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SUMMARY 

Ground Penetrating Radar (GPR) is a geophysical technique that investigates underground structures. 
GPR data are used to visualize an underground map of search areas. One of the most important problems 
in the investigation of the underground structure is the correct identification, visualization and 
interpretation of anomalies in GPR data. To contribute to the solution of this problem, a methodology 
which consists of four stages is proposed. At the first stage, the original data from the test area are 
collected and preprocessed, and the synthetic data are produced using original data. In the second stage, 
features are extracted and the data set is created to apply the machine learning techniques. In the third 
stage, the data set is analyzed by machine learning techniques to identify the anomalies. At the final 
stage, the geometry of the anomalies in GPR data is visualized in the 3D environment and visualized 
anomalies are interpreted. The obtained results showed that the anomalies were detected with 94% 
accuracy. 
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1. Introduction 

Ground Penetrating Radar (GPR) is a geophysical technique that collects GPR data about near-
surface/underground materials and abnormal objects (anomalies). GPR data are used to obtain an 
underground map of search areas. Anomalies are searched, analyzed, visualized and interpreted using 
GPR data. 
 
One of the most important problems in the GPR research and applications of the underground 
structure is the correct identification, visualization, and interpretation of anomalies. To contribute to 
the solution of this problem, a methodology which consists of four stages is proposed. At the first 
stage, the original GPR data from the test area are collected and preprocessed, and the synthetic data 
are produced using original data. In the second stage, features are extracted and the data set is created 
to apply the machine learning techniques. In the third stage, the data set is analyzed by machine 
learning techniques to identify the anomalies. At the final stage, the geometry of the anomalies in 
GPR data is visualized in the 3D environment and visualized anomalies are interpreted. 
 
The study is organized as follows. In Section 2, the methodology is proposed for identification, 3D 
visualization and interpretation of anomalies in the GPR data. In Section 3, the proposed methodology 
is applied to the real GPR data and the obtained results are presented. Finally, the results of the study 
are evaluated. 

2. Proposed Methodology 

GPR data consist of 𝑁 parallel profiles. Each profile consists of 𝑀 traces. Each trace consists of 𝐾 
sample values (Fig.1). 

 
Figure 1. The relationship between the profile, traces and sampling values 
 
The following methodology is proposed to identify, visualize and interpret the anomalies in GPR data: 
1. The original GPR data collection and preprocessing and synthetic data production; 
2. Feature extraction and data set creation; 
3. Application of machine learning techniques; 
4. Visualization and interpretation of the anomalies. 
 
2.1 The original GPR data collection and preprocessing and the synthetic data production   

Depending on the size of the search area and data collection parameters, a limited number of original 
profiles (original data) is collected from the search area. Next, the collected original data are 
preprocessed by standard data processing techniques (trace editing, spectral analysis, and band-pass 
filtering, high-pass filtering, background removal, gain, and migration, etc.). It is ideal to collect a big 
amount of profiles to display the geometry of the underground objects or anomalies clearly and 
interpret correctly. But collecting too many profiles requires high cost and time. Because of this, the 
necessary number of synthetic profiles (synthetic data) is produced using original data (Ozkan Okay 
and Samet, 2018). However, the original and synthetic data may be incomplete due to the 
characteristics of the search area such as uneven surface, properties of underground structures, 
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physical or chemical changes occurring underground, etc. (Leckebusch 2003, Annan 2009, Dojack 
2012). In this stage, GPR data are completed by interpolation techniques in order to obtain anomalies 
more clearly (Meijering and Michael 2003, Ozkan Okay and Samet, 2017). 
 
2.2 Feature extraction and data set creation 

The features of the sampling values, the traces, and the profiles can be used to identify the anomalies 
in GPR data. In this study, the features of the sampling values are used for this purpose.   
 
Different features of the sampling values that can be used to identify normal and abnormal profiles 
have been determined (Ozkan Okay and Samet, 2019). The list of these features is given in Table 1. 
 

