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Abstract— In this paper a novel detection warning signal creation 
method is proposed for pulse Ground Penetrating Radar (GPR) 
data, especially for small non-metallic targets, in time domain. 
Background removal is applied to the data through a sliding 
window scheme and Target Energy Function (TEF) is obtained 
as correlation summation of consecutive A-scan signals. Then 
Auxiliary Detection Function (ADF) is defined and a novel 
automatic Detection Warning Signal (DWS) creation is applied. 
The proposed method has been tested specifically for a set of 
small sized dielectric targets which are not easily detectable. The 
results are promising as full detection performance and zero false 
alarm rate in original dataset. Moreover, it is obtained that the 
immunity of the proposed method against noise is very 
satisfactory. 

Index Terms—Ground Penetrating Radar, Real Time Buried 
Object Detection. 

I. INTRODUCTION  
Ground Penetrating Radar (GPR) has a wide application 

range to inspect underground objects [1]. Buried pipes, cables, 
mines, UXO or ancient remainders can be found by using GPR. 
In this context, the main objective is to obtain a detection 
warning signal along the scanning path, 2-D depth imaging of 
scanning line or 3-D imaging of suspected region in both depth 
and moving direction. Thus, buried object location can be 
determined and identification process is applied if it is needed, 
in the next steps. There are numerous methods to detect buried 
objects utilizing GPR; such as linear prediction [2], principal 
component analysis [3], independent component analysis [4], 
wavelet domain [5] frequency domain correlation [6] and time 
domain correlation [7].  

On the other hand, Hand-held detector search applications 
require creating a Detection Warning Signal (DWS) to mark 
the buried object location in real time.  For this reason real time 
detection warning signal creation has paramount importance, 
especially for dangerous targets, such as UXO and mines. 
Ideally, detection warning starting decision must be taken 
immediately before capturing future A-scan signals at the 
current time. However, detection warning signal creation can 
also be performed in a quasi real time process, namely the 
operator may  completes a swing in scanning direction then 
obtains the detection results. This one may give better detection 
result, because the algorithm uses all B-scan data in the 
scanning path to decide whether there is detection or not. In 
this case matching of detection and buried object location may 

become a problem and the location of buried object may be 
marked erroneously.  

In most applications, a Test Statistic (TS) is defined [8] to 
obtain a DWS. One dimensional TS function should increase in 
approaching to the buried object and decrease moving away 
from the buried object. In reality, this function would have 
extra peaks originated by soil anomalies and clutter objects. 
Ideally, it is needed to create DWS only around the buried 
object without giving any false alarm for clutters in the rest of 
the region under inspection.    

In this paper a novel Test Statistic and Detection Warning 
Signal creation method are proposed to mark target region, in 
real time. The proposed method uses background removed B-
scan GPR data, then target energy function is calculated and 
finally detection warning signal creation is performed.  The 
details of the proposed method are studied in Section-II. 
Experimental results are also given in Section-III and the 
conclusions are drawn in Section-IV. 

II. THE PROPOSED METHOD 
A typical underground GPR B-Scan image is depicted in 

Fig.1.a. It corresponds to an ensemble of A-Scan signals as 
shown in Fig.1.b and Fig.1.c. In the proposed method, there 
are four main steps: 

• pre processing  
• background subtraction  
• calculation of Target Energy Function (TEF)  
• generation of Detection Warning Signal (DWS)  

After pre processing, background A-scan signal is calculated 
from the target free region and it is subtracted from current A-
scan data to obtain the target signal estimate, as in [7]. 
Background signal is continuously updated by taking the 
average of A-scan signals in a sliding window depicted in 
Fig.1.b.  Then, TEF and Auxiliary Detection Function (ADF) 
are obtained. Finally automatic DWS creation is performed 
near buried object by using ADF. The notation and details of 
the algorithm are given in the following lines. 
a(xi)    :Raw A-scan signal (column vector) gathered at  

position xi.  
aB(xi)  :A-scan background signal estimate  at  

position xi. 
aT(xi)  :A-scan target signal estimate in position xi.  
B(x,z)  :Raw GPR B-scan two dimensional data. 



 
 

BT(x,z) :B-scan two dimensional target data estimate. 
P  :Sliding background calculation window buffer   

length  
CWS  : Number of A-scan signals to be correlated  
L  : Length of A-scan signal  
N  : Number of A-scan signals in B-scan data 
TEF(x) :Target Energy Function 
ADF(x) :Auxiliary Detection Function 
DWS(x) :Detection Warning Signal 

 
a) A typical GPR B-scan buried objects data (B(x,z)) for a 

small dielectric target 

b) B-scan image representation (ensemble of A-scan signals) 
and sliding processing windows 

 
a) A typical shape of A-scan signal 

 

Fig.1 GPR data to be processed and sliding process representation 

B. Pre processing 
In the first step the received A-scan signals are normalized 

to the range of [-1,1]. In order to increase the performance of 
detection algorithm, band pass filtering is applied to each A-
scan data.  This filtering process partly removes clutter based 
signals and some high frequency noise. A Butterworth band 
pass filter in 0.4 – 2 GHz pass band is used. Additionally, a 
median filter with the length of 5 is also used for each A-scan 
data to prevent impulsive noise originated by sampling jitter.  

