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(57) ABSTRACT

The present disclosure provides a method for improving
imaging resolution of electrical impedance tomography
(EIT). More specifically, the present disclosure forms virtual
electrode(s) using an electric current steering technique,
which is used to improve imaging resolution of an EIT
system without physically increasing a number of conduct-
ing electrodes. The EIT system of the present disclosure may
includes a plurality of conducting electrodes, at least one
signal generator, at least one signal receiver and at least one
electric current steering device. In other words, the present
disclosure applies both the electric current steering tech-
nique and the virtual electrode technique to EIT. Conse-
quently, imaging resolution of EIT can be improved without
physically increasing the number of conducting electrodes.
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FIG. 1A (PRIOR ART)
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current signals adjusted using a current steering
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voltage distributions corresponding (o the signal
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THREE-DIMENSIONAL ELECTRICAL
IMPEDANCE TOMOGRAPHY SYSTEM

TECHNICAL FIELD

[0001] The present disclosure relates to a method for
improving imaging resolution of electrical impedance
tomography (EIT), and more specifically, to a method for
improving imaging resolution of EIT with the electric cur-
rent steering technique.

BACKGROUND

[0002] In recent years, the development of medical imag-
ing technology enables the computed tomography (CT)
scan, magnetic resonance imaging (MRI) and positron emis-
sion tomography (PET) to generate three-dimensional (3D)
images.

[0003] Although the traditional scanning imaging tech-
niques are able to produce a two-dimensional (2D) static-
state image on an output film, a 3D image can be obtained
through numerous image scans. 3D ultrasound imaging
technology employs the similar technique. Further, in the
diagnosis of certain parts of the body, such as brain, lung and
chest, imaging technology with good resolution and reason-
able prices is required to obtain high clarity of medical
images for correctly diagnosing many diseases and conduct-
ing surgical treatment.

[0004] In addition, the electrical impedance tomography
(EIT) technique has been widely applied to the medical
imaging field. EIT has the advantages of non-invasion, low
prices, no radiation hazards, and long-term monitoring, but
has a drawback of low image resolution due to limited
number of conducting electrodes. A common method for
obtaining image data is to input an electric current to a pair
of conducting electrodes and to measure potentials gener-
ated between other pair of conducting electrodes.

[0005] U.S. Pat. No. 6,725,087 discloses data acquisition,
data processing and imaging components which are con-
nected to a communication network. Thus data acquisition,
data processing and image components within the commu-
nication network can be performed at different locations.
Moreover, a journal paper titled “A Broadband High-fre-
quency Electrical Impedance Tomography System for
Breast Imaging,” published in IEEE in February 2008,
discloses that an EIT system is able to operate in a broad-
band range (10 kHz-10 MHz) and accuracy of the imped-
ance measurement is improved by increasing frequency of
an electric current, but image resolution of the EIT system
is still unable to be improved effectively.

[0006] The current EIT techniques are shown in FIGS. 1A,
1B and 1C. Regarding an adjacent input configuration, as
shown in FIG. 1, the surrounding of a tissue structure 100 is
surrounded by a plurality of conducting electrodes 1-16 with
electrical wires. An electric current source 104 may input an
electric current into the tissue structure 100 through a
conducting electrode 1 on the surrounding of the tissue
structure 100, and there is an outflow of the electric current
from a conducting electrode 3 on the surrounding of the
tissue structure 100. A conductive target 102 generates
certain electrical characteristics due to electric fields. Each
conducting electrode has a corresponding equi-potential
108. A voltage measuring device 106 is used for measuring
impedance within the tissue structure 100 and performing
the reconstruction and display of the image of the conduc-
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tive target 102 in the tissue structure 100. For example, the
voltage measuring device 106 is connected to the conducting
electrodes 6, 8, and measures impedance through the con-
ducting electrodes 6 and 8. Typically, the voltage measuring
device 106 is connected to some or all of the conducting
electrodes 1-16 and measures impedance through these
conducting electrodes. After the impedance measurements
are completed, the reconstruction and display of the image
of the conductive target 102 is performed. In addition, a
cross input configuration method, as shown in FIG. 1B, is
used for connecting an electric current source 104 with the
conducting electrodes 1, 5 and measuring voltage through
the conducting electrodes 2-4 and 6-16. The process of the
cross input configuration method may be repeated. More-
over, an opposite input configuration method, as shown in
FIG. 1C, is used for connecting the electric current source
104 with the conducting electrodes 1 and 9 and measures
voltage through the conducting electrodes 2-8 and 10-16.
The process of the opposite input configuration method may
be repeated.

[0007] It can be seen that the current EIT techniques can
be applied to imaging the internal structure of biological
tissue or a body in great need of the lengthy measurement
process. Even though the lengthy measurement process is
performed, an image with high resolution still cannot be
improved. However, resolution of an EIT image can be
improved by dense allocation of conducting electrodes and
physically increasing the number of conducting electrodes.

SUMMARY

[0008] In light of the foregoing drawbacks, an objective of
the present disclosure is to provide a method for rapidly and
effectively improving imaging resolution of electrical
impedance tomography (EIT), thereby increasing accuracy
of clinics and surgery, and overcoming the drawback of the
current EIT techniques without sufficient imaging resolu-
tion.

