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In electric field-based imaging, determining a spheroid from the first order PT
associated with the perturbation caused by a hidden conducting object can provide a
useful representation of the object. The volume, conductivity, and depolarization
factor of the resulting spheroid can then be used to describe the size, electrical
properties, and shape of the conducting object. However, determining the parameters
of a conducting spheroid from a given first order PT involves mathematical
computations that can be complex and time-consuming when performed manually.
This study aims to develop a MATLAB application for determining the conductivity and
volume of a conducting spheroid from its first order PT, providing an efficient and
interactive tool to simplify the computations and facilitate the characterization of the
spheroid. The application called as VCD_SPT is developed using MATLAB App Designer
to provide an interactive platform that integrates analytical formulations with
numerical computation, while supporting interface design, callback programming, and
input validation. After that, the developed application is validated using selected cases
from previous studies to assess its accuracy and reliability. With the developed
application, the characterization of conducting spheroids from their first order PT can
be performed using a practical and user-friendly tool, with potential applications and
commercialization opportunities in research, education, and industry.

1. Introduction

Polarization tensor (PT) arises in applications such as electric-field based imaging [1-6] and metal
detection [7-10]. In electrical impedance tomography (EIT), PT can be used to help locate tumours
based on their abnormal electrical conductivity, while in landmine detection, electromagnetic
responses can be analyzed using PT to distinguish metallic objects from the surrounding soil. The core
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problem in these applications is to interpret how an object perturbs an applied electric or
electromagnetic field in order to deduce its intrinsic properties, such as its shape, size, and material
composition. The PT provides a powerful mathematical framework for addressing this problem,
although its formulation for electric fields differs from that for electromagnetic fields. For an object
of a given shape, its first order PT acts as a compact descriptor, represented by a matrix [1,11-12],
whose entries encode information about its geometry, conductivity contrast with the surrounding
medium, and polarization response to the applied field. In this case, computing and characterizing
the first order PT associated with an object whose geometry and conductivity are known are useful
for understanding its electrical response and developing methods for object detection, shape
estimation, and material characterization [1,3,5,7,9-13]. On the other hand, finding an equivalent
ellipsoid from a given first order PT is also useful for characterizing the geometry and electrical
properties of an unknown or hidden object. Some properties investigated related to the scaling
effects on the volume and semi axes of conducting spheroid based on its first order PT [14], the
orientation of a rotated ellipsoid from its first order PT [15] and the determination as well as the
relationship between the conductivity and depolarization factor of a conducting spheroid [16].

Determining the parameters of an equivalent ellipsoid from a given first order PT involves
mathematical computations that can be complex and time-consuming when performed manually.
Therefore, there is a need for an accessible computational tool that integrates the established
mathematical formulation into a systematic procedure for determining the relevant spheroid
parameters. Hence, the objective of this study is to develop a MATLAB application for determining
the conductivity and volume of a conducting spheroid, an ellipsoid with two equal semi-axes, from
its first order PT. The application simplifies the necessary computations by providing an efficient and
interactive means of obtaining the spheroid parameters, making the characterization process more
accessible and less prone to computational errors.

This study employs a computational approach to develop a MATLAB Graphical User Interface
(GUI) for determining the volume, conductivity, and depolarization factor of a conducting spheroid
from its first order polarization tensor, assuming that the spheroid perturbs an applied electric field.
The GUI provides an interactive platform that integrates analytical formulations with numerical
computation, enabling users to investigate two principal cases: (i) prescribed conductivity, where the
volume and depolarization factor are determined, and (ii) prescribed volume, where the effective
conductivity and depolarization factor are determined. The volume represents the size of the
spheroid, while the conductivity describes its electrical material property and the depolarization
factor [17] characterizes its shape and dimension. The resulting spheroid serves as an equivalent
representation of an object that shares the same first order PT, allowing its dominant geometric and
electrical characteristics to be described using a simple spheroidal model. The significance of the
study lies in providing a practical computational implementation of the existing mathematical theory,
thereby reducing the complexity of manual calculations and facilitating the characterization of an
equivalent spheroidal object. The application is developed using MATLAB App Designer, which
provides a structured environment for interface design, callback programming, numerical
computation, and input validation.

