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ABSTRACT 

Shape sensing techniques for real-time deformation reconstruction are an increas- 
ingly important topic for Structural Health Monitoring (SHM), particularly in the con- 
text of digitalisation and digital twins. Artificial intelligence and artificial neural net- 
works are showing promising results for such tasks. Physics-Informed Neural Networks 
(PINN) have recently gained interest due to less training data-dependent predictions by 
incorporating physics laws into the training. To benchmark such a PINN for solving 
inverse problems in shape sensing, referred to as �iPINN�, this paper presents a study 
on its performance against the Modal Method (MM) as an established technique on the 
example of a composite space antenna. Moreover, a combination of the two mainstream 
methods for shape sensing is tested on the same space structure. Starting from a few 
strain measurements, the strain field is first expanded using a variation of the MM. Then, 
displacements are reconstructed using the inverse Finite Element Method (iFEM). This 
study shows that both the iPINN and the combination of MM and iFEM can produce 
predictions of deformed shapes, although further investigations are needed to improve 
their accuracy. 

 

 
INTRODUCTION 

In recent years, Structural Health Monitoring (SHM) has gained growing interest 
across various fields where structural performance is critical. Applications such as 
bridges and aerospace components already benefit from SHM systems, which are em- 
ployed to perform damage detection and monitoring to ensure safe operations [1, 2]. 
Besides, SHM systems enable shape and load sensing, providing real-time data on op- 
erational loads and deformations. These techniques not only offer early warnings of 
potential overloads [3] but also supply valuable data for design optimisation in future 
product generations [4, 5]. A key challenge in these applications is the accurate defor- 
mation and load field reconstruction, crucial for informed decision-making. This chal- 
lenge becomes even more significant when few sensors are available, a condition where 
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