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Abstract: In cities worldwide, traffic congestion lengthens 

commutes, increase pollution, and degrade quality of life. IoT 

sensors and edge computing can revolutionise smart city traffic 

management. This article discusses how IoT sensors may collect 

traffic data like vehicle counts, speeds, and environmental 

conditions. Managers optimise traffic flow by monitoring 

circumstances in real time and making informed decisions. 

Computing near the network's edge reduces latency by 

processing data closer to its source which speeds up traffic 

responses. By assessing edge data and making real-time 

decisions, traffic management systems can improve urban traffic 

networks. These methods increase traffic flow and 

environmental sustainability by reducing emissions and fuel 

consumption. This article discusses city traffic issues such 

gridlock, inadequate facilities and incident management. Case 

studies of smart cities like Barcelona and Singapore demonstrate 

the benefits of integrating IoT and edge computing into traffic 

control systems. These examples demonstrate how urban traffic 

flow, safety, and mobility have improved. The article examines 

how 5G technology, AI, ML, and other new technologies will 

transform municipal traffic management. These advances can 

help policymakers and urban planners create better, more 

responsive traffic management systems to improve city life. 

Urban planning must include IoT and edge computing to solve 

complex traffic control issues. Cities will become more 

sustainable, efficient, and resilient. 
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I. INTRODUCTION 

Modern, fast-growing cities have severe transport issues than 

before. Traffic, travel delays, and environmental issues are some 

of the negative effects of rapid urbanisation, which is driving 

greater ownership of vehicles in many metropolitan areas [1]. 

Traffic congestion lowers residents' quality of life, pollutes the 

air, and costs money in time and fuel. The World Bank estimates 

that traffic costs cities billions of dollars annually, emphasising 

the necessity for effective traffic management. Real-time traffic 

control is crucial to addressing these difficulties. Cities may 

track traffic conditions in real time using data and cutting-edge 

technology to improve traffic flow management, accident 

response, and safety [2]. Urban mobility is enhanced by the mere 

addition of adaptive traffic routing, dynamic traffic signals, and 

incident management systems. Traffic management improves 

public transport, urban ecosystems, and pollution.  Edge 

computing and the Internet of Things (IoT) have transformed 

traffic control. The IoT is a huge network of devices and sensors 

that collects and shares data. IoT sensors can collect traffic 

management data like vehicle counts, speeds, and conditions 

[3].  

Better decision-making and traffic flow optimisation require 

real-time data collection. Edge computing enhances IoT and 

removes cloud systems by processing data locally. 

Decentralisation speeds up data processing and reduces latency, 

making it essential for quick decisions like adjusting traffic 

signals. Edge computing and the internet of things can improve 

real-time traffic management in cities, improving efficiency and 

safety.  This article discusses real-time smart city traffic control 

systems using IoT sensors and edge computing. It will examine 

current urban traffic issues, how the internet of things and edge 

computing may help, and successful instances.  

II. IOT AND EDGE COMPUTING 

Internet of Things (IoT) 

Internet of Things (IoT) is a new technology paradigm that uses 

internet connectivity to collect, process, and share data from 

interconnected computing devices, services, and things [4]. 

Devices can interact and make decisions without people using 

this network, facilitating information flow.  

Internet of Things components include sensors, actuators, 

connection, data processing, and user interfaces. Traffic 

management sensors collect real-time data on vehicle counts, 

speeds, light, and humidity. This data helps cities optimise 

transit networks through smarter decision-making. IoT sensors 

for urban traffic control include cameras, radar systems, and 

embedded vehicle sensors. These sensors measure congestion 

severity and trends by collecting data on traffic volume, speed, 

and vehicle types. Due to their powerful picture recognition 

algorithms, traffic cameras can track intersection traffic and 

green and red light durations [5]. Authorities can immediately 

change signage and traffic lights using centralised traffic 

management systems. IoT technology integrates data from 

parking sensors, emergency vehicles, and public transportation 

networks to complete urban mobility.  

 

Figure 1 IoT Ecosystem (Source: Self-Created) 

IoT in traffic control systems improves efficiency and road 

safety. Monitoring traffic conditions can enhance response times 

and reduce traffic flow in cities. This speeds emergency 

responses like accidents and traffic closures. IoT can assist 

develop Intelligent Transportation Systems (ITS). These 
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systems notify drivers of traffic conditions, detours, and other 

routes in real time, reducing congestion and improving traffic 

flow. 