Table 1. Features of sampling values 

Minimum_sampling_value
Maximum_sampling_value
Average_sampling_value
Median_sampling_value
Checksum_sampling_value
Standard_deviation 
Δ  (difference between maximum and minimum sampling values) 
Δ  (difference between maximum and average sampling values) 
Δ  (difference between average and minimum sampling values) 

 
The data set is created using M profiles and the determined features of sampling values. While 
creating the data set, the profiles are labeled as "normal" and "abnormal" on the base of the features 
specified in Table 1. 
 
2.3 Application of machine learning techniques 

The machine learning techniques such as NaiveBayes, DecisionTree, KNN, RandomForest, J48 are 
used to analyze created data set. While applying machine learning techniques, a large part (66%) of 
the data set was split for education and a small part (34%) was used for testing. 
 
2.4 Visualization and interpretation of the anomalies 

The underground structures or anomalies are visualized in the 3D environment by using the method 
proposed in the previous study (Ozkan Okay and Samet, 2017). The region with anomalies is 
extracted from the profiles and placed in the 3D cube. The meaningless points are cleared from the 
image. Smoothing is applied to soften sharp edges and areas. The area between the edges of the wall 
is filled as a whole. By adding volume to the image obtained as a whole, a 3D image is obtained.  
 
3. Implementation of Proposed Methodology 

For the test and verification of the proposed methodology, the data set, collected from the test area 
where the underground structure is well known, should be used. A test area has been designed to 
create a data set of this type. Different materials (pipes, stone walls, plastic drums, etc.) were placed 
in this test area.  In this way, the accuracy of the information about the anomalies in the data set can 
be determined precisely. 20 parallel original profiles were collected from the test area. Profile lengths 
are approximately 5 meters. The distance between profiles was taken as 25 cm. The directions of the 
obtained profiles from embedded wall structure were given in Fig. 2 (a), after the data collection and 
preprocessing operations, the image of 7th 𝑛 1,2, … ,20  profile in the data set was visualized in 
Fig. 2 (b). 
 
The 80 synthetic profiles were produced using 20 original profiles collected from the test area. In this 
data set, there are 42 normal and 58 abnormal profiles. 9 features that distinguish between normal and 
abnormal labeled profiles have been determined (Table 1). The data set consisting of original and 
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synthetic data was analyzed by applying the NaiveBayes, DecisionTree, KNN, RandomForest, J48 
machine learning techniques. The obtained results are listed in Table 2. 
 

 
Figure 2. (a) The embedded wall structure in the test area and (b) The view of abnormal profile 
 

Table 2. The obtained results 

 Accuracy rate (%) MAE RMSE 
NaiveBayes 88.46 0.11 0.20 
DecisionTree 94.43 0.10 0.17 
KNN 87.17 0.13 0.25 
RandomForest 88.51 0.17 0.20 
J48 85.89 0.16 0.26 

 
There are two important steps to determine the anomalies in GPR data; the first is to prepare the data 
set appropriately, and the second is to apply the machine learning techniques and compare the 
obtained results. Accuracy rate, RMSE (Root-Mean-Square Error) and MAE (Mean Absolute Error) 
are the main metrics used in the performance evaluations of machine learning models. The high 
accuracy rate indicates that the anomaly detection relationship is good. On the other hand, the low 
results of errors of RMSE and MAE indicate the high performance of models. When the obtained 
results are examined, 85.89 - 94.43% accuracy rate has been obtained. The machine learning 
technique that gives the best results with the highest accuracy and the lowest error rate is the Decision 
Tree algorithm. By increasing the number of used features the accuracy rate can be increased. Also, 
by increasing the number of original profiles the accuracy can also be increased. 
 
