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Abstract 

The emergence of smart cities has led to great volumes of data generated by sensors, cameras, IoT devices, 

transport systems and public services. Real-World Use Case of Smart Cloud Computing SystemsTraditional 

cloud computing systems tend to have high latency, low bandwidth and delayed response times in processing 

real-time urban data. Edge computing has come as a practical alternative — processing data at the source 

rather than moving everything into central cloud servers. This research article investigates the relevance of 

edge computing for real-time data processing in smart city domain. Abstract: This paper investigates the 

architecture, applications, advantages, disadvantages and future prospects of edge computing technologies 

in smart cities [Show full abstract] Read more The paper discusses the advantages of edge computing in 

enhancing efficiency through traffic management, healthcare, public safety, waste management and energy 

systems. The study also highlights security consequences, scalability problems and integration pitfalls related 

to edge-enabled infrastructures. The results demonstrate how effective edge computing is in improving the 

responsiveness, reliability, and sustainability of smart city operation. 

Keywords: Edge Computing, Smart Cities, Data Processing in Real Time, Internet of Things (IoT), Cloud 
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Introduction 

With the advent of digital technologies like Internet of Things (IoT), Artificial Intelligence (AI), Big Data 

Analytics, and Cloud Computing, smart city is one concept that has witnessed rapid evolution. Smart cities 

use interconnected devices and intelligent systems to make life better in urban areas throughout the domain 

of transportation, healthcare, energy, governance, and public safety. 

Current smart cities are sweeping up terabytes upon petabytes of data every second, from IoT sensors to 

surveillance cameras, smart meters, and connected devices within the city. This data is then processed in 

cloud computing systems at a centralized data center, which typically results in latency and further congestion 

on the network. In some applications such as autonomous traffic control, emergency response systems, and 

health monitoring, delays in data processing can be disastrous. 

To solve these limitations, Edge Computing pulls the data close to where it is generated and processes it 

there. Edge computing that processes and analyzes data closer to the source is gathering speed as an 

alternative to sending all information across the internet to remote cloud servers — edge devices like 

gateways, routers, and local servers gather data locally. In this decentralized computing model, fast response 

times, less consumption of bandwidth and more effective working are enabled. 

Smart city infrastructure with edge computing involves real-time decision-making and intelligent 

automation. So it become important to know the application, advantages, and challenges of edge computing 

as part of building a sustainable smart city ecosystem. 

https://ijnrd.org/
http://www.ijnrd.org/


INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 
© 2026 IJNRD | Volume 11, Issue 5, May 2026 | ISSN: 2456-4184 | IJNRD.ORG 

 

IJNRD2605353 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)  

 

d473 

Objectives of the Study 

To investigate how edge computing aids in near-real-time data processing for smart city applications. 

To explore key urban infrastructure and services enabled by edge computing. 

It is to identify the advantages and challenges of deploying edge solutions in smart cities. 

Review of Literature 

Shi et al. Edge computing aims to reduce latency in how these changes are interpreted (2016). With the edge 

computing, it enhances response time, bandwidth utilization, and real-time analytical; therefore its fit smart 

city applications, the study mentioned. 

Satyanarayanan (2017) mentioned emergence of edge computing as an extension to cloud computing. 

According to the research, edge systems play an important role for low latency applications including 

autonomous driving and smart cities like healthcare monitoring and smart surveillance. 

Ahmed et al., (2018) discussed mobile edge computing and highlighted various opportunities from IoT based 

urban services. Hence, the work was concluded in such a way that edge computing is proved to improve 

network efficiency while facilitating real-time and quicker data processing in smart environments. 

Zanella et al. Internet of things in smart city (2014) 6–7. The authors described connected devices and sensors 

being able to produce enormous amounts of data that must be processed by powerful systems (edge 

computing) for urban processes to run smoothly. 

Bonomi et al. Fog computing was first proposed by (2012), which is also relatively closely related to edge 

computing. The decentralized computing architectures were shown to offer improved scalability, minimized 

communication latencies, as well as enabling smart city services such as traffic management and energy 

monitoring, according to the study. 

Yi et al. Analyzing fog computing platforms and applications (2015) The study further demonstrated how 

system reliability can benefit from local data processing combined with mobile edge technology, and this 

approach can help to alleviate the computational burden on centralized cloud infrastructure systems in 

latency-sensitive urban applications. 

Applications and challenges of edge computing in smart cities: Kumar and Singh (2021) They found that 

Edge computing greatly facilitates operational efficiency in public safety, transportation and healthcare 

systems but security & interoperability challenges are the primary concern. 

