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 Abstract - Water level monitoring systems execute essential functions in both flood protection and 

resource administration and environmental safety objectives. Real-time data collection through Internet of 

Things (IoT) technologies has transformed but the maintenance of databases remains a crucial obstacle 

mainly because it affects scalability and security alongside reliability. The structural query features and 

data security capabilities of MySQL make it a popular relational database which measures up well with 

ACID compliance despite needing additional evaluation regarding its performance capacity when handling 

high-frequency IoT applications. The research investigates MySQL's tools to scale up and secure and make 

reliable water level monitoring systems based on IoT technology through detailed analysis. The authors 

perform a database evaluation between MySQL, PostgreSQL and NoSQL to understand their performance 

in data collection and query management and real-time failover capabilities. It also shows MySQL achieves 

solid encryption standards and data integrity but its performance declines during high-speed data 

processing operations and horizontal clustering procedures cause slow failover responses. The 

enhancement of MySQL performance relies on essential best practices that consist of optimization for 

queries as well as partitioning techniques and replication management and combinations of hybrid 

database structures with NoSQL solutions. The final analysis shows MySQL proves effective as a structure 

data solution in IoT monitoring systems but integration between SQL and NoSQL systems creates optimal 

combinations of stability and operation speed. Future investigation should aim to maximize MySQL 

performance for real-time IoT applications and create AI-based security frameworks which boost reliability 

in vital monitoring systems. 

 Keywords - MySQL, IoT, Water Level Monitoring, Scalability, Data Security, Reliability, Hybrid 

Database Architecture. 

INTRODUCTION

 Monitoring of water levels is essential for 

resource management operations as well as flood 

control and safety maintenance of public 

infrastructure (Jan et al., 2021; Fairuz et al., 2020). 

Traditional monitoring methods lack real-time 

data capabilities so addressing rapid water level 

fluctuations becomes a limitation (Olisa et al., 

2021). Current advancements on the Internet of 

Things technology enable better collection and 

processing of real-time data which creates novel 

prospects to transform water level monitoring 

systems (Leal Sobral et al., 2023)., Growing data 

from these systems requires database frameworks 

which support expanding data volumes and 

demonstrate efficient operation when working 

with heavy loads (Győrödi et al., 2021). Recent 

study highlighted that MySQL database imposes a 

challenge in handling new volumes of data 
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generated by an IoT application and requires the 

emergence of NoSQL database (Mladenova & 

Valova, 2022). However, a study stated that as the 

number of data increases, MySQL responses were 

more stable compared to NoSQL (Rautmare & 

Bhalerao, 2016). In addition, several studies 

concluded that both MySQL and NoSQL have 

their own strengths depending on what query is 

frequently used which also affects real-time data 

(Rautmare & Bhalerao, 2016; Reetishwaree & 

Hurbungs, 2020). Replication together with 

clustering and partitioning capabilities enables 

MySQL to work efficiently with big data sets (Liu 

& Wu, 2024; Zmaranda et al., 2021). Furthermore, 

a project also showed that MySQL is suitable for 

IoT applications integrated in water level 

monitoring by which it is efficient to store and 

manage sensor data that facilitates seamless 

interaction between all system components, 

ensuring data accuracy and real-time updates (GB 

Logical, 2025).  

 

 As highlighted by (WRc, n.d.; Overmars 

& Venkatraman, 2020) that in real-world water 

monitoring systems, scalability, security, and 

reliability are critical where it can lead to 

significant inefficiencies, compromising public 

health, environmental protection, and sustainable 

water management when failures occurred (Al 

Faris, 2025). The proven scalability and reliability 

feature of MySQL established the system as an 

effective solution for web-based and Internet of 

Things applications (Yadav et al., 2024). 

Furthermore, limitations in data protection grow 

into a substantial challenge for water observation 

frameworks because security breaches can 

compromise management choices and lead to 

heightened risk situations during emergency 

situations (Adelani et al., 2024). The security 

platform offered by MySQL includes features that 

solve these challenges with encryption technology 

and role-based access management and secure 

data transmission protocols (Zhao et al., 2022).  