[0009] In accordance with the above and other objectives,
the present disclosure provides a method for improving
imaging resolution of electrical impedance tomography
(EIT) using a plurality of conducting electrodes on the
surrounding of or inside a tissue structure, comprising the
following steps of: inputting an electric current into the
tissue structure through at least two of the plurality of
conducting electrodes, and outputting the electric current
from at least other one of the conducting electrodes; forming
a virtual electrode between the at least two of the plurality
of conducting electrodes by applying an electric current ratio
to control the electric current using an electric current
steering device; measuring an electric potential using at least
two of the plurality of conducting electrodes, except these
conducting electrodes for inputting and outputting the elec-
tric current, to obtain electric current and electric potential
distributions corresponding to the plurality of conducting
electrodes and the virtual electrode in the tissue structure;
and performing an image conversion processing according
to the electric current and electric potential distributions to
profile an image of a specific region in the tissue structure.
[0010] Moreover, the present disclosure further provides a
method for improving imaging resolution of electrical
impedance tomography (EIT) using a plurality of conduct-
ing electrodes on the surrounding of or inside a tissue
structure, comprising the following steps of: inputting an
electric current into the tissue structure through at least one
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of the plurality of conducting electrodes, and outputting the
electric current from at least other two of the plurality of
conducting electrodes; forming a virtual electrode between
the at least two of the plurality of conducting electrodes for
applying an electric current ratio to control the electric
current using an electric current steering device; measuring
an electric potential using at least two of the plurality of
conducting electrodes, except these conducting electrodes
for inputting and outputting the electric current, to obtain
electric current and electric potential distributions corre-
sponding to the plurality of conducting electrodes and the
virtual electrode in the tissue structure; and performing an
image conversion processing according to the electric cur-
rent and electric potential distributions to profile an image of
a specific region in the tissue structure.

[0011] Furthermore, the present disclosure also provides a
method for improving imaging resolution of electrical
impedance tomography (EIT) using a plurality of signal
electrodes on the surrounding of or inside a tissue structure,
comprising the following steps of: inputting an electric
current into the tissue structure through at least two of the
plurality of conducting electrodes, and outputting the elec-
tric current from at least other two of the conducting
electrodes; forming a virtual electrode between the at least
two of the plurality of conducting electrodes for applying an
electric current ratio to control the electric current using an
electric current steering device; measuring an electric poten-
tial using at least two of the plurality of conducting elec-
trodes, except these conducting electrodes for inputting and
outputting the electric current, to obtain electric current and
electric potential distributions corresponding to the plurality
of conducting electrodes and the virtual electrodes in the
tissue structure; and performing an image conversion pro-
cessing according to the electric current and electric poten-
tial distributions to profile an image of a specific region in
the tissue structure.

[0012] In addition, the present disclosure further provides
a 3D EIT system, comprising: a plurality of conducting
electrode devices, wherein each conducting device has a
plurality of conducting electrodes; a tissue structure is
located between the plurality of conducting electrode
devices; an electric current is inputted into the tissue struc-
ture by at least two of the plurality of conducting electrode
devices during performing EIT; an electric current ratio is
adjusted and applied to control the electric current for
profiling a 3D image of the tissue structure. The plurality of
conducting electrode devices comprises the plurality of
conducting electrodes in a ring manner.

[0013] Compared to prior art, the present disclosure not
only increases a number of virtual electrodes using the
electric current steering technique, but also applies the
image conversion processing to profile an image of the
tissue structure based on electric current and electric poten-
tial distributions, which are obtained by measuring electric
current and electric potential through conducting electrodes
and the number of virtual electrodes. A tissue structure
image with high resolution can be obtained rapidly and
effectively without physically increasing the number of
conducting electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present disclosure can be more fully under-
stood by reading the following detailed description of the
preferred embodiments, with reference made to the accom-
panying drawings, wherein:
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[0015] FIGS. 1A-1C are 2D schematic diagrams depicting
the existing electrical impedance tomography (EIT) tech-
niques;

[0016] FIG. 2A is a flowchart illustrating a method for

improving imaging resolution of EIT according to the first
embodiment of the present disclosure;

[0017] FIG. 2B is a flowchart illustrating a method for
improving imaging resolution of EIT according to the sec-
ond embodiment of the present disclosure;

[0018] FIG. 2C is a flowchart illustrating a method for
improving imaging resolution of EIT according to the third
embodiment of the present disclosure;

[0019] FIG. 3 is a cross sectional diagram depicting a
plurality of conducting electrodes attached to the surround-
ing of a tissue structure according to the present disclosure;
[0020] FIG. 4 is a cross sectional diagram depicting a
composite probe with a plurality of conducting electrodes
forming an electrode array inserted in a tissue structure
according to the present disclosure;

[0021] FIGS. 5A-5D are schematic diagrams illustrating a
virtual electrode formed between the plurality of conducting
electrodes for inputting an electric current by an electric
current steering device according to the first embodiment of
the present disclosure;

[0022] FIGS. 6A-6C are schematic diagrams illustrating a
virtual electrode formed between the plurality of conducting
electrodes for outputting an electric current by an electric
current steering device according to the second embodiment
of the present disclosure; and

[0023] FIGS. 7A-7D are schematic diagrams illustrating
virtual electrodes formed between the plurality of conduct-
ing electrodes for both inputting and outputting an electric
current by an electric current steering device according to
the third embodiment of the present disclosure.