As the last stage of the proposed methodology of this study, 3D visualizing of the underground 
structure or anomalies was performed and the obtained image was interpreted. Interpolation 
techniques were applied to complete the missing data and concretize the geometry of anomalies. 
Sharp images on the anomalies were softened and gaps due to data loss were filled. Anomaly regions 
were extracted from the profiles and placed in a 3D cube (Fig. 3 (a)). The obtained image was 
combined with the patching process as a whole. After, the 3D visualization of the underground 
structure was obtained by smoothing and adding volume to the image. The view of the obtained result 
was given in Fig. 3 (b). As seen, the view of the embedded wall structure (Fig. 2 (a)) was obtained 
with high accuracy.                  
 
Conclusions 

GPR is a widely used method to examine underground structures or anomalies. The use of the GPR 
method in close surface research and applications has been increasing recently because it detects 
underground structures quickly and accurately. GPR data are used to obtain the visualization of the 
underground structure. Anomalies are searched, analyzed and interpreted during the visualizing 
process. In GPR research and applications, the search area is determined and data are collected along 
parallel lines in one direction. The obtained data are transformed into appropriate data to study by 
applying different preprocesses. 
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Figure 3. (a) View of anomalies in the cube; (b) 3D view of the wall structure 
 
One of the most important problems in the investigation of the underground structure is the correct 
identification, visualization and interpretation of abnormalities in GPR data. In order to contribute to 
this problem, a study was carried out with machine learning techniques on the original real data from 
the test area to identify and display underground structures. Firstly, data were collected and made 
available for preprocessing. After data set is created by producing new synthetic data and feature 
extraction is made. In the next stage, the data are analyzed with machine learning techniques. Finally, 
the geometric shape of the anomalies in the underground is visualized in the 3D environment.  
Obtained results showed that the abnormal objects (wall structure) were identified, visualized in 3D 
and interpreted with a 94% accuracy rate. 
 
Acknowledgment 
 
This work has been funded by The Scientific and Technological Research Council of Turkey - 
TÜBİTAK under grant 5130012 and 2211-E. 
 
References 

Annan, A.P. 2009. Electromagnetic Principles of Ground Penetrating Radar. In Ground Penetrating Radar: 
Theory and Applications, edited by Harry M. Jol, pp. 3-40. Elsevier, Amsterdam. 

Dojack, L. 2012. Ground Penetrating Radar Theory, Data Collection, Processing, and Interpretation: A Guide 
for Archaeologists, 7-9. 

Leckebusch, J. 2003. Ground-penetrating Radar: A Modern Three-dimensional Prospection Method. 
Archaeological Prospection. Vol 10; 213-240. 

Meijering, E. and Michael, U. 2003. A note on cubic convolution interpolation. IEEE Transactions on Image 
Processing 12, 477-479. 

Ozkan Okay, M. and Samet, R. 2017. 3D visualization approach to GPR data. Communications Faculty of 
Sciences University of Ankara Series A2-A3 Physical Sciences and Engineering 59.2 (2017): 29-40. 

Ozkan Okay, M., and Samet, R. 2018. Interpolation techniques to visualize underground structures with high 
accuracy using fewer GPR data. 17th International Conference on Geoinformatics-Theoretical and 
Applied Aspects. Vol. 2018. No. 1. European Association of Geoscientists & Engineers. 

Ozkan Okay, M., and Samet, R. 2019. An Approach to Detect and Visualize the Anomalies based on GPR Data. 
18th International Conference on Geoinformatics-Theoretical and Applied Aspects. Vol. 2019. No. 1. 
European Association of Geoscientists & Engineers. 

Samet, R., Çelik, E., Tural, S., Şengönül, E., Özkan, M., E., Damcı, 2017. Using interpolation techniques to 
determine the optimal profile interval in ground-penetrating radar applications. Journal of Applied 
Geophysics, 140, pp. 154-167. 

Wang, W. and Xu, Z. 2004. A Heuristic Training for Support Vector Regression, Neurocomputing, 61: 259-275. 


