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Chapter 01 

Introduction 

1.1 Abstract 

This study is aimed at improving the medical imaging for the patients of breast and brain cancer. 

Breast cancer is one of the most dangerous types of disease that cause the female death around 

the world. Research shows that a large number of females face this problem at age of 45-65. 

Brain cancer is 10th leading disease of death in the world. 

 

Such type of cancers can be cured if they are detected or diagnosed at an early stage. Many 

screening methods are used for diagnosis such as cancer’s-rays mammography, which is use for 

breast cancer detection. CT scan, MRI and ultrasound machine are used for detection of the 

breast and brain cancer. It should be consideration that all the diagnostic techniques should have 

high specification, highly sensitive and should be cost effective for detection of the malignant 

tissue. Furthermore, these methods should able to detect malignant tissue in early stages and it 

should be precise, high resolution and accurate interpretation as well as cost effective. Ultra-

sound method would not give proper image for understanding the difference between normal and 

abnormal tissues and could be dangerous due to the high radiation and if a patient has implant, it 

cannot be used for imaging through MRI.CT scan and MRI are costly and uncomfortable for the 

patient. The mentioned methods do not have key features like high resolution, high sensitivity 

and are not cost effective as well. 

A new method for detection of the breast and brain cancer is microwave tomography. 

Microwave tomography is an iterative none-linear reconstruction algorithm, which uses 

electromagnetic radiation; 1GHz for breast and 0.5GHz-2GHz for brain cancer diagnoses. 

Because of using of non-ionizing radiation, it’s safe and secure for patient. Microwave 

tomography is based on dielectric properties of tissue, blood, bone and fats, where every particle 

has different dielectric properties. 
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Dielectric properties are measured by microwaves that are transmitted through antennas with 

appropriate frequency measurement of transmitted and reflected wave and with reconstruction 

setting that evaluate different sizes of cancer tumors in breast and brain. 

1.2 Background 

Glancing around, may very well be discovered that regardless of the location of the field, certain 

applications which incorporate microwave recurrence-signal, such as microwaves (residential 

machines), PDAs and satellites (for correspondence apparatuses) etc. From all, harmless imaging 

and testing techniques utilizing micro-wave signal for material analysis are very entrenched and 

have links to various other channels. A fundamental difficulty of harmless techniques is its 

expanded utilization of composite materials in various uses in defense industry, mechanical, and 

restorative domains, which is a non-homogeneous attribute. In any case, such troubles are 

overwhelmed through embracing multi-layer imaging systems utilizing diverse layered structures 

that are easy to recognize and image independently.  

Essentially, micro-wave imaging is characterized through filtering of protest and an inner 

structure through illumination via an electro-magnetic pulse in the frequency spectrum of 300 

megahertz to 300 gigahertz. For the most part, a microwave imaging framework, additionally 

alluded to as a microwave camera, incorporates a transmitter (regularly a radio wire) or, in other 

words light up the sample for investigation via micro-wave pulse. At the point where the signals 

collide with the structure, few of the particles will move in a straight trajectory. Similarly, few of 

the particles will be reflected back while, majority of them will get scattered at different angles. 

The adjusted signals then can be distinguished using a sensor or a detector. Detectors area 

depend upon the procedure adopted for imaging [1]. 

Besides, varying of the structure under test (SUT) as for the illumination source and its detector, 

distinctive portions of the structure can be filtered and so, likewise be accomplished  

Utilizing an illumination source, having a frequency spectrum, by handling the obtained 

information and utilizing additional recreation calculations, diverse data regarding unpredictable 

dielectric permittivity and the state of the scrambling structure can be acquired. Such proposal 

builds upon the framework for such imaging plan. 
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1.3 Problem Statement 

In biomedical field the use of microwave technology for diagnoses and detecting remains 

limited. There is still some motivation required for microwave tomography in this field for 

strong outcomes of brain and breast screening. 

Microwave tomography have two main approaches, in first approach dielectric properties 

generated cross sectional area of the object and in second approach radar-based technique is used 

this technique not issued in this thesis. The recent techniques of harmless etc.al and kumara et.al 

have impressive result in microwave tomography. But there is still need some improvement in 

this field. 

Moreover, this is difficult in realistic situation for more accurate diagnoses of cancer because in 

this technique qualitative image is achieved. Furthermore, for cancer detection quantitative 

method is best choice. 

In quantitative imaging the image obtains from the information of dielectric properties of the 

image. That’s main difference among quantitative and qualitative imaging. 

The microwave tomography directly concerns with alternate imaging to UWB radar. MWT is 

founded on the nonlinear inverse scattering problems for example an inverse problem, G and F 

be Hilbert spaces and L. L is a continuous linear operator among them. Then G and F where g = 

LF. The forward problem could be computed g with given f and inverse problem could be computed 

f with given [2]. 

In Fig. given below, elaborate the microwave inverse scattering problem. The object to be scan with 

unidentified dielectric properties is completely envelop by an array of antenna. The making of image 

in microwave tomography is an example of an inverse scattering problem that is ill-posed and 

nonlinear. this can Decrease the accuracy of a calculation and end result. In manner to get correct 

image reconstruction, it is must to obtain diverse calculated data [3]. 