C. Background Removal 
If it is guaranteed that the starting location does not contain 

any target signature, a pre-defined (P) number of A-scan 
signals (see Fig.1) can be averaged and difference calculation 
with current A-scan is performed. This process reveals the 
target signature along with the scanning path using a sliding 
background calculation window. Background A-scan signal, 
estimate (aB), target signal estimate (aT) and B-scan 
background subtracted target data  estimate (BT) (ensemble of 
target signal estimates) are given by (1), (2) and (3) 
respectively. 
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D. Target Energy Function 
After background subtraction step, it is needed to obtain a 

function to observe the reflected target energy level and then 
to create Detection Warning Signal (DWS), in real time.  
Usually, correlation summation of consecutive A-scan signals 
in a specific Correlation Window Size (CWS) gives 
satisfactory reflected Target Energy Response [7], even in 
problematic cases (see Fig.2). Because target (A-scan) signals 
are closely correlated to each other, in other words they are 
matched in adjacent regions without significant correlation 
with the clutter. Target Energy Function (TEF) is given in (4).  
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where i represents current A-scan position index and  aT(xi-m)T 
represents transpose of m-step earlier target (A-scan) signal 
estimate. A typical background removed B-scan data and 
relevant TEF function are depicted in Fig.2 for a small 
dielectric roughly cylindrical object that  is not easily 
detectable (raw data is given in Fig.1.a).  The object is 
approximately located in xi=125. As shown in Fig.2.a, there 
are some discontinuities around this position corresponding to 
the main two peaks given in Fig.2.b. Due to the background 
calculation window is updated without considering target 
region, two peaks appear around the target, namely in 
approaching and departing. 

A. Test Statistic - Auxiliary Detection Function  
In the next step, it is needed to mark buried object location 

automatically through a detection warning creation test 
statistic.  An option is to apply thresholding to the TEF(xi) 
function directly. If TEF(xi) value is greater than a predefined 
threshold value (T), DWS(xi) is activated (dark regions in 
Fig.3), otherwise it is not activated. T value can be calculated 
from the initial values of the energy function in frequency 
domain data [9]. In this method threshold (Tc) is obtained by 
(5).  

   TC
2
Pkσ=           (5)

where 2
Pσ is the variance of target energy function calculated 



 
 

from initial scanning region bounded by P and k is a constant 
value. In case of wrong threshold value selection, numerous 
false alarms may occur. If the detection threshold is selected 
very low, false alarms may occur. On the other hand if the 
detection threshold increased to very high values, the target 
may not be detected.  To obtain a reasonable threshold value, 
broad threshold selection range is required. In this case target 
region may be extracted without false alarms in a wide 
threshold range. 

 
 

a) B-scan target data estimate of Fig.1.a 

 
b) Target Energy Function of the above data 

 
Fig.2  Typical B-scan data and Target Energy Function for a small dielectric 

object  
 

A problematic situation is shown in Fig.3. There is 
approximately 3:1 threshold selection range to obtain buried 
object location without any false alarm. Dark region 
approximately between 100 and 150 can be considered as true 
detection region and rest of them is false alarm region for this 
buried object.  

 
Fig.3 Target Energy Function and Detection Warning Signal  

Ideally a detection warning creation test statistic should have: 

1. High values  around the buried object location and 
low values in the rest of the region 

2. Immunity to clutter, noise or weak soil anomaly based 
signals. 

3. Broad threshold selection range to mark buried object 
location. 

A novel Auxiliary Detection Function (ADF), which is 
based on first and second moments of TEF, is proposed as a 
test statistic to mark target location.  Variance of TEF function 
is multiplied with mean square of TEF function in a sliding 
manner as shown in Fig.4. So, Auxiliary Detection Function 
(ADF) is obtained as a test statistic function for  each xi 
positions, given by (6).  
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where, R is the sliding window width. Then detection warning 
signal is created by using (9). An example is given in Fig.4. It 
shows that the ADF has a wide threshold selection range to 
mark buried object location without creating false alarm. This 
issue is studied in Section IV quantitatively. In Fig.4, dark 
black region corresponds to detection, namely non-zero value 
in DWS. Dashed border window represents sliding ADF 
calculation window. 
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Fig.4 Target Energy Function, Detection Warning Signal and Auxiliary 

Detection Function for the data given in Fig.2.a  



 
 

B. Threshold Selection Range Metric (TSRM) 
In order to measure the effectiveness of the proposed 

method in a wide data set, Threshold Selection Range Metric 
(TSRM) is defined by (10)  
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S       : Number of  B-Scan data in the data set 
md (s): maximum value of TEF or ADF in true detection  
           region. 
mf (s): maximum value of TEF  or ADF in false alarm 
            region. 
 
