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Several avenues were considered. Multi-modal domain adaption, domain expansion and domain
independent data extraction. Those work on different levels and great results were obtained for
each. In the future, their integration into a single framework for a working system could be
considered.

Concrete structures make up a large portion of buildings in modern
societies. This is especially true for social infrastructures (tunnels, bridges, highways,...).
Their regular inspection is critical to ensure the safety of the public. The hammering test is an
inspection method based on acoustic means that is currently popular but is man-power heavy. Between
the growing number of concrete structures in need of testing and the man-power shortage, the
automation of the hammering test is highly desirable.

In recent years, machine learning models have made great strides, showing great performance on
recognition tasks. However, most require large amounts of labeled training data to do so. This is
not feasible for niche applications such as the hammerin% test. Therefore, this research has focused
on ways to allow models to perform well independently of the available training data.
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Heavy use of concrete as a
construction material is often
cited as a characteristic of modern
societies. This 1is particularly
true for social infrastructures
such as highways, bridges, and
tunnels. In recent years, the issue
of the aging of such structures has
been highlighted by catastrophic
accidents: the collapse of the
Sasago tunnel in Japan or of the Big
Dig in Boston can be mentioned here
as examples. In order to ensure the
continued safe use of such social
infrastructures made out of
concrete, regular inspection to
find defects as early as possible
is critical. The hammering test, as
shown in Fig. 1, is a widespread inspection method for concrete structures. It consists
in hitting the structure with a hammer and assessing the presence of defects from the
returned sound. Manpower shortage and the ever— growing number of structures in need
of testing have made the automation of the hammering highly desirable

Automation of the hammering test has challenges that can be divided between
those related to the processing of the complex acoustic data that is currently analyzed
by skilled human inspector and those related to the actual hammering mechanism itself
to replicate how human inspectors hit the surface of the concrete. This present research
focused on the former.

Fig. 1. A humaninsgpector conducts the hammering fest in a furmel.
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Current approaches to automatically analyze hammering sounds are mainly
limited to supervised learning. This means that they present first the issue of
requiring gathering training data first. This is very costly for such specific
applications. Additionally, such approaches limit the applicability of the trained
model to the data distribution of the training data. Given that concrete is an aggregate,
i.e., no two concrete batches are identical, and that structures vary greatly in shape
and form, this severely limits the range of inspection targets over which a trained
model is applicable. This is referred to as the domain of a model in this research. It
can be thus argued that they lack practicability. Therefore, in this research were
explored several avenues in which to realize the automation of the hammering test in
a fashion to adapt the domain of defect detection models.
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S3VM was expanded by the addition
of a selection process when using
test data to train the model. As
shown in Fig. 2, only part of the data is used to adapt a model across domains. To
achieve that, in this research the surface crack was used: by using a camera to record

Fig. 2: Overview for the nulfi-modal domain adaptation method.



the hammering process and thus the hammering location along with the hammering sound,
sound samples in the vicinity of a surface crack can be selected to be used by S3VM.
This provides the algorithm with samples with a clear separation between them to adapt
the decision boundary from the labeled training data.
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whitening process limited to groups of samples that could be inferred to belong to the
same class. Performance of such approaches is conditioned by the size of those groups
of samples. However, obtaining such a large group of samples requires more weak
supervision and thus more human involvement. The concept here lies in augmenting weak
supervision based on an initial fine clustering of the data, which allows to augment
the nature of weak supervision from pair-based to group—of—sample—based.
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between domains further since it Fig. 4: Overview of the proposed method to remove predicted
binds data to a particular
structure and environment. This
issue has been increasingly put
forward due to the attention to the potential for Unmanned Aerial Vehicles (UAVs) to
carry out the hammering test. The main source of noise in the environment is thus the
UAV’ s propellers. To obtain domain independent data from am UAV conducting hammering,
the proposed method takes the innovative approach of multi-modal learning to predict
the noise mixed in with the hammering data, as shown in Fig. 4. This is achieved by
affixing accelerometers to the propellers, training a model to predict the
corresponding acoustic noise. This is highly practical since no labels are required
during the training of the model.

noise from hammering sounds.
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For the multi-modal domain adaptation, experiments were conducted in
laboratory conditions, as shown in Fig. 5, using concrete test blocks, denoted P, Q
and R. The results as shown in Fig. 6 show that the proposed method achieves similar



or better results than S3VM.
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Fig. 5: Experimental settings in laboratory conditions

. adaptation.
using a concrete test block.

For the expansion of domain range with weak supervision, experiments were
carried out in both laboratory and field condition, as shown in Fig. 6, and results
showed that the proposed method enables to generate new weak supervision automatically
high accuracy, ultimately resulting in better model performance with lesser human
involvement, as shown in Fig. 7.
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Fig. 7: Experimental setup in field conditions using

a mock tunnel. Fig. 8: Results for the method for augmentation of weak
supervision. The method shows superior performance with less

weak supervision.
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