Many methods must be taking such as increase the quantity of antennas by using multi frequency 

technique and imposing the multi-polarized method. The algorithm of image making then developed 

to find dielectric properties of un-identified object. The electric properties of human body tissues 

varied widely. The heterogeneity is most main problem but it’s not discussed in this thesis. 
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Figure 1.1: The inverse scattering problem in microwave. 
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Chapter 02 

Literature Review 

 

This chapter gives the basic introduction and explanation of Microwave tomography and 

previous work of imaging methods and literature review of Microwave imaging for breast and 

brain cancer. 

2.1 Purpose System 

The purpose of this thesis is improving the current microwave tomography for better detection 

and diagnoses the malignant tissue by using reconstruction nonlinear algorithms as compare to 

available methods. The aim of this thesis is finding the appropriate parameters for frequency 

component to find the dielectric properties of materials and tissues for better breast and brain 

cancer detection technique. 

The vast majority of the already created microwave imaging frameworks for the most part had a 

solitary independent receiving wire as the transmitter and another as a collector, while others 

utilized a handset where the transmitter and recipient utilize similar reception apparatuses and 

the impression of microwave signals was dissected to locate the coveted picture. 

 The plan unpredictability and cost of such plans was high since they required quick changing to 

keep away from loss of data. In any case, such issues were overwhelmed by last plans where 

receiving wires were supplanted by radio wire exhibits and in a few structures the transmitter and 

recipient reception apparatus clusters were set alongside one another Fig. 2.1 and reflected 

signals from SUT are examined [4]. 
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And another receiver and transmitter antennas reflection showing in below Fig. 2.2. 

    

 

Figure 2.1: Transmitting and receiving antenna. 

Figure 2.2: Transmitter-receiver antennas 

and the inter-leaved arrays. 
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Despite a few imaging procedures are produced, however, framework structures calculations for 

imaging are potentially enhanced. The frameworks consisting of a frequency spectrum for 

different uses, in a range of different areas, is now able for examination. The proposal introduces 

a 2-dimensional organizer structural imaging framework utilizing micro-wave pulse at a 

frequency range of 10 gigahertz. This dissertation aims at introducing a framework which has a 

tendency to examine an organizer question and its inside structure and demonstrate an ongoing 

picture of the organizer structure. This work is distinct fundamentally due to recurrence of 

activity, radio wire composition & exchanging plan, utilization use (image organizer structure), 

and picture handling for upgraded procedures.  

Radio wire cluster to be utilized as the collector will have 64 components, intended for activity at 

a recurrence of 10 GHz, each being exchanged in a way that the picture will be appeared 

progressively with least deferral. In addition, the transmitter radio wire will be an advanced 

independent receiving wire put into opposite portion of structure for imaging. Hence, many 

diverse radio wire structures will be tried and broke down to locate the most proficient one [5]. 

2.2 Microwave Tomography 

 The study of microwave tomography and electromagnetic waves attracted the many 

research due to the usefulness of this techniques. The use of dielectric properties for imaging is 

use full for better imaging and diagnoses process. In microwave tomography there is two main 

categories one is active microwave imaging and second is passive microwave imaging. In active 

microwave imaging object is illuminating with microwaves through antennas and by study by 

the measurement of transmitted and reflected waves [6]. In passive microwave imaging object 

radiates at normal radiation and by measuring the body temperature and by illustrating the EM 

field from body which are radiate from the imaged tissue one of the techniques named as 

microwave radiography. In this master thesis active microwave imaging will be discussed. 

 Microwave frequency range 1GHz for breast and 0.5Ghz-2GHz for brain imaging is used 

when the frequency transmitted from transceiver antennas it could receive and transmit the wave 

when a wave passed through the object (chest or brain) the receiving scattered signals give the 

information of dielectric properties of tissues like skin, bone and muscle etc. This process also 

uses for detection of hidden objects and it would us in navigation system etc. 
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2.2.1 For Breast Field Area 

For detecting breast field area, estimated by the accepting reception apparatuses, is the aggregate 

of the occurrence field and the scattered field.  

𝐸𝑡𝑜𝑡=𝐸𝑖𝑛𝑐 + 𝐸𝑠𝑐                                                  (2.1) 

𝑬𝒕𝒐𝒕= Sum of total receiving antenna waves 

𝑬𝒔𝒄  =Sum of Scattered filed or waves 

𝑬𝒊𝒏𝒄= Sum of incident field in breast 

What’s more, will along these lines change when the scattered field is presented. From this 

adjustment in the deliberate field, data about the area or potentially constitutive parameters of the 

dispersing object, otherwise called the scattered, might be gotten. 

2.3 Related Works 

First time in 1970s, Larsen and Jacobi marked two-antenna system for imaging, two antennas 

was used one for transmitting signal and other for receiving signal. This method used for 

imaging the canine kidney by measuring the coefficient and utilizing them for imaging. In this 

setup included two antennas water filled tank with immersed imaging object for generate 2D 

imaging. Water was used in this method for matching liquid. From this setup and by using this 

method they were able generate the canine kidney images. 

For making 2D images another setup introduced by Semenov et al. In this system 64 waveguide 

antennas were used 32 for transmitter and 32 for receiver. For making the images of canine 

hearts, and beating hearts images frequency was used 2.45GHz. All 64 waveguide antennas 

arranged in circular array. The aim of this technique used for identifying the possible ways to 

constructing 2D images. For achieving the 3D image 3D object target in X-ray tomography 

system as the results shows that it is not possible to make 3D images through x-ray tomography 

[7]. 