The paper now proceeds as follows. The next section presents the main mathematical
formulation used in the application. After that, Section 3 briefly describes the developed application.
Then, several examples for validating the application are provided in Section 4. The final section
concludes the paper by discussing the benefits and commercialization potential of the developed
application.
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2. Mathematical Formulation

Suppose that an applied electric field is perturbed by a conducting object whose conductivity has
a constant contrast ratio k with respect to the surrounding background medium. The analysis of such
field perturbations is relevant to practical applications such as medical imaging using EIT [1,17-19]
and electrosensing by weakly electric fish [2-6]. In electrosensing fish, the resulting electrical
response can be analyzed to characterize and recognize objects detected by the fish. Moreover,
according to Ammari and Kang [1], the perturbation can be represented by an asymptotic series,
whose leading terms are described by generalized polarization tensor (GPT). Here, the first order PT
is the simplest and most fundamental form of the GPT and provides information about the object's
geometry and conductivity contrast.

Let the first order PT, M associated with the conducting object be given by

M, 0 0
[o M, 0], (1)

0 0 M,

where M_1 and M_2 are real-valued constants, such that either both M_1 and M_2 are positive
or both are negative. In practice, the matrix can be obtained from field measurements (see [8] as an
example) or through simulations using an explicit formula (see, for example, [11]). It has been shown
in previous studies [5,16] that an equivalent spheroid can be determined from a given first order PT
in the form of Eq. (1), and hence Eqg. (1) is called as the spheroidal first order PT (SFOPT) (see Figure
1). Several studies have subsequently investigated methods for determining the semi-axes of the
spheroid (and hence, volume and depolarization factors) from Eq. (1) under prescribed conductivity
[20-22]. Similarly, previous study in Yunos et al., [16] presented a method for determining the
conductivity and depolarization factors of the spheroid under prescribed volume. By setting Eq. (1)
equal to the first order PT for spheroid given in Ammari et al., [1] (see [16] and [21]), the following
system of equations relate the conductivity k, the volume |B| and also the depolarization factors,
d_1 of the spheroid.

Mi(1 -k)d, + (k = DI|B| = My, (2)
22 (k —1)dy + (k = 1)|B| = My + 22 (k — 1). (3)

In Eq. (2) and Eqg. (3), the same symbols are retained from our previous publications to ensure
consistency and facilitate comparison with the existing results later on.

Since M_1 and M_2 are given, the system of equations Eq. (2) and Eq. (3) contain three unknowns
which are k, |B| and d_1. Thus, one of the unknowns can be prescribed based on prior knowledge or
assumptions about the spheroid, allowing the other two unknowns to be determined. When k is
prescribed, |B| and d_1 can be determined by solving the resulting system of linear equations.
Meanwhile, when |B] is prescribed, k and d_1 can be determined by solving the resulting nonlinear
system of equations. The method for prescribed conductivity was outlined, for example, in
Khairuddin et al., [21], while Yunos et al., [16] recently presented the corresponding method for
prescribed volume.
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Fig. 1. Conceptual illustration of the perturbation of an applied electric field by a conducting object and its
representation by an equivalent spheroid through the first order polarization tensor, M

These two formulations provide flexibility in characterizing an object when either its conductivity
contrast or its volume is known or can be reasonably estimated. The resulting parameters provide
information about the size, electrical properties, and shape of the spheroid represented by the given
first order PT. This approach is therefore useful for obtaining a simplified spheroidal representation
of an object from its electrical response, which is, the given first order PT as in Eq. (1).

In this study, a MATLAB application will be presented to facilitate the computation of both cases.
In order to demonstrate the effectiveness of the proposed application, the mathematical
formulations derived from Eq. (2) and Eqg. (3) will not be discussed in detail. For detailed derivations
and explanations of the formulations, interested readers may refer to Yunos et al., [16] and
Khairuddin et al., [20].

3. The MATLAB Application

In our previous studies, most of our focus was on finding an ellipsoid or a spheroid from a given
first order PT when the conductivity was fixed. In this case, not only were the volume and the
depolarization factor obtained, but also the corresponding semi-axes of the ellipsoid or spheroid [20-
22]. Only recently has our focus shifted to the case of fixed volume, specifically for spheroids [16].
Due to the possible relationship between conductivity, volume, and depolarization factor, our work
then focuses on these three parameters without determining the semi-axes, especially since these
three parameters seem sufficient to describe a spheroid. MATLAB applications for the fixed-
conductivity and fixed-volume cases can be found in Nurhazirah et al., [23] and Abdul Latiff et al.,
[24]. Both applications were copyrighted by MyIPO under reference numbers CRLY2024J02487 and
CRLY2025J08284, respectively. Now, the present study introduces a novel approach by combining
both formulations into a single MATLAB application, providing a more comprehensive and flexible
tool for characterizing a conducting spheroid from a given first order PT.