 Another essential aspect of reliable water 

level monitoring systems is data integrity and 

accountability (Vani et al., 2024). MySQL 

Transparent Data Encryption can effectively 

secure a MySQL database with minimal impact on 

performance (Terencio et al., 2023). MySQL 

auditing mechanisms established trusted data 

management by tracking complete user operations 

log as well as changes to restore compliance with 

standards and confirm system visibility (Győrödi 

et al., 2021). Current system implementations 

experience difficulties when attempting to achieve 

quality trade-offs combining system expansion 

with information protection together with 

reliability across real-time operational contexts 

(Anugrah et al., 2018).  

 

 Existing studies highlight the importance 

of real-time data capabilities in water level 

monitoring systems, but there is limited research  

on how its data storage needed to be designed to 

provide accurate, secured, and reliable data 

(Terencio et al., 2023; Jan et al., 2022). To 

conclude, this research will evaluate how MySQL 

will be implemented to strengthen the scalability 

along with the data security features and reliability 

function of water level monitoring systems. This 

also contributes to the exploration of effective 

strategies in designing MySQL databases to 

achieve optimal performance and scalability of 

water level monitoring systems.  

 

OBJECTIVES OF THE STUDY 

 This study was conducted to analyze the 

utilization of MySQL in enhancing scalability, 

data security, and reliability in IoT-based water 

level monitoring systems. Specifically, the study 

sought answers to the following: 

1. What is the comparative performance of 

MySQL, PostgreSQL, and NoSQL 

databases in terms of scalability, data 
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security, and reliability within IoT-based 

water level monitoring applications? 

2. How can MySQL be optimized to enhance 

scalability, data security, and reliability in 

IoT-based water level monitoring 

systems? 

 

MATERIALS AND METHOD 

2.1 Research Design 

 This study has been undertaken as a 

systematic literature review based on the 

framework introduced by (Mengist et al., 2021), 

which proposes identifying, evaluating, and 

interpreting all relevant unpublished, and 

published literature to answer a focused and 

clearly stated research question (DistillerSR Inc., 

2022). The research aims at examining published 

studies regarding MySQL’s ability to boost 

scalability data security reliability in IoT-based 

water level monitoring systems while finding 

optimal performance practices. Analysis of 

MySQL includes a comparison to PostgreSQL and 

MongoDB to determine its performance features 

along with its limitations within the framework of 

real-time IoT structures. The approach delivers a 

standardized research method to consolidate 

information from multiple sources which results in 

a complete evaluation of MySQL's performance in 

water level monitoring systems. The steps in the 

systematic literature review method are 

documented below. 

 In this systematic review, the framework 

was introduced by (Mengist et al., 2021) identified 

relevant concepts through the PICOC criteria 

(Population, Intervention, Comparison, 

Outcomes, and Context). Table 1 presents the 

PICOC criterion applied to the study. 

 

 

 

 

 

Table 1. PICOC Criteria 

Criteria Description 

Population IoT-based water level monitoring 

systems utilizing relational 

databases for data management. 

Intervention 

 

Implementation of MySQL 

optimization techniques, 

including indexing, partitioning, 

replication, query caching, and 

security enhancements. 

Comparison Performance evaluation of 

MySQL against other database 

systems such as PostgreSQL, 

MongoDB, and InfluxDB in terms 

of scalability, security, reliability, 

and data processing efficiency. 

Outcomes Improved scalability, data 

security, and reliability of MySQL 

in real-time IoT monitoring 

applications. 

Context Application in IoT-driven 

environmental monitoring 

systems, particularly in flood 

detection, resource management, 

and water level data analysis. 

 

2.2 Literature Review 

 A comprehensive literature review 

provides the necessary background about 

MySQL’s database system for IoT deployments 

by assessing its performance with big data 

workloads and data ingestion capabilities and 

security protocols for protecting sensitive water 

level data. This review was conducted to explore 

previous studies on: 

 

Database Systems in IoT: The role of relational 

databases like MySQL in managing sensor data, 

particularly in water level monitoring systems. 
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Scalability and Reliability: How MySQL 

handles large datasets and ensures high 

availability in real-time monitoring systems. 

 

Data Security: The security features of MySQL, 

including encryption, access control, and data 

integrity mechanisms, and their effectiveness in 

protecting sensitive water level data. 

