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Fuzzy clustering of electrical and seismic data 
for the detection of geophysical targets

Field results
• Geophysical tomographic methods, such as electrical resistivity tomography (ERT), induced polarization (IP), and seismic refraction

tomography (SRT) are often effective for detecting geophysical targets

• However, the final models are expressed only in terms of individual geophysical parameters (resistivity, chargeability, P-wave
velocity) leaving room for ambiguity in complex sites exhibiting several transitions between layers or zones having different
geophysical properties.

• To overcome these limits, we present a machine learning(ML)-based quantitative approach for the detection of geophysical
targets associated with both geological and anthropogenic scenarios, using ERT and IP (Case 1) and ERT and SRT (Case 2).

Processing and Inversion software

• VEMI Software for ERT and IP - Case 1 
(De Donno & Cardarelli, 2017)

• pyGIMLi  for ERT and SRT - Case 2
(Rücker et al. 2017)

Data acquisition Multi-parameter inverted models

ρ

Mn

M

ρ

Cluster 
analysis

Parameter 
space

Integrated 
model

Mn

M

µ

ρ M or vP 

Fuzzy C-Means (soft clustering)

Site acquisition Inverted models – L2 Cluster analysis

Resistivity

• Landfill located on a steep slope, equipped 
with HDPE bottom liner 

• 4 ERT+IP lines (L1, L2, L3 and L4) with 
electrode spacing = 5 m (max. depth ~ 40 m)

• Acquisition: dipole-dipole array, T=2 s, 4 
stacks, 20 log. sampled IP gates

• Leachate levels logged on L2 in 4 wells (P1-P4)
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Synthetic models
Simulation of Case 1

Case 1: detecting leachate accumulation in a municipal solid waste (MSW) landfill

Case 2: bedrock detection in a site prone to instability
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Calinski-Harabasz index
(Calinski and Harabasz, 1974)
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Simulation of Case 2

• The presented quantitative ML approach is effective to detect geophysical targets and
assess the accuracy of the subsurface reconstruction through a membership function.

• The membership function is a good estimator of the reliability of the procedure, as it
ranges from 0 to 1, with 1 reflecting a high reliability of the cluster analysis.

• This approach can be a valuable automatic tool for many applications of geophysical
techniques in civil and environmental engineering.
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• Site prone to instability due to landslides

• 1 ERT+SRT line (with both P- and SH-
waves) with geophone spacing = 2 m 
(max. depth ~ 60 m)

• 2 boreholes (S1 and S2) to validate the 
results
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