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1|Introduction    

As urban areas become increasingly connected through the Internet of Things (IoT), real-time data processing 

is critical, especially in applications like traffic management and smart transportation [1]. Edge computing 

addresses this need by processing data closer to the source, significantly reducing Latency and enabling 

immediate decision-making. 

Edge computing emerges as a pivotal solution to address these challenges. By shifting data processing closer 

to the source at the "edge" of the network this technology significantly reduces the time it takes for data to 

travel to and from centralized cloud servers [2]. This localized processing is essential for real-time decision-
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Abstract 

Edge computing is transforming low-latency Internet of Things (IoT) applications related to urban mobility by 

allowing real-time data processing right at the point where it is generated. In smart cities, where connected vehicles, 

traffic sensors, and infrastructure generate enormous volumes of data, prompt decision-making is vital for optimizing 

traffic management, enhancing safety, and improving public transportation systems. This paper examines the role of 

edge computing in urban mobility scenarios, emphasizing its capacity to reduce latency, minimize bandwidth use, and 

improve reliability in areas with inconsistent connectivity. By handling data locally, edge computing enables swift 

reactions to evolving urban challenges and aids in the scalability of smart city projects. The results indicate that 

utilizing edge computing is crucial for developing efficient, responsive, and sustainable urban mobility solutions, 

ultimately aiding in the evolution of smarter cities. 
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  making applications, such as autonomous vehicles, smart traffic management systems, and connected public 

transportation. The benefits of edge computing extend beyond mere latency reduction. Minimizing data 

transmission to centralized locations alleviates bandwidth congestion and enhances system reliability, 

especially in environments where connectivity can be intermittent [3]. Moreover, edge computing can facilitate 

scalable urban mobility solutions by supporting the growing number of connected devices and applications. 

As cities strive to become smarter and more efficient, integrating edge computing into IoT frameworks will 

be crucial for developing innovative urban mobility solutions that enhance safety, improve traffic flow, and 

create more livable environments [4]. This convergence of edge computing and IoT represents a 

transformative step towards realizing the full potential of smart cities. 

Fig. 1. Edge computing in IoT application. 

 

Despite the significant advantages of AI-driven edge computing in smart city infrastructures, several 

challenges must be addressed for its successful implementation. These challenges arise from the complex 

interplay of edge computing, AI algorithms, and IoT applications [5]. Table 1 summarizes the key challenges 

in deploying AI-driven edge computing in smart cities. 

Table 1. Challenges in AI-driven edge computing for smart city. 

 

 

 

 

 

 

 

 

 

 

 

Challenge Description 

Data privacy and security Ensuring the protection of sensitive data 
processed at the edge, as distributed systems can be more vulnerable to 
attacks. 

Privacy concern Addressing privacy issues related to personal data collected by IoT devices 
necessitates compliance with regulations like GDPR. 

Interoperability Integrating diverse devices and platforms from different manufacturers, 
which may use different protocols and standards, 
can complicate system functionality. 

Infrastructure cost Initial investment in edge computing infrastructure, such as edge servers 
and maintenance can be significant, posing a barrier for many 
municipalities. 

Scalability As urban mobility solutions expand, scaling edge effectively while 
maintaining performance can be 

Network reliability Ensuring consistent and reliable connectivity in urban environments, where 
signal interference and 
congestion can occur. 
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  Table 1. Continued. 

 

 

 

 

 

 

 

Fig. 2. AI Applications in iot application in urban mobility. 

 

2|Background and Related Work on Edge Computing in IoT 

Application 

2.1|Traffic Management 

Research has shown that edge computing can significantly enhance traffic management by enabling real-time 

traffic prediction and adaptive traffic signal control. For instance, systems using machine learning algorithms 

at the edge can process data from traffic cameras to predict congestion and adjust signals accordingly. 

2.2|Smart Transportation 

Projects like the European Union's "smart cities" initiative have investigated edge computing for smart 

transportation solutions. These projects focus on integrating edge devices with existing transportation 

infrastructure to improve operational efficiency and reduce emissions [6]. 

2.3|Public Transportation Optimization 

Research has demonstrated how edge computing can optimize public transportation systems. For example, 

real-time data analysis can improve route planning and scheduling based on current demand, increasing 

efficiency and user satisfaction [7]. 

Challenge Description 

Data management Managing and processing large volumes of data generated by numerous 
devices at the edge without overwhelming resources or causing 
latency issues. 

Latency variation Achieving consistently low Latency across various u is difficult due to 
varying network conditions. 

Recourse limitation Edge devices often have limited computational power and storage 
compared to centralized cloud systems, which can restrict processing 
capabilities. 
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Fig. 3. AI-driven edge computing use cases in IoT application for urban mobility. 

 

2.4|Environment Monitoring 

In projects, edge computing has been used to monitor urban environments, such as air quality and noise 

levels. By deploying sensors that process data locally, cities can quickly respond to environmental changes 

and implement measures to mitigate pollution [8]. 

3|Computing Framework for Edge Computing IoT Application 

3.1|Edge Devices 

Description: Smart sensors, cameras, and IoT devices deployed throughout the urban environment (e.g., 

traffic lights, vehicles, public transportation) [9]. 

Function: Collect real-time data on traffic flow, environmental conditions, and user behavior. 

3.1.1|Edge nodes 

Description: Local computing units that process data from edge devices. Function: Perform data aggregation, 

filtering, and preliminary analytics to generate actionable insights. They can be near traffic intersections, bus 

stops, or other strategic points. 