 

2.3 Data Collection Methods 

Data for this research was collected from: 

 Academic Journals and Industry Reports: 

To gain technical insights into the use of MySQL 

in IoT-based water level monitoring systems. 

  

Case Studies: Real-world 

implementations of MySQL in water level 

monitoring systems and other IoT applications 

were analyzed to evaluate its performance in terms 

of scalability, reliability, and security. 

 

 Technical Documentation: MySQL 

documentation and performance benchmarks were 

reviewed to understand its capabilities and 

limitations. 

 

2.4 Analytical Techniques 

 The research relies mainly on two 

evaluation methods which include comparative 

analysis and performance metrics evaluation. The 

study evaluates database systems by comparing 

MySQL to PostgreSQL and MongoDB and other 

alternatives to assess performance metrics 

including query response time and both data 

throughput, and uptime. The organized evaluation 

methodology produces clear knowledge about 

MySQL capacities and weaknesses in IoT water 

level monitoring which helps identify methods to 

maximize its operational efficiency.  

 

 

 

 

RESULTS AND DISCUSSION 

3.1 Literature Review 

 Recent studies highlight MySQL 

acquiring wider utilization for use in IoT 

applications due to its capabilities in structured 

data management, security aspect, and its support 

of ACID (Atomicity, Consistency, Isolation, 

Durability) compliance (Ganachari & 

Lakshmanasamy, 2021). A comparative study 

compared the MySQL database performance with 

NoSQL databases in IoT applications and found 

that the MySQL database has been performing 

consistently in data storage, but it has problems in 

high insertion rate applications within timely data 

environment (Rautmare & Bhalerao, 2016; (Eyada 

et al., 2020). In addition, a study also tested 

MySQL’s performance in handling IoT-generated 

time-series data and discovered that query 

optimization techniques like indexing and 

partitioning can improve MySQL (Ganachari & 

Lakshmanasamy, 2021; Salo, n.d.). Furthermore, a 

study highlights the realization of centralized data 

management, calculation and analysis, charting 

and other functions based on relational database 

MySQL and B/S (Browser/Server) Architecture. 

In lieu of this, the application shows stability, 

reliability and expansibility which improves water 

level monitoring efficiency (Zhao et al., 2022). 

Moreover, a book stated MySQL supports 

replication and failover mechanisms which 

enhance data availability, but a study indicates 

failover recovery times in MySQL are slower 

compared to NoSQL databases, which prioritize 

distributed storage and eventual consistency 

models (Rautmare & Bhalerao, 2016; Bell, 2016). 

A study suggests using MySQL’s replication 

strategies effectively, also combining with a 

layered security architecture comprising physical, 

network and application levels covered in security 

frameworks, with AI influenced threat discovering 

frameworks continually seeing for abnormal 

movements, refining security parameters, and 
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isolating the compromised device to improve the 

performance of this MySQL in real time IoT 

applications (Asonze et al., 2024). 

 

 In general, the wide adoption of MySQL 

for IoT applications continues because it offers 

data consistency and security features in addition 

to its structured query functionality. The database 

proves useful among IoT applications, yet its 

scaling ability still needs better design together 

with enhanced performance under heavy data 

flows and the need for native time-series 

optimization indicating the future potential of 

hybrid database systems which combine MySQL 

with NoSQL and time-series databases to optimize 

execution-speed and scalability and security 

measures in IoT monitoring systems. 

 

3.2 Comparative Analysis of Database Systems 

The table below provides a comparative 

analysis of various database systems such as 

MySQL, PostgreSQL, and NoSQL database 

systems based on their scalability, security, 

reliability, and performance in IoT-based water 

level monitoring applications. This comparison 

highlights their strengths and limitations, offering 

insights into their suitability for different IoT use 

cases. 

