
 

International Journal of Information Engineering and Science 
    Volume. 1, No. 2, May 2024 

e-ISSN : 3048-1953; and p-ISSN : 3048-1902; Page. 13-18 
DOI:   https://doi.org/10.62951/ijies.v1i2.89 

Available online at: https://international.arteii.or.id/index.php/IJIES    
 

 

Application of Edge Computing for RealTime Data Processing in Smart 

Cities 

 
Agus Supriyanto1, Joko Santoso2 

1-2 Universitas Hasanuddin, Indonesia 

 
Abstract: Smart cities generate vast amounts of data requiring rapid processing to improve urban management. 

This study investigates the application of edge computing to achieve realtime data processing in smart cities, 

minimizing latency and enhancing system responsiveness. Through a combination of theoretical analysis and case 

studies, the paper examines how edge computing can reduce data transmission delays and network congestion. 

The results reveal that implementing edge computing can significantly improve data efficiency in smart cities, 

offering a sustainable solution to meet growing urban demands. 
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A. Introduction to Edge Computing in Smart Cities 

Smart cities are characterized by their reliance on a variety of interconnected devices 

and sensors that collect data to optimize urban services and improve the quality of life for 

residents. According to a report by the International Data Corporation (IDC), the global 

spending on smart city initiatives is expected to reach $189.5 billion by 2023, highlighting the 

growing importance of technology in urban management (IDC, 2021). However, the vast 

amounts of data generated by these initiatives necessitate rapid processing capabilities, which 

traditional cloud computing models often struggle to provide due to latency issues. This is 

where edge computing emerges as a crucial component in the smart city ecosystem. 

Edge computing refers to the practice of processing data closer to the source of 

generation rather than relying solely on centralized data centers. By deploying computational 

resources at the "edge" of the network, cities can minimize data transmission distances, thereby 

reducing latency and enhancing responsiveness (Shi et al., 2016). For instance, in a smart traffic 

management system, edge computing can analyze realtime data from traffic cameras and 

sensors to adjust traffic signals dynamically, improving traffic flow and reducing congestion. 

This localized processing capability is essential for applications that require immediate 

responses, such as emergency services and public safety monitoring. 

Moreover, the integration of edge computing in smart cities can lead to significant cost 

savings. By reducing the volume of data that needs to be transmitted to centralized servers, 

cities can lower bandwidth costs and decrease the strain on network infrastructure. A study 

conducted by Gartner indicates that by 2025, 75% of enterprisegenerated data will be processed 

outside of centralized data centers (Gartner, 2020). This shift not only improves operational 

efficiency but also aligns with the sustainability goals of many urban centers, as it reduces the 

energy consumption associated with data transmission and processing. 
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In summary, edge computing presents a transformative opportunity for smart cities to 

enhance data processing capabilities, improve operational efficiency, and support sustainable 

urban development. As cities continue to evolve and adopt smart technologies, the role of edge 

computing will become increasingly critical in addressing the challenges posed by rapid 

urbanization and technological advancement. 

 

 B. The Role of Edge Computing in RealTime Data Processing 

The implementation of edge computing in smart cities facilitates realtime data 

processing, which is vital for various applications, including traffic management, waste 

management, and public safety. For example, in smart traffic systems, edge devices can process 

data from connected vehicles and traffic sensors to optimize traffic signals in realtime. This 

capability has been demonstrated in cities like Barcelona, where the integration of edge 

computing has led to a 20% reduction in travel time during peak hours (Ajuntament de 

Barcelona, 2020). 

Realtime processing not only enhances operational efficiency but also improves the 

overall user experience for citizens. In smart public transportation systems, edge computing 

can analyze data from buses, trains, and commuters to provide realtime updates on arrival times 

and service disruptions. A case study in Singapore showcased how the citystate's Land 

Transport Authority utilized edge computing to enhance its public transportation system, 

resulting in a 15% increase in user satisfaction due to timely information dissemination (Land 

Transport Authority of Singapore, 2019). 

Furthermore, the ability to process data in realtime allows for proactive decisionmaking 

in urban management. In emergency response scenarios, edge computing can enable first 

responders to access critical data, such as building layouts and realtime video feeds, without 

delay. This capability was exemplified during the COVID19 pandemic, where cities like New 

York implemented edge computing solutions to monitor crowd density and enforce social 

distancing measures effectively (New York City Department of Information Technology and 

Telecommunications, 2021). 

In addition to enhancing public safety and transportation, edge computing also plays a 

significant role in environmental monitoring. Smart cities can deploy edge devices to collect 

and analyze data on air quality, noise levels, and waste management. For instance, a pilot 

project in Amsterdam utilized edge computing to monitor air quality in realtime, allowing city 

officials to implement targeted interventions to improve urban air quality (Amsterdam Smart 



 

 

City, 2020). This proactive approach not only benefits public health but also contributes to the 

overall sustainability goals of urban areas. 

Overall, the role of edge computing in enabling realtime data processing is crucial for 

the effective functioning of smart cities. By leveraging localized data processing capabilities, 

cities can enhance operational efficiency, improve citizen engagement, and make informed 

decisions that contribute to sustainable urban development. 

 

 C. Case Studies of Edge Computing Implementation 

Several cities worldwide have successfully implemented edge computing to enhance 

their smart city initiatives, each illustrating the diverse applications of this technology. One 

notable example is the city of San Diego, which has deployed an extensive network of smart 

streetlights equipped with edge computing capabilities. These streetlights not only provide 

illumination but also gather data on traffic patterns, pedestrian activity, and environmental 

conditions. The city reported a 30% reduction in energy consumption and improved traffic 

flow, demonstrating the effectiveness of edge computing in urban infrastructure (City of San 

Diego, 2020). 

