
DEPLOYING MICROWAVE IMAGING IN INVESTIGATIVE 
MEDICINE;OPPORTUNITIES AND CHALLENGES

1 2
 Egwaile, J.O .,  Okere A.U .

Department of Electrical/Electronic Engineering, 
University of Benin, Benin City, Nigeria

1 2
Emails:  joeranky@yahoo.com ; trip4luci@yahoo.com

Abstract
Medical imaging deals with creation of visual representation of the internal parts of 
the human body for the purpose of clinical diagnosis and medical intervention. This 
study investigates the opportunities and challenges of deploying this technology in 
our contemporary society. 

The study was carried out by reviewing the techniques and reconstruction  of 
microwave imaging, and comparing this with other medical imaging techniques. The 
obvious advantages of microwave imaging were articulated as well as suggestions on 
how to overcome the challenges involved in its deployment. 

The study showed that with the increasing cases of breast cancer particularly 
in African countries, Microwave imaging provides a better alternative as far as mass 
screening, frequent screening, cost and compactness of equipment is concerned. X-
ray mammography uses ionizing radiation and is not suitable for frequent check-ups. 
Ultrasound also has low spatial resolution and is operator dependent.  Challenges 
standing in the way of microwave imaging includes applications involving deep body 
tumors which is not feasible in microwave systems. Another challenge is tissue 
heterogeneity. This creates problem to the algorithm for processing data to produce 
images. However, extensive researches are on going in order to eliminate these 
challenges.

Introduction
Microwaves and millimeter waves have 
been applied extensively in imaging of 
dielectric bodies. This allows for pene-
tration into non-transparent (opaque) 
bodies due to relatively long wavelengths. 
Frequency is inversely proportional to 
wavelength, therefore microwaves and 
millimeter waves have longer wave-
lengths. Microwave radiation is made up of 
frequencies between 300MHz and appro-

ximately 300 GHz as shown from the 
electromagnetic spectrum in Figure 1. It is 
therefore applied to penetrate the body and 
retrieve information from the tissues. This 
is mostly achieved through signal 
scattering. Microwave application has 
shown success in detection of malignant 
tissues especially in breast cancer detec-
tion. This has augmented further research 
into improvement of microwave imaging 
techniques. Also, the competitive advan-
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tages of microwave imaging over existing 
imaging modalities promoted the need for 
more study into the subject matter. Some 
existing imaging modalities include, x- ray 

mammography, magnetic resonance 
imaging (MRI), ultrasound, computed 
tomography (CT) and others.

Figure 1:   The Electromagnetic Spectrum (CEE local host, 2004-2015)

Overview of Microwave Medical 
Imaging
In 1970s, microwave imaging was 
employed for the first time in imaging a 
human organ (a kidney) to produce 2-
Dimensional images. Two antenna were 
employed, a transmitting and a receiving 
antenna. The imaged organ was scanned in 
a perpendicular plane to the line connecting 
both antennas. The received signal was 
obtained as a function of x and y coordi-
nates which was relative to a reference 
point on imaged organ (target). Frequency 
and time domain measurement were also 
experimented on to produce 2-D images. 
Since then, more studies have been carried 

out and theories developed on microwave 
imaging (Nickolova, 2011).

The principle of microwave 
imaging lies in the comparison of proper-
ties of a malignant (tumour) tissue and a 
healthy tissue. The dielectric properties of 
tissues which include permittivity, conduc-
tivity and magnetic permeability are 
imaged by the microwave imaging techni-
que. In the presence of inhomogeneity in 
the tissue, the dielectric properties affect 
the propagation patterns of the microwave 
signal by altering its amplitude, phase and 
polarization resulting in the distortion of 
the microwave field. Consequently, by 
monitoring the varia-tions of dielectric 
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properties and comparing with those of a 
healthy tissue, abnormalities in tissues can 
be detected. This forms the principle of 
microwave medical imaging (Fang, 2004). 
The variation between the healthy tissue 
and the malignant tissue is called contrast. 
Usually, the dielectric constant and con-
ductivity of malignant tissues are higher 
than those of a healthy tissue as observed 
from the charts in Figure 2. This makes 
detection of tumours quite possible (Cheng 
et al, 2013). However, the received signals 
(also known as scattered data) have to be 
converted to images. It is important to note 
that the contrast in permittivity for 

different in-vivo tissues (adipose fat, fibro-
glandular, vascular tissue, malignant 
tissue) is higher for microwave than other 
common imaging modalities. Studies 
reported by (Fear, 2103) showed that 
malignant cells have dielectric properties 
of a difference of 10% compared to those of 
glandular tissues. This poses a challenge 
for detection and imaging of malignant 
tissues with microwave since tumors exist 
in the glandular tissues. This challenge 
however, has been addressed by develop-
ment of various model and algorithms for 
image reconstruction. 