3.1.2|Edge layer 

Edge nodes are distributed throughout the city and positioned strategically near IoT devices to process data 

locally. These nodes are equipped with AI algorithms to perform tasks such as predictive maintenance, 

anomaly detection, and real-time traffic optimization. By processing data at the edge, these nodes reduce the 

overall burden on cloud infrastructures and minimize Latency. 

3.1.3|Data communication layer 

Description: a network infrastructure facilitates communication between edge devices, nodes, and central 

cloud systems [10]. 

Function: utilize low-latency communication protocols (e.g., MQTT, CoAP) to ensure efficient data 

transmission and minimize delays. 

3.2|AI Algorithms at the Edge 

Integrating AI at the edge brings intelligence to decision-making processes, allowing for real-time localized 

actions. The following AI algorithms are deployed at edge nodes: 
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  3.2.1|Traffic prediction algorithm 

Description: machine learning models analyze historical traffic data to predict congestion and travel times. 

Application: By processing data from traffic cameras and sensors, these algorithms can provide real-time 

traffic updates and suggest optimal routes to drivers. 

3.2.2|Anomaly detection 

Description: techniques such as clustering or neural networks identify unusual patterns in traffic flow or 

sensor data. 

Application: detecting accidents or unusual traffic conditions in real-time, allowing for prompt alerts and 

response actions. 

3.2.3|Vehicle classification 

Description: based on camera visual data, deep learning models classify vehicles (cars, buses, bikes). 

Application: helps manage traffic signals and understand the distribution of different vehicle types on roads. 

4|Application Scenarios 

4.1|Smart Traffic Management 

Description: edge devices analyze real-time traffic data from sensors and cameras to optimize traffic signal 

timings, reduce congestion, and improve traffic flow. 

Example: Adjusting signal patterns dynamically based on vehicle and pedestrian movement detected at 

intersections. 

4.2|Autonomous Vehicle 

Description: edge computing enables vehicles to process data from onboard sensors (LIDAR, cameras, etc.) 

instantly, allowing for quick decision-making required for navigation and obstacle avoidance. 

Example: A self-driving car making split-second decisions to avoid collisions or navigate complex 

environments. 

4.3|Public Transportation Monitoring 

Description: real-time data processing at the edge allows for efficient tracking of buses and trains, providing 

accurate arrival times and service updates to passengers. 

Example: buses equipped with edge devices that dynamically analyze passenger load data to adjust routes or 

schedules. 

5|Performance Evaluation 

5.1|Latency 

Definition: the time taken for data to travel from the source (e.g., sensors) to the edge device, processed, and 

returned as an actionable response. 

Evaluation: measure end-to-end Latency for various applications (e.g., traffic signal adjustments, vehicle 

communication). 

5.2|Throughout 

Definition: the amount of data the edge computing system processes in a given time frame. 
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  Evaluation: assess the volume of data processed per second during peak and non-peak hours to determine 

the edge system’s capacity. 

5.3|Reliability 

Definition: the ability of the system to operate consistently and without failure over time. 

Evaluation: monitor system uptime, error rates, and recovery times during failures or unexpected loads. 

6|Challenges and Future Directions 

6.1|Security and Privacy 

Challenge: increased endpoints in edge computing can lead to greater vulnerability to cyberattacks and data 

breaches. 

Impact: ensuring secure data transmission and protecting user privacy become critical, especially in sensitive 

applications like autonomous vehicles. 

6.2|Interoperability 

Challenge: diverse devices and standards can create integration issues, hindering seamless communication 

between IoT devices and edge systems. 

Impact: Lack of standardized protocols may lead to compatibility issues, complicating the deployment of edge 

computing solutions. 

6.3|Resource Constraints 

Challenge: edge devices often have limited processing power, storage, and energy resources. 

Impact: This can restrict the complexity of applications that can be run at the edge, requiring efficient resource 

management strategies. 

7|Conclusion 

Urban mobility is undergoing a transformative shift driven by the integration of IoT applications. By 

leveraging connected devices and real-time data analytics, cities can enhance their use of technology. 

Transportation efficiency, safety, and user experience. IoT applications enable smart traffic management, real-

time public transport monitoring, and improved parking solutions, reducing congestion and optimizing 

resource use. 

Edge computing is revolutionizing urban mobility by enabling low-latency IoT applications that enhance the 

efficiency and responsiveness of transportation systems. By processing data closer to the source—such as 

traffic sensors, connected vehicles, and smart infrastructure—edge computing significantly reduces the time 

it takes for data to travel to a centralized cloud server and back. This immediacy is critical for applications 

that rely on real-time decision-making, such as traffic signal adjustments, autonomous vehicle navigation, and 

public transport monitoring. 

Key benefits: Real-time processing: edge computing allows instantaneous data analysis, which is essential for 

applications like smart traffic management. For example, traffic lights can adapt dynamically to changing 

conditions, improving flow and reducing congestion. 

Improved safety: immediate responses to data from connected vehicles and infrastructure can prevent 

accidents. For instance, edge devices can process collision data in real time, enabling vehicles to react quickly 

to sudden obstacles. 
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  Through collaborative efforts among city planners, technology providers, and stakeholders, IoT can play a 

crucial role in creating smarter, more sustainable urban environments, ultimately improving residents' quality 

of life. 
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