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Abstract—Brain tumour result by abnormal growth and 

division of cell inside the skull show high potential to become 

malignancies and lead to brain damage or even death. Early 

detection is crucial for further treatment to increase the survival 

rate of patients who have brain cancer. Existing clinical imaging 

possess limitation as they are costly, time-consuming and some 

of them depend on ionising radiation. The microwave imaging 

has emerged as the new preliminary diagnosis method as it is 

portable, non-ionising, low cost, and able to produce a good 

spatial resolution. This paper will be discussing the microwave 

head based sensing and imaging techniques for brain tumour 

diagnosis.  The 2D FEM approach is applied to solve the forward 

problem, and the image is reconstructed by implementing linear 

back projection. Eight rectangular sensing electrodes are 

arranged in an elliptical array around the head phantom. When 

one electrode is transmitting the microwave, the remaining of 

the electrode served as the receiver. The different tumour 

position is simulated to test the reliability of the system. Lastly, 

the system is able to detect the tumour, and 1 GHz is chosen as 

the best frequency based on the simulation and image 

reconstructed.  

 

Index Terms— Brain Tumour; Finite Element Modelling; 

Linear Back Projection; Microwave Imaging 

I. INTRODUCTION  

Brain disease diagnosis can be categorised into a various form 

which includes infection, trauma, stroke, seizure, and tumour. 

Studies showed that a brain tumour had become the second 

leading cause of death in cancer between the age of 0-19 in the 

U.S. and Canada [1]. The most common medical modality for 

brain tumour diagnosis is computerised tomography scan (CT 

scan), magnetic resonance (MRI), and Positron Emission 

Tomography (PET). 

Although CT scan is the primary diagnosis for the brain 

disease, it involves of the usage of X-ray to create the detail of 

the head tissue. Excess of exposure to radiation will poses 

health risk to the patient seven develop cancer [2]. Modalities 

such as MRI is considered as one of the safest medical imaging 

techniques which operate without expose to the ionising 

radiation. However, it is expensive and cannot be accessed in 

the rural area. Some of the people will experience 

claustrophobic due to being placed in an enclosed space while 

having an MRI scan. Besides that, the strong magnetic field 

may also give an effect on the patient with an implantable 

cardiac pacemaker as an example. Hence Microwave Imaging 

(MWI) has been suggested as a candidate for new medical 

imaging diagnosis as it is non- invasive, free ionising 

radiation, cost-efficient and safe to be used. 

Microwaves can penetrate through different mediums for 

example soil, wood and even concrete. Applications such as 

weapon detection and through-wall imaging system deployed 

in industrial have created the interest of microwave imaging 

in biological tissues [3][4]. Studies on microwave imaging for 

brain stroke, brain injuries, and breast cancer detection had 

been carried out in recent years [5][6].  

Recently, a helmet like the structure of 10 triangular patch 

antenna of experimental microwave setup for brain stroke 

diagnosis has been built to distinguish between the ischemic 

and hemorrhagic stroke [7]. Microwave imaging manifest as a 

convincing technique for biomedical applications as a map of 

electromagnetic wave scattering is created, resulting from the 

contrast in the dielectric properties of different tissues. MWI 

made use of the dielectric properties of the biological tissue 

for cancer detection as the differences between relative 

permittivity of healthy tissue and malignant tissues are distinct 

[8][9]. The dielectric difference between a tumour and white 

matter can achieve approximately 1.6:1 while for the 

conductivity is approximately 2:1[10].  Mapping of the 

scattered energy properties is used to determine the position of 

a tumour. This research aims to propose the simplest 

microwave imaging system for brain tumour diagnosis and 

determine the desired frequency to compromise between the 

penetration depth and spatial resolution of the image. 