Figure 2 shows the flowchart used to develop the MATLAB application using MATLAB App
Designer. Two menus are provided, which are, fixed conductivity and fixed volume. Under the fixed-
conductivity option, the volume and depolarization factor of the spheroid are computed by solving
the corresponding system of linear equations using Cramer’s rule after the values of M_1, M_2 and
k are specified. On the other hand, under the fixed-volume option, the conductivity and
depolarization factor of the spheroid are computed by solving the corresponding nonlinear system
of equations using Newton’s method.

Next, Figure 3 shows the layout of the MATLAB application, called as Volume, Conductivity and
Depolarization Factor for Spheroidal Polarization Tensor (VCD_SPT), when running in a Windows
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environment. The application is a standalone software application developed using MATLAB App
Designer, with the source code compiled using MATLAB Compiler. Figure 3 (a) is the menu for the
fixed or prescribed conductivity, k, where, after inserting the values for M_1, M_2 and k as inputs,
the volume |B| and the depolarization factor d_1 are displayed when the button Calculate is clicked.

Meanwhile, Figure 3 (b) is the menu when the volume |B| is fixed or prescribed. Since Newton’s
method is used, users also need to provide the initial value for k and d_1, together with M_1, M_2
and |B| in order to determine k and d_1. Once all inputs are specified and the push button Calculate
is clicked, the values for conductivity k and depolarization factor d_1 will be computed and displayed.
Although users need some knowledge to select suitable initial values, the application still simplifies
the overall computational process by performing the iterative calculations in Newton’s method
automatically. The initial values can be estimated from the known properties of the conducting object
or selected based on reasonable assumptions and previous experience with similar cases.

Divides the SFOPT into two cases. Case | are for fixed
conductivity for a spheroid, while Case Il are for fixed
volume for a spheroid.

[
v v

Case |: The fixed Conductivity for a spheroid Case Il : The fixed volume for a spheroid
y y
Solving Linear equations system Solving nonlinear equations system
3 4
Develop MATLAB code to solve PT equations using Develop MATLAB code to solve PT equations using
Cramer's rule Newton's Method

Combine both cases in one interface of MATLAB GUI

Fig. 2. The related flowchart in preparing the MATLAB Application with two separated menus
4. Examples on Using VCD_SPT

In order to demonstrate the capabilities of VCD_SPT, previous examples from Khairuddin et al.,
[5] and Khairuddin et al., [21] will be used. Figure 4 shows the display when the inputs are
M_1=0.000032, M_2=0.000042 and k=10000000 resulting the outputs, volume|B|=0.00001268 and
depolarization factor d_1=0.3962. The first order PT used in this example represents the pyramid in
Khairuddin et al., [5], with its length, width, and height all equal to 0.03. In Khairuddin et al., [5], at
the same conductivity, this pyramid can be represented by an oblate spheroid with a shorter semi-
axis of 0.0124, while the other two semi-axes are longer, with a length of 0.0156. This indicates that
the application produces a small relative error of around 0.3% in computing the volume of the
spheroid. Moreover, the volume of the equivalent spheroid obtained from the application is
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1.2678x10-5, compared with 9x10-6 for the volume of the pyramid, giving an absolute difference
of approximately 3.64x10-6. The close agreement between the two

MATLAB App ¥ A - ><|

VOLUME, CONDUCTIVITY AND DEPOLARIZATION FACTORS
FOR SPHEROIDAL POLARIZATION TENSOR - VCD_SPT

FIXED CONDUCTIVITY FIXED VOLUME

INPUTS OUTPUTS
Value of k (0]
Value of |B|
Value of M1 0 | calculate |
e Value of d1
Value of M2 (0]
(a)
MATLAB App ¥ A - x

VOLUME, CONDUCTIVITY AND DEPOLARIZATION FACTORS
FOR SPHEROIDAL POLARIZATION TENSOR - VCD_SPT

FIXED CONDUCTIVITY FIXED VOLUME

INPUTS OUTPUTS
Initial value of d1 (0]
Initial value of k 0
Value of k
Value of |B| 0 | calculate |
Value of d1
Value of M1 (0]
Value of M2 0