[0024] FIG. 8A is a schematic diagram illustrating virtual
electrodes formed between the plurality of conducting elec-
trodes according to one of the embodiments of the 3D EIT
system of the present disclosure.

[0025] FIG. 8B is a schematic diagram illustrating the 3D
EIT system according to one embodiment of the present
disclosure.

[0026] FIG. 8C is a schematic diagram illustrating the 3D
EIT system according to another embodiment of the present
disclosure.

DETAILED DESCRIPTION

[0027] The present disclosure is described by the follow-
ing specific embodiments. Those with ordinary skills in the
arts can readily understand the other advantages and func-
tions of the present disclosure after reading the disclosure of
this specification. The present disclosure can also be imple-
mented with different embodiments. Various details
described in this specification can be modified based on
different viewpoints and applications without departing
from the scope of the present disclosure.

[0028] The present disclosure provides a method for
improving imaging resolution of electrical impedance
tomography (EIT) using a plurality of conducing electrodes
on the surrounding of or inside a tissue structure. FIG. 2A
illustrates a flowchart of the method for improving imaging
resolution of EIT according to the first embodiment of the
present disclosure. A virtual electrode is formed between the
plurality of conducting electrodes for inputting an electric
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current by an electric current steering device according to
the first embodiment of the present disclosure, as shown in
FIGS. 5A-5C.

[0029] As shown in FIG. 2A, the method begins with step
S21a of inputting an electric current into the tissue structure
100 through at least two of the plurality of conducting
electrodes, and outputting the electric current from at least
other one of the plurality of conducting electrodes. In one
embodiment of the present disclosure, the plurality of con-
ducting electrodes are microelectrodes forming an electrode
array. Moreover, the tissue structure 100 is a brain, a neck
region or a chest region.

[0030] Specifically, in step S21a, the plurality of conduct-
ing electrodes may be arranged adjacently, or in different
manners on the surrounding of or inside the tissue structure
100, as shown in FIGS. 5A-5C. In FIG. 5A, an electric
current is inputted into the tissue structure 100 through the
adjacent conducting electrodes 1, 16; and the conducting
electrode 3 outputs the electric current. An electric current
may also be inputted into the tissue structure 100 through the
adjacent conducting electrodes 2, 3; and the conducting
electrode 6 outputs the electric current, as shown in FIG. 5B.
In addition, FIG. 5C shows that an electric current may also
be inputted into the tissue structure 100 through the adjacent
conducting electrodes 2, 3; and the conducting electrode 10
outputs the electric current. In an example of the present
disclosure, the electric current can be generated by an
electric current source 104.

[0031] Subsequently, in step S22a, an electric current ratio
may be applied to control electric current using an electric
current steering device; and a virtual electrode is formed
between the at least two of the plurality of the conducting
electrodes for inputting electric current.

[0032] In one example of the present disclosure, the elec-
tric current steering device is connected with the electric
current source 104; and the electric current ratio may be
between 0%-100%. For example, in FIG. 5A, an electric
current ratio may be expressed as al:(1-a)l, and is applied
to the conducting electrodes 1, 16; wherein [ is the electric
current source 104 and o is a variable of the electric current
ratio. Consequently, a virtual electrode is located between
the conducting electrodes 1, 16. In another example of the
present disclosure, in FIG. 5B, an electric current ratio may
be expressed as al:(1-a)l, and is applied to the conducting
electrodes 2, 3. A virtual electrode is located between the
conducting electrodes 2, 3. In a further example of the
present disclosure, an electric current ratio may also be
expressed as al:(1-a)l, and is applied to the conducting
electrodes 2, 3. A virtual electrode is also located between
the conducting electrodes 2, 3. The electric current ratio may
be adjusted; for example, the electric current ratio 50%:50%,
or other electric current ratios. Additionally, a virtual elec-
trode is formed between two conducting electrodes which
are used for inputting two electric currents based on the
electric current ratio. For example, a virtual electrode v is
shown in FIG. 5A. For simplicity, the virtual electrode v is
shown only in FIG. 5A. Further, if more than two conducting
electrodes are used, such as three conducting electrodes, an
electric current ratio may be expressed as al:pI:(1-a—f)I, as
shown in FIG. 5D.

[0033] In step S23a, an electric potential is measured
using at least two of the plurality of conducting electrodes,
except these conducting electrodes for inputting and output-
ting the electric current, to obtain electric current and
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electric potential distributions corresponding to the plurality
of conducting electrodes and the virtual electrodes in the
tissue structure 100.

[0034] In one embodiment of the present disclosure, the
electric current and electric potential distributions corre-
sponding to the plurality of conducting electrodes can be
obtained by a signal receiver in order to analyze impedance
between the plurality of conducting electrodes.

[0035] Afterwards, in step S24a, an image conversion
processing is performed to profile an image for a specific
region in the tissue structure 100 according to the electric
current and electric potential distributions. Moreover, it
should be noted that electric current, electric potential and
impedance characteristics may be analyzed prior to perform-
ing the image conversion processing. The image of the tissue
structure can be profiled based on matching the model
parameters to the impedance characteristics. In practice, the
image conversion processing may be performed by math-
ematical computing software and model parameters match-
ing; mathematical computing software may be MATLAB.
An image with high resolution can be profiled due to
sufficient impedance characteristics obtained by a number of
virtual electrodes (which are formed between the plurality of
conducting electrodes).