II. METHODOLOGY 

A. Simulation Setup 

A head phantom with different thickness of the tissues is 

constructed based on [11] as illustrated in Figure 1. The brain 

size is taken according to the Zubal head phantom slide 36 [12] 

which is approximately 150 mm x 200 mm. An elliptically 

shaped of a tumour 32 mm x 40 mm is studied. Since the 

frequency plays a crucial role in wave penetration, frequency 

from 0.5 GHz to 4.0 GHz is simulated. The transmission 

power is limited to 1mW or 0dBm for the radiation and 

thermal safety [13][14]. The dielectric properties of a brain 

tumour and the body tissues are taken from [15][20]. The 

dielectric properties of different brain tissues are tabulated in 

Table 1. Minimum of eight rectangular patch electrode is 

deployed in the system for high sensitivity and fast.’ 
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B. Finite Element Modelling 

In this study, 2-D finite element model simulation is carried 

out to prove the proposed methodology in a time efficient way. 

Finite Element Modelling (FEM) is employed in the study to 

compute the electric field scattering at the receiving point in 

the frequency domain.  

FEM convert the Helmholtz vector wave equation as given 

in (1), into a linear system to calculate the electric field values 

scattered for each of the eight sensing electrodes.   

 

𝛁 × 𝜇𝑟
−1(𝛁 × 𝑬⃗⃗ ) − 𝑘0

2 (𝜀𝑟 −
𝑗𝜎

𝜔𝜀0
) 𝑬⃗⃗ = 0          (1) 

 

where µris the relative permeability (H/m), εr the relative 

permittivity (F/m), ω the angular frequency (rad/s), σ the 

electric conductivity [S/m], and k0
2=𝜔√𝜇0𝜀0 the free-space 

wave number (m-1). 

Eight rectangular sensing electrodes are arranged in an 

elliptical array around the head phantom where each one of 

the electrode act as role as transmitting the wave and the 

remaining seven electrodes is in receiving mode. The 

electrode generates the electric field perpendicular to the 

transverse plane of the head causing Transverse Magnetic 

(TM) polarisation. The Perfect Electric Conductor (PEC) is 

applied to correspond with an electrical field where all 

tangential components are zero [16]. 

 

 
 

Figure 1: Brain cross-sectional geometry consisting of a brain tumour with a 

radius of 16mm x 20mm, skin, skull, Cerebral Spinal Fluid (CSF), grey 
matter from outmost layer to the inmost layer. 

 

Table 1 
Dielectric Properties of Brain Tumour at 1 GHz [15] [20] 

 

Tissue Relative 
permittivity,εr 

Conductivity, σ [S/m] 

Skin 41 0.89977 

Bone 12 0.15566 
Cerebral Spine Fluid 68 2.4552 

Grey Matter 52 0.98541 

Tumour 62.5 1.2438 

 

C. Linear Back Projection  

Image reconstruction algorithm of microwave imaging is a 

numerically nonlinear and ill-posed scattering problem. 

Contrast Source Inversion (CSI) and Gauss-Newton Inversion 

(GNI) are commonly being applied for solving the non-linear 

inversion [12].  

To achieve fast computation and less complexity in the 

system, the brain image is reconstructed using Linear Back 

Projection (LBP) [17]. The image reconstruction algorithm 

utilises transmitted and scattered electromagnetic fields 

information obtained from forwarding problem solution. 

The contrast between the scattered energy of electric field 

without phantom and electric field with phantom is computed 

by using the Root Mean Square Error (RMSE) to increase the 

accuracy for the detection and localisation of a tumour 

[18][19]. 

In LBP algorithm, the computed sensitivity maps from each 

sensor are combined with the projection data from each 

sensor. The modelled sensitivity matrices are used to represent 

the image plane for each view. The mathematical equation for 

LBP is shown in Equation (2). 

 

𝑽𝐿𝐵𝑃 (𝑥,𝑦) = ∑ ∑ 𝑺𝑇𝑥,𝑅𝑥 ×
8
𝑅𝑥=1 𝑴𝑇𝑥,𝑅𝑥(𝑥, 𝑦)8

𝑇𝑥=1    (2) 

III. RESULTS AND DISCUSSION  

A. Evaluation of Frequency Response 

Different frequency range is applied to observe the change 

in an electric field as the dielectric properties are frequency 

dependence. An appropriate frequency needs to be chosen to 

compromise the image quality and penetration depth. Figure 2 

shows the simulation of a brain tumour at the left side of the 

brain (x=-40mm, y=0mm) in the frequency range of 0.5GHz 

to 4GHz. 