Figure 2: Comparison of dielectric properties of malignant tissues and healthy tissue

(Nickolova, 2011).

Resolution of image (details held by an 
image) depends on the shortest wavelength 
in the microwave radiation through the 
diffraction limit (usually one half of the 
wavelength). Resolution is also related to 
the frequency range of the microwave 
radiation employed (also the bandwidth of 
the antenna). Higher frequency means 
shorter wavelength and subsequently 

better resolution, however small penetra-
tion depth is achieved with shorter wave-
length  (Nickolova, 2011).

Studies carried out by (Lin, 1985) 
has shown that preferred frequencies most 
suited for microwave imaging of 
biological tissue with due consideration to 
diffraction is 2-8 GHz, in order to achieve 
low attenuation and high resolution
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However, suggestions has been 
made as to how diffraction limit can be by-
passed and frequency band lowered. This is 
achieved by placing the sensor of the 
imaging equipment very close to the target 
area and sampling the far field more 
frequently than one half of the wavelength. 
Fading field information is then picked up 
from the target by the sensor and these 
signals are not subjected to diffraction. In 

Where TP is true positive, FN is false negative and TP+FN represents all instances 
where abnormalities actually exist.

Specificity on the other hand, describes how often the imaging modality reports 
normal when no abnormality exists. It is expressed as;

Where TN is true negative, FN is false 
positive and TN+FP represents all 
instances where no abnormalities exist.

It is required therefore that 
Microwave imaging (MI) has high sensi-
tivity and specificity. In breast cancer 
detection, MRI has high sensitivity of 94% 
-100% but low specificity ranging from 
37%-97%. X-Ray mammography 
however, generally has lower sensitivity 
especially for younger patient with denser 
breast and specificity higher than that of 
MRI with range of 82% -97%. Therefore, 
microwave imaging should aim at high 
sensitivity as in MRI and high specificity 
as in mammography in order to have 
extensive applicationin breast cancer 
detection and competitive advantagein 
other medical imaging application over the 
other existing modalities.

Microwave Measurement and Imaging: 
Setup and Antennas 
Microwave measurement for tumour diag-
nosis has employed a number of acqui-
sition setup. They include passive and 
active systems. Passive systems employ 
the principle of radiometry (which will be 
discussed later) while active systems 
employs signal scattering. Both frequency 
and time domain measurements are utili-
zed in microwave measurement. Frequen-
cy measurements exploit both the magni-
tude and phase information for reconstruc-
tion processes, this being the parameter 
frequency sweep in the range of frequency 
band employed. Time domain on the other 
hand utilizes waveforms of band-limited 
pulses which are produced from the 
frequency sweep of the wide band, depen-
ding on the reconstruction algorithms 

addition to resolution, sensitivity and 
specificity of microwave imaging are stan-
dard parameters for describing the effec-
tiveness as an imaging technique (Nicko-
lova, 2011).

In imaging context, sensitivity of 
an algorithm refers to how frequently it 
detects an abnormality where one actually 
exist. It is expressed as; 

Sensitivity =                                                            (1)TP
TP + FN

[1]

Specificity =                                                            (2)TP
TP + FN

[1]
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employed (Nickolova, 2011).
Microwave imaging setup are 

distinguished by those that collect and 
process reflected signals, transmitted 
signals or both. Sensors and antennas are 
very important parts of imaging systems. 
Antennas are used to illuminate the region 
under test in active systems and also used 
to collect microwave measurements and 
data. Sensors have an influence on the 
sensitivity of the imaging system; there-
fore some basic measures of performance 
for a sensor are outlined;

Impedance match: This describes the 
power transmitted into the sensor.

Radiation efficiency: This describes the 
power fed to and transmitted by the sensor. 
The difference between these powers is the 
dissipation loss.

Size: Size relates to the number of data 
samples available to work with. Smaller 
size means more elements in the sensor and 
more data samples.

Fidelity: Describes similarity of the field 
to the desired radiated pulse. This is 
important in time domain measurements.

Coupling Efficiency: This is the ratio of 
power fed into the tissue to the transmitter 
power. The transmitting antenna and 
sensor has to be matched perfectly in order 
to have maximum coupling efficiency and 
to avoid dissipation and spill over 
(radiation away from the imaged tissue).

