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Abstract— Abnormalities in the human body have a noticeable 
dielectric contrast when compared with normal biological tissue. 
If signals of a wide frequency range were to be transmitted to 
biological tissue, it would be possible to receive the reflected 
signals from the many layers of this tissue and determine the 
electrical properties (i.e. dielectric) of this tissue to detect and 
classify abnormalities. It is possible to create a software defined 
radio (SDR) based transceiver system to be used for imaging 
biological tissue. The proposed system consists of a computer 
controlling a SDR operating in the lower frequency bands (below 
4GHz) and a transverter system which can up-convert and down-
convert the signals to and from a higher frequency band (4-
12GHz). Using the developed hardware, algorithms can be 
developed to utilize this wideband transceiver system for medical 
imaging.   

Index Terms—Medical Imaging, Software Defined Radio, 
Transceiver Design 

I. INTRODUCTION 

F transceivers are common devices which are used 
extensively in many industries. In particular, an ultra-

wideband (UWB) transceiver/radio system can operate over a 
very large frequency range. It is possible to utilize this wide 
frequency range for medical imaging. 
 
Ultra-wideband (UWB) medical imaging devices are used to 
detect abnormal biological tissue. In UWB medical imaging, a 
UWB radar sends electromagnetic pulses to the human body 
and upon analyzing the reflections from the body layers (skin 
and fat), the electrical properties and composition of the body 
structure can be characterized [1]. This technique can be used 
to detect tumors and other medical conditions as the electrical 
parameters of tissue affected by these conditions have a large 
contrast to regular/normal tissue[2]. In particular, the 
frequency range of interest is 4-12GHz which will allow for 
surface imaging. 
 
Previous works (e.g. [3] [4] and [5]) utilize imaging systems 
consisting of commercial equipment in the forms of signal 
generators and vector network analyzers which can be large, 
expensive and have a limited frequency ranges. The proposed 
solution is to create an imaging system which consists of a 
SDR which is able to transmit and process signals at a low 
frequency range (below 4GHz) and a transverter board which 
is able to up-convert and down-convert signals to and from a 
range of frequencies between 4GHz to 12GHz. Achieving this 
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effectively extends the range of the SDR and by doing this, it 
is possible to eliminate the need for commercial equipment 
which could be a benefit because some SDR’s have much 
lower costs (e.g. BladeRF SDR). It is also possible to use the 
developed transverter board to extend the frequency range of 
existing commercial devices.  

II. TRANSVERTER BOARD DESIGN 

In order to design the developed system, the main design 
specifications were for the transverter system to have:  

 A high dynamic tuning range  
 Fast scanning speed 
 Phase consistency between up and down conversion 

The transverter system (see Fig 1&2) consists of a PCB which 
contains mixers, multiplier and a frequency synthesizer 
allowing it to interface with an SDR and up/down convert 
signals to and from the SDR. This system can also interface 
with circulators to create a radar system. The idea behind 
achieving the large dynamic tuning range lies within 
transmitting/receiving narrowband signals from an SDR and 
scanning by tuning the synthesizer on the transverter system 
which mixes with the signals to and from the SDR and 
up/down converts them to the suitable frequencies.  
 
A single stage heterodyne mixing topology was used for up 
and down conversion. The particular synthesizer chosen for 
the system utilized one phase locked loop (PLL) for two 
outputs (the ADF4351). Because of this, it was possible to 
achieve a consistent phase between up conversion and down 
conversion making this system suitable for medical imaging. 
 
Frequency triplers were utilized in the design in order to 
increase the synthesizer’s scanning range. The ADF4351 is 
capable of creating signals of single frequencies configurable 
via SPI and its scanning speed is only limited by its software 
controller. The ADF4351’s frequency range is 0.035GHz to 
4.4GHz and when its signals tripled, it has allowed for the 
desired frequency range to be reached after mixing. 

III. RESULTS 

By following the design proposed in Section II, an up-
converted signal can be found by selecting either the sum or 
difference component after mixing (by filtering) to generate a 
4GHz-12GHz signal. The device used to create an input signal 
was the Agilent EXG N5178. Fig 3 shows a power vs output 
frequency plot of the up-converter on the transverter board. 
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