Edge Computing 

Edge computing permits data processing near the source of data 

generation, unlike cloud computing. In the IoT, this solution 

addresses cloud computing's data privacy, bandwidth, and 

latency issues [6]. Processing data closer to its source (the 

"edge") speeds up analysis and response in real-time 

applications like traffic control.  

Edge computing is essential because it quickly analyses IoT 

sensor data and provides actionable insights. Edge computing 

allows real-time processing of traffic sensor data, such as when 

an intersection encounters an unanticipated spike in vehicle 

density, to change traffic signal timings. This lightning-fast 

response can reduce congestion and increase traffic flow, 

making roadways safer over time. Data can be filtered and 

aggregated at the edge before being sent to the cloud, reducing 

network traffic and bandwidth. This is especially useful in cities 

where many devices generate enormous amounts of data. Edge 

computing has various benefits, including faster processing. 

Edge computing decentralises data processing, making traffic 

management systems more reliable and resilient. Edge devices 

can run autonomously to maintain important tasks with 

intermittent network access [7]. Edge devices may handle local 

traffic signals using cached data and algorithms, keeping things 

safe and efficient until the network comes back up.  

 

Figure 1 Edge computing Architecture (Source: Self-Created) 

Data transmission privacy and security are addressed by edge 

computing. Instead of transferring sensitive data to central 

computers, cities may protect residents' privacy. This regional 

data management plan aligns with increased concerns about data 

sovereignty and regulatory compliance for personal data [8]. 

The latest smart city traffic management systems use IoT and 

edge computing. IoT data and edge computing speed up 

processing and decision-making for real-time monitoring of 

changing traffic circumstances.  

Combining these technologies helps cities improve traffic 

management systems, which improves mobility, sustainability, 

and liveability. 

III. TRAFFIC MANAGEMENT CHALLENGES IN 

URBAN AREAS 

Many cities worldwide have traffic management concerns, 

which are worsening as they grow. Economic productivity, 

environmental sustainability, and urban residents' quality of life 

are all affected by these issues. Understanding these challenges 

is crucial to finding solutions, especially when using IoT and 

edge computing to improve traffic control. 

Congestion and Its Impact on Cities 

Congestion is a persistent issue in the administration of city 

traffic; as cities grow, more people drive to work. Traffic 

congestion causes driver frustration, longer travel times, and 

higher fuel usage. Traffic congestion costs cities billions in lost 

productivity and fuel, according to the INRIX Global Traffic 

Scorecard [9]. Traffic delays in busy regions lead drivers to take 

alternative routes, increasing congestion. Traffic jams can 

reduce economic efficiency by delaying products and services. 

Emergency services may be unable to respond to life-

threatening situations due to delays. Traffic additionally affects 

access to employment and services, especially for low-income 

persons who commute farther or use public transportation.  

Environmental Concerns and Emissions 

The environment suffers as well by congestion. Air pollution, 

which adversely affects the health of urban residents, is 

exacerbated by idle automobiles. The WHO says air pollution 

causes respiratory ailments, cardiac difficulties, and early death 

[10]. Traffic congestion increases particulate matter, greenhouse 

gas emissions, and other pollutants, worsening public health and 

environmental issues. Air and noise pollution from congestion 

harms people's physical and emotional wellbeing. Noise and 

vehicle pollution can lower urban life quality, making cities less 

desirable places to live and work. As cities strive for 

sustainability and lower their carbon footprints, traffic 

emissions must be reduced in planning and legislation. 

Infrastructure Limitations and Maintenance Issues 

Urban infrastructure generally struggles to handle rising traffic 

and people. Many older cities lack modern public transport, road 

networks, and traffic control. A lack of public transportation, 

packed roads, and old or faulty traffic signal systems can 

aggravate congestion and inefficient transportation of people 

and goods. Ageing infrastructure requires extensive 

maintenance. Many city people struggle with the cost of roads, 

bridges, and subways. Insufficient funding and resources can 

force reactive infrastructure maintenance, increasing road 

conditions and traffic [11]. Accidents and traffic delays may 

result from road imperfections, faulty traffic signals, and absent 

or insufficient signs. Integration of public transport, cycling, and 

walking is not always successful. This lack of connection may 

deter people from using public transportation or other eco-

friendly modes of transportation, increasing traffic. Urban 

planners must consider these infrastructural limits to construct 

efficient and coherent transit networks. Overcrowding, 

environmental concerns, and poor infrastructure make traffic 

management difficult for city people. These issues affect public 

health, economic production, and quality of life daily for all city 

people. These basic issues must be addressed to create 

sustainable cities and make transportation easier for everyone, 

especially as more cities integrate IoT and edge computing into 

their traffic management systems.  