[0036] FIG. 2B illustrates a flowchart of the method for
improving imaging resolution of EIT according to the sec-
ond embodiment of the present disclosure. In addition, a
virtual electrode is formed between the plurality of conduct-
ing electrodes for outputting an electric current by an
electric current steering device according to the second
embodiment of the present disclosure, as shown in FIGS.
6A-6C.

[0037] The method begins with step S215 of inputting an
electric current into the tissue structure 100 through at least
one of the plurality of conducting electrodes, and outputting
the electric current from at least other two of the plurality of
conducting electrodes.

[0038] In step S22b, an electric current ratio may be
applied to control an electric current using an electric current
steering device; and a virtual electrode is formed between
the at least two of the plurality of the conducting electrodes
for outputting electric current.

[0039] More specifically, similar to the arrangement of the
plurality of conducting electrodes in steps S21a, S22q, the
plurality of conducting electrodes may be arranged adja-
cently, or in different manners on the surrounding of or
inside the tissue structure 100. As shown in FIG. 6A, an
electric current is inputted into the tissue structure 100
through the conducting electrode 1; and the conducting
electrodes 3, 4 output the electric current with an electric
current ratio al:(1-a)l. In another example, as shown in
FIG. 6B, an electric current is inputted into the conducting
electrode 2; and the conducting electrodes 6, 7 output the
electric current with an electric current ratio al:(1-a)l. In a
further example, as shown in FIG. 6C, an electric current is
inputted into the conducting electrode 2; and the conducting
electrodes 9, 10 output the electric current with an electric
current ratio al:(1-a)l. The electric current ratio al:(1-a)l
may be expressed as (1-a)l:al. Consequently, a virtual
electrode may be located in different positions between the
conducting electrodes 3, 4, as shown in FIG. 6A, due to
varying the variable o of the electric current ratio. Moreover,
a virtual electrode may be located in different positions
between the conducting electrodes 6, 7, as shown in FIG.
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6B, due to varying the variable a of the electric current ratio.
As shown in FIG. 6C, a virtual electrode may also be located
in different positions between the conducting 9, 10 due to
varying the variable o of the electric current ratio.

[0040] In step S23b, an electric potential is measured
using at least two of the plurality of conducting electrodes,
except these conducting electrodes for inputting and output-
ting the electric current, to obtain electric current and
electric potential distributions corresponding to the plurality
of conducting electrodes and the virtual electrodes in the
tissue structure 100. More specifically, in one example, as
shown in FIG. 6A, the conducting electrodes 1 is used for
inputting an electric current and the conducting electrodes 3,
4 are used for outputting the electric current, but at least two
of the plurality of conducting electrodes not used for input-
ting or outputting electric current are used for the measure-
ment by a signal receiver. In another example, as shown in
FIG. 6B, the conducting electrode 2 is used for inputting an
electric current and the conducting electrodes 6, 7 are used
for outputting the electric current, but at least two of the
plurality of conducting electrodes not used for inputting or
outputting electric current are used for the measurement by
a signal receiver. In a further example, the conducting
electrode 2 is used for inputting an electric current and the
conducting electrodes 9, 10 are used for outputting the
electric current, but at least two of the plurality of conduct-
ing electrodes not used for inputting or outputting electric
current are used for the measurement by a signal receiver, as
shown in FIG. 6C.

[0041] Afterwards, in step S24b, an image conversion
processing is performed to profile an image for a specific
region in the tissue structure 100 according to the electric
current and electric potential distributions. More specifi-
cally, the image conversion processing may be performed by
mathematical computing software and model parameters
matching.

[0042] According to the present disclosure, the second
embodiment is different from the first embodiment since a
virtual electrode is formed between at least two of the
plurality of conducting electrodes for outputting the electric
current.

[0043] FIG. 2C shows a method for improving imaging
resolution of EIT using a plurality of conducting electrodes
on the surrounding of or inside a tissue structure. In addition,
FIGS. 7A-7C show that a virtual electrode is formed
between the plurality of conducting electrodes for inputting
an electric current by an electric current steering device
according to the third embodiment of the present disclosure.
[0044] The method begins with step S21c¢ of inputting an
electric current into the tissue structure 100 through at least
two of the plurality of conducting electrodes, and outputting
the electric current from at least other two of the plurality of
conducting electrodes.

[0045] In step S22¢, an electric current ratio may be
applied to control an electric current using an electric current
steering device; and a virtual electrode is formed between
the at least two of the plurality of conducting electrodes for
inputting electric current and another virtual electrode is also
formed between the at least two of the plurality of conduct-
ing electrodes for outputting electric current.

