
 

 

Nicola Zaru 

University of Cagliari 

Ph. D student in Civil Engineering and Architecture 

Disciplinary area: Applied Geophysics  

Scholarship granted by the M.C. Lerici foundation for the period June – August 2022 

 

Near-surface Applied Geophysics – automated integration of different 

geophysical data for site characterization 

 

Generally speaking, knowing the geology and physical parameters of the soil is 

complicated. Invasive techniques provide accurate information, but they are 

usually costly and time-consuming. Non-invasive techniques, such as the Ground 

Penetrating Radar (GPR), the Electric Resistivity Tomography (ERT) and 

Electromagnetic Induction (EMI) are commonly used for near-surface 

investigations. The GPR provides useful information about the geology and the 

presence of objects buried in the ground, while the ERT and EMI provide 

information about its resistivity. However, these techniques alone are not enough 

to build a complete model of the ground, particularly the ERT would take a lot of 

time to map a large area. Properly combining these methods allows you to have 

more complete information at a fraction of the time and cost required by the 

invasive techniques. 

The goal of this project was to investigate the possibility of processing different 

types of geophysical data, simultaneously and efficiently using the hardware 

resources.  

Once arrived at Lund University, I had the chance to take part in a series of 

lectures and seminars held by Prof. Matteo Rossi and Prof. Tina Martin. The focus 

was on the main techniques used for near-surface investigations. Both the lectures 
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as well as the practical lab measurements gave me a better insight on how to plan 

and carry out geophysical surveys. This knowledge came in handy during the 

campaigns of measures held throughout the entire summer.  

Starting in June, different field trips were organized with the aim of collecting data 

and developing new processing algorithms which could handle different types of 

data simultaneously. 

The main study area is a site contaminated with chlorinated solvents, located in the 

south of Sweden near the village of Osby. It was chosen due to the prior 

information already available about the ground, particularly its geology and the 

presence of buried conductive anomalies that could be used to validate the results 

produced by the algorithms. Several geophysical measurements were performed 

using the following methods:  

• Electric Resistivity Tomography (ERT)  

• Ground Penetrating Radar (GPR) 

• Electromagnetic Induction (EMI) 

• Self-Potential (SP)  

As shown in Fig. 1, two grids of EMI data were acquired, overlapped by a grid of 

GPR and SP data. Subsequently, two lines of ERT, EMI and GPR data were 

collected.  

 

Figure 1.  Map of the collected geophysical data. Grid 1 and Grid 2 contain both GPR and EMI data. A portion of Grid 2 is 
overlapped by a grid of SP. Lines L6 and L2 were collected with ERT, GPR and EMI while line L1 contains only GPR data. 

The GPR and ERT data have been processed using commercial and open-source 

software. As regards the EMI data, custom algorithms have been developed using 



MATLAB. To improve the quality of the results obtained from the EMI data, the 

algorithms have been designed to consider the information provided by the ERT, 

resistivity boreholes as well as the GPR. This combined solution proved to be more 

robust compared to the processing of the same data independently. The algorithms 

were able to identify the conductive anomalies buried in the ground (metallic 

pipes) as well as the main geological structures shown by the GPR. The Self 

Potential data was not included in the process but used to correlate the results.  

Thanks to Mrs. Martin, I had the chance to participate in another field trip with the 

goal of collecting geophysical data to study the brownification of the water around 

the Bolmen lake in Småland, south of Sweden. Besides the great experience of 

spending few days around the lake, it was very helpful as I could test various 

processing strategies for the ERT and GPR data.  

Similarly, thanks to Mr. Rossi, I could collect more data on the important 

archaeological site of Uppåkra, near the city of Lund. Here the most important 

results were obtained with the GPR, which showed the location and position of 

what once was a Viking Longhouse. 

Finally, the last field trip was conducted on a peatland near the village of Önnarp, 

in the south of Sweden. Here I could collect data through peat probing, as the first 

step of future campaigns of measures. Thanks to Prof. Veiko, who was working on 

other projects on the same site, I also learned a lot about drone photogrammetry, 

having the chance to experience myself the planning, data collection and 

processing using his drone. This technique allowed me to combine the Digital 

Elevation Model (DEM), obtained with the photogrammetry, with the geophysical 

data collected on the site, to produce a pseudo-3D model of the site. 

During the summer I also had the chance to work on the instrumentation used to 

collect the data, particularly the electromagnetometer EMP400. This gave me the 

opportunity to collaborate with highly skilled personnel, expanding my knowledge 

both in electronics and geophysics.  

I heartfully thank the C. M. Lerici Foundation for the opportunity they gave me, 

which allowed me not only to expand my knowledge of geophysics, but also to 

explore other fields, from electronics to drones, meeting wonderful people from all 

over the world. 


