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Abstract— Most of the biomedical imaging technologies are 

immobile, bulky, expansive, and required specialized staff for 

maintenance. These disadvantages led to many research in 

electrical tomography technique with its advantages and 

features such as small-scale device, low-cost, mobile and easy 

fabrication. This paper aims to explore the feasibility of 

electrical capacitance tomography (ECT) to detect permittivity 

of yeast cell through modeling and simulation using COMSOL 

Multiphysics. The electrical conductivity of yeast increase as 

the growth of yeast increases, therefore an ECT model is 

designed to capture the electrical parameter from the 

membrane of the yeast cell thus detecting its permittivity 

distribution in a yeast extract peptone dextrose medium. The 

obtained Maxwell capacitance voltage result is presented in this 

paper. The study shows that ECT model with 8 electrode pairs 

is able to detect the yeast cell or Saccharomyces cerevisiae 

growth up to a diameter size of 5 to 10 µm. 
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I. INTRODUCTION 

Tomography is a reconstruction of cross-sectional images 
of internal distribution or predetermined plane of the body or 
other objects from multiple external viewpoints [1]–[4]. Few 
tomography techniques, such as magnetic resonance imaging 
(MRI), computed tomography (CT), ultrasonic tomography, 
positron emission tomography (PET} are applied widely as a 
medical instrument. Other tomography techniques, such as 
electrical tomography techniques are recently studied to 
explore its potential in medical applications [5]–[8] 

Electrical tomography techniques have the advantages 
that many conventional techniques in the medical field does 
not possess, such as its being a non-ionized, non-intrusive, 
non-invasive, simple and low-cost fabrication, and mobile 
device [9]. Electrical tomography techniques include 
electrical capacitance tomography (ECT), electrical 
resistance tomography (ERT), magnetic induction 

tomography (MIT),  and electrical impedance tomography 
(EIT).    

Research into EIT is quite established in proposing a 
harmless medical imaging tool for thorax imaging [10], early 
breast detection [11]–[13], single-cell level [14][15], cell-
culture [16], development of mouse embryonic stem cell 
[14], development of ischaemic stroke or haemorrhage 
[17]and, and imaging brain activity [18]. Unlike EIT, ECT 
and ERT are studied commonly for the industrial application 
and rarely studied for the biomedical or biological field. 

A research was conducted by Ren & Yang, 2017 [19] on 
ECT to explore its capability in visualizing tooth for 
endodontic therapy. Another research conducted by Taruno 
et al., 2014 [20] for neurobiology where the objective was to 
produce brain activity imaging using electrical capacitance 
volume tomography (ECVT), an extension to conventional 
electrical capacitance tomography. Combination of two 
electrical tomography techniques, ECT and ERT developed 
by Zhen Ren & Yang, 2015 [21] aims to produce a three-
dimensional image of a metallic rod in a cemented femoral 
bone to assist the surgical procedure. 

Visual monitoring is a common practice in the study of 
the morphology of microorganisms, profiling of intercellular 
structure , the biological activity of cells such as budding 
process during the cell growth, metabolism, and 
movement[22]–[24]. The conventional method to view this 
microscale organism is through microscopic techniques. 
However,  these techniques encounter some common 
drawbacks. Among the drawbacks is its limited mobility due 
to its bulky size, expansive, and slow image processing . 
Also, some microscopic techniques are destructive as it 
require to slice the cell to a thin layer for the light to 
penetrate and dying the cell [25]–[27]. 

Some microscopic techniques, such as electron 
microscopy and tomographic phase microscopy, are very 
advanced in producing three-dimensional imaging of the 



intercellular structure. Certain applications, for instance, 
controlled cell production, do not require an expansive high-
resolution monitoring device and a simple non-destructive, 
low-cost and fast image processing offered in electrical 
tomography will suffice. 

In-vitro yeast bioassay has been used for many 
applications such as evaluation and quantification of thyroid 
hormone disruption in environmental water sample [28] and 
to measure the estrogenic activity of cow's milk [29]. This 
paper will use yeast as the platform to explore the feasibility 
of ECT to detect the growth of yeast cells in culture medium 
through simulation on COMSOL Multiphysics.  