 

 

 

Table 2. Comparative Analysis of Database Systems 

Database 

System 
Scalability Security Reliability 

Performance in IoT 

Applications 

MySQL 

Moderate (Limited 

Horizontal Scaling) 

(Ganachari & 

Lakshmanasamy, 

2021; Salo, n.d.; Bell, 

2016; Asiminidis et 

al., 2019; 

Kontogiannis et al., 

2019) 

Strong (Encryption, 

Access Control) but 

SQL Injection Risk 

(Rautmare & 

Bhalerao, 2016; 

Terencio et al., 2023; 

Bell, 2016; Editor, 

2023; Buuck, 2022) 

High 

(Replication & 

Clustering) but 

Slow Failover 

(Rautmare & 

Bhalerao, 

2016; Bell, 

2016; 

Asiminidis et 

al., 2019; 

Kontogiannis 

et al., 2019) 

Moderate (Slower 

Write Speeds in 

High-Frequency Data 

Ingestion) 

(Asiminidis et al., 

2019; Kontogiannis 

et al., 2019) 

PostgreSQL 

High (Supports 

JSON Data Type) 

(Asiminidis et al., 

2019; Kontogiannis 

et al., 2019 ) 

Strong (Advanced 

Authentication & 

Role-Based Access) 

(Kontogiannis et al., 

2019; Editor, 2023; 

Buuck, 2022 ) 

High (Better 

High 

Availability 

Features) 

(Asiminidis et 

al., 2019) 

High (Efficient 

Query Execution for 

Complex Data) 

(Asiminidis et al., 

2019; Kontogiannis 

et al., 2019) 

MongoDB 

(NoSQL) 

Very High 

(Optimized for IoT 

Time-Series Data, 

Supports JSON Data 

Type) (Asiminidis et 

Moderate (Limited 

Role-Based Access) 

(Rautmare & 

Bhalerao, 2016) 

High (Auto-

Sharding, 

Eventual 

Consistency) 

(Rautmare & 

Very High (Fast 

Ingestion and 

Retrieval) 

(Asiminidis et al., 

422



    
 

 

 

www.sajst.org 
 

Volume 10, Issue 1, 2025 

P-ISSN: 2672-2984 

E-ISSN: 2672-2992 

www.sajst.org 

al., 2019; 

Kontogiannis et al., 

2019) 

Bhalerao, 

2016; 

Asiminidis et 

al., 2019) 

2019; Kontogiannis 

et al., 2019) 

 

 The comparative analysis of SQL and 

NoSQL databases for IoT-based water level 

monitoring systems highlights key differences in 

terms of scalability, security, reliability, and 

performance. MySQL is very popular relational 

database due to its structured data management, 

ACID compliance for handling transactions and 

enhanced security. Findings however show a 

limitation of MySQL’s scalability especially in 

horizontal scaling making it uncapacious to 

handle increasing sensor data efficiently. MySQL 

provides good encryption and access control 

mechanisms with caution but is still susceptible 

to SQL injections and therefore makes MySQL 

applications security issues in IoT applications. 

MySQL’s replication and clustering mechanisms 

provide data availability but delays of fail over 

time affect real time responsiveness in water level 

monitoring systems. Moreover, high-frequency 

data ingestion presents challenges for MySQL, as 

it exhibits slower write speeds compared to 

NoSQL alternatives. 

 

 To address these limitations, several best 

practices have been identified to optimize 

MySQL’s performance in IoT applications. 

Optimizing indexing strategies and using 

partitioning can improve query performance by 

reducing search time and optimizing read/writing 

operations in high-frequency sensor data 

environments (Ganachari & Lakshmanasamy, 

2021; Salo, n.d.). Utilizing replication and 

sharding techniques enhances scalability; master-

slave replication distributes read-heavy 

workloads, while sharding allows MySQL to 

manage larger datasets efficiently, benefiting 

IoT-based monitoring systems (Bell, 2016; 

Asiminidis et al., 2019). Enhancing security 

measures, such as implementing parameterized 

queries to prevent SQL injections, using 

SSL/TLS encryption for secure data 

transmission, and carefully configuring user 

access privileges, can mitigate vulnerabilities in 

MySQL-based IoT applications (Bell, 2016; 

Asonze et al., 2024; Abdullah et al., 2023). In 

addition, adjusting MySQL’s InnoDB buffer pool 

size, increasing query cache size, and fine-tuning 

memory allocation parameters can significantly 

enhance performance under heavy data loads 

(Eyada et al., 2020); Kontogiannis et al., 2019; 

Sumpter, 2025; Agabekov, 2024).  

