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ABSTRACT Imaging of electrical conductivity is a promising technique in biomedical field, which can
reveal the impedance distribution within the region of interest. However, the contact measurement of
traditional electrical impedance tomography (EIT) results in some challenging practical limitations on
its applications. This paper introduces a novel capacitively coupled EIT to the biomaterial/biomedical
field for resistivity imaging, and studies various aspects of this new contactless technique on practical
applications. A 12-electrode experimental phantom is developed and the corresponding computational model
is established to obtain the sensitivity matrix of the phantom. A hybrid image reconstruction method,
which combines the Tikhonov regularizationmethod and the simultaneous iterative reconstruction technique,
is introduced to solve the inverse problem. In biomedical applications, the frequency-dependent conductivity
aspect is very critical. Therefore, both the time-difference and frequency-difference imaging methods are
investigated. A background calibration approach is proposed for the frequency-difference capacitively
coupled EIT to overcome the frequency dependence of the background signal. Experiments were carried
out with three kinds of biomaterials and three backgrounds with different conductivities. Results show the
working principles and potential of the capacitively coupled EIT on biomaterial and biomedical applications.

INDEX TERMS Electrical impedance tomography (EIT), capacitively coupled EIT, biomaterial and
biomedical application, time-difference imaging, frequency-difference imaging.

I. INTRODUCTION
Electrical impedance tomography (EIT) is a non-invasive
technique that can implement imaging of the impedance dis-
tribution within a volume, either a part of human body in
biomedical application or the contents of a pipeline/vessel
in process application [1]–[5]. Since the first EIT system
was developed in 1983 by Barber et al. [6], this technique
has drawn much attention from researchers and an intensive
development of EIT has taken place in the biomedical field.
Then, in late 1980s, impedance tomography was introduced
into process tomography and a particular case of EIT termed
electrical resistance tomography (ERT) was invented, which
reconstructed the resistivity/conductivity distribution of the
sensing area [4], [7]. EIT has many advantages and the
major ones are low cost, rapid response and no radiation
hazard, which makes it a promising technique and worth
investigating.

However, according to the contact conductivity measure-
ment principle, the electrodes of EIT should be in direct

contact with the conductive medium, which certainly have
some major negative influences on measurement [8], [9].
In the medical/biomedical imaging field, one major problem
of this contact measurement approach is that the electrode-
skin contact impedance between the electrodes and the
human body (or biological specimen) will be included in the
measurements [10]–[13]. This contact impedance is usually
high and quite variable due to body surface condition and
body movement. Besides, research results show that this
contact impedance is sensitive to properties of the contact
layer, while in practical clinical experiments one usually lacks
priori knowledge of the boundary properties. So, the contact
impedance is a crucial accuracy-limiting factor. During the
past decades, many research works have been undertaken to
seek effectiveways to reduce or estimate the unknown contact
impedances. In 1993, Brown [1] used large electrodes to pro-
vide a more uniform current distribution and reduce the con-
tact impedance, and used the finite element metbod (FEM) to
model the contact impedance. In 2002, Vilhunen et al. [14]
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and Heikkinen et al. [15] proposed an approach for estimat-
ing the contact impedance of the electrodes simultaneously
with the estimation of the admittivity of the object. The
complete electrode model (CEM) without any geometrical
constraints was used in the estimation procedure. In 2008,
Kolehmainen et al. [11] proposed a novel image recon-
struction method in which the systematic errors induced by
inaccurately known boundary and contact impedances were
eliminated as part of the image reconstruction. In 2011,
Demidenko et al. [16] developed a new fast and reliable
gapZ method for the simultaneous estimation of contact
impedances and conductivity on the 2-D homogeneous disk
using the magic Toeplitz matrix. In 2012, Cardu et al. [12]
studied the dependence of the contact impedance on geomet-
rical factors and found that flat electrodes were sensitive to
changes in the outer skin layer properties related to hydration
and thickness, while spike electrodes were not. In practical
sense the contact impedance is still a major limiting factor in
medical EIT.

