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Abstract — Structural Health Monitoring (SHM) is a crucial 

component in ensuring the safety and reliability of 

infrastructure. With the increasing risks of environmental 

impacts on structures, such as bridges, buildings, and 

industrial assets, an automated system for monitoring and 

detecting structural issues is imperative. This project focuses 

on developing a cost-effective SHM system using a Raspberry 

Pi microcontroller and environmental sensors for temperature 

and humidity measurement. The system continuously monitors 

these environmental conditions and employs a beta regression 

model to analyze the impact of these factors on structural 

integrity. 

The proposed SHM system aims to address the limitations of 

existing monitoring techniques, which often rely on infrequent 

manual inspections or costly specialized equipment. This 

automated approach offers a scalable, real-time, and adaptive 

solution for various types of infrastructures. The system also 

enables timely alerts and notifications, thus allowing 

stakeholders to conduct proactive maintenance and avoid 

potentially catastrophic failures. By bridging the gap between 

environmental monitoring and predictive maintenance, the 

project contributes to enhanced safety, reduced costs, and 

increased operational efficiency in infrastructure management. 

 

I. INTRODUCTION  

1. Background and Motivation: 

The increasing complexity of modern infrastructure, 

coupled with environmental and operational stresses, 

necessitates reliable methods to monitor and assess the 

health of structures. Bridges, buildings, tunnels, and other 

critical infrastructure are exposed to a variety of 

environmental conditions, such as changes in temperature, 

humidity, and even microclimatic shifts. Over time, these 

factors can compromise the structural integrity, leading to 

material degradation, corrosion, and ultimately, failure. 

Traditional methods for structural health monitoring rely 

heavily on visual inspections, manual data collection, and 

expensive sensor systems that are either impractical or not 

scalable for continuous monitoring. This lack of real-time 

and automated SHM solutions poses a significant challenge, 

as it can lead to delays in detecting deterioration and 

subsequent maintenance actions. There is a clear need for a 

smart, automated, and cost-effective monitoring system that 

can continuously observe the environmental conditions 

affecting structural health and provide timely feedback for 

maintenance. 

 

2. Problem Definition: 

The critical issue at hand is the lack of a reliable, automated, 

and cost-effective system for monitoring and predicting 

structural health based on environmental factors. Many 

existing SHM techniques do not efficiently capture the 

correlation between environmental conditions and structural 

degradation. The consequence is a reactive maintenance 

approach, often leading to higher costs and safety risks. 

Humidity and temperature are two of the most influential 

environmental parameters that affect structural integrity. 

Fluctuations in these parameters can lead to material fatigue, 

corrosion, and structural deformations. Hence, monitoring 

these environmental factors continuously and analyzing 

their impact on structures is essential for preemptive and 

effective maintenance strategies. 

 

3. Objective and Scope: 

The primary objective of this project is to design and 

implement an automated SHM system using a Raspberry Pi, 

integrated with temperature and humidity sensors. The 

project leverages the capabilities of beta regression 

modeling to predict the health status of the structure based 

on the acquired environmental data. The beta regression 

model is chosen due to its suitability for analyzing 

proportional and bounded response variables, such as sensor 

data that ranges between 0 and 1 (e.g., normalized humidity 

values). The regression model helps in deriving insights into 

the relationship between the environmental factors and the 

structural health, providing a basis for actionable 

maintenance decisions. 

The specific objectives of this project include: 

- Developing a hardware setup based on the Raspberry Pi to 

interface with temperature and humidity sensors. 

- Implementing data pre-processing and normalization 

techniques to ensure the reliability of the sensor data. 

- Designing a beta regression model to assess structural 

health based on the collected environmental data. 

- Creating a feedback loop to alert stakeholders when the 

system detects conditions that may lead to structural issues. 

- Validating the accuracy of the model predictions using 

historical data or controlled benchmarks. 

II. LITERATURE SURVEY 

The literature survey is carried out by different E-medias, 

IEEE journals, national and international conference paper-

paper, research journals etc. 
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Structural Health Monitoring (SHM) is a vital field in civil 

engineering focused on ensuring the structural integrity and 

safety of infrastructure such as bridges, buildings, and 

pipelines through continuous monitoring. Traditionally, 

SHM involved periodic manual inspections, which were 

limited in providing real-time insights and often relied on 

visual and subjective analysis. Over the years, SHM 

methodologies have shifted towards automated systems, 

leveraging advances in sensors, data analysis, and 

communication technologies. These advancements enable 

early detection of structural deterioration, allowing 

preventive measures to be taken before significant damage 

occurs, thereby ensuring public safety and extending the 

lifespan of structures. 

