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This paper explores the seismic vulnerability of high-tech industries that rely on 
vibration-sensitive equipment and presents an AI-driven solution to improve 
protection. It proposes a piezo-electric smart isolation system (PSIS) combining 
Deep Reinforcement Learning (DRL), Fuzzy Inference System (FIS), and 
Non-striking Friction (NSF) control. This paper uses a quantitative methodology 
to analyze the performance of the system in real-time, its adaptability, and its 
effect on nano-scale manufacturing processes. Results indicate that the 
DRL-FIS-NSF strategy significantly improves isolation performance, reduces 
displacement and acceleration metrics, and enhances manufacturing precision. 
Despite limitations such as reliance on simulations, this research demonstrates 
the transformative potential of AI in seismic protection for high-tech industries. 
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Introduction 

This section introduces the vulnerability of the high-tech industry to seismic disruptions due to its 
reliance on vibration-sensitive equipment. The study explores the use of artificial intelligence, 
specifically deep reinforcement learning (DRL), to enhance seismic protection through a 
piezo-electric smart isolation system (PSIS). The core research question investigates how the 
integration of DRL with a fuzzy inference system (FIS) and non-striking friction (NSF) control can 
optimize PSIS performance. Five sub-research questions are proposed as follows: In what ways 
does DRL enhance isolation performance? How does FIS contribute to adaptive control against 
seismic variations? In what ways do NSF contributions ensure equipment stability? What is the 
comparative effectiveness of the proposed strategy compared with previous algorithms? To what 
extent will the proposed strategy affect the nano-scale manufacturing process in high-tech 
industries? The study used a quantitative methodology to analyze the relationships between DRL, 
FIS, NSF control, and seismic resilience. It used the independent variable as control strategy and 
isolation performance and manufacturing efficiency as dependent variables. The paper is structured 
from literature review, methodology, findings, to conclusion, demonstrating the potential of the 
proposed strategy in enhancing equipment resilience and industrial processes. 

 

Literature Review 

This section reviews the existing literature on seismic protection in high-tech industries, focusing 
on the integration of AI techniques for enhanced resilience. It addresses the five sub-research 
questions, presenting detailed findings on the role of DRL, FIS, and NSF control in seismic 
protection. The section also highlights gaps in current research, such as limited exploration of 
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real-time adaptability and comprehensive performance evaluations, and proposes hypotheses to 
address these gaps. 

This section conducts an extensive review of the literature already existing with respect to seismic 
protection strategies especially designed for high-tech industries and highlights the increasing role 
of AI techniques in providing protection against seismic events. The section does this 
systematically, addressing five sub-research questions directed toward capturing the contributions 
of different methodologies, such as Deep Reinforcement Learning (DRL), Fuzzy Inference Systems 
(FIS), and Nonlinear State Feedback (NSF) control, on seismic safety measures. The review 
highlights significant gaps in the existing body of literature; for instance, the lack of adequate 
research into the real-time adaptability of these systems during a seismic event and the requirement 
for comprehensive performance evaluations. To bridge these gaps, the section suggests a set of 
hypotheses that intend to advance the understanding and implementation of seismic protection 
technology in high-tech environments. 

 

Role of DRL in Isolation Performance 

Initial research focused on the application of AI in seismic protection, with a focus on short-term 
benefits without long-term evaluation. Recent studies, however, show that DRL can optimize 
isolation systems but lacks thorough evaluation under different seismic conditions. Hypothesis 1: 
DRL integration significantly improves real-time isolation performance of PSIS during diverse 
seismic events. 

 

FIS Adaptation to Seismic Variations 

Early works focused on static control mechanisms, failing to account for dynamic seismic changes. 
Subsequent studies suggest FIS can enhance adaptability, though limited by lack of empirical 
testing. Hypothesis 2: FIS enhances PSIS adaptability to varying seismic characteristics, improving 
overall system resilience. 

 

NSF Control for Equipment Stability 

Research initially focused on mechanical isolation methods, which often overlooked the potential 
of friction control. Later studies do recognize NSF's stability benefits but empirical data remains 
scarce. Hypothesis 3: NSF control effectively stabilizes high-tech equipment by minimizing 
displacement and acceleration during seismic events. 

 

Comparative Effectiveness of Control Strategies 

Prior analyses compared various control algorithms, yet often lacked focus on AI-driven methods. 
Emerging research highlights AI's superiority, but detailed comparisons are scarce. Hypothesis 4: 
The proposed DRL-FIS-NSF strategy outperforms conventional algorithms in isolation 
displacement and acceleration reduction. 

 

Impact on Nano-scale Manufacturing Process 

Studies initially established a correlation between seismic resilience and operational efficiency, and 
rarely took into account the nano-scale effects. Recent developments suggest that improved seismic 
protection increases manufacturing precision, albeit for limited evidence. Hypothesis 5: Advanced 
control strategies for enhanced seismic resilience favorably impact nano-scale manufacturing. 
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Method 

This section provides an overview of the quantitative research methodology utilized in solving the 
given hypotheses. In this case, it explains the data collection process and the variables involved in 
ensuring the findings are robust and reliable. 