This paper has six sections, where the first part discusses 
the problem statement and the objective of this research. The 
second and third sections discuss the working principle of 
ECT and the electrical properties of the cell membrane, 
respectively. Section five and six discuss the modelling 
parameters for both ECT sensors unit and yeast cells and the 
obtained simulation results. The last part concludes the key 
finding and future work recommendations. 

II. WORKING PRINCIPLE OF ECT 

ECT aims to measure the permittivity distribution of 
material of interest through the measured capacitance value, 
typically converted to a voltage value, between two sensing 
electrodes. The material of interest develops a change in the 
permittivity due to the applied electrical field. The working 
principle of ECT lies in measuring the capacitance of an 
object between a pair of capacitor plates. Equation 1 
generally defines the capacitance, Farad (F), where 

   C= Q/V                 [1] 

Q represents charge, coulomb and V represents voltage 
applied to the electrodes. According to Maxwell permittivity 
model, the capacitance can also be viewed as 

      

             [2] 

Ɛr and Ɛo  is the dielectric constant of the material and 
permittivity of free space, respectively. Meanwhile, A and d 
is the area of a plate and the distance between the plates, 
respectively. The capacitance measured by the sensor plates 
majorly depended on the dielectric material between the 
sensor plates, the size of each plate, and the distance between 
the plates [30]. Later on, the measured capacitance values 
will be processed to construct an image showing the 
permittivity distribution of the targeted object. Figure 1 
illustrates eight electrode sensors circling yeast cells 
suspended in a culture medium. 

 

Fig. 1: Configuration of ECT system 

 

III. ELECTRICAL PROPERTIES OF CELL MEMBRANE 

A biological membrane composed of phospholipids 
bilayer leads to the formation of an insulating layer between 
the outer and inner wall of the membrane. Transportation of 
ions inside and outside of the cell membrane requires energy, 
which results in potential difference. Cell membrane act as a 
capacitor to preserve the electric potential difference between 
oppositely charged surfaces of the outer wall and inner wall 
of the membrane. This potential difference creates an 
electrical field that can be measured[29][30]. 

  The capacitance of the cell membrane can be defined as 
in Equation 3 below: 

    =                                 [3] 

Where k is the dielectric constant for the membrane’s 
inner core,   is the permittivity of free space and d is the 
membrane thickness. Cells that undergo growing and 
apoptosis process will develop significant changes in the 
membranes permittivity. As a result, the capacitance sensor 
will detect this permittivity variation and measure the 
capacitance of the membrane.      

IV. MODELLING AND SIMULATION 

The first part of this section briefly discusses the 
parameters required to design the sensor configuration.  The 
second part discusses the parameters for the membrane of 
yeast cell and the culture medium, yeast extract peptone 
dextrose (YPD). 

A. Sensor Configuration  

Table I tabulates the parameter of the 
sensors. Capacitance sensors unit requires few considerations 
on its design. Firstly is the position of the capacitance 
electrodes in the non-conducting vessel or container, either in 
the inner wall, outer wall, or embedded. Secondly is the 
number and the size of the electrodes used depends on the 
size perimeter of the yeast cells [27].  

 

Fig. 2: Model of capacitance sensor unit 

 

Modelling of ECT sensors unit is performed in software 
COMSOL Multiphysics, as shown in Figure 2 consisting of 
eight-electrodes. The size of each electrode is 5 mm by 
length and 8 mm by width. The metal material for the 
electrode is copper following the standard practice as it is 
cheap compared to other material and also highly conductive.  



 

TABLE I. PARAMETER OF SENSOR 

Parameter 

Number of electrode plate 8 

Electrode material Copper 

Size of electrode (width x height) 
5 mmx 2.08 mm 

9mm x 0.5 mm 

Radius of sensor unit  8.5 mm 

Permittivity of the material 
Ɛ air= 80 

Ɛ copper = 6.1 

 

B. Modelling Yeast in Culture Medium  

Baker yeast cell or Saccharomyces cerevisiae can grow to 
a diameter size of 5 to 10 µm [33]. The electrical 
conductivity of yeast increases as the growth of the cell 
increases [16]. While the permittivity of a healthy membrane 
of a yeast cell is approximately 5 [31]. One of the commonly 
used culture medium for yeast growth in YPD medium. YPD 
medium composed of 1% yeast extract, 2% peptone, 2% 
dextrose, and 2% agar and its permittivity is 80 [34]. 

