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Abstract— Microwave imaging techniques have shown excellent capabilities in various fields such as civil engineering, 

nondestructive testing, industrial applications, and have in recent decades experienced strong growth as a research topic in 

biomedical diagnostics. This papers aims to amalgamate the various techniques used for microwave imaging and deep study on 

their feasibility.1 

 

I. INTRODUCTION  

 

Microwave imaging is an imaging technique which uses non-

ionizing electromagnetic (EM) signals in the frequency 

ranging from few hundreds of megahertz to few gigahertzes. 

It is an emerging technique in various fields such as medical 

imaging, antenna synthesis, electromagnetics, and component 

design. Microwave imaging for medical applications started 

as a feasibility study by imaging organs as a perfused canine 

kidney by Larsen and Jacob in 1980s. 

 

The penetration through opaque medium makes microwaves a 

convenient agent for non-invasive testing, evaluation and 

measurements. Medical imaging is usually done to visualize 

the interior of the body of both healthy and diseased subjects. 

These images of the body are considered for clinical analysis 

and detection of any abnormalities. On the contrast from 

medical applications microwave imaging techniques can be 

used for the retrieval of information about unknown 

conducting/di-electric objects scattered by external 

microwave sources, whose applications include civil and 

industrial engineering, non-destructive testing and 

geophysical prospecting. 

 

II. DESCRIPTION & WORKING 

 

Microwave Imaging Setup 

 

It consists of several antennas located around the body to be 

imaged. The antenna can form a 3D array. One antenna 

transmits at a time: it is connected to the transmitter and the 

scattered signal from the body is collected by the rest of the 

antennas that are connected to the receiver. Usually, there is 

an RF switch, that quickly switches between different 

antennas, such that all or some antennas act as a transmitter 

while the rest of the antennas are connected to the receiver. 

Between the antennas and the body, there is a homogeneous 

matching medium. The matching medium helps in reducing 

the reflections by coupling the signal to the body.  

 

 

 

This is because of the fact that, in the absence of the matching 

medium, a high reflection may occur between the tissue and 

the medium, which is the air in which the antenna system is 

kept. This would result in a weak signal that could penetrate 

the body. Hence, matching medium helps in reducing this 

reflection, and a relatively higher strength of the signal can 

penetrate the body. A simple matching medium that has been 

used is water. After the scattered signal is collected by the 

antenna and processed by the receiver to get meaningful signal 

data, the data are transferred to a computer. The computer 

executes the imaging algorithm to generate the image of the 

body. By the analysis of the generated image, the required 

qualitative or quantitative properties of the body can be 

fetched. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Basic setup for microwave imaging in a two‑dimensional case 

when one antenna (TX) transmits the signal and all other 

antennas (RX) are in receiving mode. The imaging domain _ 

contains the heterogeneous body to be imaged. The 

measurement domain contain the transmit and the receive 

antennas. The whole system is in a homogeneous medium that 

acts as a matching medium. The RF switch switches between 

different antennas, such that all or some antennas acts a 

transmitter while the rest of the antennas are connected to the 

receiver. The transceiver is connected to a computer to which 

the collected signal data is transferred. The computer also 

executes the imaging algorithm. 
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III. MICROWAVE IMAGING ALGORITHMS  

 

Quantitative Imaging Algorithms 
 
  
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A. Advantages 

 

From the medical applications perspective of all the internal 

imaging procedures available to physicians, the CT scan is the 

most detailed, and can give a doctor the most complete picture 

of what’s happening inside a patient’s body. They are 

particularly useful and widely used in diagnosing cancer. 

 

The principle advantages of quantitative imaging algorithms 

are: 

•  Rapid acquisition of images.  
•  A wealth of clear and specific information. 

 

B. Disadvantages 
 
Once again from the medical applications perspective, 

compared to other diagnostic tests, CT scans deliver a 

relatively high dose of radiation to the patient. While this is 

not usually a problem for a single scan, patients who need to 

undergo repeated tests can be subjected to a significant level 

of radiation, increasing their cancer risk.  
•  A view of a large portion of the body.e principle 

advantages of quantitative imaging algorithms are: 

•  Rapid acquisition of images.  
•  A wealth of clear and specific information.  
•  A view of a large portion of the body. 