Recent developments in SHM have shown a significant shift 

towards integrating Internet of Things (IoT) technologies, 

which allow remote, real-time monitoring and analysis of 

structures. IoT-enabled SHM systems can collect data from 

various types of sensors that measure environmental 

conditions, vibrations, and structural strains. This data is 

transmitted to centralized systems for processing and 

analysis, enabling continuous assessment and timely 

responses. According to Deng and Chen, IoT-based SHM 

holds the potential to improve both accuracy and reliability, 

making it a promising solution for the growing demands of 

modern civil infrastructure. 

Categorization of SHM Methods and Technologies 

Deng and Chen's survey provides a detailed categorization 

of SHM methods, outlining the main technologies and their 

respective strengths and limitations. Key SHM methods 

include visual inspections, structural health monitoring 

using sensors, non-destructive testing (NDT), and finite 

element analysis (FEA). Traditional visual inspection 

remains the most accessible method but is limited by its 

subjectivity and dependence on the inspector’s expertise. 

NDT, on the other hand, employs ultrasonic testing, 

magnetic particle inspection, and eddy current testing to 

assess structural conditions without causing damage, 

offering a more precise and objective approach. However, 

NDT methods are often costly and require specialized 

equipment and expertise. 

The survey further discusses sensor-based SHM approaches, 

which have gained traction due to their potential for 

continuous monitoring. Sensors such as fiber optics, 

piezoelectric, and wireless sensor networks are employed to 

measure structural strain, displacement, temperature, and 

vibrations. Each sensor type has its unique benefits and 

limitations; for instance, fiber optic sensors offer high 

sensitivity and accuracy but are expensive, while wireless 

sensors enable easy installation but may face issues with 

limited range and battery life. The authors categorize SHM 

methods based on their resolution, range, and cost, 

providing a comparative analysis that serves as a useful 

reference for selecting appropriate SHM techniques for 

different applications. 

 

Role of IoT in Enhancing SHM Capabilities: 

The integration of IoT in SHM has transformed traditional 

methods by enabling real-time data transmission and 

analysis, facilitating remote monitoring and timely decision-

making. IoT-enabled SHM systems typically consist of 

distributed sensors and devices that continuously collect 

data, which is then transmitted to a central processing unit. 

This setup allows for faster detection of potential issues and 

provides stakeholders with insights into the condition of the 

infrastructure without requiring physical presence on-site. 

Tokognon et al. (2017) emphasize the advantages of IoT in 

SHM, noting how IoT frameworks enhance the ability to 

monitor large-scale infrastructures efficiently. Additionally, 

IoT-based SHM reduces costs associated with labor and 

frequent on-site inspections while providing continuous 

monitoring that is crucial for timely risk assessment. 

However, IoT implementation in SHM also presents 

challenges, particularly in terms of data management, 

communication security, and energy efficiency. With the 

deployment of numerous sensors, massive volumes of data 

are generated, posing challenges for data storage, 

processing, and transmission. Researchers, including Mishra 

et al. (2022), have explored various data compression and 

edge computing techniques to address these issues, aiming 

to minimize data transfer while preserving critical 

information. Furthermore, the use of IoT in SHM introduces 

concerns about data security, as unauthorized access to 

infrastructure data could pose safety risks. Efforts are 

ongoing to incorporate robust encryption and secure 

communication protocols to safeguard SHM systems. 

Advances in Machine Learning for SHM 

Machine learning (ML) has emerged as a key component in 

enhancing SHM systems by enabling automated analysis of 

sensor data and facilitating damage detection, classification, 

and prediction. Recent literature, as reviewed by Malekloo 

et al. (2022), highlights the application of ML techniques 

such as support vector machines (SVM), neural networks, 

and decision trees for analyzing SHM data. These 

algorithms can identify patterns and anomalies in sensor 

data, providing insights that would be challenging to derive 

through traditional analytical methods. The ML-driven 

SHM systems can predict potential risks by learning from 

historical data, thus enabling preventive maintenance and 

minimizing downtime. 

Deep learning, a subset of ML, has also shown promise in 

SHM applications, particularly for analyzing complex data 

sets from various sensor sources. Convolutional neural 

networks (CNNs) and recurrent neural networks (RNNs) are 

commonly employed for tasks such as crack detection and 

strain analysis. Ye et al. (2019) highlight the advantages of 

deep learning models, which can learn hierarchical features 

from raw data, improving accuracy in damage identification. 