[0046] Specifically, in steps S21c¢, S22¢, the plurality of
conducting electrodes may be arranged adjacently, or in
different manners on the surrounding of or inside the tissue
structure 100. As shown in FIG. 7A, an electric current
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divided in the electric current ratio al:(1-a)l is inputted into
the tissue structure through the conducting electrodes 1, 16;
and the conducting electrodes 3, 4 output the electric current
in the electric current ratio $1:(1-)I. Consequently, a virtual
electrode is formed between the conducting electrodes 1, 16;
and another virtual electrode is formed between the con-
ducting electrodes 3, 4. In another example, as shown in
FIG. 7B, an electric current divided in the electric current
ratio al:(1-a)l is inputted into the tissue structure through
the conducting electrodes 2, 3; and the conducting elec-
trodes 6, 7 output the electric current in the electric current
ratio PL:(1-p)L. In a further example, as shown in FIG. 7C,
an electric current divided in the electric current ratio
al:(1-a)I is inputted into the tissue structure through the
conducting electrodes 2, 3; and the conducting electrodes 9,
10 output the electric current in the electric current ratio
pI:(1-p)I. The input electric current ratio can be expressed
as al:(1-a)I or (1-o)l:al; and the output electric current
ratio can be expressed as pl:(1-p)I or (1-P)I:B1. The value
of the variable o can be the same as the value of the variable
P, or different from the value of the variable . Moreover, a
virtual electrode may be located in different positions
between the conducting electrodes 1, 16; and another virtual
electrode may also be located in different positions between
the conducting electrodes 3, 4 due to varying the variables
a, B, as shown in FIG. 7A. As shown in FIG. 7B, a virtual
electrode may be located in different positions between the
conducting electrodes 2, 3; and another virtual electrode
may also be located in different positions between the
conducting electrodes 6, 7 due to varying the variables a, 3.
In addition, as shown in FIG. 7C, a virtual electrode may be
located in different positions between the conducting elec-
trodes 2, 3; and another virtual electrode may also be located
in different positions between the conducting electrodes 9,
10 due to varying the variables c., f3.

[0047] In step S23¢, an electric potential is measured
using at least two of the plurality of conducting structures,
except theses conducting electrodes for inputting and out-
putting the electric current, to obtain electric current and
electric potential distributions corresponding to the plurality
of conducting electrodes and the virtual electrodes in the
tissue structure 100. More specifically, in one example, as
shown in FIG. 7A, the conducting electrodes 1, 16 are used
for inputting an electric current and the conducting elec-
trodes 3, 4 are used for outputting the electric current, but at
least two of the plurality of conducting electrodes not used
for inputting or outputting electric current are used for the
measurement by a signal receiver. In another example, as
shown in FIG. 7B, the conducting electrodes 2, 3 are used
for inputting an electric current and the conducting elec-
trodes 6, 7 are used for outputting the electric current, but at
least two of the plurality of conducting electrodes not used
for inputting or outputting electric current are used for the
measurement by a signal receiver. In a further example, the
conducting electrodes 2, 3 are used for inputting an electric
current and the conducting electrodes 9, 10 are used for
outputting the electric current, but at least two of the
plurality of conducting electrodes not used for inputting or
outputting electric current are used for the measurement by
a signal receiver.

[0048] Afterwards, in step S24¢, an image conversion
processing is performed to profile an image for a specific
region in the tissue structure 100 according to the electric
current and electric potential distributions. More specifi-
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cally, the image conversion processing may be performed by
mathematical computing software and model parameters
matching.

[0049]  Accordingly, according to the third embodiment of
the present disclosure, an electric current divided in the
electric current ratio (1-a)l:al is inputted into the tissue
structure through the conducting electrodes 1, 2; and the
conducting electrodes 16, 3 output the electric current in the
electric current ratio (1-p)I:fI as shown in FIG. 7D. A
virtual electrode may be located in any positions between
the conducting electrodes 1, 2 to increase accuracy of the
position of the virtual electrode.

[0050] It can be seen that the third embodiment of the
present disclosure is different from the first and the second
embodiments since a virtual electrode is formed between at
least two of the plurality of conducting electrodes for
inputting an electric current; and another virtual electrode is
also formed between at least two of the plurality of con-
ducting electrodes for outputting the electric current.
[0051] Further, the present disclosure can be more fully
understood by reading the following detailed description
with reference made to the accompanying drawings.
[0052] FIG. 3 shows a cross sectional diagram depicting a
plurality of conducting electrodes 301 attached to the sur-
rounding of a tissue structure 305 according to the present
disclosure. FIG. 4 shows a cross sectional diagram depicting
a composite probe with a plurality of conducting electrodes
303 forming an electrode array inserted in the tissue struc-
ture 305 according to the present disclosure;

[0053] As shown in FIG. 3, the plurality of conducting
electrodes 301 is attached to the surrounding of the tissue
structure 305. A specific region 307 is located inside the
tissue structure 305. An integrated wire 309 connects a
plurality of conducting electrodes 301 to a signal generator
311 (as an electric current source), an electric current
steering device 313 (as an electric current ratio controller)
and a signal receiver 315 (for measuring an electric poten-
tial). At least two of the plurality of conducting electrodes
301 are used for inputting or outputting an electric current
according to the first, the second and the third embodiments
of the present disclosure. Certainly, the plurality of conduct-
ing electrodes used for inputting or outputting an electric
current, or measuring an electric potential may be varied
according to various different measurements.

[0054] Furthermore, as shown in FIG. 4, in one embodi-
ment of the present disclosure, a composite probe with a
plurality of conducting electrodes 303 arranged in an elec-
trode array inserted in a tissue structure 305. A specific
region 307 is located inside the tissue structure 305. An
integrated wired 309 connects the composite probe to a
signal generator 311 (as an electric current source), an
electric current steering device 313 (as an electric current
ratio controller) and a signal receiver 315 (for measuring an
electric potential). At least two of the plurality of conducting
electrodes 303 within the composite probe are used for
inputting or outputting an electric current according to the
first, the second and the third embodiments of the present
disclosure. The plurality of conducting electrodes of the
composite probe used for inputting or outputting an electric
current or measuring electric potential may be varied
according to various different measurements.

