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Abstract—In this paper, the singularity expansion method (SEM) 
is used to improve the signal-to-clutter ratio of radargrams obtained 
with a ground penetration radar (GPR). SEM allows to select the poles 
of the GPR signals corresponding to unwanted signals, clutter, and 
also reflections of specific buried objects. A highly reflective metallic 
material was used to assess the use of SEM as a tool to eliminate 
unwanted reflections and signals produced by a GPR. Selected clutter 
poles are eliminated from each frame of the SAR image in order to 
keep only desired poles for analysis. Finally, the reconstructed 
radargram obtained applying SEM is compared with the image 
obtained using a well-known processing technique. Results show that 
the proposed technique can be used to straightforwardly remove 
undesired signals measured with GPRs. 

I. INTRODUCTION

Ground penetrating radar (GPR) is a widely used method for 

subsurface inspection through the analysis of reflected pulsed 

signals. In the last decades, it has been used for humanitarian 

demining in combination with metal detectors [1]. Although 

anti-personal mines can be detected with this technique, there 

are still challenges in detecting and identifying improvised 

explosive devices with low metallic content since similar 

scattered signals are measured from clutter [2]. Clutter includes 

unwanted signals due to antenna crosstalk, ground reflections, 

buried rocks reflections, among others. 

Radargrams are images that are produced from scans of the 

GPR signals. A radargram is made up of impulse response 

functions (IRFs) taken in different physical positions around an 

axis, generating a synthetic aperture radar (SAR) image. For 

this reason, relevant information is not directly revealed in a 

radargram and mathematical processing is needed to highlight 

the information it generates. Clutter removal techniques 

include background removal, filtering, wavelet reconstruction, 

deconvolution, among others [4]. This variety of techniques 

shows that still there is not a clear tool to reduce the clutter from 

GPR images. In this work, singularity expansion method 

(SEM) is proposed for clutter removal. SEM allows the 

representation of a signal as a combination of exponentially 

damped and/or non-damped sinusoids with specific parameters 

(i.e., frequencies and damping factors) [3]. These singularities 

can provide information related to the physical characteristics 

of the soil and buried objects. 

Fig. 1. Radargram obtained with raw data. 

II. EXPERIMENTAL SETUP

For the experiment, an aluminum pyramid-shaped object was 

placed over a floor formed of a layer of ceramic and steel. Both, 

the pyramid and the floor present high reflectivity and both are 

easily visible in the SAR image. The acquisition system is 

composed by an Ultra-Wideband Ground Penetration Radar 

(GPR-UWB), a Vivaldi antenna with a bandwidth from 300 

MHz to 3 GHz, and a computer. It was suspended in a XY 

positioning system which scans over a distance of 120 cm with 

a total of 216 frames during each sweep. 

III. DATA PROCESSING

In Fig. 1 a raw radargram is presented. Since the same 

antenna is being used for transmitting and receiving, the 

transmitted pulse is first visualized in Fig. 1 (i.e., yellow and 

blue lines along the radargram). Then, lower intensity signals 

coming from the object and floor reflections are registered. 

However, the object cannot be easily appreciated in this raw 

data. 

A. Background Removal

Background removal, which is a commonly used technique,

can be applied [4]. This technique subtracts from the image 

the average of all the frames, which mostly represent the 

background. As shown in Fig. 2, some details are highlighted. 

Although the object now can be identified, there are also strong This work is supported by Universidad Nacional de Colombia under project 

No. 41771/2018. 
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reflections from the floor and collateral reflections that can 

difficult the reading of this image. 

Fig. 2. Radargram using background removal as processing technique. 

B. Application of SEM to the Radargram

As an alternative, the radargram was processed using SEM.

A particular implementation of SEM called Matrix Pencil 

Method (MPM) was used [3]. This representation allows to 

have a set of poles that contain the signal of each frame in the 

complex plane. Then, the clutter poles can be identified and 

removed from the analysis. In our case, poles due to reflections 

of the laboratory floor are removed from each radargram frame. 

After removing undesired poles, the signal of each frame is 

reconstructed using 16 poles. 

C. Pole Removal Method

To remove undesired poles from the signal, first unwanted

poles are identified. Similar to the background removal 

technique, the average of all frames is calculated and its poles 

are taken as clutter. Then, these poles are removed from each 

frame. An explored alternative for pole removal is windowing 

the complex plane and eliminating undesired poles. This 

method can eliminate substantial characteristics of the signal 

and can produce singular matrices for closely spaced poles. 

Another assessed alternative is direct subtraction of poles. In 

this method, the average value of the complex poles of the 

clutter is directly subtracted from each frame. This is achieved 

defining the entire radargram as an Apm matrix, where p is the 

number of poles and m the number of frames as follows: 

.

Then, from the reconstructed signals with a lower number of 

poles, a new radargram is generated. As the removal is not 

clean, there are subtractions that make the clutter poles to 

concentrate on the origin, mitigating its effect and even 

generating positive poles. For this reason, an additional step of 

applying the classical background removal technique is still 

required. Fig. 3 shows the radargram obtained by applying 

poles removal and background removal, where 1 < p < ∞ and 

m = 223. In the figure, the object is clearly highligted from the 

background and the floor reflections are almost deleted. After 

the processing few relevant poles are maintained (i.e., less than 

10) producing a sparse matrix and loss of resolution in the

image.

Fig. 3. Radargram using SEM and background removal. 

IV. DISCUSSION

Results show that the proposed method can generate a 

selective filtered radargram if the complex poles of the image 

are properly manipulated. The method of direct substraction 

of poles has the issue that generates very large gain and also 

introduces virtual components in frequency. Although the 

results presented here are preliminary, promising features of 

this technique, such as the elimination of known reflections, 

were demonstrated in this paper. 
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