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Abstract: The main aims of head imaging are to detect 

the presence and location of damaged brain tissues that 

are caused by different medical conditions or injuries, 

such as ischemic or haemorrhagic brain strokes. There is 

a potential to use microwave systems for brain imaging 

because of the high contrast in the electric properties 

between the healthy and stroke affected brain tissues. 

Starting with, a head phantom that has the same electrical 

properties as that of a tumour affected real human’s head 

is being designed using make human software. This 

phantom is subjected to microwaves at various locations 

on the surface of the head through micro strip patch 

antenna, that’s been designed in accordance with certain 

design procedures within frequency range of 1 - 

4GHz.The absorbed radiation of the body can be 

calculated with Specific Absorption Rate(SAR) which 

produces intensity values depending on the intensity of 

tumour present and these SAR values are arranged in a 

matrix form which is further processed in MATLAB in 

order to obtain clear image of damaged brain tissues. The 

intensity variation in the obtained image gives a clear cut 

view of tumor affected areas. 
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1. Introduction 
 

Microwave imaging  is a science which has been evolved 

from older detecting/locating techniques (e.g., radar) in 

order to evaluate hidden or embedded objects in a 

structure (or media) using electromagnetic (EM) waves 

in microwave regime (i.e., ~300 MHz-300 GHz).In 

general, a microwave imaging system has two parts, 

namely: hardware and software (or post-processing). The 

hardware part is responsible to collect data from the 

sample under test. A transmitter antenna sends EM waves 

towards the sample under test (e.g., human body for 

medical imaging). If the sample is made of only 

homogeneous material which extends to infinity, 

theoretically no EM wave will be reflected. Introduction  

of any anomaly which has a different properties (i.e., 

electrical/magnetic) in comparison with the surrendering 

homogeneous medium may reflect a portion of EM wave. 

The bigger the difference between the properties of the 

anomaly and the surrounding medium is, the stronger the 

reflected wave will be. This reflection will be collected 

and measured by the same antenna (in monostatic case) 

or a different receiver antenna (in biostatic 

case).MICROWAVE imaging has been widely used in 

many civil, industrial, and medical applications, such as 

non-destructive testing, material characterization, remote 

sensing, and medical diagnosis. There are many research 

groups around the globe working on designing 

microwave systems for breast imaging; however, hitherto 

there have been limited efforts to build a complete 

microwave system for head imaging. Microwave imaging 

techniques are utilized due to the capability of microwave 

frequency bands to penetrate through optically not 

transparent mediums such as biological tissues.Since we 

are about to develop prototype model, we make use of a 

fabricated head phantom with electrical properties that 

perfectly emulate those of real head tissues.Microwave 

imaging  is a science which has been evolved from older 

detecting/locating techniques (e.g., radar) in order to 

evaluate hidden or embedded objects in a structure (or 

media) using electromagnetic (EM) waves in 

microwave regime (i.e., ~300 MHz-300 GHz).In general, 

a microwave imaging system has two parts, namely: 

hardware and software (or post-processing)[1-3]. The 

hardware part is responsible to collect data from the 

sample under test. A transmitter antenna sends EM waves 

towards the sample under test (e.g., human body for 

medical imaging). If the sample is made of only 

homogeneous material which extends to infinity, 

theoretically no EM wave will be reflected. Introduction 

of any anomaly which has a different properties (i.e., 

electrical/magnetic) in comparison with the surrendering 

homogeneous medium may reflect a portion of EM 

wave[4-6]. The bigger the difference between the 

properties of the anomaly and the surrounding medium 

is, the stronger the reflected wave will be. This reflection 

will be collected and measured by the same antenna (in 

monostatic case) or a different receiver antenna (in 
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bistatic case).MICROWAVE imaging has been widely 

used in many civil, industrial, and medical applications, 

such as non-destructive testing, material characterization, 

remote sensing, and medical diagnosis.There are many 

research groups around the globe working on designing 

microwave systems for breast imaging; However, 

hitherto there have been limited efforts to build a 

complete microwave system for head 

imaging.Microwave imaging techniques are utilized due 

to the capability of microwave frequency bands to 

penetrate through optically not transparent mediums such 

as biological tissues.Since we are about to develop 

prototype model, we make use of a fabricated head 

phantom with electrical properties that perfectly emulate 

those of real head tissues[7-9]. 