Detection region, false alarm regions, md(s) and mf(s) values 
for two methods are shown in an example depicted in Fig.6. 
Detection region is marked by gray shading in this figure. Due 
to the GPR antenna has a particular wide pattern in two sides, 
ΔF= ±10cm is added to each side of buried object location to 
define false alarm boundary.  

  

X=100 cm
Detection region

False Alarm RegionFalse Alarm Region

md_A

mf_A

ADF

ΔFΔF

Buried Target

md_C

mf_C

TEF 

Ground Surface

Fig.5  Detection region, false alarm regions and threshold selection metric 
parameters 

III. EXPERIMENTAL RESULTS 
The proposed method has been tested over a dataset 

obtained from two roughly cylindrical shaped buried dielectric 
objects. The objects are equivalents of M14 and TS50 
antipersonnel mines, which are not easily detectable. The 
diameters of the targets are 56 mm and 90 mm, heights are 40 
mm and 45 mm respectively. The soil is dry and dielectric 
constant value of soil is in the range of ε=2-3. Burial depths of 
the targets are also in the range of 5-10 cm. Antenna is moved 
approximately 5 cm above the surface. Totally 138 B-scan 

images have been used. Each B-scan image contains 
approximately N=240 A-scan signals and each A-Scan signal 
has a length of L=256. The parameters were experimentally 
selected as CWS=3, P=15, R=5 for Vs=20 cm/sec scanning 
velocity.  

Overall detection performance is obtained as %100, for 
selection of TA=0.6x10-6. For this threshold value there was no 
false alarm and there was no non-detected target, so the overall 
performance of the proposed method is obtained excellently for 
original data set. 

Additionally TSRM metric is calculated for all data set for 
both threshold calculation methods, TC and TA. It is shown in 
Table-1 that the proposed threshold selection scheme range is 
obtained 126,5 times greater than the first one. This means that 
the proposed method may create higher detection rate without 
false alarm in a wide threshold selection range. 

Table 1 TSRM metrics for both methods 
Method-1 Method-2 (The proposed) 

TSRM TC=4.92 TSRM TA =622.43 

Moreover, various levels of Gaussian noise are added to 
each B-scan data to test the effect of noise over detection and 
false alarm performances. It is observed that the maximum 
value of A-scan target signal estimates (aT(xi)) approximately 
floats in the range of  ±0.1 and each aT(xi) has approximately 
zero mean (µ=0) with variance of approximately σ2

T=1.10-3. 
So, different noise levels with zero mean are added to the GPR 
B-scan data with various variances. The results are given in 
Table-2. As shown in this table, the proposed method has 
satisfactory immunity to the additive noise, even it was 
corrupted by high noise levels. However, as the noise level 
increases up, the false alarm goes up. 

 
Table 2 Detection and false alarm results for noisy GPR data 

Variance of 
additive Gaussian 

noise (σ2
N) 

Detection 
Ratio [%] 

False Alarm 
Ratio [%] 

0.000 100 0 
0.001 100 0 
0.002 100 0.7 
0.005 100 2.8 
0.010 100 7.2 
0.020 98.5 57.2 
0.030 97.1 100.0 

Two representative noisy data results are given in Fig.6 and 
Fig.7 to illustrate the noise level and detection results. It is 
shown in Fig.6 that additive Gaussian noise may cause false 
alarms. Moreover, buried objects can be detected in 
challenging condition depicted in Fig.7, by the proposed 
method.  

 



 
 

 
 

Fig.6  An example of corrupted GPR data by Gaussian noise with σ2
N=0.01 

and detection results. 

 
 

Fig.7  An example of corrupted GPR data by Gaussian noise with σ2
N=0.02 

and detection results. 
 

IV. CONCLUSION 
In this paper a novel real time detection warning signal 

creation method is proposed. The method is tested over a 
dataset obtained from a specific soil type and small dielectric 



 
 

targets (equivalents of TS50 and M14 antipersonnel mines). 
Background removal is applied to GPR data and then Target 
Energy Function (TEF) is created for consecutive A-scan 
(target) signals. Auxiliary Detection Function (ADF) is defined 
in a specific sized sliding window over TEF, which is based on 
first and second order moments of TEF.  

Therefore, an emphasized test statistic is obtained, which 
magnifies energy of target and suppress weak and clutter based 
ones. Eventually, high TSRM value is obtained; this implies 
better false alarm rates in a broader threshold selection range in 
ADF. This is also tested by adding Gaussian noise with various 
variances to the original data. So, satisfactory detection results 
are obtained even in a single threshold selection (TA=0.6x10-6) 
case over noisy data.  

It is planned to extend this work for different soil types in 
the next studies. 
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