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Literature Review
Zytoon, M. A. (2016). Opportunities for Environmental Noise Mapping in Saudi Arabia: Case of Traffic Noise Annoyance in an Urban Area in Jeddah City. Int J Environ Res Public Health, 13 (5), 496.
	The author attempts to explain the adverse effects of environmental noise in the Kingdom of Saudi Arabia and presents noise mapping options. Additionally, the paper highlights the level of annoyance by inhabitants in different areas in relation to the rapidly increasing noise pollution, especially in urban areas. Zytoon (2016) mentions the research paper's objective as assessing KSA municipalities' available data on noise pollution in an effort to generate noise pollution reduction models and test the applicability of existing noise mapping models. The research utilized available data on traffic noise predictions and its annoyance impact on inhabitants from the GIS departments in municipalities and related government bodies. The author used the data to develop noise maps for Jeddah City's Al-Fayha District and utilized noise mapping software, which was available commercially. Additionally, the researcher utilized a French National Computational approach to highlight the contributions of cloud computing in noise mapping, resulting in environmental and traffic noise reduction.
	The research concentrated on two neighborhoods in Jeddah City's Al-Fayha District, with one neighborhood consisting of residential areas and the other a mixture of residential and commercial buildings. The author attained the data used to access the cause of noise pollution from various data in GIS files, the Jeddah Municipality, and PME climate reports. Careful analysis established traffic noise as the primary cause of pollution in the District since roads with high or moderate traffic density border it. Several methods were applied in getting the results, including (LKZ) LarmKennZiffer, and CNOSSOS-EU guidelines to evaluate the level of noise pollution and determine the public disturbance it caused. Various residents were required to place the noise pollution measuring equipment in their residences to enable measurements and analysis, with the results meant to be applied in developing a computing methodology to reduce noise pollution. The researcher evaluated the annoyance levels through a public survey of inhabitants who were above sixteen years old. The level of noise pollution was measured based on three periods: nighttime, daytime, and evening, and all established the noise levels surpassed the Kingdom's guidelines and attracted public uproar. The researcher suggested computing models and other noise mapping tools as effective ways for noise reduction. Ultimately, the research mirrored the noise pollution conditions in urban areas and their impact on the public, supporting the urgency to develop mitigation methods, such as cloud computing, to reduce noise pollution and its adverse health effects.
	The paper had several strengths and weaknesses. One of the strengths included data availability in multiple government departments, simplifying the statistics comparison processes. Second, the diverse scope of data from surveys and additional measurements collected from equipment and software placed in residential homes and commercial buildings increased the findings' accuracy. However, the paper's use of one district as a mirror to other cities was a weakness, and future research articles should apply data from multiple cities to accurately verify the need to apply methodologies, such as cloud computing, in noise pollution reduction. Despite the weakness, the urgency of developing noise reduction approaches like cloud computing is evident since all periods tested recorded high amounts of noise pollution that attracted public irritability and annoyance and increased health issues probabilities.
Jezdovic, I., Popovic, S., Radenkovic, M., Labus, A., & Bogdanovic, Z. (2021). A Crowdsensing Platform for Real-Time Monitoring and Analysis of Noise Pollution in Smart Cities. Sustainable Computing: Informatics and Systems, 31.
The researchers highlight the effectiveness of cloud computing in noise pollution control by indicating how using cloud computing has enabled Belgrade City to make decisions on ways of reducing noise pollution. Additionally, the researchers depict the essence of a scalable and sustainable infrastructure with crowd-sensing capabilities to measure and store gathered data on noise pollution, enabling relevant government and environment maintenance bodies to make decisions on noise reduction approaches based on real-time and accurate statistics. The Belgrade cloud computing system consists of an infrastructure for real-time data storage and analysis, a mobile application that can sense noise pollution in various locations, and a decision-support web application. Achieving the results of how cloud computing contributes to noise reduction involved a methodology that enabled the identification of noise pollution in areas where statistics were not available in the relevant offices. The crowd-sensing system depicted accuracy from over four thousand experiments performed in various locations in Belgrade, Serbia, hence providing a reliable decision support pattern.
The researchers applied a simple measuring methodology using noise indicators. The indicators acted as descriptors, expressing limit values of any noise pollution in decibels. Additionally, the researchers used the noise regulation standards set by Serbia's government to develop an estimation and measurement method that established the level of environmental and traffic noise. Just like other urban cities, Belgrade depicted high noise pollution from the data collected through the cloud-computing system. However, the cloud-computing system's ability to store the collected data on noise pollution was a ray of hope for relevant authorities to use the patterns to develop ways of reducing noise pollution. The measurements using the cloud-computing system were undertaken for twenty days in May 2019 through the developed crowd-sensing system. The research results indicated that the incorporation of cloud computing in mitigating noise pollution would be effective in the long term since the stored data would highlight noise pollution patterns and their causes and help in developing noise eradication and mitigation models.