For deep studying CT scan are used for organs but it not produces 3D images. Another approach 

is use for 3D images through MRI but in MRI the moving object or organs that are in motion like 

heart and lungs etc. A tracer is used for MRI images that are harmful for kidney patient therefore 
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for deep studying the organs and for detection the breast and brain cancer it gives insufficient 

information or images. 

 In microwave tomography there is another researches topic named planar microwave imaging 

system. In this case two horn antennas were used one for transmitting and other for receiving 

these antennas ware used for measurement systems. 

Reconstruct 2D imaging through dielectric properties in human tissues research performed by 

Allan this system 4 waveguide antennas were used for transmitting and 4 monopole antennas 

used for receiving frequency used for measurement was 300-1100MHz. Antennas were used in 

circular arrangement. 

In 2000, A 2D microwave imaging procedure developed by the Meany et all-in this system 16 

monopole antennas were used these all antennas were transmitting and receiving the wave at 

same time. Monopole antenna was used due to its operation in line source and operates in loss 

mediums such as breast. This experiment performed on many patient and results are satisfying 

with accuracy for real breast tissue [8]. 

In recent years 3D image construction made by different searches. The aim of this 3D imaging is 

improving the diagnostic and detecting ability for better cure. In 3D imaging a heavy calculation 

is required as compare to 2D imaging. For 3D modeling system high performance computer are 

required for better computation. For calculating the reconstructive scattering signal from 

dielectric properties various nonlinear methods are applied [9]. 

Microwave tomography is quantitative imaging that used for detection of breast, brain and lungs 

cancer and also can detect the unknown object by their dielectric properties. This system based 

on two main parts hardware and software in hardware antennas that are transmitter and receiver 

at same time they transmit the electromagnetic field to object and receive the signal and the 

receiving signal solved by the software in which inverse scattering nonlinear problems is solved 

with algorithm [10]. 
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2.4 Challenges in MWT 

The microwave tomography is based on the measurement between dielectric properties cancer 

tissues and normal tissues. All the tissues in the body have different dielectric properties and they 

are inhomogeneous to each other and their properties changes during the life time. The other 

problem is determining the tissue property this process is difficult due to the limitation access the 

tissue. Therefore, the parameters of the dielectric properties must be choosing carefully for 

accurate and precise measurement [11]. Moreover, the speed of reconstruction is slow due to use 

of inverse scattering imaging algorithms and heavy equation to be calculated of detecting the 

unknown object. 

By and large, substituting electro-magnetic pulse having a frequency range changing within  

and with a wavelength in the range of 1 meter to 1 millimeter, are alluded to as micro-waves. 

Microwave ranges are limited by Radio recurrence (RF) and Infrared (IR) recurrence including 

ultra-high recurrence (UHF), super high recurrence (SHF), and to great degree high recurrence 

(EHF) signals [12]. 

 

Figure 2.3: Illustration of electro-magnetic range demonstrating micro-wave range. 
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Despite the fact that microwaves cover the recurrence run beginning at 300 megahertz while 

ending at 300 gigahertz. However, the vast majority of basic applications is inside the recurrence 

extend somewhere in the range of one and 40.00 gigahertz that is illustrated below table 2.1. 

 

 

            

 
Band 

  
Spectrum (Gigahertz)  

  
Band 

  
Spectrum(Gigahertz) 

 

 
L-Band 

  
1.120-1.70  

  
X-Band 

  
8.20-12.4  

 

 
R-Band 

  
1.70-2.60 

  
Ku-Band 

  
12.40-18.0 

 
            

 
S-Band 

  
2.60-3.950 

  
K-Band 

  
18.0-26.50 

 

 
H-Band 

  
3.950-5.850 

  
Ka-band 

  
26.50-40.0  

 
            

 
W-Band 

  
7.050-10.0 

       
            

            

Table 2.1:Range of micro-wave frequencies in a band. 

  

http://en.wikipedia.org/wiki/X_band
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Chapter 3 

System Design and Its Reflection 

 

This section incorporates the proposed framework or model and presents the hypothesis and 

structure behind each piece of the proposed framework. For the most part, the framework 

includes two fundamental areas; equipment and programming. The part starts by giving a short 

depiction of the general framework. It proceeds with a clarification on the hypothesis and the 

plan of all equipment utilized for building up the framework. This area contains portrayal of the 

lighting up source, beneficiary sensor, exchanging plan, and the down change followed by the 

interface. This section culminates through clarification of product with its respective algorithm 

created to facilitate information examination with picture arrangement. 

3.1 Hardware Design 

Image utilizing micro-wave pulse depends upon way the electro-magnetic pulse encounters 

distinctive reflection at the point where such pulses enter diverse medium. Checking the 

reflection flag (regardless of reflection via the protest or reflected once more from question) has 

the potential to give data regarding the di-electric ‘SUT’. Distinctive strategies are received in 

order to recognize and screen the reflected flag. This dissertation, utilizes imaging framework via 

which reflected flag can be assessed and examined.  

Such framework in the diagram below comprises of oscillation source, illumination source, 

beneficiary sensors, exchanging unit along with stage greatness detachment & down 

transformation (demodulation) unit, and a handling unit [13]. 

