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Metal materials are subject to deformation, internal stress distribution, and cracking during processing, all of which affect the
distribution of electrical conductivity of the metal. Suppose we can detect the conductivity distribution of metal materials in real
time. In that case, we can complete the inverse imaging of metal material properties, structures, cracks, etc. and realize non-
destructive flaw detection. However, metal materials’ small resistance, high electrical conductivity, and susceptibility of voltage
signals to noise signal interference make an accurate measurement of metal conductivity challenging. )erefore, this paper
addresses the problem of detecting the conductivity distribution of metals by investigating a high-precision four-electrode AC
measurement method. )is technical approach combines laminar imaging techniques with high-precision weak signal extraction
methods. On this basis, a method and equipment for high-precision electrical impedance tomography of metallic materials’
electrical conductivity were established. )e way specifies a new number of electrodes and adopts a model of spaced excitation
reference measurements. Single-frequency sinusoidal AC signal is used for excitation, and Shannon wavelet analysis is used for
signal extraction and noise reduction. Super-resolution reconstruction algorithms are used for resistivity distribution image
reconstruction to improve image quality. Based on the results of various comparative experiments, it is clear that this new
functional technique method has good imaging stability and operability and can perform tasks such as analyzing the internal
conductivity distribution of metals. )is research provides an effective way of new ideas for the safe detection of metal structures,
the changes in crystal tissue structure, and the study of metal properties. In particular, it expands the scope of research in the
development and application of resistance tomography, which has tremendous commercial potential research significance.

1. Introduction

Changes in external factors such as deformation and heat to
the metal will cause changes in the lattice composition or
metallographic organization, which will result in changes in
the electrical conductivity of the metal. Based on the above
metal properties, it is known that the resistivity of the strange
metal region will have a significant variation. However,
unlike conventional nonconductors, metallic materials are
good conductors with very low resistivity [1]. )is makes the
inductive electromotive force generated at energization
higher than the measurement signal, making measurement
very difficult. )erefore, it is very challenging to extract tiny

signals under high noise conditions. Conventional resistive
tomography techniques are typically used in subjects with
high resistivities, such as lung imaging [2]. For metallic
materials with small resistivity, this paper assigns frequency
characteristics to the excitation current signal by single-
frequency AC excitation.)en, the Shannon wavelet extracts
the feature signal to complete the work of removing the tiny
measurement signal in the case of solid noise. Finally, the
electrical impedance tomography of the metal conductivity
is completed.

For example, Mandal et al. studied radiation detectors
and measured object voltage signals [3]. At present, do-
mestic and foreign measuring instruments of this type are
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expensive and have low accuracy. Its function is limited to
the measurement of resistance, and this paper goes deeper to
study the resistivity distribution. Milne and Carter proposed
detecting metals by thermal waves, which can detect the
thickness of metal media and the distribution of internal
defects. Infrared thermography requires a high level of the
external environment and detection equipment, and the
detection results are easily affected by the external envi-
ronment [4]. Zhao et al. completed the overdetection of coal
mine inclined shafts by measuring the soil conductivity
[5, 6]. However, the objects studied in these studies were
nonmetallic objects or susceptible to environmental influ-
ences. Traditional crack detection techniques such as ul-
trasonic and radiographic detection apply to the overall
detection of macroscopic aspects. With the trend towards
high precision in industrial technology, metallic materials
have become more demanding in detecting defects in mi-
croscopic crystal organization and presenting the results in
the form of images. )is facilitates timely understanding of
the location of faults and rapid remedial action.

