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SUMMARY 

The article investigates the effectiveness of the ground-penetrating radar (GPR) method for 
detecting explosive hazards in various geological conditions. The impact of soil physico-
chemical properties on identification accuracy is analyzed, and optimal survey parameters are 
determined. Field experiments confirm the high efficiency of the method, particularly in sandy 
and loamy environments. The study proposes automating data analysis through 3D modeling 
and UAV integration 
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Introduction 
 
After intense combat operations, territories affected by shelling often face numerous man-made 
disasters, one of the most critical being the contamination of vast areas with explosive ordnance. This 
issue is especially severe today, given the existence of remote mining systems capable of covering large 
areas with mines in a matter of hours, as well as multiple launch rocket systems (MRLS), where 
unexploded munitions can pose a direct threat to all living things. For example, in Ukraine areas that 
need to be surveyed for mines and unexploded ordnance at least almost 140,000 km2 (Figure 1) 
 
Therefore, clearing territories of explosive ordnance is a critically important task to ensure the safety of 
civilians. Traditional demining methods, such as using manual metal detectors operated by sappers, 
require significant time and human resources, which can significantly slow down the demining process 
and lead to casualties. 
 
Among modern technologies for detecting explosive ordnance, ground-penetrating radar (GPR) is 
highly effective, allowing visualization of subsurface anomalies without direct contact with the surface 
(Annan, 2003). The device transmits electromagnetic waves at frequencies ranging from 50 to 1000 
MHz, reflecting off objects with different dielectric properties, enabling accurate subsurface object 
placement. This method provides sappers with precise real-time data during initial surveys, significantly 
accelerating the traditional demining process (Conyers, 2017; Goodman and Piro, 2013). 
 
 

 
Figure 1 Approximate image of the total area of Ukraine where explosive objects may be found (Source: 
Ukrainian Deminers Association, data as of September 8, 2022). 
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Method and Theory 
 
GPR operates by transmitting electromagnetic waves into the ground and analyzing the reflected signals 
from subsurface objects. The key principle behind GPR is the variation in dielectric permittivity 
between different materials, which affects the speed and strength of wave reflection (Daniels, 2004). 
When these waves encounter an object with a significantly different permittivity, part of the energy is 
reflected back to the receiver, enabling the identification of buried objects such as mines and 
unexploded ordnance (Goodman & Piro, 2013). 
 
Field analyses were conducted at a specially prepared test site with surfaces containing various soil 
types (sandy, loamy, black soil) using GPR devices VIY-2-300 and VIY-3. To simulate real conditions, 
different types of explosive ordnance (anti-tank and anti-personnel mines such as TM-62, OZM-72, and 
152-mm artillery shells) were buried and placed. 
The data were processed using the Synchro/Planner software, leading to the decision to create 3D 
models of detected anomalies. The initial program generated anomalies in 2D images, which were 
difficult to interpret given the large number of surveyed profiles. Using 3D visualization significantly 
improved the accuracy of detected objects, allowing for better decision-making in demining operations. 
(Ivashchuk V et al., 2021) 
 
Additional research into the electromagnetic properties of various soil types was conducted to determine 
the optimal operational parameters for GPR. The study included signal attenuation analysis, which 
demonstrated that sandy and loamy soils provided the best conditions for radar wave propagation, 
whereas clay-rich environments exhibited high absorption and distortion effects. 
 
Results 
 
The study confirmed the high efficiency of GPR in detecting explosive ordnance under various 
conditions. It was found that in 85% of cases, explosive objects were successfully identified based on 
characteristic anomalies in the radar images. The average burial depth of shells and mines ranged 
between 10-80 cm (Conyers, 2013). 
 
The best results were obtained in sandy and loamy soils, while effectiveness significantly decreased in 
clay soils due to high signal attenuation (Figure 2) The use of 3D modeling significantly improved data 
interpretation by constructing highly accurate and well-defined anomalies in the generated model. 
Automation of analyzing large amounts of profiles could allow AI-based interpretation of minefield 
areas in the future, further reducing time and enhancing efficiency. 
 
Furthermore, combination of GPR with magnetometric surveys allows for the detection of both metallic 
and non-metallic explosive devices, increasing the overall detection rate to 92%. 
 
A promising advancement in GPR technology is the integration of UAVs equipped with GPR devices. 
This modification would expand the range of surveyed areas, reduce risks for operators, and accelerate 
the demining process. UAV-based GPR scanning allows for rapid surveying of large territories, 
automating data collection and analysis while improving efficiency in hard-to-reach areas. AI-based 
processing of obtained results is also a potential enhancement. 
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Figure 2 Interpreted anomalies created by shells in a 3D model of a 20×10 m test site with triangular 
markers indicating locations of mines. The best results were obtained in sandy and loamy soils, while 
effectiveness significantly decreased in clay soils due to high signal attenuation. 

 
 

 
 

Figure 3 Interpreted anomalies without markers and profile grids for more accurate assessment. 
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Conclusions 
 
Assessing the entire study and GPR method analysis, it can be concluded that it demonstrated high 
efficiency in demining (85%), especially when combined with other methods such as magnetometry. 
GPR scanning serves as the initial stage in territory demining rapidly covering large areas and 
identifying the most heavily mined locations. The application of 3D modeling significantly accelerates 
threat identification and optimizes sapper operations. 
 
Future research should focus on improving signal processing algorithms for the GPR method, 
particularly by employing machine learning techniques for the automated recognition of mines and 
explosive devices. The integration of UAVs for remote sensing and data automation will further 
enhance the effectiveness of demining efforts. 
 
Additionally, it is recommended to conduct more field experiments in different climatic and geological 
conditions to validate the adaptability of GPR. Developing advanced machine learning models trained 
on large datasets of GPR scans will be essential for improving the recognition accuracy of different 
types of explosive ordnance. Further exploration into hybrid sensor systems integrating GPR with 
multispectral imaging and acoustic sensing could also provide valuable enhancements to demining 
operations. 
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