(b)
Fig. 3. The layout for the MATLAB application called as Volume, Conductivity and Depolarization
Factor for Spheroidal Polarization Tensor (VCD_SPT), when running in a Windows with (a) for fixed
conductivity and (b) for fixed volume
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MATLAB App ¥ A - x

i VOLUME, CONDUCTIVITY AND DEPOLARIZATION FACTORS
i FOR SPHEROIDAL POLARIZATION TENSOR - VCD_SPT

FIXED CONDUCTIVITY FIXED VOLUME
INPUTS OUTPUTS
Value of k 1e+07
o Value of |B| 1.2679e-05
Value of M1 3.2e-05 | calculate |
Value of d1 0.3962
Value of M2 4.2e-05

Fig. 4. The display by MATLAB application VCD_SPT when the inputs are M_1=0.000032,
M_2=0.000042 and k=10000000 with the resulting outputs |B|=0.00001268 and d_1=

0.3962
MATLAB App rF A - x
VOLUME, CONDUCTIVITY AND DEPOLARIZATION FACTORS
FOR SPHEROIDAL POLARIZATION TENSOR - VCD_SPT
FIXED CONDUCTIVITY | FIXED VOLUME

INPUTS OUTPUTS
Initial value of d1 0.5
Initial value of k 0.1
Value of k 1.9971
Value of |B| 21.82 Calculate |
Value of d1 0.0968
Value of M1 20
Value of M2 15

Fig. 5. The outputs k=1.9971 and d_1=0.0968 computed by VCD_SPT with the initial values 0.1
and 0.5, respectively, with the inputs are M_1=20, M_2=15 and |B|=21.82

volumes, as reflected by their absolute difference, demonstrates that the volume of the spheroidal
representation provides a useful approximation of the overall size of the pyramid. On the other hand,
the value of d_1 might be useful later on for determining the corresponding semi-axes of the
spheroid, as shown in Yunos et al., [16], which provides additional information about its geometric
dimensions.

In addition, Figure 5 shows the display of VCD_SPT with the inputs are M_1=20, M_2=15 and
|B|=21.82 and the outputs are k=1.9971 and d_1=0.0968. The first order PT used in this example is
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taken from [21] where, in [21], given M_1=20 and M_2=15, k is fixed to 2 for computing
|B|=21.8182 and d_1=0.0909. Now, when the volume is fixed to be almost identical to that in
Khairuddin et al., [21] for computing k and d_1 using VCD_SPT with the chosen initial values, the
resulting relative differences in k and d_1, when compared with [21], are 0.2% and 6%, respectively.
These small relative differences suggest that the method can reliably obtain the conductivity and
depolarization factor of the spheroid. The results also demonstrate that VCD_SPT can reproduce the
parameters obtained using the approach in Khairuddin et al., [21] when a comparable volume is
prescribed.

5. Discussion and Conclusion

During this study, a MATLAB application called VCD_SPT has been developed to facilitate the
computation of a few parameters of a spheroid, based on the first order PT, when either the
conductivity or the volume is fixed. When the conductivity is fixed, the volume and depolarization
factor can be determined, while when the volume is fixed, the conductivity and depolarization factor
can be obtained. In industry, the application can support the characterization of conducting objects
by providing a simpler representation of their size and electrical properties. Furthermore, the
application may also assist in practical applications involving object detection, material
characterization, and electric field-based sensing where efficient parameter estimation is required.

In addition, VCD_SPT can also be used to enhance teaching and learning in the higher education
institutions for science and engineering students. In the course of Linear Algebra, for the given M_1
and M_2 with the fixed k, the lecturer can ask students to develop a system of linear equations with
the unknowns |B| and d_1 before solving the system and verifying the solution with VCD_SPT.
Similarly, in the course of Numerical Methods, for the given M_1 and M_2 with the fixed |B],
lecturers can demonstrate the nonlinear equations involved before discussing the solutions with the
students. The numerical results can then be checked with VCD_SPT. This approach not only supports
technology-enhanced learning but also helps students understand how mathematical formulations
can be applied to real-world applications such as object detection, material characterization, and
electric field-based sensing.

Finally, VCD_SPT can encourage collaboration among academicians and researchers by creating
opportunities to share knowledge and research ideas across different disciplines. Such collaboration
can contribute to the Sustainable Development Goals (SDGs), particularly by supporting quality
education and fostering partnerships for sustainable development. In the long term, continued
collaboration can strengthen knowledge sharing, promote new research opportunities, and
contribute to broader academic and societal impact.
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