Techniques/ Reconstruction Algorithms 
of Microwave Imaging
Microwave imaging is broadly classified 
into passive and active imaging algorithms. 
This is illustrated by the block diagram of 
Figure 3. Other hybrid imaging techniques 
exist. Hybrid imaging techniques involves 
combining microwave imaging with other 
imaging modalities to achieve better 
performance and more accurate imaging. 
Microwave induced ultrasonic imaging is 
an example of hybrid microwave imaging. 
This combines the use of microwave and 
ultrasound in imaging reconstruction pro-
cess (Lihong, 1999). This technique is also 
referred to as Thermoacoustic imaging. 
This technique involves the use of 
powerful radiation to heat up the tissue as a 
result tissues with higher conductivity 
(malignant tissues) tend to heat up rapidly 
than the surrounding healthy tissues. 
Acoustic signals are produced due to 
expansion and shrinking of the tissues as a 
result of microwave radiation and subse-
quent cooling of the tissue respectively. 
These signals are picked up by the sensor 
(usually ultrasound transducers) and 
processed to produce images of the signal 
source. The presence of tumour is indicated 
by the most intense sources. This technique 
combines the advantage of high contrast in 
conductivity of malignant tissue at 
microwave frequency and high spatial 
resolution of ultrasound imaging. Another 
advantage is that it offers resolution which 
is not diffraction limited. However, 
difficulties in multichannel detection of 
microwave without cross coupling in 
reconstruction algorithm and low fidelity is 
sometimes experienced.
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Another fairly recent hybrid 
technique is strain imaging also referred to 
as Microwave Elastography which utilizes 
the principle that tissue compression 
produces displacement. Displacement is 
smaller in harder tissues than in softer 
tissues (Abbosh and Crozier, 2010). Also, 
studies has shown that malignant tissues 
are 5-28 times stiffer than healthy tissues  

Therefore the property of elasticity of the 
tissue estimating the hardness of the tissue 
can be used to distinguish between healthy 
and malignant tissues. An experiment 
carried out by Abbosh and Crozier used 
ultra wide band (UWB) signals to image 
breast tissues and obtain 3-Dimensional 
strain image of the breast tissue.

Figure 3: Techniques for Microwave Image Reconstruction 

Microwave imaging for breast cancer 
detection are categorized broadly into 
passive and active image systems. Passive 
algorithm is also referred to as microwave 
radiometry. This technique operates in 
accordance with Planck's law based on 
measurement of electromagnetic field 

emitted spontaneously by warm bodies. 
Temperature is the main parameter for 
detecting the presence of malignant tissues 
because elevated temperature indicates the 
presence of tumors. The thermal power 
here is measured using a radiometer. The 
benefit of this method is the absence of 
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electromagnetic radiation (Zhurbenko and 
Rubeaek, 2010). 

Active imaging systems for medi-
cal application are broadly divided into 
tomography, holography and pulse-radar 
(confocal imaging). These imaging 
systems are discussed in the next section.

Microwave Tomography
This is based on inverse scattering. This is a 
process where microwave transmitters 
illuminates an object and radiate fields at 
numerous location. Scattered field is 
obtained and subtracted from the incident 
field to obtain measurements which are 
used to reconstruct the electromagnetic 
properties of the body. A coupling medium 
is employed whose electrical properties are 
closed to those of the body, in order to 
enhance coupling of the electromagnetic 
energy into the area of interest. For 
example, a human breast is immersed in a 
coupling medium (e.g saline) and is 
exposed to series of microwave signals 

with fixed frequencies from arrays of 
antenna. The radiation of these signals is 
sequential. The scattered data is then 
collected and processed to determine the 
presence of a tumor. A major problem 
associated with this technique is  the high 
computational cost when employing 3-D 
image reconstruction since all the available 
data has to be processed at the same time to 
produce the 3-D permittivity and 
conductivity distribution of the imaged 
object. Another type of tomographic pro-
cess is the chirp-pulse microwave compu-
ted tomography. This is a faster technique 
employed in more complicated circum-
stances. It has better performance at targets 
with low contrast. The first clinical micro-
wave imaging technique was tomography 
system. This was developed at Dartmouth 
College. The system setup is shown in 
Figure 4a. Figure 4b shows the illumination 
tank incorporated with the examination 
table 

Figure (4a)                                                                    Figure (4b)
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Figure 4(a&b): First Clinical Microwave 
Tomographic System at Dartmouth 
College (Nickolova, 2011)(Meaney, 
2007).

