
Progress in Microwave Imaging of Plasmas            
and Applications 

A. Mase#1, N. Ito#2, Y. Kogi*3, H. Ikezi#4, M. Inutake##5, X. Wang#6, D. Kuwahara**7, Y. Nagayama**8,                       
T. Yoshinaga**9, S. Yamaguchi###10, S. K. Padhi***11 

# Art, Science and Technology Center for Cooperative Research, Kyushu University, Kasuga 816-8580, Japan 
1 mase@astec.kyushu-u.ac.jp 

2 itonao3@astec.kyushu-u.ac.jp 
4 ikezi7249@sbcglobal.net        

6 wang@astec.kyushu-u.ac.jp 
* Fukuoka Institute of Technology, Fukuoka 811-0295, Japan 

3 kogi@fit.ac.jp 
## Research Institute of Electrical Communication, Tohoku University, Sendai 980-8577, Japan 

5 inutakem@riec.tohoku.ac.jp 
** National Institute for Fusion Science, Toki 509-5292, Japan 

7 dkuwahar@cc.tuat.ac.jp 
8 nagayama.yoshio@nifs.ac.jp 

9 yoshinag@nda.ac.jp 
### Faculty of Engineering Science, Kansai University, Suita 564-8680, Japan 

10 yamso16@kansai-u.ac.jp 
*** International Centre for Radio Astronomy Research, Curtin University, Perth, WA 6845, Australia 

11 S.Padhi@curtin.edu.au 
 

Abstract—Progress in micro- to millimeter-wave technologies 
have made possible advanced diagnostics (imaging) for various 
applications, such as, plasma diagnostics, radio astronomy, alien 
substance detection, airborne and spaceborne imaging radars 
called as synthetic aperture radars, living body measurements. In 
this report we focus on the reflectometric (radar) techniques 
applied to plasma diagnostics and biomedical measurement. 

I. INTRODUCTION 
Reflectometry has been used to measure plasma density/ 

temperature profiles and their fluctuations [1]. When an 
electromagnetic wave is launched into a plasma, the wave is 
reflected at the corresponding cutoff layer. Due to high 
localization of measurements, noninvasive nature and low 
requirements to an access port window, reflectometry has 
become an ordinary diagnostics, and it is now utilized on a 
number of magnetic fusion devices.  

In microwave reflectometry, the WKB approximation is 
often used for interpretation of the received signal. According 
to this approximation, plasma fluctuations are supposed to 
affect phase of a probing signal and do not change its 
amplitude. Therefore, near the cutoff region the shape of the 
signal wavefront corresponds to the shape of the fluctuations. 
If the amplitude of the fluctuations is small or the width of 
their wavenumber spectrum is narrow, the microwaves bear 
phase information on a large distance and interpretation of the 
signal is straightforward. Otherwise, interference of the 
scattered wavefronts destructs the shape of phase close to the 
cutoff position making difficult extraction of the information 

from the reflectometer signal. One of the possible ways to 
solve this problem is microwave imaging reflectometry (MIR) 
[2-4] using large aperture optics to restore the wavefronts at 
the receiver position. The MIR concept is valid until the cutoff 
can be considered as the phase-screen. 

In industrial applications, microwave imaging of the 
complex permittivity profile of an unknown object buried 
under dielectric interface or half-space is an important 
technology that has been used successfully in subsurface 
sensing such as Ground Penetrating Radar (GPR) [5]. Other 
potential applications include nondestructive testing of 
materials, biomedical imaging, [6, 7] and the detection of 
defects and cracks in construction materials [8]. Recently, the 
approach has received considerable attention due to its 
potential advantages over more established techniques, such 
as X-ray tomography, as an alternative tool in medical 
diagnostics, the detection of breast cancers. Today breast 
cancer is the most common form of cancer among women, 
and the standard method of diagnosing breast cancer, is by X-
ray mammography. Despite its wide-scale usage, there is a 
limit in detection sensitivity, since the contrast of dielectric 
constant between malignant and normal breast tissues is small 
in the X-ray frequencies comparing to that in microwave 
frequencies. These limitations provide clear motivations for 
investigation for alternate or complimentary diagnostic  

In general, two different approaches are used to detect the 
dielectric contrast between the object and the background 
medium: radar-type backscattering methods and tomographic 
methods. In the radar-type methods, an ultra-wideband signal 
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Fig. 2. Experimental result: (a) ECH timing, (b) N
temperature and density, (d) MIR signal (60.41 GHz), 
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The antennas should efficiently focus the microwave signal 
towards the target and collect the back-scattered wave. A 
wideband antenna with unidirectional radiation pattern is 
required for the applications. The antenna should also be 
compact for easy installation, and the ease in fabrication of the 
arrays. The Vivaldi antenna is selected since it provides 
wideband characteristic with acceptable performance. The 
antenna was fabricated on 1.57 mm thick Taconic TLX 
substrate with dielectric constant of 2.7. 

C.  Experimental Results 
The data contains additional undesired signals such as the 

antenna coupling, the reflections from the skin as well as the 
tumor response. They were preprocessed for background 
subtraction before using the focusing/image reconstruction 
algorithm. Teflon covers are used for background subtraction 
The primary aim of this process is to equalize or time-aligned 
the scattered response from tumors as received by antennas in 
different locations.  

The results are shown in Fig. 4 for two different locations 
of tumor, 10 mm and 15 mm from the surface of the phantom 
together with a reconstructed image. The surface reflection 
levels are reduced by more than factor of 5 compared to our 
previous measurements.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
, 

 
 
 
 
 

 

 
 
Fig. 4. Reflected wave from the position of (a) 10 mm and (b) 15 mm, and (c) 
image reconstruction of the object. 

IV. CONCLUSIONS 
Microwave reflectometry is a diagnostic tool that uses radar 

techniques. It has widely been used in magnetically confined 
plasmas, since it provides good spatial and temporal 
resolutions while requiring a single viewing chord. The 
combination of reflectometry and 1D/2D detector array thus 
gives 2D/3D profiles of plasma, which is called microwave 
imaging reflectometry (MIR). This MIR system has been 
applied to the LHD plasma. The feature of the system is the 
use of incident beam with 4 different frequencies and 2D 
detector array (horn mixer array). The MIR gives temporal 
and spatial characteristics of the MHD instability in LHD.     

We have also performed the imaging diagnostics for breast 
cancer detection using a phantom model which is approximate 
to the actual breast tissue. It is effective to detect the breast 
cancer tumor by confocal microwave imaging using back- 
ground subtraction method to give better signal-to-noise ratio.  
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