 

2. Proposed System 

There are many research groups around the globe 

working on designing microwave systems for breast 

imaging. However, hitherto there have been limited 

efforts to build a complete microwave system for head 

imaging.Microwave imaging techniques are utilized due 

to the capability of microwave frequency bands to 

penetrate through optically not transparent mediums 

such as biological tissues. A wideband microwave 

system for head imaging is presented. The system 

includes an array of 16 corrugated tapered slot antennas 

that are installed on an adjustable platform. A switching 

device is used to enable the antennas to sequentially 

send a wideband 1-4 GHz microwave signal and  the 

Specific Absorption Rate(SAR) is obtained. Those 

signals are recorded for various frequencies around the 

resonant frequency and a matrix is formed inorder to 

apply as input in MATLAB. To test the capability of the 

system to detect brain injuries, a low-cost mixture of 

materials that emulate the frequency-dispersive 

electrical properties of the major brain tissues across the 

frequency band 1-4 GHz are used to construct a 

realistic-shape head phantom. A target that emulates a 

realistic hemorrhage stroke is fabricated and inserted in 

two different locations inside the fabricated head 

phantom. A preprocessing algorithm that utilizes the 

symmetry of the two halves of human head is used to 

extract the target response from the background 

reflections. A post-processing that depends on 

Euclidean distance of similarity measure is used in 

image processing part i.e to get an image of the 

phantom and to accurately detect the presence and 

location of the stroke. 

Construction of wide-rotated slot structure 

The evolution process of antenna begins with antenna0 

depicted in below figure 1(a) which designs a wide 

rotated slot structure with a side length of L.The 

antenna uses a square FR4 substrate with a dielectric 

constant of 4.4, thickness of 1.6 mm. The slot is fed by 

a microstrip line.  The resonant frequency of the 

structure is estimated from  

�� = �/[��2(�� + 1)-----------------------------------------
-----------------------(1) 

Where c is the speed of light, �� is the main resonant 

frequency(2GHz) and �� is the relative permittivity of 

the substrate. The slot is fed by a microstrip line of 

length �� which is selected to be the half-guided 

wavelength at resonant frequency. 

Figure 1. (a) wide slot antenna        (b) corrugation 

technique 

Applying corrugation technique 

The resonant frequency of the antenna can be lowered 

by increasing the size of L. However, this will 

consequently increase the size of the antenna. 

Alternatively, to increase the effective current path 

without increasing the physical size of the antenna, the 

outer borders of the slot are corrugated using a series of 

stair case slots with dimensions of r * r resulting in 

antenna 1 as shown in figure 1(b) 

Applying folding technique 

A folding technique is then applied to reduce the size of 

the antenna and improve its directivity. Those sides are 

then connected from bottom layers to form a 3-D 

structure. The most influential factor in defining the 

folding lines is their distance from the feeder line.The 

folding lines should not be very close to feeder to 

prevent disturbing the areas of high current 

concentration shown in fig 2. 
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Figure 2.  Evolution process of antenna

Attaching a square bell ringer shaped patch and 

rectangular parasitic patch antenna 

To compensate for the effect of the folding process on 

the input impedance, a square-bell ringer-

and a rectangular parasitic patch are located at the 

center of the wide slot and connected to the ground 

plane, respectively as shown in figure 3. 