However, these models are computationally intensive, 

which poses a challenge for IoT-based SHM systems that 

rely on low-power devices. Consequently, efforts are 

underway to optimize ML and deep learning algorithms for 

resource-constrained environments, ensuring they can be 

deployed effectively in real-world SHM systems. 

 

Non-Destructive Testing (NDT) and Advanced Imaging 

Techniques: 

Non-destructive testing (NDT) and advanced imaging 

techniques have become crucial in SHM due to their ability 

to evaluate structural integrity without damaging the 

structure. Among these, infrared thermography, digital 

image correlation (DIC), and ground-penetrating radar 

(GPR) have proven effective in detecting surface and 

subsurface damage. Infrared thermography, for instance, 
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captures thermal images that can reveal heat-related damage 

or structural defects hidden beneath surfaces. DIC uses 

high-resolution images to detect strain and displacement, 

making it suitable for deformation monitoring. Each method 

offers unique benefits and trade-offs, with certain techniques 

excelling in specific applications depending on the material 

and structure type. 

The survey by Deng and Chen presents a comparative 

analysis of NDT methods, noting their limitations, such as 

GPR’s sensitivity to moisture, which can affect accuracy, 

and DIC’s restriction to surface-level damage detection. 

Despite these limitations, NDT techniques are indispensable 

in SHM due to their precision and non-invasive nature. 

Furthermore, combining NDT with IoT technologies 

enables remote and automated inspections, enhancing 

accessibility and reducing the need for specialized personnel 

on-site. Future research in NDT for SHM aims to improve 

resolution, sensitivity, and adaptability to various 

environmental conditions, broadening the applicability of 

these techniques across diverse infrastructure types. 

III. SYSTEMATIC REVIEW 

Here is a Systematic Review on AI-based Internet of 

Things (IoT) Platforms for Structural Health Monitoring 

(SHM) in a tabular format, based on research papers:

TABLE I.  SYSTEMATIC REVIEW 

Aspect 
Research 

Paper Key Findings 

AI 

Techniques/Te chnologies IoT Integration 

 

 

Introduction to SHM 

with IoT 

 

 

Boulanger et al. 

(2017) 

Introduced IoT-enabled SHM for 

monitoring infrastructure, 

emphasizing the need for real-time 

data collection, transmission, and 

analysis for effective 

decision-making. 

 

Machine learning, 

data fusion, sensor 

networks. 

 

Real-time data 

collection via IoT 

sensors, cloud 

integration. 

 

AI for Damage 

Detection 

 

 

Zhang et al. 

(2020) 

AI models like support vector machines 

(SVM) and neural networks used for 

detecting damage in structural 

components, based on sensor data 

processed in real-time. 

Support vector machine 

(SVM), deep learning, 

neural networks. 

Wireless sensor 

networks (WSNs) to 

monitor strain, 

vibration. 

 

Real-Time 

Structural 

Monitoring 

 

 

He et al. (2021) 

Combination of IoT sensors and AI 

algorithms (like random forests) for 

real-time condition assessment, 

identifying potential structural 

issues. 

 

Random forests, 

decision trees, deep 

learning. 

IoT-enabled wireless 

sensor networks for 

continuous 

monitoring. 

 

 

Data Fusion for 

SHM 

 

 

Lee et al. (2019) 

Data fusion techniques using AI (e.g., 

Kalman filters, neural networks) to 

integrate sensor data from multiple 

sources for more reliable damage 

detection. 

Kalman filters, neural 

networks, data fusion 

algorithms. 

Multi-sensor IoT 

platforms for 

comprehensiv e data 

collection. 

Predictive  Predictive maintenance Deep learning, IoT sensors 

IV. RESEARCH GAP  

The research of this project centers on enhancing 

infrastructure safety and resilience through real-time, data-

driven monitoring and predictive analysis. By leveraging 

AI-driven models and IoT technology, this project seeks to 

provide continuous, automated assessment of structural 

health, allowing for early detection of potential risks and 

timely intervention. Using environmental factors like 

temperature and humidity as indicators, the system 

demonstrates how accessible, low-cost technology—

implemented on a Raspberry Pi—can monitor structural 

health reliably and autonomously.  

The project embodies the research of smart 

infrastructure by integrating sensors, machine learning 

models, and web-based interfaces, allowing engineers and 

stakeholders to remotely monitor infrastructure health. This 

proactive, AI-based approach not only reduces dependence 

on traditional manual inspections but also offers a scalable 

solution to assess infrastructure in real time. By classifying 

structural risks into distinct categories, the project 

underscores a commitment to predictive maintenance, 

enhancing safety while optimizing the costs and resources 

associated with infrastructure monitoring. 