According to IBM Corporation (2021), edge computing enables urban innovation by empowering intelligent 

automation, predictive maintenance and real-time analytics. The report highlighted the use of AI and edge 

technology to build sustainable smart cities. 

Cisco Systems (2020) states that 'The city of the future wins by delivering smarter IoT systems through 

flexible resource consumption and faster communication networks, all facilitated by edge computing'. The 

paper also explored 5G as well integrated to better fortify the improvement of edge enabled applications. 

In general, the messages include that edge computing is essential for improving real-time data processing, 

reducing network congestion and communication latency, and enabling better service delivery in smart city 

contexts. Nevertheless, issues such as cybersecurity, infrastructure cost and standardization remain as 

challenges that require future research. 

 

 

https://ijnrd.org/
http://www.ijnrd.org/


INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 
© 2026 IJNRD | Volume 11, Issue 5, May 2026 | ISSN: 2456-4184 | IJNRD.ORG 

 

IJNRD2605353 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)  

 

d474 

Research Methodology 

This study relies on secondary data extracted from the research journals, conference papers, books, 

government reports as well as articles in scholarly journals relating to edge computing and smart city 

technologies. Existing literature has described major trends, benefits and challenges in qualitative analyses. 

Concept of Edge Computing 

The term edge computing addresses a distributed computing model where data processing and storage occur 

closer to the origin of data generation (as opposed to centralized cloud servers). Edge computing primarily 

works to make the analytics real time, speed up the operations and reduce latency delay. 

5.1 Architecture of Edge Computing 

Typically the architecture of edge computing is made up of 3 layers: 

Device Layer 

It consists of Internet of Things (IoT) sensors, smart devices, cameras, and other connected equipment that 

capture data from the environment. 

Edge Layer 

The edges may include edge gateways, local servers, and processing nodes to analyze the data locally. 

Cloud Layer 

The cloud layer is where history is stored, advanced analytics and operations occur, and forward-looking 

decisions are made. 

The Significance of Real-Time Data Processing in Smart Cities 

Processing real-time data is a must in smart cities because urban systems need to respond instantly to changes 

in the environment. Examples include: 

Traffic signal adjustments during congestion 

Emergency response coordination 

Air quality monitoring 

Smart healthcare systems 

Intelligent energy distribution 

As you can interpret, due to such issues, many organizations working on public safety, transportation and 

resource management cannot use real time processing as it brings delay. 

Edge Computing Applications in Smart City 

7.1 Smart Traffic Management 

With Edge computing, cameras and IoT sensors can monitor traffic in real-time. Process data localization for 

traffic signals optimization, accident detection, and congestion reduction. 

Benefits 

Reduced traffic delays 

Improved road safety 
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Faster emergency response 

7.2 Smart Healthcare 

Wearable devices and remote monitoring systems are used by healthcare systems to continuously collect 

patient data. Since edge computing processes health information in milliseconds, medical professionals are 

able to provide prompt assistance. 

Benefits 

Real-time patient monitoring 

Faster diagnosis 

Reduced network dependency 

7.3 Public Safety and Surveillance 

In this era, which is dominated by smart surveillance systems, such video data are being produced in HUGE 

amount. Video analytics which includes facial recognition, crowd monitoring and threat detection can take 

place locally at the edge with edge computing. 

Benefits 

Faster security response 

Reduced bandwidth usage 

Enhanced crime prevention 

7.4 Smart Energy Management 

Smart grids powered with edge technology monitor the power consumption in real-time and distribute energy 

efficiently. 

Benefits 

Efficient energy utilization 

Reduced power wastage 

Better load balancing 

7.5 Waste Management 

Sensor-based smart bins monitor the level of waste and alert municipal bodies when it is time to collect it. 

Benefits 

Optimized waste collection routes 

Reduced operational costs 

Cleaner urban environment 

Smart City Edge Computing Advantages 
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8.1 Reduced Latency 

When data can be processed locally, it reduces delays and enables real time decision making. 

8.2 Bandwidth Optimization 

Only data relevant for analysis needs to be sent to the cloud, minimizing network traffic. 

8.3 Enhanced Reliability 

Edge systems providing continued operations during network disruptions. 

8.4 Improved Data Privacy 

Data that is sensitive can be handled on-premise and need not be sent to centralized servers. 

8.5 Scalability 

Edge computing backs the rising amount of IoT devices inside smart towns. 

Challenges of Edge Computing 

9.1 Security Risks 

Distributed infrastructure makes edge devices prone to cyberattacks. 