Electrical resistance tomography (ERT) as an imaging
method for structural health inspection has been widely used
in various research fields [7]. Many scholars have investi-
gated ERT technology from several aspects. For example, in
the area of geological assessment, it can detect and analyze
subsurface rock structures [8], primarily historical and
cultural monuments [9], and observe the migration of
subsurface water in the soil [10, 11]. In biomedical appli-
cations, ERT technology is often used to detect the lung
region. In industrial engineering, ERT is used to evaluate
different pipes and various tanks to observe liquid-solid and
gas-liquid-solid processes [12], as well as composite struc-
ture imaging [13] and bone cement imaging [14], among
many other applications. China University of Mining and
Technology completed a study on detecting soil resistivity
using ERT technology [15]. Karhunen et al. performed
electrical resistance tomography imaging tests on cement
mortar specimens containing cracks, reinforcement, and
holes. )ey succeeded in accurately locating damage such as
reinforcement, cracks, and gaps within the models, verifying
the feasibility of the ERT technique in terms of damage
detection [16]. )e ERT method also allows quantitative
evaluation in nonionic solutions [17] and monitoring of
crystallization processes [18]. For example, Boulanger
studied the crystallization process of low conductivity so-
lutions by the ERT technique [19]. )ese applications
demonstrate that ERT imaging can be accomplished in low
conductivity environments with different spatial dimensions
and different conductivity distributions in the target region.
Meanwhile, resistance tomography imaging systems have
been widely used. To ensure the safety of metal structures
and reduce the occurrence of engineering accidents, this
paper explores and investigates the application of ERT
technology to the nondestructive testing of high conduc-
tivity metal materials.

)erefore, we propose an ERT metal detection method
and device. )e new plan aims to improve the traditional
ERT method by combining the properties of metallic ma-
terials: First, the new way is not to study and analyze a

specific influencing factor, but to optimize the hardware and
reconstruction algorithm of traditional ERT around the
research object, to achieve the purpose of detecting the
internal structure of the metal. In signal acquisition and
processing, Hornik et al. studied voltage signal acquisition
considering only the problem of sensitive field voltage
variation [20], ignoring the effect of other factors such as
voltage signal distortion on raw data variation during the
acquisition process. In this paper, the input impedance is
increased by differential acquisition when acquiring voltage
signals—measurement acquisition of small voltage signal
data based on the subtraction of two calls to reduce com-
mon-mode interference. Based on the relationship between
current and voltage, the RMS value of the voltage signal is
calculated, and all RMS values are formed into a mea-
surement array to provide data support for the inversion
work. Regarding noise reduction of measurement data,
when a metallic material of a good conductor is in a complex
electromagnetic environment, the surface generates an in-
duced electric potential higher than the excitation signal as
an interference signal. )e noise signal can reach the volt
unit level when the RMS value of the measured signal is the
nanovolt unit level. )erefore, how to extract the metal
object measurement signal under high noise conditions is
the first problem to be solved. Kolehmainen et al. studied
the discomfort and inverse problems of the reconstruction
algorithm. )ey did a sensitivity analysis of the noise and
numerical errors in the experimental voltage signal data
[21]. )is paper addresses this problem by proposing a
specific frequency AC signal as the excitation signal, which
effectively solves the problem that the DC excitation signal
is difficult to extract directly and prone to polarization
effect. At the same time, this paper removes the single-
frequency components of the measured signal using signal
analysis to achieve noise separation. )e single-frequency
components are extracted using the Shannon wavelet
method to complete the single frequency feature analysis.
In terms of image reconstruction, conductivity σ was
elaborated in an inverse problem study by Ciulli et al. [22].
Martins et al. investigated the inverse problem in the re-
construction algorithm. )ey analyzed the inverse problem
by solving the positive problem and the potential mea-
surements on the surface of the object under study [23]. In
this paper, the inverse problem of ERT is modelled and
analyzed for research and image reconstruction. Mean-
while, to reduce the influence of measurement resistance,
this paper invokes the super-resolution resistance to-
mography method to improve the quality of reconstructed
images. Super-resolution reconstruction is a process of
extracting feature information of the study object from
many low-resolution images of traditional reconstruction
algorithms and generating high-resolution images after
several iterations. In summary, the contributions of this
paper are fourfold:

(1) A novel high-precision chromatographic imaging
technique is proposed, and a high-precision elec-
trical impedance tomography device for electrical
conductivity of metallic materials is developed.
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(2) A Shannon wavelet extraction measurement signal
technique is proposed; while selecting a single fre-
quency sinusoidal AC signal as the excitation, the
noise reduction problem of the measurement signal
is solved.

