The 8th European Congress on Computational Methods in Applied Sciences and Engineering
ECCOMAS Congress 2022
5-9 June 2022, Oslo, Norway

Advanced deep learning comparisons for non-invasive tunnel
lining assessment from ground penetrating radar profiles

M. M. Rosso'*, G. Marasco!, L. Tanzi!, S. Aiello!, A. Aloisio?, R. Cucuzza!,
B. Chiaia!, G. Cirrincione® and G.C. Marano'

! Politecnico di Torino, DISEG, Dipartimento di Ingegneria Strutturale, Edile e
Geotecnica, Corso Duca Degli Abruzzi, 24, Turin 10128, Italy
2 Universita degli Studi dell’Aquila, DICEAA, Department of Civil,
Construction-Architectural and Environmental Engineering, Via G. Gronchi, 18,
L’Aquila, 67100 Abruzzo, Italy
3 University of Picardie Jules Verne, Lab. LTI, Amiens, France.
* Corresponding Author: marco.rosso@polito.it

Keywords: Tunnel Linings, Ground Penetrating Radar, Deep Learning, Convolutional
Neural Network, Vision Transformer, Structural Health Monitoring

Innovative, automated, and non-invasive techniques have been developed by scientific
community to indirectly assess structural conditions and support the decision-making
process for a worthwhile maintenance schedule. Nowadays, machine learning tools are
in the spotlight because of their outstanding capabilities to deal with data coming from
even heterogeneous sources and their ability to extract information from the structural
systems, providing highly effective, reliable, and efficient damage classification tools. In
the current study, a supervised multi-level damage classification strategy has been devel-
oped regarding Ground Penetrating Radar (GPR) profiles for the assessment of tunnel
lining conditions. In previous research, the authors firstly considered a convolutional neu-
ral network (CNN), adopting the quite popular ResNet-50, initialized through transfer
learning. In the present work, further enhancements have been attempted by adopting
two configurations of the newest state-of-art advanced neural architectures: the neural
transformers. The foremost is the original Vision Transformer (ViT), whose core is an
encoder entirely based on the innovative self-attention mechanism and does not rely on
convolution at all. The second is an improvement of ViT which merges convolution and
self-attention, the Compact Convolution Transformer (CCT). In conclusion, a critical
discussion of the different pros and cons of adopting the above-mentioned different archi-
tectures is finally provided, highlighting the actual powerfulness of these technologies in
the future civil engineering paradigm nevertheless.
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