[0055] Any image reconstruction method can be applied to
the image conversion processing of the present disclosure,
selectively uses discrete vector data by measuring discrete
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values from conducting electrodes. For example, for N
conducting electrodes, N(N-1)/2 independent boundary
measurements are required (if some input conducting elec-
trodes are not used, the number of measurements will be less
than this). The reconstructed image will include a set of
discrete pixels, and two sets of measurements may easily
represent through matrix transformation, the relationship
between the vector of the transfer impedance z and the
image vector of the conductivity ¢, as indicated by formula
(1): z=T(c)c. More specifically, transfer impedance is the
measured electric potential divided by the applied electric
current between a pair of conducting electrodes (or between
a conducting electrode and a normal reference point). Gen-
erally, a matrix T depends on the distribution of the con-
ductivity and the applied electric current or electric poten-
tial. The distribution of the conductivity can be computed
using the improved Newton-Raphson method. In the kth
stage, that is, in the iteration process, the conductivity
related to the boundary electric potential can be obtained by
formula (2): v=F(c).

[0056] Then, based on formula (3): ¢**'=c*+Ac, an esti-
mation of the (k+1)” conductivity can be computed, wherein
Ac={[F'(cOF(H}F'(cHF(c)—v,], and v, is the Jacobian
matrix [F'],=df/d, of the measure electric potential and
F'(C%). The above algorithm provides a good initial estima-
tion of the conductivity, and ensures a sufficient conver-
gence. In addition, the above algorithm can actually be
applied using highly efficient finite elements to calculate
forward transformation and direct differentiation of the
Jacobian matrix mainly involving the inverse matrix of
{[F'(c®)]F'(ch} and the essential normalization technique,
which are not further described herein.

[0057] In addition, the method for improving imaging
resolution of EIT can further be applied to other related
fields, such as deep brain stimulation, spinal cord stimula-
tion, vagus nerve stimulation, cochlear implants, retinal
prosthesis, breast cancer detection and lung ventilation
monitor. In other words, the abovementioned tissue structure
may be a brain, cochlea, spinal cord, a neck region or a chest
region.

[0058] Besides, the current EIT technology can also be
applied prior to performing steps S21a, S215, S21¢. More
specifically, measurements of the electric potential may be
performed prior to performing steps S21a, S21b, S21c,
according to FIG. 1A, 1B or 1C of the present disclosure.
Then, the subsequent measurements can be completed based
on virtual electrodes formed, according to the method of the
present disclosure. Consequently, an EIT image with high
resolution and accuracy can be improved.

[0059] Moreover, the present disclosure further provides a
3D EIT system. A schematic diagram illustrating virtual
electrodes formed between the plurality of conducting elec-
trodes is shown in FIG. 8A, according to the 3D EIT system
of the present disclosure.

[0060] In one embodiment, as shown in FIG. 8A, the 3D
EIT system 400 comprises a plurality of conducting elec-
trode devices, such as two conducting electrode devices 41,
42, of which each conducting device has a plurality of
conducting electrodes, such as six conducting electrodes
1-6; a tissue structure 101 is located between the plurality of
conducting electrode devices 41, 42. More specifically, the
plurality of conducting electrode devices comprises the
plurality of conducting electrodes in a ring manner.
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[0061] Referring to FIG. 8B, a schematic diagram of the
3D EIT system is illustrated according to the present dis-
closure. The tissue structure 101 is located between the
plurality of conducting electrode devices 41, 42. Each
electrode device or 2D electrode array consists of electrode
1-10, as shown in FIG. 8B, and can be considered as similar
to FIG. 1A. An electric current divided in the electric current
ratio (1-y)LI:yl is inputted into the tissue structure by the
conducting electrode devices 41, 42.

[0062] Inother words, an electric current (1-y)I is inputted
into the tissue structure by the conducting electrode device
41 while another electric current yI is also inputted into the
tissue structure by the conducting electrode device 42. In
addition, a virtual electrode device is located between the
conducting electrode devices according to the electric cur-
rent ratio. For example, as shown in FIG. 8A, a virtual
electrode device v2 is located in the middle of the conduct-
ing electrode devices 41, 42 while the value of the variable
vy is 0.5. In another example, as shown in FIG. 8A, a virtual
electrode device vl is located in the upper quarter between
the conducting electrode devices 41, 42 while the value of
the variable v is 0.25. In a further example, as shown in FIG.
8A, a virtual electrode device v3 is located in the lower
quarter between the conducting electrode devices 41, 42.
[0063] Referring to FIG. 8A, an image of the specific
region in the tissue structure 101 is profiled by the conduct-
ing electrode devices 41, 42. More specifically, five images
of the tissue structure 101 can be profiled by the virtual
electrode devices v1, v2, v3 and the conducting electrode
devices 41, 42 based on three different electric current ratios,
as shown in the 3D EIT system of FIG. 8A.