 

3.3 Performance Metrics Analysis 

The evaluation of MySQL performance 

in IoT water level monitoring systems require a 

detailed analysis of three main metrics which are 

query response time and data throughput and 

system uptime. The performance metrics of 

MySQL directly influence how efficiently it 

operates as well as its scalability and reliability 

when dealing with real-time sensor data. 

Structured data management functions well with 

MySQL but the platform encounters difficulties 

with high-speed data integration and concurrent 

processing and automatic failover procedures. To 

answer this question, research studies have 

identified different performance outcomes for 

MySQL alongside its main obstacles and 

successful optimization techniques which are 

presented in the following table 
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 The performance of MySQL within IoT-based 

water monitoring systems demonstrates both beneficial 

characteristics as well as performance challenges. High 

latency occurs during MySQL queries in systems that 

experience high query volume and massive data 

ingestion while indexing and caching methods together 

with partitioning help improve system performance. In 

addition, MySQL also demonstrates efficient data 

throughput when handling moderate workloads, but it 

requires optimized buffer pools and connection pools 

as well as optimized queries to perform effectively in 

high-insertion rate IoT applications. The replication 

and clustering features of MySQL enhance data 

availability by addressing reliability issues that arise 

from slower failover recovery times than NoSQL 

systems through implementing high-availability 

configurations and automation of failover mechanisms 

and optimized replication strategies. The real-time 

performance efficiency of MySQL in IoT applications 

can be substantially improved through the 

implementation of performance-based optimizations 

that enhance both scalability and failover management 

and query execution. 

 

CONCLUSION AND RECOMMENDATION 

This research examined MySQL performance together 

with scalability and reliability and security aspects in 

IoT-based water level monitoring systems to establish 

both pros and drawbacks. The research shows that 

MySQL maintains widespread usage as a relational 

database through its data structure management and 

ACID requirements and security measures yet struggles 

with high-speed data input and scalability limitations 

and immediate system recovery procedures. 

 

 The analysis showed MySQL excels at 

executing structured queries but exhibits weakness 

during high-insertion rate IoT operational demands 

according to studies against PostgreSQL and 

Table 3. Performance Metrics Analysis of MySQL 

Performance 

Metric 
Findings Challenges 

Optimization 

Strategies 

Supporting 

Studies/Literature 

Query Response 

Time 

Efficient for 

structured queries 

Latency issues 

under high-

concurrency and 

large-scale data 

ingestion 

Implementing 

indexing, query 

caching, and 

partitioning 

(Ganachari & 

Lakshmanasamy, 

2021; Salo, n.d.; 

Kontogiannis et al., 

2019) 

Data Throughput Manages moderate 

workloads 

effectively 

Struggles in high-

insertion rate IoT 

applications 

Buffer pool 

tuning, connection 

pooling, and query 

optimization 

(Eyada et al., 2020; 

Kontogiannis et al., 

2019; Sumpter, 

2025; Agabekov, 

2024) 

System Uptime & 

Reliability 

Replication and 

clustering enhance 

availability 

Slow failover 

recovery 

compared to 

NoSQL 

alternatives 

High-availability 

configurations, 

automated 

failover, and 

optimized 

replication 

(Bell, 2016; 

Asiminidis et al., 

2019; Zafi et al., 

n.d.) 
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MongoDB and other database systems. The main 

weakness of MySQL lies in its limited abilities to scale 

horizontally for efficient processing of escalating 

sensor data loads because its scalability options are less 

adaptable than NoSQL solutions. Besides improving 

IoT security with encryption and access control the 

database still has security issues because of its SQL 

injection vulnerabilities and absence of built-in 

anomaly detection features. The reliable data 

availability achieved through MySQL replication and 

clustering suffers from slow failover delays that reduce 

immediate responsiveness in real-time water level 

monitoring systems. 

 

 The optimization of MySQL performance in 

IoT-based systems requires best practices that include 

both query indexing and partitioning as well as 

replication and sharding and buffer pool tuning. The 

combination of MySQL and NoSQL databases for 

different data tasks can create hybrid architectures 

which balance water monitoring applications between 

high-speed data handling and secure data storage 

capabilities. 

Future studies need to prioritize MySQL performance 

enhancement regarding high-speed IoT sensor data 

processing while also developing security systems 

through machine learning and automated failover 

methods for improving real-time data delivery within 

environmental monitoring networks. 
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