 

Qualitative Imaging Algorithms 

In general, quantitative algorithms are computationally and 

memory-wise demanding. Moreover, in some applications 

such as in breast cancer detection, the main objective is not to 

know the electrical properties of the tissues, but to determine 

the existence and location of the tumour. In such cases, 

qualitative imaging algorithms can be used. Qualitative 

imaging algorithms are similar to radar-based algorithms 

where the objective is to detect strong scattering objects. In 

case of medical microwave imaging, the malignant or the 

tumorous tissue is a strong scatterer due to higher dielectric 

properties than the surrounding tissues. Various radar-based 

imaging algorithms to focus the tumour, such as confocal 

microwave imaging, beam forming , and tissue sensing 

adaptive radar are used. Ultra-wideband (UWB) signal is 

used for qualitative imaging to have a good time resolution. 

In qualitative imaging, each antenna transmits a short pulse at 

a time (UWB in frequency domain), and the backscatter 

response is received by the same antenna. The backscatter 

response consists of the tumour response, scatter from the 

skin, and backscatter from other tissues. Signal processing is 

used to reduce the effect of the skin and the backscatter from 

other tissue, to enhance the signal backscattered by the 

tumour. For example, in confocal microwave imaging, the 

processed backscattered waveform at each of the antennas is 

integrated over time to obtain B t integrated waveforms, 

where t is the number of the transmit antennas. The 

reconstructed image is then created by time-shifting and 

summing data points from these integrated waveforms for 

each synthetic focal point r in the imaged body. The intensity 

I( r ) of a pixel in the image at r is the square of the 

coherently summed values: 
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A. Advantages  
From the industrial applications perspective such as RADAR 

signals can penetrate mediums such as clouds, fogs, mist and 

snow. The signals used by RADAR technology are not 

limited or hindered by snow, clouds or fogs. This means that 

even in the presence of these adverse conditions, data will still 

be collected. 

 

• It can give the exact position of an object.  
• It can determine the velocity of a target.  
• It can measure the distance of an object.  
• Easy data acquisition at different scales.  
• Spot the difference between stationary and moving 

objects. 

 

B. Disadvantages 
 
Large objects that are close to the transmitter can saturate the 

receiver. The radio signals work best when the object is 

further away from the receiver and not closer. Readings may 

be falsified if the object is handheld. If the target is held in the 

hand, the data collected may not be accurate. It can be 

oversensitive and cannot be used beyond ionosphere. 

 

IV. BIOMEDICAL APPLICATIONS 

 

A. Brain Imaging 

 

Microwave imaging of the brain can be done to detect and 

locate the area of the damaged brain tissues due to injuries or 

conditions such as ischemic or haemorrhagic stroke. A stroke 

may result in accumulation of a blood clot within the brain. 

As there is a difference between the electrical properties of 

the blood and normal brain tissues, microwave imaging can 

be used to detect the blood clot. Research reported in focus on 

such stroke detection in the brain using microwave imaging. 

Quantitative methods used so far include a Newton-type 

iterative scheme for 2D tomography, the born iterative 

method, and a multiplicative regularized Gauss-Newton 

inversion. Qualitative approach as confocal imaging has also 

shown to detect stroke.  
 
 
 
 
 
 
 
 
 
 
 
 
 
B. Breast Imaging 

 

One of the most widely investigated medical applications of 

microwave imaging is detection of breast tumour. The breast 

tumour has relatively high contrast when compared with the 

prominent fat tissue in a breast making the tumour as a 

significant scattering. Hence, radar-based techniques can be 

effectively applied to locate the tumour, as reported in. The 

tomographic methods can also be used where the tumour can 

be distinguished easily from the rest of the fat tissues in the 

reconstructed image.  
 
 
 
 
 
 
 
 
 
 
 
 
C. Heart Imaging 
 
The objective of heart imaging using microwaves can be to 

detect any pathological conditions, such as myocardial 

infarction, as the dielectric properties of myocardial tissue 

have a strong dependence on coronary blood flow. It can also 

be used to obtain the temporal images of a beating heart for 

heartbeat extraction, due to millisecond temporal resolution of 

microwave imaging. The reconstructed quantitative images of 

an excised canine perfused heart in a static, as well as in a 

beating case. 

 

 
 

D. Bone Imaging 

 
Microwave imaging for bone has been done to detect leukaemia 

in the bone marrow. Another application that is reported is the 
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determination of the bone density for detection of osteoporosis. 

Leukaemia causes the cellular population in the bone to increase, 

which, in turn, increases the relative permittivity and decreases 

the conductivity up to a factor of 2. Both of these applications 

require the electrical properties of the bone to be known, and, 

thus, quantitative approaches are used. The Levenberg-Marquardt 

method has been used for leukaemia detection and Gauss-

Newton iterative method for the detection of osteoporosis. 
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