[0064] Subsequently referring to FIG. 8C, a schematic
diagram of a 3D EIT system is illustrated according to
another embodiment of the present disclosure. A 3D EIT
system having four conducting electrode devices or four
layers of 2D electrode array 41, 42, 43, 44 is provided. Four
2D EIT images can be obtained by the four conducting
electrode devices or four layers of 2D electrode array 41, 42,
43, 44. In addition, nine 2D EIT images can be obtained by
three pairs of neighboring electrode devices (41 and 42, 42
and 43, 43 and 44), while the values of the variable y are set
to be 0.25, 0.5 and 0.75. Therefore, a 3D EIT image of the
tissue structure 101 can be obtained based on the thirteen
EIT images of the tissue structure 101.

[0065] A 3D EIT image of the tissue structure 101 can
further be obtained based on the thirty EIT images of the
tissue structure 101, which is completed by the conducting
electrode devices or layers of electrode arrays 41, 42, 43, 44
while the values of the variable y are setto be 0, 0.1, 0.2, 0.3,
04,0.5,0.6,0.7,0.8, 09 and 1.

[0066] Accordingly, referring to FIGS. 8A-8C, the con-
ducting electrode devices may be arranged adjacently or in
different manners on the surrounding of or inside the tissue
structure. A 3D EIT image can be obtained by the plurality
of 2D images based on adjusting an electric current divided
in different electric current ratios.

[0067] Consequently, current steering techniques, as illus-
trated from FIGS. 1-7, can be applied to set up with multiple
levels 2D electrode arrays (as illustrated in FIG. 8C) in order
to generate 3D EIT images.

[0068] Two other imaging techniques are also available
for imaging the biological tissue structure, such as electrical
resistivity tomography (ERT) and electrical resistivity imag-
ing (ERI) except EIT. ERI is a technique for imaging surface
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structures from impedance measurements made by conduct-
ing electrodes, similar to EIT. In addition, electrical capaci-
tance tomography (ECT) is another imaging technique for
dielectric permittivity measurements. Imaging resolution of
ERT or ECT can be improved by an electric current steering
technique. ERT and ECT may be applied to pipe fluid flow
monitoring, imaging/monitoring underground, or imaging/
monitoring fluid flow inside pipes. According to the embodi-
ments of the present disclosure, the electric current steering
technique is incorporated with EIT in order to enhance
imaging resolution of the 3D EIT system. The electric
potential distribution and electric current flow can be
adjusted by the electric current steering technique. More-
over, a specific area in the body can be observed with high
resolution without physically increasing the number of con-
ducting electrodes. In other words, a virtual electrode is
formed between at least two of the plurality of conducting
electrodes by applying the electric current ratio to control
electric current using an electric current steering device. An
electric potential using at least two of the plurality of
conducting electrodes, except these conducting electrodes
for inputting and outputting electric current, to obtain elec-
tric current and electric potential distributions corresponding
to the plurality of conducting electrodes and the virtual
electrode in the tissue structure. Imaging conversion pro-
cessing is performed according to the electric current and
electric potential distributions to profile an image for the
specific region in the tissue structure.

[0069] Further, regarding the applications of ERT, ERT
can be applied to interface detection. For example, ERT can
be used in the interface detection between fluid and solid,
and also includes shape detection of the interface between
fluid and solid.

[0070] In process imaging, the induced polarization
method can be used in a similar fashion to EIT or ERT, and
is a geophysical imaging technique used to identify subsur-
face materials, in that an electric current is induced into the
subsurface through two electrodes, and an electric potential
is monitored through two other electrodes.

[0071] In summary, the present disclosure provides a
method for improving imaging resolution of EIT. A number
of virtual electrodes are formed between finite conducting
electrodes using the electric current steering technique.
Subsequently, the image conversion processing can be per-
formed based on the electric current and electric potential
distributions obtained through the number of virtual elec-
trodes and the finite conducting electrodes. Consequently,
imaging resolution and accuracy of EIT is improved rapidly.
Therefore, the technical issue that the current EIT only has
finite conducting electrodes is solved by forming a number
of virtual electrodes. Accordingly, imaging resolution of EIT
is improved without repeating the process for numerous
different configurations of applied electric current.

[0072] The above embodiments are only used to illustrate
the principles of the present disclosure, and they should not
be construed as to limit the present disclosure in any way.
The above embodiments can be modified by those with
ordinary skill in the art without departing from the scope of
the present disclosure as defined in the following appended
claims.

1-18. (canceled)

19. A 3D electrical impedance tomography (EIT) system,
comprising:
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an electric current source;

an electric current steering device;

a signal receiver for measuring an electric potential;

a plurality of conducting electrodes surrounding or inside

a tissue structure;

integrated wires connected the plurality of conducting

electrodes, the electric current source, the electric cur-

rent steering device and the signal receiver;

wherein the electric current steering device programmed

to:

(1) input an electric current, by the electric current
source, into the tissue structure through at least two
of the plurality of conducting electrodes, and output
the electric current from at least other one of the
plurality of conducting electrodes;

(2) adjust an electric current ratio of the inputted
electric current according to the electric current
steering device connected to the electric current
source to form a virtual electrode between the at least
two of the plurality of conducting electrodes,
wherein the virtual electrode is located between the
at least two of the plurality of conducting electrodes
corresponding to the electric current ratio for input-
ting the electric current;

(3) measure an electric potential using the at least two
of the plurality of conducting electrodes, except
these conducting electrodes for inputting and out-
putting the electric current, to obtain electric current
and electric potential distributions corresponding to
the plurality of conducting electrodes and the virtual
electrode in the tissue structure; and

(4) perform an image conversion processing according
to the electric current and electric potential distribu-
tions to profile an image for a specific region in the
tissue structure.