9.2 High Infrastructure Cost 

It needs a huge amount of investment to deploy edge servers and Intelligent Gateways. 

9.3 Data Management Complexity 

Multiple edge nodes data management is filling up with difficulty. 

9.4 Lack of Standardization 

Interoperability issues are due to different technologies and platforms. 

9.5 Limited Computing Resources 

Compared to the cloud system, Storage and processing capabilities of edge devices will be lesser. 

Future Trends in Edge Computing 

Edge computing is a rapidly growing technology for smart cities with the advancement of Artificial 

Intelligence (AI), 5G communication networks, machine learning and IoT technologies in general. Several 

ongoing trends are expected to bolster the growth of edge-ready smart city systems. 

10.1 Integration with Artificial Intelligence 

AI-driven edge computing systems process information at the site and automatically choose respectful 

actions. Predictive analytics for traffic forecast, healthcare diagnosis and automated public services will be 

upgraded with help of AI integration. 

10.2 Deployment of 5G Networks 

5GTechnology: The development of 5g technologyis going to improve the performances of edge computing 

ultimately, by means of extremely low latency and higher communication speeds as well for billions 

compatible data connecteddevice. 
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10.3 Edge AI and Autonomous Systems 

Autonomous vehicles, drones, and robotic systems need to process data as soon as possible in order to safely 

operate. The way we have built out these systems has been through Edge AI, which provides quick local 

intelligence without needing to send everything back to cloud servers. 

10.4 Green and Sustainable Computing 

The future smart cities will be energy aware and will emphasize edge infrastructures that can reduce power 

consumption while delivering sustainable urban development. 

10.5 Blockchain Integration 

It can provide better security and greater transparency to edge-enabled systems, where it is especially 

imperative that secure data sharing mechanisms and decentralized authentication mechanisms are 

implemented. 

Findings of the Study 

In the next section, the paper describes some critical items related to edge computing in smart cities: 

This immediate access to services greatly reduces latency and enables real-time processing of data without 

the need to send it back and forth over large distances. 

Local data processing plays an important role in several applications of smart cities like traffic management, 

healthcare, surveillance and energy systems. 

Edge computing filters out unnecessary data before it is sent to the cloud servers, which also helps reduce 

network congestion and bandwidth usage. 

This particular form of technology enhances operational efficiency, service delivery and responsiveness from 

urban environments. 

The major implementation challenges include security vulnerabilities, infrastructure costs, and the lack of 

standardization. 

It has Internet of Things sensors and will 5G network that supports the latest generation wireless broadband 

technology together with AI tools implement the future smart city ecosystemValidate Edge Computing 

"Integrate"AI + IoT + 5GизБуду an edge-ад electing sustainability of an edge- ВA, the goal of achieving 

creating direct connection Technologies between these three drastically high enabling its independence from. 

Suggestions 

According to the results of the study, it is offered with: 

Governments and urban authorities need to invest in safe and controllable edgeheads infrastructure. 

The work towards more standardized frameworks to ameliorate interoperability between edge devices and 

platforms should be conducted. 

Enhance the cybersecurity of data using encryption, authentication and intrusion detection system. 

Promoting smart city innovation trough public-private partnerships 

For better management of the edge-enabled systems, training and awareness programs should be conducted. 

Future work should aim to combine edge computing with AI, blockchain and 5G technologies. 
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Conclusion 

One of the disruptive technologies that are emerging to empower smart cities with real-time data processing 

capabilities welcomed is "Edge computing". Latency, bandwidth consumption and the response delay in a 

cloud computing system are significant challenges in context to time-sensitive urban applications. However, 

edge computing solves some of these challenges by making it possible to process the data near its origin and 

therefore increase speed, efficiency, and reliability when required. 

In the report, it was disclosed that Smart traffic management, healthcare monitoring, public safety and 

security, energy optimization and waste management- these are just some of the many bottlenecks that edge 

computing soves. Edge computing not only enhances the overall quality of urban services and improves 

smart city sustainability but also supports real-time analytics and intelligent automation. 

However, the implementation of IoT is hampered by factors such as cybersecurity risks, infrastructure costs, 

complexity in data management and interoperability issues which has led to hindrance in actual use of its 

advantages. Yet, by 2024 with advancements in AI, 5G as well as IoT technologies much of these 

shortcomings will be resolved. 

Edge computing has emerged as an enabler of smart city ecosystems supporting the development of 

intelligent, efficient and responsive systems that can fulfil the demands of modern urban populations. 
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