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SUMMARY 

The GPR surveying was proven as an informative method for investigation of civil structures 
(roads, buildings, archaeological objects, etc.) and natural objects for example landslides, ice 
caps, water level, rocks layering, etc. Generally, the research consists of three main steps: 
data acquisition, processing of GPR profiles, and interpretation of the output data.  

The main objects of the research are ice caps on the Argentine islands, West Antarctica. 
Previous investigations of these ice caps have resulted in interpreted data along with profiles. 
Layers and interior heterogeneities are identified inside the ice. The final stage is the need to 
build 3D models, that can help to better understand the glaciers’ environment (distribution of 
ice layers) or the dynamic of the interior processes during the time. 
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Introduction  

The GPR surveying was proven as an informative method for investigation of civil structures (roads, 
buildings, archaeological objects, etc.) (Bondar et al., 2020) and natural objects for example landslides 
(Ivannik et al., 2020), ice caps (Chernov, 2017), water level, rocks layering, etc. Generally, the GPR-
based research consists of three main steps: data acquisition, processing of GPR profiles, and 
interpretation of the output data.  

The main objects of the research are the ice caps on the Argentine islands, West Antarctica. Previous 
investigations of these ice caps have resulted in interpreted data of the 2D profiles (B scans) (Figure 1) 
(Chernov et al., 2020). Reflections from the layers and interior heterogeneities are identified inside the 
ice. The final stage is the need to build 3D models, that can help to better understand the glaciers’ 
environment (distribution of ice layers) or the dynamic of the interior processes during the time. 

 
Figure 1 “Cloud of points”, 3D view in Planner software. 

 

Today the most of GPR data processing and visualization software are created by device 
manufacturers – Impulse Radar Talon, Sensors & Software, Transient Technologies, SPH 
Engineering, Impulse Radar, Mala GPR, etc. Mentioned packages have enough tools for the 
processing, but not enough tools for the visualization of the layers in 3D. The question arises: which 
software can be used to visualize and interpret layers from GPR data?  

 

Methods of investigation 

According to the authors practical experience and literature review, 5 software packages for the 
modelling of layers were chosen for the research: Surfer, Voxler, ArcGIS (ArcScene), AutoCAD, 
SAGA GIS. The software were compared by 4 criteria: license (free access or purchase needed), 
analyst tool, RAM demand and usability.  

 

Initial data 

There is a need to build visual models of the identified reflections. Colleagues practice solving this 
problem in various software tools: 
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- gprMax – for stratigraphy (Koyan, Tronicke, 2020);  
- Voxler – for modeling of glaciomarine sediments (Karsen, 2019) and subsurface ice (Andres 
et al. 2020); 
- ArcScene – for modeling of glaciomarine sediments (Karsen, 2019); 
- Matlab/C sharp (own program code) – (Angelis, 2020; Samet, Ozkan, 2017). 

All these packages work with time-domain data (wave speed, time, etc.). For our research, time-
domain processing of the data and picking of the reflections was done in Synchro and Planner 
package. Points from the reflections (figure 1) are downloaded in text files (.xls, .txt, etc.) and separate 
file is prepared for each layer, modelling is done according to this reflection points coordinates. 

Among all interpolation methods, it is reasonable to use geostatistical Kriging. It is due to the 
mathematical advantages of the algorithm in comparison with others: a slight accumulation of errors in 
the calculation process, moderate "smoothing", the relative regularity of the grid of points and a small 
distance between them (Tan, Xu, 2014). It should be recognized that for such purposes, the Kriging 
method is traditionally recognized and has an alternative in the method of Minimum Curvature. 

 

Results of investigations 

The software was selected on the basis of authors experience recommendations in the literature. All 
listed software applicable for building of 3D models but have some differences (Table 1).  

The first difference is the availability of licensed products. There is a free access to the software for 
students from the NSI Institute of Geology, but it can be a problem for other researchers. Prices for the 
license are different and depend on the term of use, number of tools and premium privileges.  

 

Table 1 Comparative table of different Software for GPR 3D modelling of layers. Free1 – totally free 
for students 

Software Lisense Analyst Tool RAM Demand Efficiency Ranking 

Surfer Paid + Low High 1 

Voxler Paid + Low Medium 4 
ArcGIS 

(ArcScene) 
Paid + Medium Medium 3 

AutoCAD Free1 - High Low 5 

SAGA GIS Free ++ Medium Medium 2 

 

The second criteria is Analyst Tool because besides 3D modelling it is very important to use 
calculating ability to have extra data like slope, aspect, curvature, etc. Traditionally, all GIS have these 
tools but they need a coordinates binding, that is why they don't convenient for every case. Research 
reveals, that SAGA GIS has a broader tool kit than ArcGIS but both can be used only with 
geographical positioned data. On the other hand, Surfer and Voxler don’t need a binding with the same 
number of valuable tools which ArcGIS has. Results of the analyst tools application are similar in 
different programs and an example of the results from Surfer software is shown on the figure 2. 

One more criteria is RAM Demand - integral characteristic of software necessity in calculating volume 
that notice not only in software requirements but display in operations time, frame per second while 
you work in 3D, etc. The tests were run on an average capacity computer (RAM 4 GB / SSD 256 GB / 
Intel HD Graphics 520). 

The Usability can be described as the capacity of a system to provide a condition for its users to 
perform the tasks safely, easily and productively with comfortable interface of the software. Surfer is 
created for a limited number of tasks, that is why it is easy to study, while AutoCAD or ArcGIS has a 
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lot of other functions. Result of the comparisson shows that upload of the data, processing steps, 
visualization of the result are more productive and easy in Surfer software. 

Considering all criteria, Surfer is the best program for 3D modelling and visualization of the layers 
(Table 1). SAGA GIS is recommended for more specific further analysis of the data. 

 

Recommendations and conclusions 

At the initial stage of the geological and geophysical study of the ice caps on the Argentine islands, 

West Antarctica it is recommended to use the GPR method with subsequent modelling and analysis in 

Surfer (and SAGA GIS) software (Figure 2). Moreover, mentioned software is applicable for express 

underground layers analysis: visualization of the landslides’ elements, water level, borders between 

different rocks or soils. 

 

 

 

Figure 2 3D model of ice layer and its analysis. Made in Surfer. A – 3D surface. B – contour map (the 

depth in scale) and control points. C – grid vector map. D – map of slope (slope angle in scale). E – 

terrain aspect map (azimuth in scale). F – curvature of surface map. G – gradient operator map. 
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