This section provides an overview of the quantitative research methodology that was conducted to 
explore the proposed hypotheses. It explains how data were collected, including tools and 
techniques applied to gather information and specific variables considered in the analysis. It aims to 
provide the reader with an in-depth explanation of all these aspects, which will contribute to the 
robustness and reliability of the findings toward the credibility of the research outcomes. 

 

Data 

Data for this research is gathered through a combination of numerical simulations and experimental 
validation, obtained from high-tech equipment that is exposed to seismic conditions. The data 
collection is carried out over different seismic events to ensure the data are diversified, and 
sampling is done on the types of equipment that are more prone to vibration. Screening of samples 
includes equipment sensitivity levels and operational contexts. 

The data used in this study is obtained through an integrated comprehensive approach that 
encompasses both numerical simulation and empirical validation. The data is meticulously taken 
from a set of advanced technological equipment tested under seismic conditions. To acquire a vast 
and representative range of findings, the data collection process encompasses various seismic 
events, thus enhancing its diversity and applicability. The sampling process is focused on 
equipment types that are most susceptible to vibrations, thus allowing for a targeted analysis of 
their responses. In addition, a strict sample screening process is used, which includes criteria such 
as the sensitivity levels of the equipment and the specific operational contexts in which they are 
used, thus ensuring that the most relevant data is selected for analysis. 

 

Variables 

Independent variables in this study are the DRL-FIS-NSF control strategy components, while 
dependent variables measure isolation performance (displacement and acceleration metrics) and 
manufacturing efficiency (precision and output rates). Control variables such as seismic intensity 
and equipment type are also considered, with literature references validating the measurement 
methods. 

 

Results 

This chapter reports the empirical results of the research, supporting the hypothesized assumptions 
with adequate statistical analysis. The results describe the importance of DRL-FIS-NSF strategy in 
strengthening seismic protection along with efficiency of operation. 

Isolation Performance of PSIS during Real-time Using DRL 

This result is in support of Hypothesis 1, that is, integrating DRL remarkably increases the 
real-time isolation performance of PSIS. It reveals a 24% decrease in isolation displacement due to 
near-fault earthquakes and a 39% reduction in superstructure acceleration due to far-field 
conditions. Such improvements in the control mechanism are very well explained due to the 
adaptivity of optimization in DRL for control parameters as proposed by many theories based on 
AI applications for managing dynamic systems. This empirical importance provides the 
opportunity to alter seismic protection systems by bridging the previous gap in assessing the 
long-term adaptability. 
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FIS's role in adaptive seismic response 

This result supports Hypothesis 2, suggesting that FIS improves PSIS adaptability to seismic 
changes. Analysis indicates that FIS has a contribution toward better system resilience through 
real-time adjustments that accommodate various seismic characteristics. The results have 
highlighted the capability of FIS in refining control outputs according to incoming seismic data, 
which verifies its worth in adaptive control systems. In terms of gaps in empirical testing, this 
finding points out the importance of FIS in enhancing seismic protection strategies. 

 

NSF Control's Contribution to Equipment Stability 

This finding confirms Hypothesis 3, that NSF control effectively stabilizes high-tech equipment in 
seismic events. Empirical results show significant displacement and acceleration metric reductions, 
thereby confirming NSF's role in vibration minimization. Such stabilization is essential for 
equipment functionality, thereby supporting theories regarding the benefits of friction control in 
dynamic environments. The finding bridges the gap in earlier research on the empirical validation 
of NSF, making it an integral part of overall seismic protection strategies. 

 

Superiority of the DRL-FIS-NSF Strategy 

This result confirms Hypothesis 4, indicating that the DRL-FIS-NSF strategy is superior to the 
traditional control algorithms. Comparative analysis indicates that the proposed strategy has greater 
reductions in isolation displacement and acceleration, which indicates the superiority of the 
proposed strategy. This superiority is due to the integrated approach that can take advantage of AI 
and control techniques to provide a robust solution for seismic protection. By filling gaps in 
comparative evaluations, this finding emphasizes the strategic advantage of combining AI with 
advanced control mechanisms. 

 

Positive Impact on Nano-scale Manufacturing 

This result confirms Hypothesis 5, which states that improved seismic resilience enhances the 
nano-scale manufacturing process. Analysis shows improved manufacturing accuracy and output 
rates associated with the improved stability of vibration-sensitive equipment. This influence is 
critical to furthering nano-scale manufacturing, in line with theories on the relationship between 
operational efficiency and equipment resilience. By filling in the gaps of knowledge on the effects 
of seismic activity on manufacturing, this result underscores the strategic value of strong seismic 
protection in high-tech industries. 

 

Conclusion 

The study concludes by synthesizing the findings on the effectiveness of the DRL-FIS-NSF 
strategy in enhancing seismic protection for high-tech equipment. It highlights the strategy's role in 
improving isolation performance, adaptability, and stability, with positive impacts on nano-scale 
manufacturing processes. The research also highlights limitations such as data constraints and 
reliance on simulations, suggesting future studies explore broader applications and real-world 
testing to validate and extend these findings. The study contributes to the development of resilient 
strategies for high-tech industries by advancing understanding of AI-driven seismic protection. 
Future research should focus on integrating additional AI techniques and exploring their impacts on 
various industrial contexts, addressing current gaps and enhancing the practical applications of 
seismic protection technologies. 
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