(3) )e laminar imaging technique is combined with a
high-precision weak signal extraction method, and a
new mode of electrode number and interval exci-
tation reference measurement is specified. Mean-
while, the electric field distribution model for each
excitation mode is established.

(4) In the image reconstruction technique, super-reso-
lution reconstruction algorithms are used to improve
the accuracy of the reconstructed images.

)e rest of this paper is organized as follows. Section 2
describes the principle of the ERT system to provide a
theoretical basis for the high-precision laminar imaging
technique for the resistivity of metallic materials. Based on
the comparative analysis of experimental results, Section 3
discusses the relationship between data noise reduction,
number of electrodes, excitation measurement mode, su-
per-resolution reconstruction method, and measurement
data.)e analysis of the experimental temperature results is
discussed in Section 3.3. Finally, Sections 4 and 5 discuss
and give concluding remarks and suggestions for future
work.

2. Materials and Methods

2.1. Basic Principles of Metal Conductivity Chromatography
Imaging. Conductivity tomography is one of the electrical
detection techniques, which has the advantages of visuali-
zation, noninvasiveness, low cost, and high accuracy.
Conductivity is one of the critical physical parameters of
metals. When the sensitive field medium distribution of the
study object changes, the conductivity distribution within
the field will change simultaneously.

Figure 1 shows the block diagram of the metal con-
ductivity electrical resistance tomography system. As shown
in the figure, the ERT system in this paper mainly includes
[24] sensitive field electrode array, single frequency AC
excitation unit, weak signal amplification unit, data acqui-
sition and processing unit, and image reconstruction unit.
Among them, the image reconstruction unit contains
Shannon wavelet analysis and super-resolution image re-
construction. First, the single-frequency AC excitation unit
generates a single-frequency excitation current with a
characteristic signal, which is fed into the metal-sensitive
field through the electrode array. )e weak signal amplifi-
cation unit improves weak feature signals, which are passed
to the data processing post-acquisition and processing unit
after the initial filtering and amplification process. )en, the
noise reduction of the data and the extraction of feature
signals are made by Shannon wavelet analysis to reach the
information of the internal conductivity distribution of the
metal. Finally, the image reconstruction unit reconstructs
the media distribution image based on this to visualize the
internal structure of the metal [25].

Figure 2 shows the block diagram of excitation and
measurement electrode switching selection. )e signal
source generates a sine wave signal as the control signal of
the voltage-controlled constant-current source module,
which will output the sinusoidal AC power required after
conversion by the voltage-controlled constant-current
source module [26]. )e signal source program controls the
frequency of the sinusoidal voltage signal. )e voltage-
controlled current source circuit converts the output sinu-
soidal voltage signal into the sinusoidal current signal re-
quired by the system [27]. )e ADG1406 high-speed
analogue toggle switch is a chip for switching electrodes with
a fast switching speed of about 10 ns. )e switching circuit
consists of a total of 4 pieces of ADG1406 [28]. )e data
acquisition and processing unit is the central part of the ERT
system.)eweak signal amplification unit adjusts the gain to
enable better data processing by the conditioning circuit in
the later stage [29]. )is unit is responsible for acquiring the
weak output voltage signal in the measurement electrode
array, completing the processing, and then sending the
received data signal to the host computer to complete the
image reconstruction [30, 31].

For metals, the resistivity comes mainly from the scat-
tering effect of lattice vibrations on electrons. Suppose that
the phonon system consists of so-called average phonons.
)emomentum of each photon is equal to the average rate of
the phonons in the original electronic system. Although
there are many electrons in the metal, it is only the electrons
near the Fermi surface that are involved in conducting
electricity.

1
τF

� ZΘ k′, k, θ (1 − cos θ), (1)

where Z is a constant representing the sum of the electronic
states other than the K state on the Fermi surface, θ is the
scattering angle resulting from electron scattering action,
and Θ(k

’，k, θ) is the collision probability of electrons with
phonons.