It is important to keep interaction and develop EIT along
similar lines in both biomedical and process tomography
fields because they may suffer from similar problems,
and the development in one can provide reference for the
other [1], [17]. As for process tomography fields, like the
multi-phase flow field, direct contact between EIT elec-
trodes and fluid also results in bad sides (electrochemical
erosion effect, polarization effect and contamination of the
electrodes), leading to unpredictable measurement errors in
the long run [7], [18]. So, at the same time, researchers
also made efforts to overcome these drawbacks [19]–[21].
In 2010, Brown et al. [2] used a typical electrical capac-
itance tomography (ECT) sensor to capture the informa-
tion of the conductivity distributions inside a pipe and
got good results in both position and size. Also in 2010,
Wang et al. [21]–[23] proposed the capacitively coupled
electrical resistance tomography (CCERT) to implement
contactless imaging of conductivity distribution based on
the capacitively coupled contactless conductivity detec-
tion (C4D) technique and then developed a specified
CCERT system for real-time measurement, which provided
reference for other research works as a new approach to
overcome the drawbacks of contact measurement.

By referring to the CCERT in process tomography,
this paper aims to study for the first time the feasibility
of this novel capacitively coupled EIT technique on bio-
material/biomedical applications to overcome the contact
impedance problem of traditional EIT. Time-difference imag-
ing at different frequencies is studied and the feasibility of
contactlessly analyzing the frequency-dependence character-
istics of the tested biomaterials (i.e. the relationship between
the conductivity of biomaterial anomaly and the excitation
frequency) is verified. Besides, frequency-difference imaging
of capacitively coupled EIT is also investigated. Frequency
dependent conductivity of biological samples is a major dif-
ference with the objects in industrial/process applications,
offering good opportunities for applications when a reference

data may not be available for the same subject. Methods con-
cerning the measurement principle, the forward problem and
the inverse problem of this work are described in Section II.
Image reconstruction results of several biomaterial samples
are presented in Section III.

II. METHODS
A. MEASUREMENT PRINCIPLE
1) PHANTOM
A 12-electrode capacitively coupled EIT phantom is devel-
oped in this work. Fig. 1(a) shows the construction of the
phantom, with 12 electrodes mounted equidistantly on the
outer periphery of the insulation pipe. When the pipe is filled
with conductive medium, for any two electrodes, the elec-
trode, the insulation pipe and the conductive medium form
two coupling capacitances [22], [23] The impedance model
of biological tissues can be modeled as a group of electronic
components. One of the simplest employs just three compo-
nents [24], as shown in Fig. 1(b). The extracellular space of
the biological tissue is represented as a resistor (Re), and the
intracellular space and the membrane are modeled respec-
tively as a resistor (Ri) and a capacitor (Cm). Both the extra-
cellular and intracellular spaces are conductive, while the
lipid membrane is an insulator. For biomedical applications,
the conductivemedium inside the sensing area is just the same
as that in biological tissues (both includes extracellular and
intracellular conductive spaces, and insulation membrane),
which means the impedance model inside the sensing area
is equivalent to the impedance model of biological tissues.
So, the equivalent circuit between any electrode pair can be
simplified as two coupling capacitances in series with the
impedance of the biological tissue, as shown in Fig. 1(c). C1 is
the coupling capacitance formed by electrode a, the insulation
pipe and the conductive medium, and C2 is that formed by
electrode b, the insulation pipe and the conductive medium.
Ri and Cm are respectively the equivalent resistance of the
intracellular space and the equivalent capacitance of the
membrane of the biological tissue between electrode a and b.

