Cexyus 3. Muxpo- u nanomexuuxa

CEKIMA 3. MUKPO- U HAHOTEXHUKA

VJIK 681

EXPLORING THE APPLICATION OF ATOMIC LAYER DEPOSITION (ALD) FOR
PRECISION NANOFABRICATION FOR STRUCTURAL HEALTH MONITORING FOR
COMMERCIAL BUILDING

Puneet Jain, Dipak Patil
Sandip Institute of Engineering and Management (SIEM) Nashik, Maharashtra, India

A The growing demand for smart infrastructure has led to the development of advanced monitoring
techniques for commercial buildings, ensuring their safety, longevity, and structural integrity. Atomic
Layer Deposition (ALD) has emerged as a transformative nanofabrication technique for precision engi-
neering, offering unparalleled control over thin-film coatings at the atomic scale. This study explores
the application of ALD in Structural Health Monitoring (SHM) systems, focusing on its ability to en-
hance sensor performance, durability, and sensitivity. ALD enables the deposition of highly uniform,
conformal, and defect-free thin films, which significantly improve the functionality of sensors used for
real-time damage detection, environmental monitoring, and stress analysis in commercial structures.
The exceptional chemical and thermal stability of ALD-coated materials extends sensor lifespan, ensur-
ing long-term reliability in harsh environmental conditions such as temperature fluctuations, humidity,
and corrosive agents. Additionally, ALD’s precise thickness control at the nano-scale enhances the sen-
sitivity of piezoelectric, piezoresistive, and optical sensors, leading to more accurate data acquisition for
predictive maintenance and early fault detection. This integration of ALD-based nanocoatings into SHM
systems minimizes maintenance costs, reduces structural failures, and supports the development of re-
silient, energy-efficient buildings. Furthermore, ALD facilitates the engineering of multifunctional
nano-structured surfaces, enabling self-cleaning, anti-corrosive, and mechanically reinforced coatings
that further contribute to the robustness of SHM sensors. The potential of ALD in fabricating nano-scale
protective layers for microelectromechanical systems (MEMS)-based sensors makes it a promising tech-
nology for next-generation infrastructure monitoring. By leveraging ALD for precision nanofabrication,
this research highlights its crucial role in advancing smart commercial buildings, improving their sus-
tainability, and ensuring long-term structural safety.
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The World Taekwondo Federation (WTF) has implemented reform measures such as the introduction
of electronic protective gear and the best-of-three scoring system, which have put forward higher re-
quirements for the accuracy of judging in taekwondo competitions.

Although the current electronic protective gear can automatically identify valid striking points, there
is still a misjudgment rate of 15,7 % and a missed detection rate of 9,3 % (based on the data from the
2023 World Championships). There are significant limitations especially in dimensions such as the
quantification of striking impact energy (with an error range of +£3.2N) and the evaluation of the stand-
ardization of technical movements [1-3].
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