IV. IMPLEMENTATION OF IOT SENSORS IN TRAFFIC 

MANAGEMENT 

With IoT sensors, cities are increasing traffic management 

efficiency and safety by monitoring and controlling vehicle 

flow. Traffic management requires real-time data from cameras, 

speed sensors, pollution detectors, and other sensors. Each 

sensor type contributes to traffic control. 

Types of IoT Sensors 

Cameras are prominent in IoT traffic management systems. 

These high-resolution traffic cameras can track vehicle 

numbers, types, and speeds in real time [12]. Applying advanced 
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analytics algorithms to the film can reveal traffic congestion, 

accidents, and red-light violations. Advanced cameras using 

machine learning can assess traffic dynamics at crossroads and 

important routes. 

 These cameras can identify automobiles, buses, and bicycles. 

Speed sensors surface-mounted or road-implanted are also 

necessary. These sensors' real-time speed readings help 

determine traffic volumes and speeding violations. Data can be 

utilised to dynamically adjust traffic signal timings to decrease 

congestion. Pollution sensors are crucial to traffic control. These 

sensors detect air quality, particulate matter, and automobile 

emissions, among other environmental characteristics. Cities 

can reduce emissions by tracking pollution levels in real time 

and adjusting traffic patterns or boosting public transit during 

heavy pollution [13]. Inductive loop sensors can detect when 

cars are approaching an intersection, parking sensors can track 

how many spaces are available, and weather sensors can report 

on precipitation and how it's falling, which can affect driving 

and traffic. The many sensors constitute a traffic control 

ecosystem that increases operational efficiency and decision-

making.  

V. EDGE COMPUTING SOLUTIONS FOR REAL-TIME 

TRAFFIC MANAGEMENT 

Smart city traffic management systems can benefit from edge 

computing. Edge computing processes data closer to the source, 

enabling real-time analytics and decision-making for urban 

traffic control [14]. Edge computing must be connected with 

infrastructure to create a successful traffic control environment.  

Data Processing at the Edge 

Real-time analytics on IoT sensor data is a major benefit of edge 

computing. In conventional cloud-based systems, data 

transmission to a central server for processing causes unbearable 

latency for time-sensitive operations like traffic control [15]. 

However, edge computing allows local data processing on edge 

devices near the data collection site. When traffic cameras notice 

unexpected delays or congestion at an intersection, edge devices 

can examine the video feed in real time. Advanced algorithms 

are capable of identifying the obstruction, regardless of whether 

it manifests as an automobile malfunction, accident, or increase 

in traffic flow. This data allows the edge device to adjust traffic 

signals, reroute automobiles, or warn drivers via mobile apps in 

real time. This fast response capacity reduces accidents and 

jams, improving traffic flow and safety. 

Edge devices can predict congestion by integrating real-time and 

historical data. On roads with heavy traffic at certain times of 

day, the system might shift signal timing or offer other routes to 

motorists. This novel approach boosts urban transit efficiency 

and cuts wait times. Edge computers can improve performance 

in real time via machine learning. Time and data help these 

systems enhance their analytical models, improving traffic 

forecasts and responses. Flexibility is essential in urban settings 

where weather, events, and seasons can radically alter traffic 

patterns. 

Integration with Existing Infrastructure 

Any efficient traffic management edge computing solution must 

work with traffic lights, signs, and public transit networks [16]. 

One of the biggest challenges communities face today is 

updating outdated infrastructure while maximising existing 

systems. Edge computing can help cities enhance traffic 

management without overhauling systems. Edge computing 

enables traffic light adaptive signal control systems. This 

technique adjusts signal timings based on real-time traffic data. 