Θ k′, k, θ μv, n, (2)

where v is the average relative velocity of electrons and
phonons near the Fermi surface. )e number of collisions
between a certain Amolecule and Bmolecule per unit time is
directly proportional to the relative velocities of A and B and
the concentration of B molecules.

)e presence of impurities and defects in the actual
material affects the periodic potential field and causes the
scattering of electrons. Small impurity concentrations, the
lattice vibrations, and the distribution of impurities and
defects are independent. )e sum of the total scattering
probabilities can be expressed in terms of the chirality time
as

1
τ

�
1
τL

+
1
τr

. (3)

1/τL denotes the contribution of lattice vibration scat-
tering. 1/τr denotes the contribution of impurity and defect
scattering.
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ρ � ρL + ρr, (4)

where ρL represents the resistivity of the pure metal and ρr
indicates the effect of scattering of impurities and defects and is
temperature-dependent. When T is stable, ρL is 0 and ρr is the
residual resistivity of the metal. )erefore, the presence of
impurities and defects can change the value of metal resistivity.
When the atomic spacing is changed, the energy band structure
is changed, and the internal weaknesses and electronic form are
changed, thus affecting the electrical conductivity of the metal.

2.2. Mathematical Model forMetal Conductivity Tomography

2.2.1. Positive Problem. )e reconstruction method for
reconstructing the conductivity distribution inside a metal is

essentially an ill-posed problem: the positive and the inverse
problem. )e inverse problem of ERT is solved, which re-
quires a positive problem model [32, 33]. In the forward
problem, the electric field, boundary conditions, and as-
sumed conductivity distribution in the geometric region of
the object of study are obtained.

Figure 3 shows a two-dimensional illustration of the
heterogeneous body problem in electrical impedance to-
mography. Observing the two-dimensional regionΩ and the
boundary region zΩ, it is assumed that the positive problem
of quasi-static charge distribution allows obtaining a partial
differential equation to model the two-dimensional region
Ω, which can be expressed as

∇
→

· (σ∇
→

u) � 0, (5)

304 stainless steel

1 2
3

4
5
6

7
8910

11
12

13
14
15

16

electrodes
Inhomogeneity

ERT Sensitive Field Electrode Array ERT Hardware System

Shannon wavelet
extration of feature

signals

ERT super-
resolution image
reconstruction

ERT Reconstruction Of �e System

Reconstructed Image

Display

Multi-
Switch

Single-frequency AC excitation

Weak signal amplification unit

Excitation source unit

Data Acquisition Unit

Figure 1: Block diagram of metal conductivity electrical resistance tomography system.

Signal Source
Reference
Signal B

Excitation
Signal

Voltage-controlled
constant current source

ADG1406

Output
Signal

Reference
Signal A

Figure 2: Block diagram of excitation and measurement electrode switching selection.

4 Advances in Materials Science and Engineering



where u is the electric potential and σ is the internal
conductivity of the two-dimensional region Ω. Based on
the seemingly stable field theory and combined with
Maxwell’s equation, a mathematical model of the electrical
orthogonality of the metal structure is established as
follows:

∇ × H � J +
zY

zt
,

∇ × E � −
zB

zt
,

∇ · B � 0,

∇ · Y � ρe,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(6)

where H represents the magnetic field strength; J repre-
sents the current density; E represents the electric field
strength; Y represents the potential shift vector; ρe rep-
resents the charge density; and B represents the magnetic
induction strength. Maxwell’s system of differential
equations is used to model the positive electrical problem
of metallic materials. )e positive problem model is built
and solved using the finite element method to provide a
computational model for the subsequent inverse problem
algorithm.

2.2.2. Inverse Problem. )ere is no unique solution to the
inverse problem, and small changes in the data can lead to
significant changes in the reconstructed image [34]. Figure 4
illustrates the process of solving the ERT inverse problem.