FIGURE 1. The capacitively coupled EIT phantom. (a) Construction.
(b) Impedance model of biological tissues. (c) Equivalent circuit
of an electrode pair.
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R is the equivalent resistance of the conductive background
and the extracellular space of the biological tissue. When
the AC voltage source is applied to the excitation electrode,
a current I which reflects the impedance of the sensing area
can be obtained from the detection electrode. In a measure-
ment cycle, electrode 1 is first selected as the excitation
electrode and electrode 2∼12 are selected one by one as the
detection electrode. Then, electrode 2 is to be the excitation
electrode and electrode 3∼12 are selected by turn to be the
detection electrode. Go on until electrode 11 and electrode 12
are selected as the measurement pair. So, there are
66 independent measurements for this 12-electrode phantom
in a measurement cycle In this work, only the resistance
information (real part of the current measurement) which
reflects the conductivity/resistivity information of the sensing
area is used for imaging.

2) TIME-DIFFERENCE IMAGING
Compared with absolute/static imaging, difference imaging
effectively deals with the uncertainty of the conductivity
distribution and cancels common errors by taking a reference
measurement and imaging the variation in conductivity dis-
tribution, so it is restricted to dynamic phenomena [25].

As shown in Fig. 2, time-difference means two measure-
ments are obtained at different times: one is taken as a ref-
erence when the phantom is full of homogeneous conductive
background and the other is taken when the anomaly/object
is introduced into the phantom [17]. Then, the conductivity
change between the two measurements is reconstructed as an
image. So far, time-difference imaging is widely applied to
both biomedical and industrial applications.

FIGURE 2. Measurement principle of time-difference imaging.

3) FREQUENCY-DIFFERENCE IMAGING
In medical imaging field, there are cases where time-
referenced data are not available and the application of
time-difference imaging is difficult [25]–[27]. To solve
this problem, some medical researchers attempted to use
measurements between different frequencies instead of

different times, based on the observation that the complex
conductivity spectra of numerous biological tissues show
frequency-dependent changes [17]. That’s how frequency-
difference/multi-frequency imaging showed up.

Fig. 3 shows the measurement principle of frequency-
difference imaging with measurements obtained at two fre-
quencies. Frequency-difference imaging obtains boundary
measurements under at least two frequencies and reconstructs
the image of conductivity change in the sensing area utilizing
measurement differences between chosen frequencies. Dif-
ferent materials have different conductivity spectra, so one
material can be distinguished from the other by frequency-
difference imaging.

FIGURE 3. Measurement principle of frequency-difference imaging.

B. THE FORWARD PROBLEM
1) MODEL OF THE PHANTOM
In most electrical impedance tomography applications,
the frequency of the excitation electrical signal is below
1 MHz, so the corresponding wavelength is much larger
than the phantom size. That means the sensing region of the
phantom in Fig. 1 can be regarded as a quasi-static electro-
magnetic field and the coupling effect between electric field
and magnetic field can be neglected. Besides, to simplify
the model, the fringe effect caused by the finite electrode
length is neglected. Thus, according to Maxwell’s equations,
the sensing region � of the phantom can be modeled as [22]

∇ · ((σ (x, y)+ jωε(x, y))∇φ(x, y)) = 0 (x, y) ⊆ � (1)

where, σ (x, y), ε(x, y) and φ(x, y) are the spatial conductivity,
permittivity and potential distributions. ω=2π f is the angu-
lar frequency of the excitation AC voltage source, f is the
frequency of the AC voltage source.

Then the boundary conditions are defined as
φa(x, y) = V (x, y) ⊆ 0a
φb(x, y) = 0 (x, y) ⊆ 0b
∂φc(x, y)/∂

−→n = 0 (x, y) ⊆ 0c, (c 6= a, b)

(2)
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where,V is the amplitude of the excitation AC voltage source.
01, 02, 03, . . . , 012 represent the spatial locations of the
12 electrodes. −→n denotes the outward unit normal vector.
a, b and c are the indexes of the excitation electrode, the detec-
tion electrode and the floating electrode, respectively.