Microwave Holography
This techniqueis used to reconstruct 3-D 
images from magnitude and phase of 
reflected signals scattered from the target 
object. An example of a holographic set up 
is shown in Figure 5. It consist of trans-
mitting and receiving antennas that scans 
the target. A reference wave that exist 
irrespective of the target forms the basis of 
this operation (Ravan, 2010). There are 

different approaches to this technique 
including indirect and reflection/transmis-
sion techniques. The indirect holography 
employs basic power measuring device 
where only scalar intensity measurement 
are used to determine complex scattered 
fields. Reconstruction of scattered field 
can then be obtained when a holographic 
intensity pattern is formed from the 
scattered field and a reference signals using 
Fourier transform for separation of signal 
terms and filtering the required signals 
employing inverse Fourier transform 
(Smith, 2014).

Figure 5: Microwave Holographic Setup (Smith, 2011)

Pulse Radar
This deals with time domain measurement. 
The most common approach employed is 
the confocal imaging. The principle of 
radar synthetic focusing which is already in 
use in different areas such as landmine 
detection, underground surveillance, etc is 
also employed for this algorithm. The 
imaged object is usually illuminated with 

short microwave pulses and the scattered 
response received by one or several 
antennas. The reconstructed image 
obtained from the measured scattered 
signals is based on the significant scatters 
of the imaged object. Advantages of this 
algorithm includes simplicity, time 
efficiency and robustness .
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Advantages of Microwave Imaging over 
other modalities in Medical Imaging.
Microwave imaging is especially 
promising in breast cancer detection. This 
is due to the short penetration depth 
accompanied by its ability to compress soft 
tissues which can lead to further reduction 
in signal path. Also, microwave imaging 
modality is non-invasive and less painful, 
since there is no need to deliver the imaging 
device to the interior of the body. 
Microwave are non-ionizing and therefore 
can be used frequently on a patient without 
risk of stochastic and non-stochastic health 
effects.

The increasing cases of breast 
cancer has brought to the fore the necessity 
for early detection and treatment. Micro-
wave imaging provides a better alternative 
in this respect as far as mass screening, 
frequent screening, cost and compactness 
of equipment is concerned. Other imaging 
modalities such as X-ray mammography 
and Magnetic resonance Imaging (MRI) 
are common and already in use. However, 
X-ray mammography uses ionizing 
radiation and is not suitable for frequent 
check-ups. Also, significant breast 
compression up to 50% is required and this 
is quite painful to the patients. MRI, on the 
other hand is expensive, has low specificity 
and is time consuming. Ultrasound also has 
low spatial resolution and is operator 
dependent (Younis, 2014).  

Challenges Microwave imaging Encoun-
ter in biomedical Application
.Aside from breast cancer detection where 
microwave imaging has met with progres-
sive track, applications involving deep 

body tumors is not feasible in microwave 
systems. This is due to attenuation from the 
skin, noise from the test equipment and 
uncertainties in the skin leading to high 
losses in signals making it undetectable. 
Another challenge standing in the way of 
microwave imaging is tissue heterogeneity. 
This creates problem to the algorithm for 
processing data to produce images. 
However, extensive studies are been 
carried out in order to eliminate these 
challenges

Future Trends in Microwave Medical 
Imaging Microwave application is already 
been deployed in different areas including 
military, industrial and civil engineering, 
geophysics and biomedical engineering. 
However, in order to increase its applica-
tion to cover extensively medical imaging 
for tumor detection and possibly treatment, 
some considerations has to be made;

It is a known fact that microwave Ÿ
imaging employs measurement and 
reconstruction of scattered field data, 
there is therefore need for development 
of accurate and rapid measurement 
techniques for large number of 
scattered field values (in form of 
imaging systems and scanners for real 
time inspection) (Giakos, 1999).

Advances in computer techniques is Ÿ
also required to be able to deal with the 
problem of high computational load 
and develop algorithms to successfully 
convert measured data to 3-D images 
with increased speed and reliability.

Microwave imaging should be Ÿ
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integrated with other imaging moda-
lities to maximize results 

Conclusion
Microwave imaging has been studied in 
some detail. Different techniques and 
algorithm employed in medical application 
has been discussed. This study shows that 
although, breast cancer detection is a major 
application of microwave wave imaging 
which has been proved to be effective. 
However, it is recommended that studies 
and research work  be carried to widen the 
application of microwave imaging and 
increase its competitive advantage on 
breast cancer detection over other existing 
modalities by improving its image 
reconstruction algorithms to obtain 
accurate dielectric properties and detect 
smaller tumors. With so much effort put in 
by the microwave community on the 
subject, it is hoped that in the near future, 
microwave imaging will be extensively 
useful in breast cancer detection owing to 
its advantages and possibly be applied for 
treatment of tumors even in deep organs 
and tissues.
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