)e observational model for the process of solving the
positive metal conductivity problem is expressed as

V � L(σ), (7)

where V denotes the measured voltage vector at the elec-
trode and σ indicates the conductivity of the metal in the

detection zone. )e relationship between the change in
conductivity Δσ and the change in voltage ΔV can be
expressed as

ΔV �
zL

zσ
(Δσ) + o (Δσ)

2
 . (8)

It is known during the forward simulation that the value
of Δσ is generally small, so the higher-order terms obtained
from the expansion can be neglected, where zL/zσ is called
the sensitivity matrix and can be represented by W. (8) can
be expressed as

ΔV �
zL

zσ
Δσ � WΔσ. (9)

Dividing the sensitive field region into m cells, if k in-
dependent measured voltage data are obtained, the dis-
cretized and normalized (9) can be expressed as

U � W · G. (10)

)e equation of the inversion process can be expressed as

G � W
− 1

· U. (11)

where G is the conductivity distribution with dimension
m × 1, U is the measured voltage vector with dimension
k × 1, and W is the k × m dimensional sensitivity matrix.

)e reconstruction algorithm for the super-resolution
inverse problem is used to solve the static measurement
problem in ERT [35]. )e equation of the objective function
φ(ρ) can be expressed as

φ(ρ) �
1
2

‖u(ρ) − V‖
2

+ α Rρ

�����

�����
2

 , (12)

where φ(ρ), φ(ρ) is the calculated voltage, V is the measured
voltage, ρ is the matrix, and α is the regularization
parameter.

Figure 5 shows the schematic diagram of the super-
resolution reconstructed image. Super-resolution image
reconstruction obtains feature information from low-reso-
lution images of traditional reconstruction algorithms and
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generates high-resolution images after several iterations.)e
image acquisition process at a discrete moment t is expressed
as

y(t) � DH x(t) + e(t), (13)

where y(t) and x(t) denote the vectorized representations of
the degraded image and the original image, respectively; D
denotes the quadratic sampling modeling matrix; H denotes
the fuzzy modeling matrix during acquisition; and e(t)

denotes the noise model.
)e total change in conductivity is defined as [36]

ΤV(σ) � 
Ω

|(∇σ)|dΩ, (14)

where σ is the conductivity vector and dΩ is the area to be
imaged. In static image reconstruction, the goal is to obtain
the electrical conductivity of the analyzed area.

2.3. Modeling Study of Metal Conductivity Chromatography
Imaging. ERT techniques have been used for qualitative
imaging, especially for simulation studies of quantitative
information [37]. In this paper, a disc model with a diameter

of 30mm is evaluated and studied and segmented in dif-
ferent iterations using an adaptive threshold segmentation
method [38]. Figure 6 shows the modeling diagram of the
forward and reverse problems.

Figure 7 shows the different finite element meshes
generated [39–42].)e finite element model is obtained after
the grid dissection of the ERT sensitive field. )e limited
element model grid image affects data analysis progress, and
numerous triangular domain cells and boundary cells form
the complete grid [43]. With the gradual denseness of the
mesh profile and the gradual increase in the number of
meshes, the data obtained from the simulation will be closer
to the actual results.

3. Experiment

In this paper, a series of experiments are designed to verify
the accuracy of the proposed method, and some factors
affecting the reconstruction results are discussed. )e ex-
periments are summarized in Table 1.

3.1. Experimental Platform Design. In this paper, an ex-
perimental platform is designed to test and verify the metal
conductivity tomography imaging system’s central perfor-
mance, which leads to ascertaining the proposed method’s
feasibility in this paper.)e total surface area of the electrode
in contact with the medium is 19.63 mm2 square. )e
measured dimensions of the experimental material are
shown in Table 2.

)e experimental platform is shown in Figure 8. )e
excitation unit provides a sinusoidal AC voltage value signal
rated at 75Hz to excite the electrodes sequentially. A
voltage-current evaluation method and current excitation
voltage measurements were chosen for the experiments, and
the electrodes cycled through this acquisition process se-
quentially and recorded data frames [44]. )e data acqui-
sition and processing unit acquire the voltage signal at a
frequency of 1 kHz. )e voltage signal data is transmitted to
a computer via a serial line connection and used to re-
construct still images.