 

 
 

Figure 2: Brain tumour on the left side of the brain (x=-40mm, y=0mm) in 

the frequency range of 0.5GHz to 4GHz. 

 

Based on Figure 2, the electric field strength receives by the 

electrodes decrease as the frequency increase. This explains 

that when the frequency increases the attenuation increase as 

the material absorb most of the energy.  

As the increase in frequency, the relative permittivity 

decreases while the conductivity of the tissue increases. This 

can be explained in Equations (3) and (4). The conductivity 

determines the electrical losses as an attenuation. The 

conductivity increase will lead to an increase in attenuation. 

Hence great attenuation occurs as the energy is mostly 

absorbed by the tissue when high frequency is applied.  

The dielectric properties of a tissue can be determined by 

measuring the complex relative permittivity, ε of the material, 

defined as: 

 

𝜀 = 𝜀′ − 𝑗𝜀′′                                     (3) 

 

where ε , represents the relative permittivity, 𝑗=-1 and εis 

dielectric loss coefficient and can be written as: 

 

𝜀′′ = 𝜎/(𝜀𝑜)𝜔                                 (4) 
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As it is indicated in (4), the loss factor is a function of 

conductivity and frequency. Also, εo and ω represent the 

permittivity of free space and angular frequency of the field 

respectively. While σ represents the electric conductivity 

[S/m], εo is indicated in farads per meter (F/m) and ω in radians 

per second (rad/sec). 

Best frequency is selected from the range of 0.5 GHz to 

1.5GHz as the electric field after 1.5 GHz is almost equal to 

zero. To compromise the image quality and penetration depth, 

1 GHz is chosen. 

The image is reconstructed in different frequency to 

examine the quality of the image. Table 2 is the images obtain 

from the simulation at a different frequency. 

 
Table 2 

Reconstruction of Brain at Frequency from 0.5GHz to 2GHz 

 

0.5 GHz 1.0GHz 

  
 

1.5 GHz 

 

2.0GHz 

  

 

According to the Table II, for frequency from 0.5 GHz to 

1.0 GHz, the increase in frequency gives more energy for the 

microwave to interact with tissue and produce strong 

scattering. However, the frequency greater than 1.0 GHz and 

onward, the image quality decrease as the increase in 

frequency, the attenuation increase, and signal captured by the 

receiving sensor is reduced. As a conclusion, 1.0GHz is the 

best frequency for brain tumour detection based on the graph 

and image constructed. 

 

B. Evaluation of Tumor Position  

An elliptically shaped tumour of radii 16 and 20 mm is 

inserted at a different position to examine the reliability of the 

system. Figure 3 to Figure 8 is the comparison of the electric 

field with a tumour and without a tumour.  

 

 
 

Figure 3: Comparison Electric Field Norm (V/m) with Tumor at the left side 
of the brain. (x=-40mm, y=0mm) 

 

 
 

Figure 4: Comparison Electric Field Norm (V/m) with Tumor right side of 

the brain. (x=-40mm, y=0mm) 
 

 
 

Figure 5: Comparison Electric Field Norm (V/m) with Tumor at the lower 
side of the brain. (x=-0mm, y=-60mm) 

 

 
 

Figure 6: Comparison Electric Field Norm (V/m) with tumour at the upper 

side of the brain. (x=-0mm, y=60mm) 
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Figure 7: Comparison Electric Field Norm (V/m) with Tumor at the centre of 
the brain. (x=-0mm, y=0mm) 

 

 
 

Figure 8: Comparison Electric Field Norm (V/m) with two tumours inside 

the brain. (x=-30mm, y=-40mm) and (x=0mm, y=60mm) 

 

From Figure 3 to Figure 8, the electric field strength reduces 

greatly when a tumour is present in the brain. As the tumour 

is inserted at the left side of the brain near the electrode no.3, 

the electric field received by the electrode is reduced as energy 

lost when penetrating through the tumour. Same goes to the 

tumour at the right near the electrode no.7, the electric field 

captured by the electrode no.7 is greatly reduced. 