The research depicted several strengths and weaknesses. First, a crowd-sensing system with the ability to collect, store, and analyze data would simplify decision-making processes on noise pollution mitigation. Second, cloud computing enables the generation of real-time data, increasing the collected statistics and information accuracy. However, the research highlighted a fundamental weakness in alignment with the number of days the research was conducted. Twenty days is too few to establish an accurate pattern for environmental bodies to use in developing noise pollution mitigation approaches. The researchers should have considered performing the research for several months and multiple days to attain comparative data. Ultimately, cloud computing has been affirmed as an essential incorporation in urban cities' efforts to curb noise pollution due to the ability to assess real-time data.
Patil, A., Joshi, N. S., Sabarad, J., & Harale, U. (2023, February). EL-05. IoT-Based Noise Pollution Monitoring System in Industrial Area. International Conference on Recent Trends in Science and Technology.
	The author explains the correlation between the Internet of Things (IoT) and cloud computing in developing automatic noise pollution monitoring systems. The research's objective was to establish the essence of cloud computing in monitoring noise pollution and making inhabitants in various urban centers aware of their surroundings. Moreover, the authors highlight how IOT and cloud computing can correlate to create automatic noise pollution detection models. The authors have highlighted previous research indicating the adverse effects of noise pollution, including ecosystem negativities, extinction of species, and hearing problems, indicating noise pollution as a major health risk highlighted by the World Health Organization (WHO). The highlights indicate the urgency in developing systems that can detect pollution levels and improve awareness among urban city inhabitants. 
The researchers depicted the use of cloud computing in noise mapping and reduction by developing an automatic noise detection model and using the data collected to analyze the levels of pollution and their increase and reduction periods. The system was a network of devices that facilitated communication, and the cloud computing system enabled the storage of communicated data. Additionally, the system was available to the inhabitants and connected to their devices, and they could see the levels of noise pollution in their locations and find ways to protect themselves. Arduino Uno framework was used to process data through a Wi-Fi module, and the data was forwarded to a cloud for evaluation. The availability of an automatic system that highlights real-time data on noise pollution and divulges the information to the public would enable the public and authorities to take measures to mitigate noise pollution. Therefore, the researchers highlight cloud computing as an essential component in reducing and monitoring noise pollution, especially in urban cities. The research has a fundamental strength, which is the correlation of IOT and cloud computing in creating noise pollution sensors. However, the researchers fail to indicate the measures that should be taken after noise pollution levels are detected.
AlSaleem, S., Almhafdy, A., Berardi, U., & Al-Shargab, A. (2023). Field Measurements and Human Perception to Remediate Noise Pollution in the Urban Public Parks in Saudi Arabia. Sustainability, 15(13), 1-16.
AlSaleem et al., 2023, evaluate the impact and level of noise pollution in urban parks, specifically in Saudi Arabia. The research's main objectives include understanding the effect of noise pollution, specifically in the KSA, given the narrow scope of research on the subject. It also aims to increase the pool of studies investigating noise pollution in the KSA. The researchers used an extensive literature review, allowing them to narrow down possible areas to perform their evaluation. The selected area was Saudi Arabia's urban parks, which reported the highest noise levels. The primary methods used were sound measurement techniques and the collection of park users' perceptions. An electronic survey using Excel forms was used to collect data from users, and the responses were analyzed using the SPSS method. Examples of questions included how loud the noise was, if any, how uncomfortable the user was because of the loud noises, and suggestions to improve the park's quality and reduce noise pollution. Consequently, sound-level screeners and meter devices were employed to collect sound samples, which were later categorized through computer software. The study's primary findings indicated that parks located close to the busiest roads or shopping centers had the highest noise levels, while those situated in local neighborhoods recorded the least noise. Also, noise levels were higher in areas with the most traffic and during rush hours. Consequnetly, users' perceptions showed that over 40 percent prefer the less noisy and more acoustic parks and would contribute to noise pollution alleviation initiatives. 
The pivotal strengths of this study include narrowing down to specific cities in the KSA where the research scope on the subject is minimal. Additionally, the study combines qualitative and quantitative techniques to measure results, increasing applicability and relevance. One weakness is that the study failed to consider other environmental elements that could contribute to the findings, including weather, park designs, and user bias. Overall, the study provides sufficient findings that inform policy decision-making and emphasize the need to implement effective solutions to remediate noise pollution in the KSA.

