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Abstract 

 

The application of radar to the detection of termites and the imaging of their activity in-situ 

poses many challenges.  Insects such as termites and ants are dielectric scatterers with large 

values of refractive index and absorption at microwave and millimeter wave frequencies, and 

radar sensing in-situ is performed through building materials which have widely varying losses 

and anisotropies. 

The research presented in this thesis seeks to understand the phenomena of absorption and 

scattering from dielectric scatterers such as termites, and to design a Multiple Input Multiple 

Output (MIMO) imaging radar for detecting and imaging termite activity based on that 

understanding.  The investigation undertaken here comprises theoretical, numerical and 

experimental studies, and demonstrates the possibility of not only the detection and imaging 

of termite activity, but also the possibility of the provocation and control of termites using 

suitable millimeter and sub-millimeter waves wave emissions. 

This thesis also presents the design and experimental testing of a novel wave guiding structure 

consisting of an open waveguide with an artificial dielectric coating supporting the HE11 mode, 

a mode which is inherently broadband, and which could be used to provide a millimeter wave 

stimulus directly to a termite.  This guiding structure has the potential to deliver millimeter 

waves through the skin more efficiently than other techniques, and has possible applications 

to millimeter wave therapeutic treatments including acupuncture. 

Finally, this thesis presents research on the design of an imaging MIMO radar for Unmanned 

Aerial Vehicles (UAVs), where target and platform velocities are very much greater than those 

observed in detecting and imaging termite activity.  This investigation shows that small 

Kasami, Kamaletdinov construction 2 and Moreno-Tirkel Family B sequence families have 



x 
 

properties which make them suitable candidates for the sequences for high resolution 

imaging MIMO radar, though the Kamaletdinov construction 2 and Moreno-Tirkel Family B 

sequence families are the superior of the three.  These results have application to a wide 

range of problems in imaging radar such as through-the-wall radar, medical imaging, security 

screening and non-destructive testing. 
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