2) SENSITIVITY MATRIX
Based on the established mathematical model and
FEM [28], [29], simulation work was undertaken by
COMSOL Multiphysics and MATLAB to obtain the sensi-
tivity matrix of the phantom. The sensing area of the phan-
tom was meshed into 864 triangle elements. The excitation
frequency and the amplitude of the excitation voltage source
were 500 kHz and 1 V. The conductivities of the background
and the anomaly were set to σ0=0.043 S/m and σ1=0.1 S/m,
respectively. After applying the AC voltage signal to the
excitation electrode, the ith current measurement can be
obtained on the detection electrode according to (3).

Ii =
∫
0b

Ja−bd0b (3)

where, a−b is the ith measurement electrode pair,
i = 1, 2, . . . ,m (m = 66). Ja−b is the current density
measured on the detection electrode b and 0b is the surface
area of the detection electrode. Then the resistance Ri of the
measured fluid between the two electrodes is

Ri = Re(1/Ii) (4)

In a measurement cycle, 66 electrode pairs will be selected
to obtain 66 independent measurements. The sensitivity
matrix is

S = [sij] (5)

where, sij is the sensitivity of the jth element under the
ith electrode pair (i.e. the ith independent measurement),
j = 1, 2, . . . , n. sij is defined as

sij =
∂I
∂σ
=

Re(I ji − I
0
i )

σ1 − σ0
=

1/Rji − 1/R0i
σ1 − σ0

(6)

where, I0i and R0i represent the ith current measurement
and the corresponding resistance when the pipe is full
of conductive background (σ = σ0). I

j
i and Rji are the

ith current measurement and the corresponding resistance
when the conductivity of the jth element changes from
σ0 to σ1 and the remaining elements are still kept at σ0.

C. THE INVERSE PROBLEM
The task of image reconstruction in EIT is to determine the
gray vector G in the region of interest based on the mea-
sured projection vector P and the pre-determined sensitivity
matrix S. This can be implemented by solving the following
equation [30]–[32]

P = SG (7)

where, P=[pi] is the projection vector calculated by mea-
surements, S=[sij] is the sensitivity matrix and G=[gj] is the

gray vector of the elements which reflects the conductivity
distribution of the sensing area.

It is difficult to solve the inverse problem in (7). First,
the solution is not unique because the number of variables (the
number of elements) is bigger than the number of equations
(the number of projections). Second, the problem is ill-posed,
which means the solutionG is sensitive to small perturbations
of the projection P. Besides, the EIT is a so-called soft-field
tomography, i.e. the true sensitivity matrix varies with the
actual conductivity distribution. After decades of research,
both non-iterative and iterative image reconstruction algo-
rithms have been proposed and studied to solve the inverse
problem [30]–[41].

In this work, the inverse problem is implemented by a
hybrid image reconstruction algorithm, which is the com-
bination of Tikhonov regularization and SIRT algorithm.
The Tikhonov regularization is used to obtain an approx-
imate stable solution (an initial denoised image) and then
the SIRT algorithm is used to obtain the final reconstructed
image by standard iteration [34]. The performance of this
hybrid algorithm in electrical tomography have been tested
and compared in [34] and [35]. Experimental results show
that this hybrid algorithm can obtain higher quality images
than traditional methods like filtered linear back-projection,
Tikhonov regularization and projected Landweber iteration.
Besides, research results in [34] also indicated that this hybrid
algorithm is more suitable for capacitively coupled electrical
resistance tomography.

Tikhonov regularization is one of the most commonly used
methods of solving ill-posed inverse problem and has been
applied to EIT for image reconstruction. It is a one-step
method that introduces a trade-off between actually getting
a solution to the problem and not letting the solution ||G||
getting too big [31]. So, the general form of the objective
function in Tikhonov regularization is [36], [37], [41]

Gλ = argminG ‖SG− P‖2 + λ2 ‖G‖2 (8)

where, λ is the regularization parameter that controls the
amount of regularization. The solution can be obtained by
solving the following equation:

∂F(G)
∂G

= 2ST(SG− P)+ 2λ2G = 0 (9)

where, F(G) = ‖SG− P‖2+λ2 ‖G‖2, so the solutionGλ can
be described as

Gλ = (STS + λ2In)−1STP (10)

where, In is the identity matrix.
The regularization parameter λ in this work is pre-

determined by the L-curve method. Different λ leads to dif-
ferent regularized solutions in (10). L-curve is a log-log plot
of the norm of the regularized solution versus the norm of the
corresponding residual [41]–[43]. According to the L-curves
of several tested data groups, setting the value of λ2 between
1e-3 to 5e-2 can provide better image reconstruction quality.
So, the value of λ2 is set to 5e-3.
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Simultaneous iterative reconstruction technique (SIRT) is
a commonly used method for image reconstruction in com-
puterized tomography and has been introduced to EIT as
an effective iterative method [31]–[33], [39]. During itera-
tion, SIRT calculates an average correction value for every
pixel/element in the sensing area based on all the related
projections, so it can reduce noises and get a smooth image.
Finally, SIRT can determine an optimal solution which is the
closet one to the actual solution. The detailed SIRT algorithm
is described as following.

More detailed information concerning the hybrid algo-
rithm and its performance are available in [34] and [35].

III. RESULTS
A. EXPERIMENTS
Experiments were carried out with a 12-electrode capaci-
tively coupled EIT phantom The electrode angle and the
electrode length of the phantom were 24◦ and 150 mm.
The inner and outer diameters of the phantom were
102 mm and 110 mm, respectively. An impedance analyzer
(Keysight 4990A) was used to obtain resistance measure-
ments. The amplitude of the excitation voltage of the
impedance analyzer was set to 1 V. The sweep frequency
range was set from 10 kHz to 1 MHz. Performing a new
type of the EIT directly on the patient’s body is neither
ethical nor permitted, hence many researchers undertook ini-
tial biomedical-related research works with phantoms and
biomaterial samples [25]–[27], [44]–[46]. So, in this work,
experimental materials were tap water and saline (as back-
grounds with different conductivities), and three biomaterial
samples (as anomalies: potato, carrot and cucumber). The
conductivity of the background inside the phantom was mea-
sured by the Jenway 4510 conductivity meter. The exper-
imental temperature in the laboratory is stable during the
experiments which is about 25◦C. Fig. 4 shows a photo of
the phantom.

FIGURE 4. Photo of the 12-electrode capactively coupled EIT phantom.

B. TIME-DIFFERENCE IMAGING RESULTS
1) IMAGE RECONSTRUCTION RESULTS
Table 2 shows the time-difference imaging results obtained
at frequencies of 300 kHz, 600 kHz and 900 kHz. The actual
position and size of the anomaly is represented by a circle in
red edge. As can be seen from the table, as the conductivity of

TABLE 1. SIRT algorithm.

background increases, the difficulty of imaging also increases
because the conductivity difference between the background
and the anomaly narrows. Another obvious point is that the
increase of excitation frequency can reduce the imaging diffi-
culty because of the frequency-dependence of the biomaterial
anomaly.

2) FREQUENCY-DEPENDENCE OF BIOMATERIALS
With the time-difference images, the frequency-dependence
characteristics of biomaterials are analyzed. For time-
difference imaging, the conductivity difference between the
background and the anomaly is imaged, so the obtained gray
vector represents the relative conductivity distribution of the
sensing area as relative to the conductivity of the background.

To investigate the relationship between the conductivity
of biomaterials with the excitation frequency, the average
relative conductivity of the anomaly is calculated, which is
defined as

ga =
1
Na

n∑
j=1

rjg∗j (11)
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TABLE 2. Time-difference imaging results of capacitively coupled EIT.
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where, Na is the number of elements/pixels inside the
anomaly area. g∗j and rj is the gray value and effectiveness
coefficient of the jth element. rj is defined as

rj =

{
1, ej ∈ �a

0, ej /∈ �a
(12)

where, ej is the geometry of the jth element and�a represents
the anomaly geometry.