20. The system of claim 19, wherein the plurality of
conducting electrodes are disposed in a ring manner.

21. The system of claim 19, wherein the electric current
ratio is between 0%-100%.

22. The system of claim 19, wherein the plurality of
conducting electrodes are microelectrodes which are formed
into an electrode array.

23. The system of claim 19, wherein the tissue structure
is a brain, cochlea, spinal cord, a neck region or a chest
region.

24. The system of claim 19, wherein a relation between
the electric current ratio and the electric current is expressed
as al:(1-a)l, wherein I is the electric current and a is the
electric current ratio for inputting the electric current, and
wherein O=axsl.

25. The system of claim 19, wherein a relation between
the electric current ration and the electric current is
expressed as al:pl:(1-a-f)I, wherein I is the electric cur-
rent, o and § are the electric current ratios for inputting the
electric current, and wherein O=a<1 and 0=p=<l1.

26. A 3D electrical impedance tomography (EIT) system,
comprising:

an electric current source;

an electric current steering device;

a signal receiver for measuring an electric potential;

a plurality of conducting electrodes surrounding or inside

a tissue structure;
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integrated wires connected the plurality of conducting

electrodes, the electric current source, the electric cur-

rent steering device and the signal receiver;

wherein the electric current steering device programmed

to:

(1) input an electric current, by the electric current
source, into the tissue structure through at least one
of the plurality of conducting electrodes, and output
the electric current from at least other two of the
plurality of conducting electrodes;

(2) adjust an electric current ratio of the outputted
electric current according to the electric current
steering device connected to the electric current
source to form a virtual electrode between the at least
other two of the plurality of conducting electrodes,
wherein the virtual electrode is located between the
at least other two of the plurality of conducting
electrodes corresponding to the electric current ratio
for outputting the electric current;

(3) measure an electric potential using the at least two
of the plurality of conducting electrodes, except
these conducting electrodes for inputting and out-
putting the electric current, to obtain electric current
and electric potential distributions corresponding to
the plurality of conducting electrodes and the virtual
electrode in the tissue structure; and

(4) perform an image conversion processing according
to the electric current and electric potential distribu-
tions to profile an image for a specific region in the
tissue structure.

27. The system of claim 26, wherein the plurality of
conducting electrodes are disposed in a ring manner.

28. The system of claim 26, wherein the electric current
ratio is between 0%-100%.

29. The system of claim 26, wherein the plurality of
conducting electrodes are microelectrodes which are formed
into an electrode array.

30. The system of claim 26, wherein the tissue structure
is a brain, cochlea, spinal cord, a neck region or a chest
region.

31. The system of claim 26, wherein a relation between
the electric current ratio and the electric current is expressed
as al:(1-a)l, wherein I is the electric current and a is the
electric current ratio for outputting the electric current, and
wherein O=axsl.

32. The system of claim 26, wherein a relation between
the electric current ration and the electric current is
expressed as al:pl:(1-a-f)], wherein I is the electric cur-
rent, o and [} are the electric current ratios for outputting the
electric current, and wherein O=a<1 and O=f=<l1.

33. A 3D electrical impedance tomography (EIT) system,
comprising:

an electric current source;

an electric current steering device;

a signal receiver for measuring an electric potential;

a plurality of conducting electrodes surrounding or inside

a tissue structure;

integrated wires connected the plurality of conducting

electrodes, the electric current source, the electric cur-

rent steering device and the signal receiver;

wherein the electric current steering device programmed

to:

(1) input an electric current, by the electric current
source, into the tissue structure through at least two
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of the plurality of conducting electrodes, and output
the electric current from at least other two of the
plurality of conducting electrodes;

(2) adjust at least two electric current ratios of the
inputted and the outputted electric currents accord-
ing to the electric current steering device connected
to the electric current source to form at least two
virtual electrodes between the at least two of the
plurality of conducting electrodes, wherein the vir-
tual electrodes are located between the at least two of
the plurality of conducting electrodes corresponding
to the electric current ratio for inputting the electric
current and between the at least other two of the
conducting electrodes for outputting the electric cur-
rent;

(3) measure an electric potential using the at least two
of the plurality of conducting electrodes, except
these conducting electrodes for inputting and out-
putting the electric current, to obtain electric current
and electric potential distributions corresponding to
the plurality of conducting electrodes and the virtual
electrodes in the tissue structure; and
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(4) perform an image conversion processing according
to the electric current and electric potential distribu-
tions to profile an image for a specific region in the
tissue structure.

34. The system of claim 33, wherein the plurality of
conducting electrodes are disposed in a ring manner.

35. The system of claim 33, wherein the electric current
ratios are between 0%-100%.

36. The system of claim 33, wherein the plurality of
conducting electrodes are microelectrodes which are formed
into an electrode array.

37. The system of claim 33, wherein the tissue structure
is a brain, cochlea, spinal cord, a neck region or a chest
region.

38. The system of claim 33, wherein relations between the
electric current ratio and the electric current are expressed as
al:(1-a)I and PI:(1-p)1, wherein I is the electric current, o
is the electric current ratio for inputting the electric current
and f is the electric current ratio for outputting the electric
current, and wherein O=a<1 and O=p=1.
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