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Abstract— In this paper we present a technique to remove clutter 

components on B-scans of ground penetrating radar. The 

technique is based on the complex resonance expansion of the 

signal, and the removal of poles associated with the clutter. For 

illustration technique is demonstrated on a buried metal sheet. 

Results show that the object is clearly highlighted and the clutter 

reduced in the B-Scan after applying the proposed technique.  

I. INTRODUCTION 

Despite the efforts for clearance of antipersonnel landmines 
and improvised explosive devices, they remain a significant 
cause of causalities in several countries around the world [1]. 
Humanitarian demining using ground penetrating radar has 
increased due to its ability to detect low-metallic-content objects 
such as dielectric landmines and improvised explosive devices 
(IEDs) [2]–[4].  

Nevertheless, identification of buried objects using GPR  is 
challenging when the survey is performed on lossy soils, since 
discriminants are susceptible to the frequency dependence of the 
soil properties [5]. In that case, the measured pulse is strongly 
disturbed by the soil dispersion and attenuation [5], [6]. On the 
other hand, reflected signals produced by clutter can produce 
false alarms in demining operations [3]. Consequently, human 
supervision and data analysis based on in-situ soil properties are 
required to optimize the identification process.  

The technique presented in this paper looks to improve the 
quality of the B-scans by automatically removing known, 
undesired responses in the backscattered signal produced by the 
clutter.  

II. B-SCAN CLUTTER REMOVAL 

A. Convolutional Model 

Consider the following convolutional model, which assumes 
a linear time-invariant process [3].  

 𝑦(𝑡) = 𝑥(𝑡)⨂(ℎ𝑡(𝑡) + ℎ𝑐(𝑡)) () 

where 𝑦(𝑡) is the measured signal, 𝑥(𝑡) is the input signal, ℎ𝑡 is 
the target impulse response, and ℎ𝑐  is the clutter impulse 
response.  

Rewriting (1), one obtains  

 𝑦(𝑡) = 𝑥(𝑡)⨂ℎ𝑡(𝑡) + 𝑥(𝑡)⨂ℎ𝑐(𝑡) () 

Representing both addends in (2) by their singularity 
expansion [7], yields to: 

  𝑦(𝑡) = ∑ 𝑅𝑡,𝑖𝑒
𝑠𝑡,𝑖𝑡𝑁

𝑖=1 + ∑ 𝑅𝑐,𝑖𝑒
𝑠𝑐,𝑖𝑡𝑀

𝑖=1  () 

where 𝑅𝑡,𝑖 and 𝑠𝑡,𝑖  are, respectively, the residual and poles of the 

target response and 𝑅𝑐,𝑖 and 𝑠𝑐,𝑖 , respectively, the residual and 

poles of the clutter response. 

In a B-scan, one signal is received for each position in the 
longitudinal sweep. In that case, the received signals depend on 
the discrete temporal variable 𝑘 , the time step ∆t, and the 
longitudinal position 𝑗.  

 𝑦(𝑘, 𝑗) = ∑ 𝑅𝑡,𝑖,𝑗𝑒𝑠𝑡,𝑖,𝑗𝑘Δ𝑡 𝑁
𝑖=1 + ∑ 𝑅𝑐,𝑖,𝑗𝑒𝑠𝑐,𝑖,𝑗𝑘Δ𝑡𝑀

𝑖=1  () 

For the positions in which there is no contribution from 
target, the measured signal corresponds to the clutter component 

 𝑦𝑐(𝑘, 𝑗) = ∑ 𝑅𝑐,𝑖,𝑗𝑒𝑠𝑐,𝑖,𝑗𝑘Δ𝑡𝑀
𝑖=1 . () 

B. Clutter Removal Technique 

Equation (5) indicates that the clutter response can be 
represented by means of a set of 𝑀 poles. Here it is assumed that 
𝑦𝑐 includes the effect of the direct wave signal coupled from the 
transmitter to the receiver, ground reflection and reflections 
coming from subsurface layers, and soil inhomogeneity due to 
buried objects such as rocks, roots, waste, or other clutter in the 
soil.  
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Fig. 1. B-Scan of a metal sheet under concrete slabs using 
background removal. 

If the medium is statistically homogeneous along the 
observation area between 𝑗1 and 𝑗2, it is possible to define an 
average clutter response as 

 𝑦�̅�(𝑘) =
1

𝑗2−𝑗1
∑ 𝑦𝑐(𝑘, 𝑗)𝑗2

𝑗=𝑗1
, () 

which is represented by the average clutter poles and residuals 
as 

 𝑦�̅�(𝑘) = ∑ 𝑅𝑎𝑐,𝑖𝑒𝑠𝑎𝑐,𝑖𝑀
𝑖=1 . () 

Clutter poles can be removed using elliptical windows on the 
pole’s complex plane with the center located at the average 
clutter poles 𝑠𝑎𝑐,𝑖 . In this case, the obtained signal has the 

contribution from the target response, poles located inside the 
elliptical window multiplied by the weighting factor 𝑊𝑖 , and 
poles that are located outside the elliptical window, as shown in 
(8).   

𝑦𝑝𝑒(𝑘, 𝑗) = ∑ 𝑅𝑡,𝑖,𝑗𝑒𝑠𝑡,𝑖,𝑗

𝑁

𝑖=1

+ ∑ 𝑊𝑖𝑅𝑐,𝑖,𝑗𝑒𝑠𝑐,𝑖,𝑗𝑘Δ𝑡

𝑃𝑗

𝑖=1

+ ∑ 𝑅𝑐,𝑖,𝑗𝑒𝑠𝑐,𝑖,𝑗𝑘Δ𝑡

𝑀

𝑖=𝑃𝑗

. 

() 

III. RESULTS AND DISCUSSION 

The clutter removal technique was applied to a B-Scan 
obtained from a sweep over metal sheet placed under concrete 
slabs. A GPR operating between 300 MHz and 3 GHz was used. 
A longitudinal sweep was made with an XY positioning system 
which scans over 120 cm with a total of 160 frames.  

 

 

Fig. 2. B-Scan of a metal plate under concrete slabs after 
applying elliptical-windowing clutter-pole removal.  

Each position was expanded using 16 poles and the pole 
extraction technique was used to remove the clutter. Figure 1 
shows a B-scan applying background removal, a well-known 
clutter removal technique [3]. Figure 2 shows the obtained B-
scan applying the elliptical-window clutter-removal technique. 
As shown in Fig. 2, the position of the object is clearly 
highlighted in the B-scan and the clutter response is reduced. It 
is remarkable that the interface between air and the concrete 
slabs is also clearly visible as a horizontal line in the radargram.   

Results shows that the use of pole extraction technique 
allows one to select and eliminate undesired poles in a B-scan.  
Particularly, it was shown that clutter poles can be removed from 
a B-scan if they can be identified in the measured data set. Work 
is in progress to assess the application of this technique on buried 
low-metallic-content objects on natural soils.    
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