Electric field norm varies in all the receiving electrode when 

a tumour is located at the front part of the brain. This is due to 

the position of the tumour is nearer to the point source and 

causing strong scattering. In Figure 5, the electrode no.5 show 

the changes in an electric field which mean there is a tumour 

in the lower part of the brain. Lastly, the tumour located at the 

deep centre of the brain changes the electric field at the 

electrode no. 2, 3,4,5,6, and 7. The system is further tested by 

inserting two tumours inside the brain. As a brain tumour is a 

highly lossy medium, when microwave penetrates through a 

tumour, attenuation and the strong scattering energy is 

produced. As a conclusion, the system can detect a tumour at 

a different position in 1.0 GHz 

The image for a tumour (32mm x 40mm) at a different 

position is reconstructed. Table 3 demonstrates the image of 

tumour position reconstruction. 

 

 

 

 

 

 

Table 3 
Reconstruction of Brain Phantom with Tumour at Different Position in 

Frequency of 1GHz 

 

X=0 mm, Y=60mm Front Part 

 

 

X=0mm,Y=0mm Center 

  
X=-40mm, Y=0mm Left 

  

X=-30mm, Y=-40mm and 

X= 0mm, Y=60mm 

Two Tumor 

 

 

 

C. Evaluation of Size of Tumour  

Despite position, the different size of the tumor has been 

simulated to evaluate the sensitivity of the system. The tumour 

is inserted at the position x=-40mm, y=0mm with different 

size. The size of tumor includes 32mmx40mm, 20mm x 30mm 

and 10mm x 20mm. Figure 9 illustrates the different electric 

field norm when a different size of the tumor is simulated.  
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Figure 9: Electric Field Norm (V/m) for Different Size of Tumour at the left 
side of the brain in 1GHz. 

 

Based on Figure 9, the system can detect a tumour as small 

as 10x20mm. As the size of the tumour increase the 

attenuation increase. Hence there is the large difference at the 

electrode no.2 for tumour size 32x40mm. Besides, that is, the 

bigger the tumour, the stronger the scattering produce. As the 

tumour size decrease, the difference between the electric field 

received by the electrode is reduced. 

Table 4 shows the image reconstructed of tumours with 

different size in frequency 1.0 GHz at position (x=-40mm, 

y=0mm). Based on images reconstructed, the bigger the 

tumour the contrast of electric field norm between brain 

phantom without a tumour and with a tumour is large. Hence 

easier for the system to localise a tumour and estimate its size. 

This system can successfully detect the existence of a tumour 

as small as 10mm x 20mm although it shows difficulties in 

estimating the size of a tumour. Weak scattering produced by 

the small tumour increase the complexity for size estimation. 

IV. CONCLUSION 

Microwave Imaging system by using eight rectangular 

patch electrodes surrounded by the brain can detect the brain 

tumour successfully. In conclusion, the objectives have been 

achieved. By using the Finite Element Analysis, the scattered 

electric field can be calculated, and the sensitivity map for 

each projection has been developed. Data of sensitivity map 

and electric field strength are then exported, and 2D images of 

the tumour and brain tissue cross are reconstructed using linear 

back projection. 

The analytical results presented in this project proved that 

changes in the electric field strength due to the presence of a 

tumour could detect the tumour size as small as 10 mm x 

20mm at a frequency of 1 GHz. Based on the plotted graph 

and the image reconstructed, 1GHz has proven as the most 

suitable frequency for microwave sensing and imaging for a 

brain tumour.  

In short, the proposed model provides a good direction for 

further research of more advanced imaging modalities in the 

medical field. Thus, a new potential technique that is not only 

non-invasive but is also functional in a contactless 

environment with the patient is seen in MWI based technique 
 
 

 

 
 

 

 
 

Table 4 
Reconstruction of Brain Phantom with Tumour with Different Sizes in 

Frequency of 1GHz 

 

Diameter 32x40mm 

  
Diameter  20x30mm 

  

Diameter 10x20mm 
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