This project is essential for ensuring the safety, 

longevity, and efficiency of critical infrastructure, 

addressing the limitations of traditional, labor-intensive 

inspection methods that often miss early warning signs of 

structural deterioration. By leveraging a low-cost, IoT-

enabled Raspberry Pi with AI models, this project enables 

continuous, real-time monitoring of environmental factors 

like temperature and humidity, which impact structural 

integrity. Automated risk assessment through beta 

regression and SVM classification provides accurate, timely 

insights into structural health, allowing for preventive action 

and optimized maintenance. This proactive approach not 

only improves safety but also offers a scalable, cost-

effective solution that empowers remote monitoring, 
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ensuring infrastructure resilience and reducing the need for 

expensive, reactive repairs. 

V. DISCUSSION 

System Description: 

1. Environmental Parameter Monitoring: 

   - Sensors connected to the Raspberry Pi collect 

environmental data, specifically humidity and temperature 

levels. This real-time data is crucial for calculating the beta 

value in a beta regression model. 

2. Beta Regression Model: 

   - The beta regression model on the Raspberry Pi uses the 

input data (temperature and humidity) to calculate the beta 

value. This value is integral to predicting the structural 

health and estimating risk levels. The beta value reflects 

environmental stressors that could affect structural stability. 

3. Risk Prediction Using AI: 

   - Based on the calculated beta value, the AI model on the 

Raspberry Pi predicts the risk level associated with the 

monitored structure’s health. Using Support Vector Machine 

(SVM) as the machine learning algorithm, the AI model 

classifies risks into four categories: 

     - No Risk 

     - Low Risk 

     - Medium Risk 

     - High Risk 

   - This classification provides insights into the structure's 

condition, helping determine whether intervention is needed 

to prevent potential hazards. 

4. IoT Web Interface with PHP: 

   - A web interface developed using PHP acts as the user’s 

window to the system, displaying real-time information 

about environmental parameters, beta values, and risk 

levels. This interface is accessible over the Internet, 

allowing users to monitor and view updates on the 

structure's status remotely. 

   - The web page, hosted on the embedded server in the 

Raspberry Pi, presents visualizations and data summaries, 

allowing stakeholders to monitor trends in environmental 

conditions and risk classifications. 

 System Workflow: 

- Step 1: Environmental sensors on the Raspberry Pi collect 

humidity and temperature data. 

- Step 2: The data feeds into the beta regression model, 

calculating the beta value to estimate environmental impact 

on structural health. 

- Step 3: The SVM-based AI model then classifies the risk 

level using the beta value, assigning it to one of the four risk 

categories. 

- Step 4: The PHP-based IoT web page updates to display 

current beta values, environmental parameters, and risk 

level, allowing real-time remote monitoring. 

 Outcome: 

This system provides a real-time, accessible monitoring 

solution for structural health management. It integrates 

machine learning and IoT capabilities to assess risk levels 

based on environmental factors, offering stakeholders an 

efficient, responsive tool for proactive structural health 

monitoring. 
 

VI. RESULT 

Here are some output images shows the output of   

AI based Internet of Things (IoT) Platform for Structural 

Health Monitoring (SHM). First Fig.1 image shows the 

login page of thise monitoring. Fig 2 , Fig. 3, Fig 4 shows 

output of  tempratur and humidity measured value with 

there bita index monitoring result. 

 

 
Fig. 1 :- Login Page of Health Structure Monitoring 

 

 

 
Fig. 2 :- Measured Values With Bita Index Result 

 

 
Fig. 3 :- Measured Values With Bita Index Result 
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Fig. 4 :- Measured Values With Bita Index Result 

 

VII. CONCLUSION 

The project demonstrates a cost-effective and 

efficient solution for structural health monitoring by 

leveraging a Raspberry Pi as a low-cost embedded web 

server integrated with AI and IoT capabilities. The use of 

environmental sensors, a beta regression model, and an 

SVM-based AI algorithm provides real-time risk 

assessment, enabling early detection of potential structural 

hazards. The PHP-based IoT web interface further enhances 

the system by allowing remote monitoring, making it 

suitable for deployment in various infrastructure monitoring 

applications. 

While the system offers significant advantages in 

terms of real-time monitoring, remote accessibility, and 

automation, there are some limitations, particularly in 

computational power, storage capacity, and security 

requirements. Future improvements could include 

integrating cloud-based storage and processing for more 

extensive data handling and implementing additional 

security features to safeguard against unauthorized access. 

Overall, this system presents a viable solution for 

ongoing structural health monitoring, providing stakeholders 

with essential insights to proactively manage and maintain 

infrastructure integrity. 
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