3.2. Influencing Factors and Discussion

3.2.1. Data Noise Reduction. )e voltage signal received by
the data acquisition module contains many interference
signals that directly affect the collected voltage signal,
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including those with industrial frequency interference, radio
interference, etc., thus causing severe interference to the
experimental results [45]. )erefore, this paper arranges two

steps to solve the data noise reduction problem. First, the
excitation source provides a single frequency sinusoidal AC
signal to complete the excitation. )e excitation signal
imparts a frequency signature. Figure 9 shows the excitation
sensitive field potential map, where a is the electric field
distribution and b is the local electrode potential line
distribution.

)en, according to the frequency characteristics of the
collected data, wavelet analysis is used to extract the single
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Figure 7: Finite element model meshing diagram.

Table 1: Experimental summary table.

Experimental variable Count

1 Metal discs with different electrical
conductivity 2

2 )e number of electrodes compared 2
3 Number of electrodes 16
4 Number of excitation modes 8
5 Number of measurement modes 2

6 )e number of reconstruction method
comparisons 2

7 Alcohol burner 1
8 Location of research object Central

9 Minimum accuracy tested 1.5% of the mental
discs

Table 2: Experimental material size table.

Object Measured values (mm)
1 Metal disc diameter 200
2 Round hole diameter 20
3 Electrode head diameter 2
4 Electrode end diameter 5
5 Electrode spacing 3.5

Advances in Materials Science and Engineering 7



frequency excitation information and complete the noise
reduction of the mixed-signal data.

Figure 10 shows the noise reduction results of the 16-
electrode disc. )e results show that the simulation is closer
to the actual situation as the degree of noise reduction
deepens. )e effect of noise reduction on the data using the
Shannon wavelet is apparent and provides a reliable basis for
image reconstruction.

3.2.2. Relationship between the Number of Electrodes and
Measurement Data. )e number of sensitive field
boundary electrodes is a critical factor in determining the
accuracy of the data collected. )e greater the number of
electrodes, the greater the amount of voltage value data
obtained. )e more information provided in the image
reconstruction, the more accurate the calculation of the
resistivity distribution in the field [45]. Figure 11 shows a
two-dimensional model diagram, in which a is the 8-
electrode 2D model diagram and b is the 16-electrode 2D
model diagram.

Figure 12 shows a graph of the measurement data of the
electrode perforated disc. Figure 12(a) shows the diagram of
measurement data of the 8-electrode perforated disc, and

Figure 12(b) shows the graph of measurement data of the 16-
electrode perforated disc. )e voltage signal data plots for
the two cases of the number of excitation electrodes are
compared and analyzed. After the electrodes finished ex-
citation, the measured voltage data showed a “U” curve
distribution, which was consistent with the theoretical curve
of voltage signal distribution of the sensitive field electrode
array arrangement.

According to the results, 16 electrodes can obtain more
measurement data than eight with the same excitation
pattern andmedium distribution.)e data are smoother and
have fewer outliers, which is conducive to improving the
reconstruction image quality. Moreover, the 16-electrode
model has less noise and better spatial recognition of the
medium distribution than the 8-electrode model. )erefore,
the number of 16 electrodes selected in this paper has a good
consistency and is more suitable for metal conductivity
tomography imaging systems.

3.2.3. Relationship between Incentive Measurement Mode
and Measurement Data. )e excitation measurement mode
is a crucial factor affecting the reliability of the voltage signal
data of the metal structure and determines the quality of the

(a) (b) (c)

Figure 8: Experimental platform diagram. (a) )e excitation unit; (b) the sensor electrode array; (c) the signal acquisition and processing
unit.
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reconstructed image. Figure 13 shows the schematic diagram
of the excitation and measurement modes. Among them,
Figure 13(a) is the schematic diagram of adjacent excitation
adjacent measurement; Figure 13(b) is the schematic dia-
gram of interval excitation reference measurement. A mode
of excitation current mostly passes through the field’s
boundary only, and the distribution of equipotential lines in
the sensitive area is not uniform. B mode of excitation
current passes through the centre of the field, the uniformity
of current distribution is enhanced, and the amplitude of
voltage value change is more significant, which is beneficial
to measure the voltage signal and improve the quality of
inversion imaging.

