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Abstract

The electrical bio-impedance of tissues is useful  
for  pathological  diagnosis.  Noninvasive  estimation  
of the impedance distribution in the tissues is called  
as  electrical  impedance  tomography(EIT).  EIT  is  
able  to  image electrical  impedance distribution  in  
the tissues. The bio-electrical impedance of tumors  
are different from normal tissues. EIT will be useful  
for measuring local tissues such as breast tumors. A 
method is proposed to measure bio-impedance of a 
cross section in a local tissue with guard electrodes.  
The  guard  electrodes  confine spreading  of  
measurement  currents  to  confine  field  of  
measurement. The  objective  of  this  study  is  to  
confine  field  of  measurement  for  measuring  bio-
impedance of  a  cross  section. The effect  of  guard  
electrodes  are  examined  experimentally  changing  
the  number  of  the  electrodes.  Increase  of  guard  
electrodes  may  confine  field  of  measurement.  The  
guard  electrodes  is  adequate  for  improvement  of  
bio-impedance measurement accuracy.

1. Introduction

Breast  cancer  has  been  prevalent  cancer  in  the 
world.  Early detection of breast cancer is expected 
to  decrease  mortalities.  Electrical  impedance 
tomography  (EIT)  is  one  of  methods  for  early 
detection. EIT is able to image electrical impedance 
distribution in the tissues.  Clinical researches show 
that  the  impedance  of  tumors  is  different  from 
normal tissues[1].  EIT will be useful for measuring 
local tissues such as breast tumors. 

A  system  is  desired  which  can  measure  two-
dimensional  impedance  distribution  of  electrical 
impedance for a local  tissue non-invasively[2]. We 
try to develop the system with divide electrodes and 
guard  electrodes.  The  guard  electrodes  work  to 
confine spreading  of  measurement  currents  for 

confining field of measurement. The effect of guard 
electrodes  are  examined  experimentally  changing 
the number of the electrodes. The objective of this 
study  is  to  confine  field  of  measurement  for 
measuring  bio-impedance  of  a  cross  section  in 
measuring object.

2. Methods

2.1. Equivalent Circuit Model  

The  electrical  property  of biological  cell is 
approximately  represented  by  an  electrical  circuit 
with  three  parameters  Re,  Ri  and  Cm.  A  tissue 
circuit  model  in  Fig  1 shows mesh  block  which 
consists of the three parameters circuits. We propose 
cross-sectional model  to  measure  two-dimensional 
impedance distribution.

2.2. Measurement System

Measurement  system obtains  measurement  data 
to estimate the parameters  in  Fig 1.   Electrodes  to 
measure   impedance distribution consist  of current 
electrodes  and  voltage  electrodes,  and  guard 
electrodes.  Figure  2  shows  top  view  of  these 
electrodes placement.

Figure 3 shows the effect of the guard electrodes. 
The guard  electrodes  supply  guard  currents  to  the 
tissue.  Measuring  currents  from  the  current 

Fig 1. An equivalent circuit expressing the 
impedance distribution in a local tissue
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electrodes are confined within a cross section by the 
guard currents. The guard currents confine spreading 
of measurement currents. 

Figure 4 shows the measured cross section under 
the  measurement  electrodes.  Current  data  and 
voltage data are obtained to estimate the parameters 
of  equivalent  circuit  model  in  Fig  1.  In  this  case, 
sinusoidal  currents  I1 to  I4 with  a  frequency   areω  
applied to each current electrode and voltage V1 to 
V5 between voltage electrodes are measured. 

2.3. Impedance Estimation

Impedance  estimation  searches  appropriate 
parameters of equivalent circuit model in Fig 1. 

The  measurement  data  are  obtained  by  current 
data  and  voltage  data.  The  measurement  data  are 
denoted  by  ZDij.  Parameters  of  equivalent  circuit 
model in  Fig 1 are changed by  estimate calculation 
and is denoted by ZMij.  The error  between ZDijε  
and ZMij are difined by

2=∑
i=1

4

∑
j=1

5

∣ZM ij−ZDij∣
2 . 

An impedance parameters consist of Re, Ri and Cm 
in  Fig  1.  The  estimation  of  the  impedance 
distribution  obtain  the  parameter to satisfy  the 
following  equation  using  a  modified  Marquardt 
method[3].

ε2 → min.

2.4. Experimentation

The  effect  of  guard  electrodes  are  examined 
changing  the  number  of  the  electrodes  and  are 
verified  by  comparing  reference  parameters.  To 
obtain  a  reference  parameters  per  unit  volume,  a 
small  piece  of  radish  is  supplied  for  measurement 
using a four electrodes method.

Biological tissues consist of cells which have the 
electrical  properties in  Fig 1. A radish as phantom 
with cell structure is selected to measure impedance 
distribution of biological tissues. 

3. Results and Discussion

Table 1 shows the estimated parameter values for 
increasing the number of the guard electrode lines in 
Fig  2.  The  estimated  parameter  values  approach 
nearly asymptotically to each reference value while 
the  number  of  the  guard  electrode  lines  increases. 
The  measuring  currents  are  restrained  to  two-
dimensional a cross section by the guard currents.  

4. Conclusions

　 The  guard  electrodes  may  confine  field  of 
measurement by restraining measuring currents. As 
a  result,  the  proposed  method  have  been 
improvement  of  bio-impedance  measurement 
accuracy.  The  guard  electrodes  is  useful  for 
measuring  two-dimensional  impedance  distribution 
of  local  tissues.  As  further  work,  electrode 
placement  will  be  needed  to  be  adequate  for 
diagnosing. 
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Table 1.  The estimated parameter of radish
Model parameter

Line Re [ ]Ω Re [ ]Ω
No line 1209 357 1.48
No. 1 3118 1095 5.66

No. 1 and 2 4864 1625 3.57
No. 1,  2 and  3 6222 1896 2.62

No. 1,  2,  3 and 4 5831 1607 3.04
Reference parameter 8057 1880 1.69

Cm [nF]

Fig 2. Top view of  electrodes 
placement

Fig 4. The measurement impedance 
distribution in the cross section. Solid line 

are measuring current, dotted line are 
equipotential line.

Fig 3. The effect of the guard electrodes. 
Solid line are measuring current, dotted line 

are guard current.
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