In this work, the relationship between the average relative
conductivity of different biomaterials and the excitation fre-
quency is studied. The investigated frequency ranges from
200 kHz to 1 MHz. Fig. 5 shows the frequency-dependence
characteristics of the three biomaterial samples respectively
inside the same background (BG), which indicates that the
conductivities of all the three samples have a positive corre-
lated relationship with the excitation frequency (i.e. As the
frequency increases, the relative conductivity of the sample
goes up as well). The figure also shows that the potato sample
has a higher conductivity than the carrot sample, and the
cucumber sample has the lowest conductivity among the
three biomaterials. According to [27] and [44], the frequency-
dependence characteristics of the three biomaterial samples
shown in Fig. 5, i.e. the frequency-conductivity changing
trend and the difference between different samples, are in
accordance with the actual properties of the three bio-samples
within the tested frequency range.

FIGURE 5. Frequency-dependence characteristics of three biomaterial
samples (potato, carrot and cucumber): the relationship between the
average relative conductivity of the sample inside the background with
the conductivity of 0.043 S/m and the excitation frequency.

In addition, the relationship between the average relative
conductivity of a specified biomaterial inside different back-
grounds and the excitation frequency is also investigated.
Fig. 6 shows the frequency-dependence characteristics of a
carrot sample inside three different backgrounds with the
conductivity of 0.043 S/m, 0.068 S/m and 0.096 S/m, respec-
tively. It is shown that as the conductivity of the background
becomes higher, the relative conductivity of the sample gets
lower. Besides, the change of the background conductivity

FIGURE 6. The frequency-dependence characteristics of a carrot sample
inside three different backgrounds with the conductivity of 0.043 S/m,
0.068 S/m and 0.096 S/m respectively.

has no significant influence on the frequency-dependence
trend of the biomaterial.

C. FREQUENCY-DIFFERENCE IMAGING RESULTS
1) TRADITIONAL FREQUENCY-DIFFERENCE IMAGING
As mentioned in Section II, in frequency-difference imaging,
the difference of measurements obtained at different frequen-
cies is utilized as the projection vector, so the measurements
with only the background is not needed. The frequency-
difference imaging results in Table 3 shows that the traditional
frequency-difference imaging technique is not feasible for the
capacitively coupled EIT phantom.

TABLE 3. Traditional frequency-difference imaging results.

Finding the problem is always the key of seeking for an
effective solution, so going back to the measurements may
provide some reference.

Fig. 7 shows the background current measurements
(Fig. 7(a)) and the anomaly current measurements with a
potato inside the phantom (Fig. 7(b)) at three different fre-
quencies of 200 kHz, 500 kHz and 800 kHz. It can be
found that although there is only background (no biomaterial
anomaly in the phantom), the measurements change with the
frequency, which may be the problem.

Fig. 8 shows the difference between current measure-
ments obtained at frequency of 200 kHz and those obtained
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FIGURE 7. Current measurements obtained at three different
frequencies: 200 kHz, 500 kHz and 800 kHz, respectively.
(a) Background measurements. (b) Anomaly measurements
(with a potato sample inside the background).

at 500 kHz (i.e. the projections of frequency-difference
imaging in Fig. 3), for both the background measurements
and the anomaly measurements (with a potato inside the
background). Whether the biomaterial anomaly is inside the
phantom or not, when the frequency changes, the current
measurements change by almost the same level and in the
same trend. That means the frequency-dependence of the
background signal of the capacitively coupled EIT, includ-
ing the pipe wall and the conductive medium, outweighs
the frequency-dependence of the biomaterial anomaly.
In other words, as the frequency changes, the change of
background conductivity covers the change of anomaly
conductivity.