Table II tabulates the radius of the yeast cell and its 
respective electrical conductivity. As mentioned, the 
electrical conductivity of yeast increase as the growth of 
yeast increases, as explained in equation 3 in the previous 
section. The increment of the radius of the yeast cell is to 
replicate the increasing growth of the cell. The increment of 
electrical conductivity ranging from 5 S/m to 9 S/m [18] also 
to indicate that electrical conductivity of cell increase 
towards the growth of the cell. 

TABLE II. PARAMETER OF YEAST CELL 

Radius of yeast cell 

(mm) 

Electrical 

conductivity 

(S/m) 

0.003   5 

0.0035  6 

0.004 7 

0.0045  8 

0.005  9 

Permittivity of the material 
Ɛ membrane = 5 

Ɛ ypd          = 8 
 

V. RESULTS AND DISCUSSION 

The main objective of this study is to explore the 
feasibility of ECT to capture electrical parameter from the 
membrane of the yeast cell. Figure 3 (a) and (b) shows the 
streamlines of the electrical field on homogeneous medium 
and inhomogeneous medium.  Figure 3(c) shows that the 
ECT model is able to detect the changes in the membrane of 
the yeast cells with a range diameter of 5µm to 10 µm. 

Referring to equation 3, the membrane capacitance, Cm is 
directly proportional to the permittivity of the cell. In other 
words, Cm increases as the permittivity of the cell increases. 
The developed model of ECT sensors unit is also tested on its 
performance to detect the changes of membrane capacitance 
of the membrane when the radius of the cells is varied from 
0.003 mm to 0.005 mm and the electrical conductivity of the 
membrane increases from 5 S/m to 9 S/m. 

 

(a)                                               (b) 

 

(c) 

Figure 3: Streamline of electrical field distribution on (a) homogenous 

medium (b) inhomogeneous medium and (c) zoom view of streamline on 

yeast cell permittivity 

 

Figure 4: Measured capacitance value at each pairing electrodes 

Figure 4 shows the measured Maxwell capacitance 
voltage at each receiver. Electrodes pairs (1,4), (1,5) and 
(1,6) shows the least Maxwell capacitance value while 
electrodes pair (1,2) and (1,8) measured greater Maxwell 
capacitance value as electrode 2 and electrode 8 are closer to 
electrode 1. Figure 4 also shows that the measured cell 
capacitance increases as the cell growth with larger radius 
and greater electrical conductivity. Capturing the capacitance 
membrane of the cell can be performed better by adding 
more electrodes in the sensor unit and reducing the axial 
length of electrodes.  

A comparative study between homogenous YPD medium 
and an inhomogeneous medium is tested using the developed 
ECT model. Referring to Figure 4, the measured capacitance 
for the homogeneous medium is greater than the 



inhomogeneous medium. According to equation 4, Maxwell 
capacitance is directly proportional to the permittivity of the 
free space. The permittivity of the homogenous medium is 
larger and has no obstacles. Therefore, the receiver electrodes 
easily detect the permittivity of the homogenous medium 
results in higher measured capacitance value between two 
electrodes. 

VI. CONCLUSION 

The ECT sensors model is able to detect the permittivity 
distribution of the yeast cells model. Several tests were 
carried out to explore the feasibility of the ECT model to 
detect the permittivity of the cell’s membrane and the 
homogeneous medium by measuring the capacitance 
between two electrodes. Capturing the electrical parameter of 
yeast cell such as measuring capacitance value from the 
membrane of the cell has a significant contribution in 
monitoring the growth of the controlled cells production. 
However, future work on the design configuration of the 
electrode sensor unit and the parameters of each electrode 
sensor need to be studied. 
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