With the end goal to picture structural composition utilizing such framework, an ultra-high 

recurrence wave, the recurrence that relies upon skin profundity of respective structures, is 

required to be transmitted through it. Suggested2-D image frameworks, requires flag having 

recurrence up to ten Gigahertz is utilized for the purpose of light flag and is created through 

breadth oscillator. Afterward, the flag is isolated to form 2 sections. Such an approach finishes 

by a 4-port micro-wave segment referred as “directional coupler” (Fig. 3.2) having coupling 

variable of 0.10. 
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Figure 3.1: The proposed system diagram of Microwave imaging 

 

 

Figure 3.2: Directional-Coupler 
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It implies ten percent flag passes via port one to port two. Such flag serves the purpose for 

reference to downwards change unit to convey obtained flag down to DC value and prepare it 

for. Whatever is left of this flag goes to port 3. 

Be that as it may, is to be utilized as the wellspring of light and is sustained to the transmitting 

radio wire.  

With respect to the reception apparatus unit, two diverse transmitter and beneficiary radio wire 

plan and arrangements will be considered. The principal situation will be embracing a solitary 

component transmitting receiving wire for which the transmitter can have any compose as long 

as it fulfills the necessities. While this strategy is basic and simple to actualize, there are sure 

disadvantages to it. Then again, exists probability for utilizing a transmitter which includes 

cluster of radio wires, equivalent to collector. Contrary to the previous scenario, such framework 

likewise possesses a few advantages along with a few downsides. An analysis for execution of 

such 2 frameworks will additionally investigated and the most valuable compose will be chosen 

for the last framework.  

At the point when this flag passes via SUT, the reflected flag is gathered through a recipient 

sensor that comprises of a variety of radio wires. As we know,2-D picture obtains data regarding 

spatial directions for information obtained by scattered flag. Through utilizing different reception 

apparatuses, every component on the cluster can protect the area of the flag it gets. Besides, this 

kind of collector can give a quick sweep of various areas of the SUT. That is while a solitary 

component beneficiary reception apparatus can't give a two-dimensional ongoing picture because 

of the needs for checking the entire structure, and that requires longer durations [14].  

Fundamentally, a picture is spoken through grid which consists of data gathered from pixels of 

the picture, which include power pixels, shade obtained from pixels and corresponding area of 

picture. The qualities within every component of lattice convey pictures power and shading data. 

As area of all pixels are spoken to from area of lattice components. This implies a picture of high 

standards and has a greater agent network. In addition, when a picture of certain physical size has 

distinctive goals for example a picture [15]  
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With various compression techniques, the visual-quality declines since goals diminish. This 

implies that specific visual standards are requisite to various picture goals then dimensions of the 

picture require alteration.  

3.2 Antenna Design for Microwaves 

As made reference to before, a standout amongst the most imperative parts of this structure is the 

getting radio wire (retina). There are two distinct receiving wires utilized for framework: 

transmitters radio wire (enlightenment source) while second wire standout amongst fundamental 

components of framework is referred to as “recipient retina”. Despite the fact that it isn't as basic, 

the transmitting receiving wire assumes a vital job for the structure. As power is produced by the 

flag generator is constrained, the transmitting reception apparatus requires worthy radiation 

attributes.  

Among primary deciding components of structure in a radio wire are its dimensions that chooses 

reception apparatuses dimensions, gain and directivity (that is its recurrence diminishes, the 

dimension’s increments, and so has the ability to transmit and get enhanced powers). In any case, 

width transmission reception apparatus decides its close field and far field areas (Condition (2.1).  

With respect the work presented so far, suggested framework requires structuring and attention 

for most distant areas of transmission’s reception apparatus. Such an approach reduces the 

overall dimensions of the apparatus [16].  

Transmission receiving wire ought to be as little in size as could be allowed. Subsequently, there 

are different qualities that ought to be considered with the end goal to boost the power radiation 

effectiveness. To test distinctive conceivable outcomes, for the present two diverse transmitter 

reception apparatuses will be examined; a solitary horn radio wire and a variety of roundabout 

fix receiving wires. 

3.2.1 Transmitter’s Structure 

The dissertation model’s transmitter as a horn-receiving wire. Be that as it may, an option would 

be utilization of a variety of round fix radio wires, the plan of which is additionally testing. 
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                         (a)                                                                                                   (b) 

Figure 3.3: (a) A Waveguide antenna, (b) Horn antenna 

A horn radio wire or antenna Fig. 3.3 is essentially a wave manage with one of its finishes flared 

out. The primary capacity of a horn radio wire is to deliver a uniform stage front with gap bigger 

than a waveguide to give higher directivity, and higher gain.  

𝐺 = 𝑒. 𝐷                                                      (3.1) 

where 

e is the efficiency of antenna. 

D is the directivity of antenna.  

𝑃𝑟

𝑃𝑡
= (

𝜆

4𝜋𝑅
) 𝐺𝑜𝑡𝐺𝑜𝑟                                          (3.2) 

where  

𝑷𝒕 is the transmitted power,  

R is the separation between the transmitter and beneficiary,  

𝑮𝒐𝒕 and 𝑮𝒐𝒓 are the transmitter and beneficiary gains separately.  

This implies the greatest power is transmitted the forward way (coordinate viewable pathway); 

along these lines, the side components will get less power than those at the inside. 
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Despite the fact that this can result in a yield that can't be comprehended, weight of the exhibit 

components can be aligned to defeat this issue. As made reference to before, the power 

transmitted to the components a long way to inside line of the transmitter (the corner components 

of the recipient) will be little. Along these lines, if a question that has little skin profundity with 

increased conductivity requires imaging, it’s edges won't lit up due to framework so that 

corresponding picture's edges may not be ambiguous.  