2) FEASIBILITY OF BACKGROUND CALIBRATION
Considering calibrating the frequency-dependence of the
background by replacing the projection vector in Fig. 3 with
the following equation:

P = (If 1 − If 0)− (I0f 1 − I
0
f 0) (13)

where, If 1 and If 0 are the anomaly measurement vectors
obtained at frequency f1 and f0, and I0f 1 and I0f 0 are the

FIGURE 8. Difference between current measurements obtained
at 200 kHz and current measurements obtained at 500 kHz.

background measurement vectors obtained at frequency f1
and f0, respectively.

Table 4 shows the frequency-difference imaging results of
capacitively coupled EITwith the calibrated projection vector
in (13).

IV. DISCUSSION
Both the time-difference and frequency-difference imaging
results are presented in Section III.

The time-difference imaging results of the capacitively
coupled EIT with biomaterial anomalies verify the feasibility
of this contactless measurement technique on biomedical
applications. Fig. 5 and Fig. 6 indicate the potential of capac-
itively coupled EIT in studying the frequency-dependence
characteristics of biomaterials and the possibility in telling
one biomaterial from the other, which is meaningful in med-
ical applications and food industry.

The frequency-difference imaging results indicate that the
background, including the pipe wall and the conductive
medium inside the pipe, also shows frequency-dependence
characteristic, which leads to the failure of direct frequency-
difference imaging. Then an approach of background cal-
ibration for the capacitively couple EIT is proposed. This
approach, like time-difference imaging, requires both the
background measurements and the anomaly measurements,
but needs measurements under at least two different frequen-
cies. The value of this approach is that better images with
more constant size of the anomaly can be reconstructed than
time-difference imaging.

The proposed background calibration in (13) requires both
the background measurements and the anomaly measure-
ments, which leads back to the problem of time-difference
imaging (there are cases where time-referenced/background
data are not available). So, further study on seeking for amore
general background calibration method which is also suitable
for cases where background measurements of the object are
not available should be undertaken in the future, either by
modeling of the frequency-dependence characteristic of the
background or by utilizing a general set of background mea-
surements to calibrate the practical anomaly measurements.
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TABLE 4. Frequency-difference imaging results after background calibration.
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V. CONCLUSION
In this work, a novel capacitively coupled EIT is introduced
to biomaterial/biomedical application and the feasibility of
capacitively coupled resistivity imaging of biomaterials is
studied. A 12-electrode capacitively coupled EIT phantom
is developed and the corresponding mathematical model is
established to solve the forward problem. With the model
and FEM, the sensitivity matrix of the phantom is obtained.
A hybrid image reconstruction algorithm, which combines
the Tikhonov regularization method and the SIRT algorithm,
is introduced to solve the inverse problem. Take the fre-
quency dependent conductivity characteristics of biomate-
rials into consideration, both time-difference imaging and
frequency-difference imaging are investigated within a fre-
quency range from 200 kHz to 1MHz. Experiments were car-
ried out with three backgrounds with different conductivities
of 0.043 S/m, 0.068 S/m and 0.096 S/m. And, three kinds
of biomaterial samples, potato, carrot and cucumber, were
selected as the anomaly. Time-difference imaging results
show the feasibility of this contactless technique on biomate-
rial and biomedical applications, and its potential in analyzing
frequency-dependence characteristics of biomaterials. Tra-
ditional frequency-difference imaging failed to get valuable
images with the capacitively coupled EIT phantom because
of an unknown frequency-dependence of the background
measurements. Then, a background calibration approach for
frequency-dependence capacitively coupled EIT is proposed
and acceptable frequency-difference images can be obtained
after calibration.

Compared with traditional EIT, this capacitively coupled
EIT can implement contactless resistivity imaging, which can
overcome the main drawbacks and limitations of traditional
EIT in biomaterial/biomedical applications, such as the con-
tamination of electrodes, the contact impedance and body
movement. This is very first work introducing the capac-
itively coupled conductivity measurement technique to the
biomaterial/biomedical EIT field using comprehensive sets of
experimental test cases the potential clinical impact should be
obvious
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