Another compelling case study is found in the city of Helsinki, Finland, where edge 

computing has been integrated into the public transportation system. The city's transport 

authority implemented edge devices to analyze realtime data from buses and trams, allowing 

for dynamic route adjustments based on current traffic conditions. This implementation has 

resulted in a 25% increase in ontime performance for public transport services, significantly 

enhancing the user experience for commuters (Helsinki Regional Transport Authority, 2021). 

In Asia, the city of Shenzhen, China, has embraced edge computing for its smart waste 

management system. By equipping waste bins with sensors and edge devices, the city can 

monitor fill levels in realtime, optimizing collection routes and schedules. This initiative has 

led to a reported 40% reduction in waste collection costs and improved overall efficiency in 

waste management operations (Shenzhen Municipal Government, 2020). Such applications 

highlight how edge computing can address specific urban challenges while promoting 

sustainability. 

Additionally, the city of Toronto has leveraged edge computing in its smart grid 

initiatives. By utilizing edge devices to monitor energy consumption at the neighborhood level, 

the city can optimize energy distribution and reduce peak load demands. This approach has 

resulted in a 15% reduction in energy costs for residents and businesses, showcasing the 
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economic benefits of implementing edge computing in urban energy management (Toronto 

Hydro, 2020). 

These case studies collectively illustrate the transformative potential of edge computing 

in smart cities. By enhancing operational efficiency, reducing costs, and improving service 

delivery, edge computing serves as a vital enabler of sustainable urban development. 

 

D. Challenges and Limitations of Edge Computing 

Despite the numerous advantages of edge computing in smart cities, several challenges 

and limitations must be addressed to ensure its successful implementation. One of the primary 

concerns is the security of data processed at the edge. With numerous devices connected to the 

network, the risk of cyberattacks increases significantly. A report by the Cybersecurity and 

Infrastructure Security Agency (CISA) indicated that 61% of organizations experienced a cyber 

incident related to edge computing within the past year (CISA, 2021). This highlights the need 

for robust security measures to protect sensitive data and maintain public trust in smart city 

initiatives. 

Another challenge is the interoperability of various edge computing devices and 

platforms. As smart cities often rely on a wide range of technologies and vendors, ensuring that 

these systems can communicate and work together seamlessly is crucial. A lack of 

standardization can lead to data silos and hinder the overall effectiveness of smart city 

solutions. The OpenFog Consortium has been working towards establishing guidelines and 

standards for edge computing interoperability, but widespread adoption remains a challenge 

(OpenFog Consortium, 2018). 

Moreover, the deployment of edge computing infrastructure requires significant 

investment and resources. Cities may face budget constraints or lack the necessary expertise to 

implement and maintain edge computing systems effectively. According to a survey by 

McKinsey, 70% of city officials cited funding as a major barrier to adopting smart city 

technologies (McKinsey & Company, 2020). This underscores the importance of strategic 

planning and collaboration between public and private sectors to secure the necessary resources 

for successful implementation. 

 Additionally, the management of edge computing networks can become complex, 

especially as the number of connected devices increases. Cities must develop effective 

strategies for monitoring, maintaining, and updating edge devices to ensure optimal 

performance. A failure to do so could lead to system inefficiencies and increased operational 



 

 

costs. The development of automated management tools and platforms can help alleviate some 

of these challenges, but further research and innovation are needed in this area. 

In conclusion, while edge computing offers significant benefits for smart cities, it is 

essential to address the associated challenges and limitations. By prioritizing data security, 

ensuring interoperability, securing funding, and developing effective management strategies, 

cities can maximize the potential of edge computing to enhance urban services and improve 

the quality of life for residents. 

 

 E. Conclusion and Future Directions 

The integration of edge computing in smart cities represents a paradigm shift in how 

urban data is processed and utilized. As cities continue to grapple with the challenges of rapid 

urbanization and increasing demands for efficient services, edge computing offers a viable 

solution to enhance data processing capabilities and improve overall system responsiveness. 

The case studies presented in this paper demonstrate the tangible benefits of edge computing, 

including reduced latency, improved operational efficiency, and enhanced citizen engagement. 

Looking ahead, the future of edge computing in smart cities is promising. As 

technology continues to evolve, we can expect further advancements in edge computing 

solutions, including the development of more sophisticated algorithms for data analysis and 

machine learning. These innovations will enable cities to harness the full potential of realtime 

data processing, leading to smarter decisionmaking and improved urban management. 

Moreover, the growing emphasis on sustainability and environmental responsibility 

will likely drive the adoption of edge computing in smart city initiatives. By enabling localized 

data processing, edge computing can contribute to more efficient resource management and 

reduced energy consumption, aligning with the sustainability goals of many urban centers. 

Collaboration between public and private sectors will be essential in overcoming the 

challenges associated with edge computing implementation. By fostering partnerships and 

sharing best practices, cities can leverage the expertise and resources of technology providers 

to develop robust edge computing solutions that meet the unique needs of their communities. 

In conclusion, the application of edge computing in smart cities holds significant 

promise for enhancing urban management and improving the quality of life for residents. As 

cities continue to embrace this technology, ongoing research and innovation will be crucial to 

unlocking its full potential and addressing the challenges that lie ahead. 
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