Edge devices can connect with traffic light infrastructure and 

make real-time adjustments to improve traffic flow and wait 

times. If a camera detects a lot of vehicles approaching an 

intersection, the system can reduce congestion and make passing 

easier by extending the green light for that direction. Traffic 

lights and VMS, which notify drivers of accidents, road 

closures, and traffic conditions in real time, can benefit from 

edge computing [17]. Cities can ensure accurate information 

display by connecting VMS to edge devices. If a major road has 

an accident, the VMS can warn motorists of alternate routes, 

minimising traffic congestion. Public transport can benefit from 

edge computing integration. Cities can track public transport 

vehicles in real time via edge devices, giving passengers exact 

arrival updates. Edge computing can better schedule and route 

public transport services to account for real-time traffic, 

increasing ridership and reliability.  

Edge computing systems' interoperability and data exchange are 

crucial to integration. Interoperability gives traffic management 

authorities a holistic view of traffic conditions across the 

metropolitan landscape, enabling better judgements. Using 

emergency vehicle data to evacuate crowded areas can improve 

public safety. 

 Edge computing could assist city planners, transit agencies, and 

technology vendors, among others. Creating a unified traffic 

management ecosystem allows cities to work on sustainable 

transportation laws, pollution reduction, and urban mobility 

[18]. Edge computing solutions enable real-time smart city 

traffic control. Edge data processing can improve traffic 

analysis, decision-making, and efficiency in cities. Traffic 

lights, signs, and public transit systems combined with edge 

computing provide an integrated and responsive traffic control 

system. As cities evolve, edge computing will become more 

crucial to solve complex traffic control challenges and support 

urban transportation. 

VI. CASE STUDIES AND EXAMPLES 

IoT and edge computing have improved traffic control in several 

places and this has improved traffic flow and urban mobility. 

Singapore and Barcelona are renowned for their utilisation of 

modern technology to resolve traffic congestion [19]. The smart 

city leadership of Singapore, particularly in the area of traffic 

administration, is highly regarded. The city-state uses IoT 

sensors, edge computing, and real-time analytics to enhance 

traffic flow. Singapore's Intelligent Transport Systems monitor 

traffic in real time with a huge network of traffic cameras, speed 

sensors, and vehicle identification systems. By processing edge 

sensor data, traffic control centres receive instant response. 

Real-time traffic analysis can modify traffic lights to alleviate 

peak-hour congestion [20]. Electronic Road Pricing (ERP) has 

reduced peak-hour traffic in busy areas. This sensor-based 

system charges drivers for certain locations. ERP system has cut 

peak hour traffic by 15%, proving technology can manage urban 

congestion.  

Barcelona has made remarkable traffic control progress with the 

Internet of Things and edge computing. Smart City efforts focus 

on improving urban transportation and quality of life [21]. 

Barcelona's traffic management system relies on sophisticated 

traffic signals that adapt to traffic conditions. These lights may 

adjust their time based on car and pedestrian traffic sensors. [22] 

suggest that this method has decreased crossing waiting times 

by 30%, improving traffic flow. Smart parking solutions in the 

city have decreased traffic bottlenecks caused by drivers hunting 

for parking spots. In parking lots, sensors give real-time parking 

availability data to guide drivers to available places. Comparing 

these two cities' traffic management systems can reveal their 
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efficacy. Singapore and Barcelona have shown that real-time 

data collection and analysis can enhance traffic flow. While 

smart parking systems and dynamic traffic lights have improved 

traffic for Barcelona vehicles and pedestrians, ERP integration 

in Singapore has created a more controlled environment. 

 

Figure 3 Traffic Control Centre (Source: Self-Created) 

Public transit is prioritised in both cities' traffic management 

schemes. Real-time data from public transport vehicles informs 

traffic signal timings in Singapore, making buses and trains run 

more smoothly [23]. Barcelona's public transport system is now 

entirely integrated with traffic management, enabling it to 

optimise bus timetables and routes in real time in accordance 

with traffic conditions. This comprehensive approach enhances 

traffic flow and promotes public transport, thereby decreasing 

the use of personal vehicles. In both cities, the environment has 

been positively impacted by smart transport initiatives. Reduced 

congestion and reduced emissions from automobiles have 

transpired. The ERP system in Singapore has reduced carbon 

emissions and improved traffic in crowded areas. Barcelona is 

focussing on smart mobility solutions like bike-sharing and 

enhanced pedestrian paths to promote sustainable urban life and 

reduce its carbon footprint [24].  