Ganeshkumar, D., Parimala, V., Vignesh, T., & Surandar, M. (2020). Air and Sound Pollution Monitoring System using Cloud Computing. International Journal of Engineering Research & Technology, 9(6), 1-5.
The authors discuss the importance of using cloud computing to minimize noise pollution, especially in urban cities. The study highlights the importance of reducing noise pollution to create greener and sustainable environments. A detailed literature review demonstrates how previous studies discuss the use of technology in combating air and sound pollution, including the use of wireless networks, web servers, and software sensors. The current study proposes a more sustainable and cost-effective method that seeks to analyze pollutants, improve air quality, and monitoring solutions. The primary method used is the detailed literature review that showcases the gaps in previous approaches, highlighting the need for a more practical method. Consequnetly, the authors propose a three-way framework to combat air and sound pollution segmented on cloud computing. The first phase involves the sound, gas, and temperature sensors, all programmed into the Raspberry PI model. The next phase is the power supply and the cloud and WI-FI systems that enable the last phase, which is the notification module, cloud storage, and LCD. 
The study's primary strengths involve its contribution to research on effective technology-based methods of reducing air pollution. Another contribution is the research's step-by-step discussion of the proposed model, showing its applicability. However, the study fails to explain possible risks and barriers to implementation for the proposed model alongside the required resources. The discussion of the model's reliability is shallow and does not explain which sectors, industrial or local, can implement solutions. 
Naik, M. K., Karthikeya, Rahul, Yogesh, & Reddy, R. (2021). Efficient Environmental Monitoring of Air and Noise Pollution using IoT. International Research Journal of Modernization in Engineering Technology and Science, 3(12), 1-7.
Naik et al. (2021) emphasize that although noise pollution reduction systems have been implemented across different sectors, it is vital to install prediction and monitoring frameworks. The study's main objective is to show the need for a forecasting strategy using the Internet of Things (IoT) to predict noise pollution levels. Moreover, the study focuses on urban centers and cities that detect the highest noise pollution levels. Additionally, it is crucial to integrate technology to increase the effectiveness of highlighted suggestions. These objectives build into the study's methodology, which entails a proposed IoT-powered approach to predict and monitor noise pollution levels. The system works through gas and sound sensors that detect and measure thresholds. These notifications are then shown on the mobile application, and alerts are sent on online platforms. As a result, respective agencies can place measures to alleviate the adverse effects of significant noise.
The research is vital to increasing the study scope on the subject of IoT in reducing pollution, specifically in the areas of risk mitigation. The proposal is practical, measurable, and applicable across vast sectors, and the accessibility of data through a mobile application makes it seamless. However, the research fails to suggest possible challenges and solutions when using the proposed system alongside limitations that could arise during installation. 
Connections of Findings
All the research studies analyzed agree that noise pollution is increasing exponentially as urban cities evolve and grow. The researchers contend that more practical and aggressive solutions must be implemented to inform decision-making with governmental agencies on possible policies. Additionally, the studies emphasize the need for technology-driven solutions to combat noise pollution. One suggestion that runs across the articles involves the need to use cloud computing, inclusive of artificial intelligence, machine learning, and IoT, to measure and reduce noise pollution. As the problem mostly prevails in urban centers, the studies signify that solutions should be tested and implemented in select cities and transferred globally. While all studies offer unique models, all comprise sensors, monitors, and notification platforms. 
Summary Table

