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Abstract

Modern defence platforms increasingly rely on lightweight composite and hybrid structures used
in naval vessels, aircraft and land vehicles. While these materials significantly improve
performance and reduce weight, they are also vulnerable to environmental degradation. In
particular, moisture ingress can progressively weaken bondlines, induce fibre-matrix debonding,
promote corrosion of inserts and ultimately compromise structural integrity. In operational
environments characterised by humidity cycles, salt exposure, vibration and limited inspection
access, early detection of such degradation remains a major challenge. Current structural health
monitoring (SHM) systems deployed in defence structures mainly rely on fibre Bragg grating (FBG)
sensors to measure strain and temperature. These sensing capabilities are already well
established and have been extensively addressed in previous research and industrial projects.
However, they provide limited information on environmental degradation processes, meaning that
moisture-driven damage may remain undetected until advanced stages. HUMMINGBIRD
addresses this gap by focusing specifically on the development of a robust embedded humidity
sensing capability based on fibre Bragg grating technology. The project will exploit femtosecond
laser inscription of FBGs directly through the polyimide coating of optical fibres. This approach
preserves fibre robustness and enables controlled interaction with the coating, providing intrinsic
sensitivity to humidity while maintaining compatibility with composite embedding processes.
Within the six-month project, HUMMINGBIRD will design, fabricate and experimentally validate
humidity-sensitive FBG sensors embedded in representative composite samples. The work will
demonstrate the feasibility of detecting moisture ingress in composite materials using compact
fibre-optic sensors compatible with existing SHM infrastructures already used for strain and
temperature monitoring. By enabling direct monitoring of humidity within embedded fibre sensors,
HUMMINGBIRD introduces a new sensing capability that complements existing thermo-
mechanical monitoring systems. This approach supports earlier detection of environmental
degradation mechanisms and contributes to improving durability assessment and predictive
maintenance of composite defence structures across air, sea and land platforms.
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Company description

B-SENS is an innovation-driven company specializing in the development, production and
commercialization of advanced sensing solutions based on FBG technology. The
company designs and supplies high-performance optical fiber sensing systems primarily
dedicated to temperature and strain measurements in demanding industrial
environments.

Leveraging the intrinsic advantages of FBG sensors, such as immunity to electromagnetic
interference, multiplexing capability, compactness and long-term stability, B-SENS
provides reliable monitoring solutions that enable improved control of industrial
processes and infrastructures. Its technologies are used in applications such as SHM,
process monitoring, and performance optimization in sectors including energy, civil
engineering, manufacturing and transportation.

B-SENS offers both sensing hardware and complete monitoring solutions, including sensor
integration, interrogation systems and data analysis tools tailored to specific industrial
needs. By delivering distributed and multiplexed sensing capabilities, the company
enables users to monitor critical parameters in real time, thereby improving operational
safety, production yield and asset lifetime.

Through continuous research and technological development, B-SENS aims to expand
the capabilities of fiber optic sensing technologies and address emerging challenges in
industrial monitoring. The company actively collaborates with research institutions and
industrial partners to translate cutting-edge photonic sensing technologies into robust
and scalable solutions for real-world applications.
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