, CCNC 2006, 
2006, pp. 509-513. 

[5] M. Wegmueller, A. Lehner, J. Froehlich, R. Reutemann, M. Oberle, N. 
Felber, N. Kuster, O. Hess, and W. Fichtner, "Measurement System for 
the Characterization of the Human Body as a Communication Channel at 
Low Frequency," in 27th Annual International Conference of the 
Engineering in Medicine and Biology Society, 2005, pp. 3502-3505. 

[6] J. A. Ruiz and S. Shimamoto, "A study on the transmission characteristics 
of the human body towards broadband intra-body communications," in 
Proceedings of the Ninth International Symposium on Consumer 
Electronics 2005 (ISCE 2005), 2005, pp. 99-104. 

[7] T. Handa, S. Shoji, S. Ike, S. Takeda, and T. Sekiguchi, "A very low-
power consumption wireless ECG monitoring system using body as a 

signal transmission medium," in 1997 International Conference on Solid 
State Sensors and Actuators, 1997, pp. 1003-1006. 

[8] M. Wegmueller, A. Kuhn, J. Froehlich, M. Oberle, N. Felber, N. Kuster, 
W. Fichtner, “An Attempt to Model the Human Body as a 
Communication Channel,” IEEE Trans. Biomed. Eng., vol. 54, pp. 1581-
1587, Oct. 2007. 

[9] R.Plonsey, R.Barr, “Electric field stimulation of excitable tissue,” IEEE 
Trans. Biomed. Eng., pp. 329-336, Apr. 1995. 

[10] Paul W G, Kotiuga P R. Electromagnetic Theory and Computation: A 
Topological Approach. New York: Cambridge University Press. 

[11] L.Fuks, M Cheney, D. Isaacson, D. Gisser, J. C. Newell, “Detection and 
imaging of electric conductivity and permittivity at low frequency,” IEEE 
Trans. Biomed. Eng., vol. 38, pp. 1106-1110, Nov. 1991. 

[12] C. Gabriel and S. Gabriel, "Compilation of the dielectric properties of 
body tissues at RF and Microwave Frequencies," 1996. 

 

277

Authorized licensed use limited to: Universidade de Macau. Downloaded on September 26, 2009 at 03:42 from IEEE Xplore.  Restrictions apply. 



 

278

Authorized licensed use limited to: Universidade de Macau. Downloaded on September 26, 2009 at 03:42 from IEEE Xplore.  Restrictions apply. 