Figure 3. Attaching a square-bell ringer-

and a rectangular parasitic patch                                                                                            

Model Design Of Antenna Using Cst Microwave 

Studio 

 The design of microstrip patch antenna with 

appropriate parameters like working frequency range of 

1GHz -4GHz and with appropriate relative permittivity 

and parameters mentioned in the above sections is 

designed using CST software as shown in figure 6

Evolution process of antenna 

Attaching a square bell ringer shaped patch and 

To compensate for the effect of the folding process on 

-shaped patch 

ch are located at the 

center of the wide slot and connected to the ground 

 

-shaped patch 

and a rectangular parasitic patch                                                                                                   

Model Design Of Antenna Using Cst Microwave 

ch antenna with 

appropriate parameters like working frequency range of 

4GHz and with appropriate relative permittivity 

and parameters mentioned in the above sections is 

software as shown in figure 6. 

                 Figure 6. Design of antenna in CST

Figure 7. Return loss plot of the antenna

3. Experimental  Results

Antenna Design 
 

Below is the snapshot of designed antenna, having the  

frequency sensibility over the range of UWB band 

,1GHz to 4GHz frequency range over the FR4 substrate 

and the copper plate placed as a patch over it.

Antenna frequency band is also plotted for the particular 

range and the return loss plot is analysed over it.

 

Return Loss Plot 

Return loss plot of antenna is shown in the figure 7.

Radiation Pattern Over Various Frequencies

The antenna designed can be used at frequency range of 

about 2GHZ to 4GHZ. The antenna will produce 

different radiation pattern at different frequ

different range of frequency, radiation patterns are 

shown in the below figures. 

3GHz 

 

Design of antenna in CST                       

 

Return loss plot of the antenna 

Experimental  Results 

Below is the snapshot of designed antenna, having the  

sensibility over the range of UWB band 

,1GHz to 4GHz frequency range over the FR4 substrate 

and the copper plate placed as a patch over it. 

Antenna frequency band is also plotted for the particular 

range and the return loss plot is analysed over it. 

tenna is shown in the figure 7. 

Radiation Pattern Over Various Frequencies 

The antenna designed can be used at frequency range of 

about 2GHZ to 4GHZ. The antenna will produce 

different radiation pattern at different frequencies. Four 

different range of frequency, radiation patterns are 
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3D radiation pattern of antenna at the frequency of 3 

GHz is shown in the fig 8.  

 

                        Figure 8. 3D Radiation pattern at 3GHz 

The 2D Radiation pattern of antenna at 3GHz is shown 

in the figure 9. 

                       

 

Figure 9. 2D Radiation pattern at 3GHz 

4 GHz 

3D radiation pattern of antenna at the frequency of 4 

GHz is shown in the figure 14.  

 

 

 

 

Figure 10. D Radiation pattern of antenna at 4GHz 

The 2D radiation pattern of antenna at 4GHz is shown 

in the figure 11. 

                                       

 

        Figure 11. 2D Radiation pattern of antenna at 

4GHz 

4. Conclusion 

The 3D wideband antenna with proper corrugation and 

folding techniques has been designed for achieving 

appropriate bandwidth and directivity constraints and 

SAR values that acts as the parameter in finding the 

presence of tumor is obtained using CST software.The 

main advantage of this design is , when implemented in 

hardware it provides a portable device and the timing 

constraints faced in other techniques would be 

overcome. Thus designed antenna in CST microwave 

studio detects the presence and location of damaged 

brain tissues that are caused by different medical 

conditions or injuries, such as ischemic or haemorrhagic 

brain strokes. Further processing of image is done using 

MATLAB to obtain the clear view of the tumor 

location. So this could be a better technology used in 

microwave head imaging in order to detect the presence 

of any prevailing tumors and strokes clearly.This is a 

complete software design and implementation which 

when implemented in hardware would be used in real 

time head imaging which creates a good scope in 

paramedical field for head imaging in future and when 

used in real time could provide a more accurate 

outcome as that of other techniques like MRI and CT 

scans. 
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