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MODEL-BASED DEEP LEARNING FOR AUTOMATED DEFECT DETECTION  
IN COMPOSITES 

The application of deep learning in thermographic inspec-
tion has seen an immense growth over the last years. One of 
the key challenges is the proper training of a learning model 
in order to achieve high inference performance as well as suf-
ficient generalizability of the trained model.

This study introduces a model-based training approach for 
deep learning in optical infrared thermography. To this end, 
a parametrized 3D finite element method has been imple-
mented in Fortran90 which allows to efficiently simulate 
the thermal response of multi-layer anisotropic composite 
plates. An interface element is introduced for the modelling 
of an imperfect thermal contact, allowing to simulate a va-
riety of defect types. The flexibility of the interface element 
allows to simulate delaminations with different thickness us-
ing the same discretized model, leading to a computational-
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ly efficient model. A stochastic morphology generator is in-
troduced for modelling realistic irregular defect geometries 
in the composite plates. In order to achieve realistic thermo-
graphic simulation data, non-uniform heating conditions are 
adopted from experiment, and temporal pink noise is added. 
A large-scale and diverse virtual dataset is generated by the 
simulation model, and is used to train a deep learning model 
which is based on Faster R-CNN with an attention-based fea-
ture fusion network. After training the deep learning model, 
it is tested on experimental thermographic data obtained 
on composite coupons as well as composite aircraft compo-
nents with a range of defect types, sizes and depths. Good 
inference results are obtained (see below figures), illustrat-
ing the high performance, generalizability and reliability of 
the proposed model- based deep learning framework.
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