3.2.2 Array of Antenna 

To conquer such issues, a variety of transmitter radio wires can be received. Along these lines, in 

a perfect mode, each getting reception apparatus component will get a similar measure of 

intensity consistently regardless of whether separation within beneficiary and transmitting 

apparatus is sufficient. 

Figure 3.4 : Different paths from the transmitter to the receiver elements. 
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Even though, fact is that the transmission strength of each exhibit component will carry on the 

equivalent paying little respect to the dispersing between the enlightenment source and the 

accepting retina, still there is a requirement for adjustment since by and by, because of 

assembling defects, not the majority of the transmitting and getting components will be 

indistinguishable. Besides, since for the tests just a single flag age source will be utilized, exists a 

requirement pertaining to switch and links that do not carry on precisely its equivalent. Such a 

problem is settled through alignment with standardize entire transmitted measures of intensity 

within each exhibit components. However, certain disadvantages accompany to this proposed 

approach as well. Such disadvantages are unpredictability and expense for this transmitter as 

multiple RF links and switches are demanded in this approach. Additionally, general emanated 

control at location of transmitter is reduced because of misfortunes attributed to links as well as 

the switch [17].  

Investigating previously described correlation between two transmitters, use of horn radio wire 

was figured out to be more successful for such model as it has lower cost while at the same time 

provides enhanced power. 

Figure 3.5: Channels along transmission and receiving path. 
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3.2.3 Receiver’s Model 

When an appropriate transmitter has been selected, accepting retina, of which a few sorts of 

receiving wire configuration are embraced, is to be planned. Due to such reason, three diverse 

receiving wire composes have been considered and the most fitting one has been chosen. The 

principal composes which is the most straightforward contrasted with alternate components, is a 

variety of 64 (8 lines and 8 segments) round fix components which are little (prompting a higher 

goals) and simple to produce. The second one will be a retina making out of 64 round opening 

radio wires while the last sort will be a 64-component cluster making out of curved resounding 

spaces (in which the exhibit component dividing can be lessened up to a significant range 

bringing about a higher goals). Roundabout and curved space radio wire components have little 

physical size and are anything but difficult to produce too. Besides, whenever stacked, round 

openings can have an extensively high affectability at their full recurrence; yet, the estimations 

for their plan at high recurrence are calm unpredictable and urgent. Then again, the curved space 

radio wires have numerous parameters to be intended for with the end goal to have the coveted 

reaction. Among these sorts, the round fix radio wire is the least complex to plan and produce 

[18]. 
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Chapter 04 

Methodology 

 

4.1 Methodology of Microwave Imaging 

 

The potential for utilizing microwaves for recognizing bosom tumors is contingent upon idea 

related to tissues and their subordinate micro-wave scrambling along with ingestion deep within 

bosom and dielectric so that a classification of benign and harmful tissues can be achieved. 

Numerous methodologies that utilize microwaves are used in the imaging devices and are 

illustrated in the Fig. below. 

The conventionally accepted idea is that typical bosom or dielectric tissue is to a great extent 

straightforward to microwaves because such tissues are highlighted with a low relative 

permittivity and conductivity at the microwave recurrence groups, while sores, which contain 

more water and blood are portrayed by a high relative permittivity and conductivity at the 

microwave frequencies and subsequently they cause a critical backscatter. Based on such 

presumption, or, in other words a few estimations, micro-wave imaging frameworks intended for 

identifying the nearness attributed to little question within bosom resulting in an extensively 

bigger backscatter than the encompassing medium [19].  

Micro-wave methods include the spread of low levels (1000 times not as much as a cell phone) 

of microwave vitality via bosom tissue. For such reason, tumor identification along with the area 

is the distinction of electro-chemical attributes among ordinary as well as harmful bosom tissues. 

Typical bosom tissues are at great extent straightforward to micro-wave radiations, while 

threatening tissue, having higher blood as well water content stimulates micro-wave flag back-

scattering. Such scattered flag is collected by a variety of micro-wave reception apparatuses with 

help of a PC. 
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Figure 4.1: Micro-wave base diagnostic image processing method. 
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4.2 How Microwave Imaging System Work 

 

As we know the Microwave imaging has very good efficiency in high frequency region. 

Microwave has the property to take the image of where there is dielectric material. As we know 

that human body is biggest example of dielectric material. So that is the reason we are using 

microwave in medical diagnostic for detecting the tumor in human body organ like brain, breast 

and liver. 

Microwave has propagation power at high frequency. In below diagram we use Transmitter and 

receiver antenna for microwaves. Microwave sources always generate the microwaves and send 

these waves to object when these waves collapse with the relevant or desire object then some 

waves reflect, some refract and some radiations waves will observe in the object. Then the 

receiving antenna receives these wave returns and observes radiation area become prominent. 

This prominent area defines the accepted area of tumor [20]. 

 

Figure 4.2:Radars &antenna-based microwave imaging system for detecting tumor. 

(a) monocratic, and (b) bi static radars. 
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4.3 Breast Tumor Detection 

The tumor detection for breast tumor is very difficult because breast have involved with lots Fat 

and soft tissue in these detections. The breast tissues need more high frequency as compare to 

brain. Because at low frequency like mammography machine have not good efficiency to detect 

tumor in breast.  

