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A simple closed form solution for the impulse response, for both the transmission and reflection 

from a single wall as a function of wall material characteristics, including wall thickness, 

dielectric constant and conductivity was obtained, which can be applied directly to realistic 

scenarios. A single useful parameter,
r0

, called a relaxation time of the wall, 

characterizing the material properties of the wall is studied, where 0 is the permittivity of free-

space and 
r
 and  are the relative dielectric constant and the conductivity of the wall material, 

respectively.  It can be shown that when the relaxation time of the wall material exceeds the 

pulse width of the incident waveform, the reflected and transmitted waveform deformations due 

to attenuation and dispersion are negligible. The results are validated using numerical 

calculations using the Finite Difference Time Domain (FDTD) engine. Multi-wall interference 

models were developed based on the results obtained for single wall impulse response functions 

for the transmission and reflection. A systematic straightforward procedure was developed for 

multi-wall clutter interference assessment in terms of cascading suitable transmission and 

reflection convolution operators. The procedure allows for the computation of the multi-wall 

clutter interference for an arbitrary incident waveform. Examples showing multi-wall 

interference effects as applied to two different scenarios, involving two and four walls, are 

presented. In addition, time-domain analysis of the early-time and late-time response from two 

canonical targets, namely a sphere and a cylinder, was carried out. The early-time and late-time 

responses were separated analytically to show their physical significance separately, which will 

play a significant role in the future development of optimal processing algorithms for through-

wall target detection and identification.   
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