	Year
	Author
	Methodology
	Findings 
	Weaknesses

	2016
	Zytoon M.A
	Qualitative- surveys Quantitative- LamKenziffer, Surveys
	Noise pollution was a cause of concern, and cloud computing could help provide real-time information to help develop noise pollution mitigation measures
	Use of  one district to mirror other cities

	2021
	Jezdovic
Popovic Radenkovic, Labus
Bogdanovic
	Quantiative-data from a crowd-sensing system
	A cloud computing system could provide accurate real-time data to help identify and mitigate noise pollution.
	Use of a single data source

	2023
	Patil
Joshi
Sabarad
Harale
	Quantitative-data  model of a combination of IoT and Cloud computing to reduce noise pollution
	The researchers depicted the use of cloud computing in noise mapping and reduction by developing an automatic noise detection model and using the data collected to analyze the levels of pollution and their increase and reduction periods.
	The researchers fail to indicate the measures that should be taken after noise pollution levels are detected.


	2023
	AlSaleem
Almhafdy
Berardi
Al-Shargab
	Qualitative – Literature Review and questionnaires

Quantitative – computer analysis (SPSS)
	Urban cities record the highest noise pollution

Cities must implement effective noise eradication measures
	The study failed to consider other environmental elements that could contribute to the findings, including weather, park designs, and user bias.

	2020
	Ganeshkumar
Parimala
Santhoshkumar
Vignesh
Surendar
	Qualitative – Literature Review
Quantitative – proposed mathematical model

	The use of cloud computing-based systems is vital in reducing noise pollution.
	The discussion of the model's reliability is shallow and does not explain which sectors, industrial or local, can implement solutions. 


	2021
	Mohan Naik
Karthikeya
Rahul
Yogesh
Rajashekar Reddy
	Qualitative – Literature Review
Quantitative – proposed mathematical model

	The use of an IoT-based system is vital in predicting, measuring, and reducing noise pollution
	research fails to suggest possible challenges and solutions when using the proposed system