Singapore and Barcelona serve as effective examples for other 

communities that implement edge computing and IoT for traffic 

control. Smart technologies can solve urban traffic congestion 

since they respond in real time and can be integrated with urban 

infrastructure [25]. As cities grow internationally, similar 

solutions may be needed to improve efficiency, sustainability, 

and liveability.  

VII. FUTURE TRENDS IN TRAFFIC MANAGEMENT 

In response to developing metropolitan regions and traffic 

congestion, 5G, AI, and machine learning will change traffic 

management. These real-time data processing and decision-

making advances will lead to smarter traffic control systems. AI 

and ML are becoming more significant in traffic management 

because they can immediately assess enormous amounts of data 

from various sources. Despite human error, these systems can 

spot trends and patterns. For instance, artificial intelligence 

systems may predict traffic flow and identify bottlenecks using 

IoT devices, traffic cameras, and past traffic trends. Proactive 

traffic management systems provide signal modifications, real-

time vehicle traffic updates, and optimum public transit route 

design, improving urban mobility. Traffic systems can also 

adapt to changing conditions since machine learning models can 

improve their forecasts with new data.  

5G will transform traffic control. 5G's fast data transfers and low 

latency allow infrastructure, cars, and the cloud to communicate 

seamlessly. This feature allows ITS to communicate with cars, 

traffic lights, and pedestrians. Real-time vehicle-to-everything 

(V2X) communication informs drivers of oncoming traffic 

lights, road hazards, and congestion, improving traffic flow. 

Connected devices can be widely installed on 5G networks, 

allowing for substantial data collection and processing.  

Smart traffic management systems will soon employ these 

technologies more. Automatic and integrated traffic 

management systems are projected to become standard. Modern 

traffic management systems would let autonomous vehicles 

optimise routes and ensure safety. Coordinating traffic 

management for human-driven and autonomous cars will be 

vital as autonomous vehicles increase. To make roadways safer 

and more efficient, we must update traffic lights and signs so 

autonomous vehicles can interact with them. MaaS platforms, 

which mix many travel modes into one user-friendly service, 

may grow more widespread. Such platforms will provide real-

time data on urban mobility, including traffic, public 

transportation, and ride-sharing options. AI and ML will allow 

these platforms to personalise suggestions to clients' likes, past 

journeys, and current weather, improving their travel 

experience. 

 Traffic management will focus on greener urban transit for the 

foreseeable future. Due to climate change urgency, cities may 

take stricter car emission reduction measures. Smart traffic 

management technologies will help achieve these aims by 

increasing traffic flow, reducing idle time, and promoting public 

transport and eco-friendly travel. City planners can utilise AI-

driven predictive analytics to build infrastructure for a growing 

population without harming the environment.  

CONCLUSION 

Real-time traffic management is becoming possible using IoT 

sensors and edge computing to improve urban transport 

networks, streamline traffic flow, and reduce pollution.  

With IoT and edge computing in traffic control, urban mobility 

has never been easier to manage. The IoT is essential for 

collecting enormous amounts of real-time data from pollution 

monitors, speed sensors, and traffic cameras. Traffic signals and 

management systems assess this data at the edge to adapt swiftly 

to changing scenarios. This proactive technique improves traffic 

flow and safety for pedestrians and drivers. Such solutions 

reduce congestion, improve public transit efficiency, and reduce 

environmental impact, as seen in smart cities like Barcelona and 

Singapore.  

AI, ML, and 5G will become increasingly crucial in traffic 

control. These advances should improve traffic management by 

improving mobility-as-a-service platforms, accurate 

predictions, and frictionless infrastructure-vehicle 

communication. Since autonomous automobiles merging with 

smart traffic management systems could transform city 

transportation, city planning must be coordinated and 

imaginative. However, transportation sector actors, city 

planners, and lawmakers must collaborate for these 

improvements. Funding the infrastructure and enacting rules to 

integrate smart technologies into traffic systems must be done 

immediately. Academic institutions, business sector partners, 

and government agencies must collaborate to fund, research, and 

promote sustainable urban mobility best practices. Integrating 

IoT and edge computing into traffic management creates 

smarter, more sustainable cities that prioritise citizens' well-

being.  
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