)e adjacent excitation mode is defined as Mode1.
Depending on the number of spaced electrodes, the spaced
excitation mode is defined as Mode2-Mode8 in that order.

Table 3 shows the amount of measurement data for each
excitation and measurement mode. )e table shows that the
reference measurement mode in the metal perforated disc
measurement mode has significantly more data volume than
the adjacent measurement mode. )e amount of indepen-
dent data is more favourable when Mode 2 to 7 interval
excitation mode is used for the excitation mode. Mode1
contiguous excitation mode is the second; Mode8 relative
excitation mode has the least amount of data and should be
avoided as much as possible.
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Figure 10: 16-electrode disc noise reduction results graph.
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Figure 14 shows the measurement data plot of the
perforated disc for the interval excitation reference
measurement mode, and Figure 12(b) shows the mea-
surement data plot for the adjacent excitation adjacent
measurement mode. )e RMS voltage data collected
during the two different excitation measurement methods
are compared and analyzed. Because the measurement
method in Figure 14 is a reference measurement, the
measurement data graph is presented as an inverted “U”
shape.

Figure 15 shows the electric field diagram for each ex-
citation mode. )e figure shows that the electric field dis-
tribution is uniform as the number of electrodes spaced
between the excitation electrodes increases.

According to the above results, the combination mode
of Mode7 and reference measurement selected for this
system can measure higher voltage values than adjacent
modes. )e absolute value of the measured value is
significant, the current distribution is uniform, and the
signal data fluctuation is slightly more stable, which is
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Figure 11: Two-dimensional model diagram: (a) 8-electrode model; (b) 16-electrode model.
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conducive to improving the resolution of the inversion
reconstruction image. In summary, the adjacent excita-
tion and reference measurement mode selected in this
paper is better than other excitation
measurement methods and is more reasonable in prac-
tical applications.

3.2.4. Comparative Analysis of ERT Super-Resolution
Reconstructed Images. To address the low resolution of the
reconstructed image, this paper takes the low-resolution
image reconstructed by the conventional Gaussian Newton
algorithm as the reference basis. It uses a larger magnifi-
cation of the traditional array of pixels to extract feature
information. )en, the high-resolution images are recon-
structed by multiple iterations to improve the quality of the
reconstructed images.

Figure 16 shows the super-resolution reconstruction of
the perforated disc. )e results show that the Gaussian
Newton method has a low similarity and is unsuitable for
detecting complex, sensitive fields.)e ghosting and noise of
the super-resolution reconstructed image are significantly
reduced. )e resolution of the reconstructed image is im-
proved considerably with the application of the super-res-
olution reconstruction technique, which can achieve
accurate reproduction of the medium shape, size, and spatial
orientation of the sensitive field fields. )e following ex-
periments will use the super-resolution method to complete
the reconstructed images of 304 stainless steel temperature
experiments.

3.3. Results and Discussion. In this paper, metal disc tem-
perature experiments demonstrate the feasibility of the
proposed research method and the designed ERTsystem in a
complex environment.

Figure 17 shows the experimental test diagram.
Figure 17(a) shows the experimental platform; Figure 17(b)
shows the graph of the measured data of the heated disc.)e
ERTdata acquisition unit is connected to the nonporous disc
and heated at a fixed position chosen by the 304 stainless
steel disc to simulate and analyze the change of resistivity
distribution caused by the temperature. )e actual atomic
vibrations inside the metal are proportional to the tem-
perature. When the temperature increases, the chance of
collision between free electrons and real atomic increases,
leading to fluctuations in the resistivity distribution, which
indirectly affects the boundary voltage.)e results show that
the voltage near the heated region shows significant volatility
relative to the specific area. )e measured data follow the

Table 3: )e amount of measurement data for each excitation and
measurement mode.