Problem Statement
Problem Domain
Noise pollution has become a significant challenge in the 21st century, and it must be addressed to ensure sustainability. Environmental and health organizations, including the World Health Organization (WHO), describe noise pollution as any noise above 65 decibels (dB) during the day and an excess of 30 dB at night (Petric, 2022). It should be noted that noise beyond 35 dB is not recommended for areas close to hospitals or schools, and anything above that level is also considered pollution. Precisely, noise is considered harmful if it exceeds 75 dB, and anything beyond 120 dB is extremely painful (Schwela, 2023). The main causes of noise pollution include traffic noise on both land, rail, and air, construction work, nightlife, and animals. However, research has classified these causes into more dynamic clusters, such as industrialization, urbanization, and population growth (Jezdovic et al., 2021). The last decade has seen approximately 60 percent of the global population relocating to cities, stretching facilities and land space (Petric, 2022). Consequently, the United Nations (UN) projects that the global population will reach about 8.6 billion by 2030, demonstrating exponential growth. Also, transportation systems have rapidly increased, with vehicle fleets increasing by over 20 percent in the last five years across cities (Schwela, 2023). These issues coupled together have caused significant noise emissions and emissions with sound pressure levels recorded at an average of 89-106 decibels. The fact that causative agents will continue increasing translates to a bigger challenge in containing noise pollution.
The most troubling effect of noise pollution is the adverse impact on health. Environmental agencies like the EU project that noise pollution is responsible for over 45000 severe heart disease cases, 11000 hearing loss issues, and 12000 premature deaths (Petric, 2022). Consequently, about 22 million people suffer from chronic high annoyance, and 6.5 million experience chronic sleep disturbance (Schwela, 2023). Physical health challenges stemming from noise pollution, as estimated by WHO, include high blood pressure, severe headaches, and respiratory agitation. Psychological problems include stress, anxiety, depression, and fatigue for both humans and animals. Additionally, noise accounts for about 17.8 percent of sleep and behavioural disorders, alongside irritability and aggressive behaviour (Petric, 2022). These factors combined increase health disparities by a 12 percent margin in developing regions and reduce workforce productivity by over 25 percent (Petric, 2022; Schwela, 2023). Health is a pivotal element for every country's economy, and any factor that jeopardizes people's good health should be mitigated. 
Another problem domain that must be addressed involves governments' and people's reactions to noise pollution as a substantial challenge. First, governments have failed to prioritize environmental noise within socio-political debates, and the only evidence that exists of an effort toward its mitigation includes policies and regulations (Simonsen, 2019). the implementation of said policies is scarce at best as most are more worded than acted upon. Also, the lack of a step-by-step program of policy integration into corporate and agency operations jeopardizes their effectiveness. Consequently, a shallow and poor understanding of the adverse effects of noise pollution among the public reduces the pressure from active citizen groups toward governmental intervention (Schwela, 2023). If people do not acknowledge that noise pollution is a crisis, they will not advocate for better measures. Also, they are left unaware of any protective mechanisms available to them to prevent extreme health effects. Furthermore, the lack of cost-effective and low-cost solutions to combating environmental noise limits governmental investments in the matter. Only when these issues are critically analyzed and better understood will corporate, citizen, and governmental agencies be motivated to implement sustainable solutions.
Existing Solutions
Whereas environmental and government bodies have continually enacted policies and structures toward reducing noise pollution, implementation is the main challenge. First, most frameworks are left on paper without proper investments for integration into the right institutions (Petric, 2022; Simonsen, 2019). Second, some policies are more borrowed and less aligned with the region that demands said solutions. For instance, most developing countries will use policies created by European or American-based agencies without considering their implications on the local environment. It is important to align financial, socio-political, and environmental conditions to suggested solutions for their effective implementation. A potent policy example is the planning and building regulations for UK-based institutions, which are required to integrate planning policies during construction (Simonsen, 2019). The U.S. addresses the adverse impact of the noise problem through research and programs for noise control. 
Additionally, the public is given educational materials and information about the negative health effects of noise, the advantages of low-noise products, and the best ways to control noise. Guangzhou, rated as the noisiest region, has significant legal provisions demanding cooperation from the corporate and private sectors, including supervision, control, and management of noise pollution (Simonsen, 2019). Chinese policies are very stringent on public maintenance of acoustic parks and environments alongside using technologies and scientific research to alleviate pollution. However, global policies on noise pollution have barely covered schools, hospitals, and other sensitive institutions that require agile protection from noise-related consequences (Petric, 2022). While guidelines exist, the lack of strategic supervision and maintenance or even penalties raises concerns. Technological solutions have also been highlighted through several studies as researchers cite the effectiveness of artificial intelligence (AI), cloud computing, and the Internet of Things (IoT). As illustrated in the literature review, these systems allow for the monitoring, censoring, and risk mitigation of noise pollution-related effects (Jezdovic et al., 2021). For example, the Belgrade cloud computing system consists of an infrastructure for real-time data storage and analysis, a mobile application that can sense noise pollution in various locations, and a decision-support web application. Nonetheless, most have been scarcely implemented on larger scales based on limited testing and substantial investments required to apply on a larger scale. 
Justification and Significance of the Study
Given that the significant challenges of noise pollution alongside causative agents have been explored, it is plausible to explore sustainable solutions to alleviate problems. The current study will explain how technological advancements, specifically cloud computing, can assist in measuring, monitoring, and preventing noise pollution. Cloud computing has been integrated into diverse industrial sectors as companies leverage the numerous benefits of technology and automation. However, it has been scarcely integrated into the subject of noise pollution. The current study will contribute significantly to the field of research on noise pollution and showcase the gaps that must be addressed to realize sustainable solutions. As the literature review demonstrated, there is a scarcity of research on sustainable measures for combating noise pollution. It is important to identify a step-by-step and all-inclusive approach that allows for the monitoring, mitigation, and prevention of noise pollution alongside its adverse effects. Consequently, the study will explore sustainable frameworks that can be implemented across diverse institutions, considering cost and socio-political implications. Additionally, it will signify noise pollution as a critical matter that must be addressed within socio-political platforms to increase governmental and institutional pressure on the subject. Finally, the study will inform and encourage further research on the subject of noise pollution and technological advancements as effective solutions. 
Problem Statement
The lack of a step-by-step, all-inclusive solution to combating noise pollution. Current and proposed solutions are not sustainable and are challenging to implement. 
Research Objectives
· To propose a step-by-step, illustrative, and inclusive solution to noise pollution – Given that the causative agents of noise pollution, such as industrialization and urbanization, are only going to increase, it is important to integrate sustainable solutions to alleviate the noise problem. 
· To illustrate cloud computing as a practical solution toward reducing noise pollution – Although cloud computing and other technological systems have been designed to combat excess noise, it is vital to illustrate cloud computing as an all-around approach. 
· To help communicate the adverse effects of noise pollution to encourage relevant stakeholders to take action – The current study should serve as a basis for developing a practical action plan to be accomplished to combat environmental noise. The problem is not for governments and environmental agencies alone, and the public must be sensitized to join the fight.
· To aid future research on the subject of noise pollution and cloud computing as a proposed solution – Given the scarcity of research on subjects pertaining to reducing noise pollution, the current study will build on the pool of findings and inspire future research.
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