 

Figure 4.3: Detection of breast tumor methodology 

4.4 Result and Image of Detection Tumor in Breast 

The microwave frequencies vary to detect any irregular growth of organ in human body is start 

out at 300.0 megahertz – 300.00 gigahertz and lies in the wavelength domain of 1 meter – 1 

millimeter. The segment starting at 30.0 gigahertz – 300.0gigahertz lies in wavelength domain of 

1 meter – 1 millimeter and is referred to as “millimeter waves”. Micro-waves depend on the 

length of the segment to be investigated. In various dielectric medium, such engender diversely 

quick and are reflected, refracted and scattered from the outer surface. The other portion 

engenders past the surface. Higher the wave-impedances, higher will be the wave reflection [21]. 

With the end goal to discover material imperfections, a test, connected to achieve little 

separation, is rolled onto the surfaces of the gadget under test. Such an approach has to be 

physically possible. The tests transmit and get micro-waves.  

Variation of di-electric attributes on surface (that is shrinkage holes, pores, remote material 

consideration, or breaks) inside the inside of the gadget under test mirror the episode microwave 

and send a piece of it back to the test, which goes about as a transmitter and as a beneficiary.  
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Electrical information assessment prompts a showcase of the outcomes, which is like B-check 

(cross-sectional view) or as a c-filter (when viewed from above). Such showcase techniques are 

embraced by ultra-sonic experimentation. Microwave imaging has ability to give 3-D view of 

any part of human body organ. 

 

 

Figure 4.4: Imaging result tumor detection. 

 

The radar way to deal with microwave imaging Fig. 4.2 utilizes producing and getting short 

heartbeats for different areas of test radio wire or on the other hand by an exhibit reception 

apparatus. The handled signs for different areas of a test reception apparatus or from cluster 

components are joined to frame a few dimensional pictures demonstrating the area of an 

exceedingly reflecting item speaking to a malignant tissue.  

 

The arrangement, appeared in Fig. 4.5, depends on the standard of mono static radar. In this 

arrangement, a similar reception apparatus is utilized to transmit as well as get a micro-wave 
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flag. Apparatus illustrated below utilizes two radio wires, that have been dislodged due to 

specific separation. In such a case bi-static radar controls micro-wave imaging framework. 

When utilizing the radar-based strategies to picture human breast, the methodology is as 

appeared in Fig. 4.5. The arrangement of a model radar framework is appeared in the Fig. 4.2. 

The framework comprises of a round barrel shaped filtering stage with a goals of 1° to help a 

bosom apparition, and a mechanical checking stage with goals of 0.1 mm in the vertical pivot. 

The examining stage underpins a variety of wideband receiving wires. The receiving wire is 

associated with a microwave Vector System Analyzer that estimates the scattered signs. The 

gathered scattered signs are then prepared in a PC to get a picture of the bosom.  

The imaging capacities of the previously mentioned radar framework are done for a fake bosom 

ghost. Test of the got pictures is appeared in Fig. 4.4. The Fig. plainly demonstrates the limits of 

the layer speaking to the skin, size and state of the protest that speaks to the tumor [22].  

The microwave-based imaging frameworks confront two genuine difficulties previously being 

prepared for clinical tests. To start with, the accomplishment of those frameworks relies upon a 

significant complexity in the dielectric properties of dangerous and typical bosom tissues. An 

extensive scale concentrate to tentatively decide the dielectric properties of an assortment of 

ordinary, harmful and considerate bosom tissues, estimated at the microwave go has as of late 

been led in the USA. It has been shown that the dielectric differentiates changes generally from 

individual to individual and with age and some other organic elements. It has additionally been 

discovered that despite the fact that the complexity among dangerous and typical fat ruled tissues 

in the bosom is impressive, the differentiation in the dielectric properties is close to around 10% 

among threatening and ordinary glandular/fibro-connective tissues in the bosom. By utilizing the 

disseminating hypothesis of electromagnetic fields, it is conceivable to demonstrate that when 

the dielectric differentiate between the ordinary and harmful tissue is low, goals of the 

microwave imaging framework falls apart quickly bringing about a foggy picture of the bosom.  

 

The second essential test that confines the accomplishment of the microwave-based imaging 

frameworks begins from the idea of the microwave signals. The constrained goals originate from 

the way that the heterogeneous structure of the bosom causes various scatterings and reflections 
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for the microwave flag while infiltrating inside the tissues. This expands the vulnerability in 

assessing the three-dimensional picture of the bosom. That vulnerability must be evacuated by 

extra data about the bosom tissues [23]. 

 

In this technique and thesis, we present a reduced estimated imaging sensor utilizing the multi-

polarization strategy for bosom growth identification. These chapters explain the proposed 

design calculation; reception apparatus cluster arrangement, and bosom models to understand the 

3-D microwave bosom imaging. 

4.5 Finding Image from Microwave Tomography 

With the end goal to evacuate the deterrents confronting the accomplishment of the microwave-

based imaging strategies, the half and half method is proposed and tried. The cross-breed 

procedure uses the dielectric (electrical properties) and versatility (mechanical properties) 

differentiate among tumors and sound tissue with the end goal to create a three-dimensional 

picture of the bosom. The data from the half breed picture essentially improves early 

symptomatic precision.  