Motivation model Adjacent to measure Reference
measurement

Mode1 104 208
Mode2 192 208
Mode3 192 208
Mode4 192 208
Mode5 192 208
Mode6 192 208
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Mode8 92 104
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pattern, which verifies the feasibility of the ERT imaging
system in terms of actual voltage data.

Figure 18 shows the temperature experiment disc re-
construction diagram. As shown in the figure, the red area
indicates the heating interface. )e other parts of the colour
indicate the regular metal plate, which gradually expands
around the red zone. On the other hand, when the heated
area is close to the excitation electrode pair, the current lines
pass through the site, and thus the potential values are more
affected.)e current line “bypasses” the heated area through
the outer ring in the area of the distant electrode pair so that
the resistivity of the more distant area is less affected by
temperature. )e location and size of the heated area shown

in the figure are generally consistent with the actual situa-
tion, which verifies the feasibility of the ERT imaging system
in terms of location and size.

4. Discussion

)e conductivity tomography imaging device for metal
materials developed in this paper can accurately resolve the
conductivity distribution of metals with high image quality
accuracy. It is assumed that the accuracy of data acquisition
is improved. In this case, micro-level metal conductivity
distribution detection will be realized, which is essential for
preventing industrial accidents. )erefore, in this paper,
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future research can be conducted regarding data acquisition
and processing units in the ERT system to improve the data
acquisition accuracy. )is research result can be applied to
the crystal structure analysis of metal materials in the future,
which has some commercial research value.

5. Conclusions

In this paper, a high-precision method for conductivity
tomography imaging of metallic materials is proposed. At
the same time, the performance of the designed metal
conductivity tomography imaging equipment is thoroughly
investigated in this paper, and the relationship between data
noise reduction, number of electrodes, excitation mea-
surement mode, super-resolution reconstruction method,
and measurement data is discussed in detail. )e research in
this paper reveals the principle of excitation source to give
single frequency sinusoidal AC feature signal, which pro-
vides the theoretical basis for Shannon wavelet to extract
feature signal. )e data noise reduction results show that the
simulation effect is closer to the actual situation than the
noise reduction depth. )e experimental results of the
number of electrodes show that 16 electrodes can obtain
more measurement data. )e data are smoother and with
fewer outliers, conducive to improving the reconstructed
image quality, and more suitable for metal conductivity
tomography imaging system.)e experimental results of the
excitation measurement mode show that the combination
mode of Mode7 and reference measurement selected for this
system can measure higher voltage values than the adjacent
modes. )e absolute value of the measured value is sig-
nificant, the current distribution is uniform, and the signal
data fluctuation is slightly more stable, which is conducive to
improving the resolution of the inverse reconstructed image.
)e super-resolution image reconstruction method takes the
low-resolution image reconstructed by the traditional
Gaussian Newton algorithm as the reference basis. It then
reconstructs the high-resolution image by multiple itera-
tions. )e experimental results of super-resolution recon-
structed images show that the ghosting and noise of super-
resolution reconstructed images are significantly reduced,
which effectively solves the low resolution of reconstructed
images of conductivity distribution of metal materials. Fi-
nally, the temperature experiment verifies the feasibility of
the high-precision laminar imaging method for metallic
materials proposed in this paper. )e results show that the
voltage near the heated region shows significant voltage
fluctuations compared to the specific area. )e measured
data are by the pattern, which verifies the feasibility of the
ERT imaging system in terms of the actual voltage data. )e
location and size of the heated area shown in the figure are
generally consistent with the actual situation, which verifies
the feasibility of the ERT imaging system in terms of location
and size.

In conclusion, based on a series of experiments, it can be
concluded that the experimental platform built in this paper
can detect and visualize the electrical conductivity distri-
bution of metals. )e proposed method of metal conduc-
tivity detection can be used as a reference for the study of

metal processing. Studying the relationship between crystal
structure changes and electrical conductivity has good ap-
plication prospects for improving the processing process. In
conclusion, this study can be applied to structural defect
detection and conductivity analysis of large metal parts and
lays the foundation for using resistive tomography in the
direction of metallic materials.
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