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Introduction:  As a potential imaging modality for 
biomedical applications, active microwave imaging has 
attracted considerable interest in the past few decades [1-
3]. With active microwave imaging, biological tissues 
are differentiated based on differences in dielectric 
properties. A lot of studies have been carried out on 
measuring the dielectric properties of different types of 
biological tissues and the results have shown that their 
values vary a lot depending on the tissue water content 
[4-6].  

Microwave tomography is a classical approach to 
active microwave imaging which poses an inverse 
scattering problem. In a typical microwave tomography 
system, an antenna array is used to transmit microwave 
signals into an object-under-test and acquire scattered 
signals. By iteratively solving a nonlinear inverse 
problem, the dielectric properties of the object are 
quantitatively reconstructed from the scattered signals. 
Reconstructions based on mono-frequency data, multiple 
frequency data or time domain data have been 
theoretically and experimentally investigated [7-9]. It 
has been shown that the reconstruction quality can 
benefit from the use of ultra-wideband (UWB) data [9]. 

Measurement speed is crucial for a clinical imaging 
system, while our current UWB microwave tomography 
system works in frequency domain, which is time 
consuming [9]. With this measurement strategy, 
scattering parameters at many discrete frequencies are 
measured by means of a commercial vector network 
analyzer (VNA). The obtained data are then utilized to 
synthesize time domain signals for image reconstructions. 
In comparison with a UWB frequency domain system 
(e.g, a VNA), a UWB time domain system has the 
advantage of fast acquisition of UWB data and low cost, 
which is preferable for the clinical applications of 
microwave tomography. 

Microwave measurements are subject to unavoidable 
errors, which may degrade the quality of the 
reconstructed images depending on the size of error [10]. 
Compared to a frequency domain system, a time domain 
system has relatively poor signal to noise ratio, therefore 
there is a need to investigate if it is accurate enough for 
microwave imaging.  

In this paper, an investigation on the measurement 
accuracy of a UWB time domain microwave 
tomography system is carried out.  In order to investigate 
if the system is accurate enough for microwave 

tomography, a phantom is tested with the system and the 
reconstructed images are compared to those obtained by 
using a UWB frequency domain system. 

Experimental System: Fig. 1 shows the system 
block diagram of the UWB time domain microwave 
tomography system. The UWB time domain 
experimental system mainly consists of a transmitter 
module, a data acquisition module, an antenna array, and 
a switching matrix. The transmitter module is an impulse 
generator and the data acquisition module consists of a 
digitizing oscilloscope mainframe and a wideband two 
channel test set. The antenna array consists of twenty 
monopole antennas, which are evenly distributed on a 
circle with radius of ten centimeters. The mechanical 
switching matrix is used for changing the transmitting 
and receiving antenna pairs. 

Results: A plastic cup of oil is put in the center of 
the antenna array for testing. No averaging is applied in 
the measurements. The dielectric properties of the 
phantom are reconstructed from the measured data by 
the use of a time domain inversion algorithm [9]. 

The phantom’s permittivity and conductivity profiles 
reconstructed from the time domain measurements are 
shown in Fig. 2 and Fig. 3 respectively in comparison 
with those obtained by using a VNA. The 
reconstructions are made in two dimensions and the 
reconstructed region is a circle with radius of 90 mm, 
with its center coinciding with the center of the antenna 
array.  The color bars on the right of each image give the 
reconstructed permittivity and conductivity values. 

It is shown that the permittivity profiles 
reconstructed from time domain measurements and 
frequency domain measurements are very similar to each 
other. Both the location and size of the cup are well 
reconstructed in the permittivity profiles. The 
conductivity profiles obtained from both time domain 
and frequency domain measurements have poorer quality 
than the reconstructed permittivity profiles. A hole 
occurs in both pictures and the conductivity 
reconstructed from time domain measurements shows 
more artifacts than that obtained from frequency domain 
measurements. Since the reconstructed conductivity 
profiles are not as reliable as those of the permittivity, 
we care more about the permittivity reconstructions. 

Conclusion:  The reconstructions of the phantom 
made from time domain measurements show very small 
difference from those obtained from frequency domain 
measurements. Therefore, it is concluded that the 
presented UWB time domain system is accurate enough 



for the reconstructions of the phantom while still 
sustaining the advantages of fast measurement and low 
cost.  More complex phantoms will be tested in the next 
step in order to further evaluate the measurement 
accuracy of the UWB time domain system. 
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Fig.1. The block diagram of the UWB time domain 

microwave tomography system. 
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                                       (b) 
Fig. 2 The permittivity profiles of the phantom reconstructed 
from (a) time domain measurements and (b) frequency domain 
measurements. 
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                                            (b) 
Fig. 3 The conductivity profiles of the phantom reconstructed 
from (a) time domain measurements and (b) frequency domain 
measurements. 