 

Figure 4.5: Configuration of radar system for microwave imaging. 
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The mechanical properties of natural tissues are imperative pointers for biomedical conclusion 

since they are for the most part related with tissue obsessive changes. For instance, various types 

or categories of cancer of the bosom are observed as being more hardened when compared with 

encompassing ordinary tissue. Albeit diverse as far as their versatility, a few may never be 

promptly noticeable through regular imaging techniques, particularly within sight of compound 

foundation changes, for example, tissues surrounding scars and other generous wonders [24].  

 

Illustration for the above proposed approach is depicted below. Through an administered PC 

control, momentary recurrence adjusted heartbeats are connected via an ultra-wide-band (UWB) 

receiving wire alongside bosom, when the subject under examination is lying in a horizontal 

position with face facing earth, by means of an exchanging unit. In the meantime, acoustic flags 

are connected to the transducers underneath subject’s bosom. Suggested half breed framework 

uses the consolidated advantages obtained from micro-waves, through’ range, as well as acoustic 

excitations for creating a 3-D picture. For such an approach, range of micro-wave pulse is 

utilized to obtain a complete perspective for the di-electric contrast. However, some acoustics 

depict versatility conveyances inside bosom. The final picture, having higher contrast, is then 

formulated using 2 appropriations. 

 

Scattering of signs, that represent distinction of various electro mechanical attributes from 

various kinds of bosom tissues, is gathered from tube shaped cluster of ‘UWB’ reception 

apparatuses surrounding the bosom. Attributes pertaining to scattering signs such as 

plentifullness, time-delay, recurrence move along with its precise dissemination, related to 

qualities of bosom tissues. An example of such an approach can be, move of recurrence, or, in 

other words recurrence, is because of flexibility differentiate, while time-delay occurs because of 

di-electric differentiate. The location unit is illustrated in the Fig. below. 

 

The location unit obtains these attributes, while a flag molding module intends to digitalize well 

as enhance nature of information to increase the capacity on a rapid PC. Task of the diverse 

modules of the framework are controlled from a PC, which would likewise be utilized for 
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adjustment, information gathering, preparing, and to show the pictures. Certain handling 

calculations are utilized to create a reasonable three-dimensional picture of the bosom. The 

administrator can recognize tumors from the sound tissues of the bosom by distinguishing the 

diverse bosom districts portrayed through enhanced back-scattering and firmness.  

 

Module illustrates in the diagram below, incorporates grid which includes directional couplers 

and power dividers. The unit directs and coordinates the created micro-wave beat to transmitting 

&receiving wire and the scattered heartbeats move towards the recognition unit, hence 

accomplish an abnormal state of disconnection between them. The location unit incorporates a 

lattice of correlates, which can identify the plenty fullness and stage varieties of the got signs.  

 

With the end goal to evacuate undesired reflections because of the con found between the 

receiving wire, the skin-layer and space isolating both. The bosom for analysis is submerged into 

coupling fluid possessing material attributes which decrease regressive dispersing at skin-layer 

hence, consequently expanding dynamical scope for suggested framework.  

Illustration of consequences for image utilizing cross breed system is appeared in Fig. 4.6. 

Outcomes of the diagram uncover the likelihood for identification as little as one millimeter 

tumors which is a noteworthy outcome. Notwithstanding, additionally has to be as such that the 

imaging can be carried out in a more reasonable conditions utilizing heterogeneous bosom 

ghosts. 
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Figure 4.6: Microwave tomography Hybrid Imaging processor. 

 

4.6 Proposed Algorithm to Prove Better Imaging 

 

In this theory, the calculation is arranged through various info documents as indicated by above 

Fig. The transmitter-collector (transceiver) configuration record present the situations in space of 

the handsets and what number of handsets is utilized. The geometry record determining the 

question district, the quantity of cells, estimate and the mind-boggling permittivity of the 

foundation medium. In the underlying permittivity record, the underlying supposition of the 

item’s complex permittivity 𝐶0 is indicated. The last information record is the deliberate 

scattered field 𝐸𝑚𝑒𝑎𝑠𝑠 acquired from the forward problem, which contains the normal scattered 

field for the streamlining procedure. At long last, the reproduced picture 𝐶𝑛 is put away in the 

remade permittivity record.  
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Figure 4.7: Imaging Framework Advancement 

Mother is utilized to acquire the dispersing field estimation in the forward issue. While in the 

reverse issue, Newton-Kantorovich strategy or DBIM is actualized to reproduce the question 

under scrutiny. For picking the regularization parameter, we utilized: (1) an experimental recipe, 

and (2) L-bend strategy. The transmitter-recipient arrangement document and geometry design 

record will be talked about in next area. 

 

The proposed microwave tomography framework is fundamentally founded on the microwave 

mammography framework created by Kuwahara et. al., as appeared in Fig. 4.7. The gear 

includes an imaging sensor, a reception apparatus switch for changing the blend of the 

transmitting and accepting receiving wire, and a 2-port vector arrange analyzer (VNA) as a 

handset. It likewise contains a PC to control the VNA and the receiving wire switch, and acquire 

the estimation information, and a workstation (WS) for estimation information handling. The 

reception apparatus framework is planned expecting that, amid the examination, the patient 

untruths inclined a main an estimating tank with one bosom pendant in the imaging receiving 

wire cluster. The little size of bosom imaging sensor is furnished with a suction apparatus on top 

for weight suction. Therefore, the bosom is settled to the inward state of a sensor, in this way, the 

state of the bosom for the imaging procedure is known [25].  

As made reference to in Area 3.5, if the separation between the imaging bosom and the reception 

apparatus cluster is extensive, the proliferation misfortune expanded. Accordingly, the estimation 

blunder expanded because of decreased SNR. This condition will offer challenges to identify 
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changes in the bosom precisely. Hence, it is important to plan a minimized sensor that includes a 

little separation between the radio wire and the bosom. 

 

Figure 4.8: Schematic diagram. 

 

 

Figure 4.9: Sensor with aspirator. 
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In this proposal, the improvement on the imaging sensor will be engaged. For our microwave 

tomography framework, the bosom imaging sensor is altered dependent on Fig. 4.2. The model 

bosom imaging sensor is appeared in Fig. 4.3. Various receiving wires are installed in a 

rectangular sap square which gives a hemispherical space to oblige patient's bosom. With the end 

goal to keep up the hemispherical volume of imaging bosom, a suction apparatus associated with 

a suction valve is prepared on the lower surface of sap square [26]. The material steady of the 

pitch square is around like those of the fat tissue. Additionally, because of the nearby contact 

between the bosom and the sensor, a loss coordinating liquid winds up superfluous to lessen the 

impact of encompassing structures. 
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Chapter 05 

Simulation Results and Discussion 

5.1 Brain Tumor Simulations 

The theoretical framework presented in this dissertation has been supplemented with help of 

simulations performed in MATLAB. In the first simulations a frequency range from 0.5 GHz to 

2 GHz was given to the brain cells. At the point where the frequency dropped below a threshold 

value, which is 0.5 GHz, the tumor has been detected. The algorithm designed for the task 

identifies the starting point or the location from where the tumor starts and also tells us about the 

point where the tumor ends. Similarly, the algorithm also shows the length of the tumor. 

Additional feature of this code is that it also describes the severity of the tumor, which is based 

on the length of the tumor. At each point, along the length of the area scanned, the values of the 

frequency are plotted which assists in visualizing where the tumor is located. 

It can be seen, through the decline in frequency trend, that the tumor has been identified in the 

brain. 

 

Figure 5.1: Resulting waveform of the frequency. 



 

 

34 

 

 

Figure 5.2: Information obtain from the command window. 

This information figure 20 has been obtained from the command window of MATLAB. It 

describes all the relevant information needed by the medical staff in diagnosis of the tumor. 

5.2 Brest Cancer Simulations 

The same procedure has been adopted for the Brest tumor detection as it has been performed for 

the brain tumor detection. The results of the simulation are illustrated below. The only difference 

between the two simulations is that for the Brest tumor, we have used a different frequency 

range, which is 1 GHz. 

 

Figure 5.3: Resulting waveform of the frequency. 
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Figure 5.4: Information obtain from the command window. 

 

The frequency spectrum of Brest cancer is illustrated on the left. In this work, it can be 

visualized that the tumor in the Brest has been identified through the rapid decline in the 

frequency. 

The simulation provides all the relevant data regarding the status of the Brest tumor in the 

command window of Mat Lab 

5.3 Multi Patient Simulations 

In this task the frequency spectrum of 5 patients which randomly have brain tumor is evaluated. 

The code takes the mean value of the frequency spectrum for each patient and if the mean value 

falls below a threshold value than it is confirmed that the patient has the tumor. 

 

 

Figure 5.5: Information obtain from the command window. 
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Chapter 06 

Conclusion and Future Work 

6.1 Conclusions 

This exploration has given another answer for the issue of pseudo continuous image creation of 

the tissue containing tumor. The work presented in this dissertation can act as a precursor for 

further research conducted in the area of utilizing micro-wave for the detection of cancer. Amid 

examination, certain assumptions have been made at each stage of the work. However, the work 

has been successful in accurately identifying the tissues that have been infected with the tumor.  

 

Among many accomplishments of this dissertation, the noteworthy one was high recurrence 

switch that was fabricated in the lab. Although similar switch can be found available in the 

market, but he main advantage attributed to the switch fabricated in this project was it provided 

as cost effective alternative to the ones available in the market. The execution of such switch can 

further be carried on extensively through using PCB substrate having high di-electric permittivity 

and low misfortune digression. However, such PCBs could not be employed in this work due to 

shortage of time, resources and their availability in the market. 

 

Another accomplishment of this task was its capacity to furnish constant pictures having revive 

rate which is under 10 seconds. However, due to experimentation reason and because of absence 

of a steady flag generator, such invigorate rate is expanded to just about 30 seconds to build 

examining time frame along these lines the precision of the picture. Be that as it may, if a quicker 

information procurement cards were used, such planning can additionally be decreased.  

6.2 Recommendations for Future Work 

Few upgrades potentially exist which have the tendency to improve execution of micro-wave 

camera. Primary enhancements for such framework are modifications pertaining to collector 

reception apparatus cluster. A stacked roundabout or curved fix, as specified previously, cluster 
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can give a superior execution. Besides, if Stick diodes are utilized to regulate the gotten flag, the 

switch system can be dispensed with.  

Additional room for improvement in the suggested framework can include up gradation to the 

switch employed in this work. An enhanced conservative system of switches having high 

seclusion (to reduce the coupling-effect). Additionally, lesser constriction has the potential to 

enhance execution of suggested framework impressively.  

Despite the fact that these upgrades can improve the precision and visual nature of the acquired 

picture, yet the general idea of the framework will remain nearly the equivalent as the framework 

introduced in this postulation. 
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