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ABSTRACT 

 

Wireless sensor networks (WSNs) can play an invaluable role in the traffic management and monitoring of 

roads. In particular, WSNs can offer a real-time understanding of traffic flow and conditions, making it easier to 

detect and prevent accidents. Also, they can be used to provide smart route guidance, allowing drivers to avoid 

traffic jams, and help reduce emissions. First, WSNs can provide a more accurate picture of the speed and 

volume of traffic, as well as potential hazards on the road. This can be done through the use of sensors that 

detect motion and traffic flow, responding to changes in conditions and sending information to a central 

management system. This is especially useful in areas of heavy traffic, where congestion can form quickly and 

lead to dangerous situations. Second, WSNs can ensure that roads are clear and free from congestion. This can 

be done through the use of sensors for detecting slow-moving vehicles or identifying queues and providing 

drivers with real-time route guidance to avoid them. This can reduce the traffic on busy roads and ensure that 

traffic moves more smoothly. Finally, WSNs can also be used to reduce emissions from transportation. This can 

be done by providing drivers with information on fuel efficiency, informing them of how they can reduce their 

emissions by taking alternative routes and driving more efficiently. In summary, WSNs can be used to provide 

effective traffic management and monitoring of roads, making them the go-to solution for smart cities. 
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INTRODUCTION 

 

WSNs can be used to identify and track traffic patterns, detect unsafe driving, monitor traffic signs and signals, detect 

accidents, and provide real-time traffic alerts. By helping to identify traffic patterns, WSNs can provide transportation 

planners with valuable information on how to better structure congestion-prone areas [1]. Traffic alerts can be an 

effective way to keep drivers informed and avoid delays. By tracking unsafe driving, WSNs can alert authorities to 

potentially dangerous situations and help them respond quickly. Finally, WSNs can be used to detect traffic signs and 

signals and ensure that all drivers are obeying the rules of the road [2]. 

 

Moreover, WSNs can provide data that can be used for proactive traffic management strategies, such as traffic light 

controls. This data can be used to optimize signal timing and reduce waiting times for drivers. WSNs can also be used 

to detect and monitor collisions and other dangerous situations, providing authorities with crucial data to respond in a 

timely manner [3]. Finally, these networks can be used to understand and predict traffic patterns and provide operators 

with a better understanding of how to manage congestion throughout the city [4]. 

 

Sensor networks are systems that use multiple sensors, usually embedded, to measure environmental conditions and 

events. Depending on the environment, these networks can have sensors deployed underwater, underground, or on land, 

or any combination of all three. Sensors measure temperature, sound, gas levels, vibration, pressure, and other physical 

properties, as well as energy, motion, direction and speed [5]. The sensor network gathers and transmits this data to 

allow for remote monitoring, control, and analysis. This data is used to assess and predict conditions or events, such as 

pollution levels, weather patterns, floods, or acoustic events [6]. 

 

Terrestrial Wireless Sensor Networks (WSNs) are networks composed of nodes installed on the Earth’s surface. 

Although they are commonly referred to as ―Terrestrial‖, they can also be installed in areas above or below the surface. 

These systems are typically used for environmental or industrial applications. Typical applications include air quality 

monitoring, greenhouse gas monitoring, monitoring of vibrations in seismic or industrial areas, and surveillance [7]. 

Terrestrial WSNs consist of different types of nodes, such as individual sensors, gateways, and routers, which 

communicate using radio wireless technologies such as ZigBee or Wi-Fi. It is also possible to deploy multiple sensors 

as one single node for more efficient data processing and storage. The sensors measure physical phenomena, such as 

temperature, humidity, air pressure, air quality, vibrations, and so on [8]. Data is then transmitted to a gateway, where 



EDUZONE: International Peer Reviewed/Refereed Multidisciplinary Journal (EIPRMJ), ISSN: 2319-5045 

Volume 11, Issue 2, July-December, 2022, Available online at: www.eduzonejournal.com  

346 

the data is analyzed and correlated with the other nodes in the network. This allows for remote monitoring, control, and 

analysis. Terrestrial WSNs are typically used outdoors, and can have an extended range of coverage, depending on the 

type of radio communication used [9]. 

 

Underground Wireless Sensor Networks (WSNs) are systems composed of nodes installed in underground applications, 

such as tunnels, mines, and other subsurface structures. These networks are used to continuously monitor changes in 

temperature, humidity, gas levels, pressure, and other environmental conditions underground [10]. Typical applications 

of underground WSNs include monitoring of tunnel safety, safety in mining operations, emergency management, and 

monitoring of floods. Underground WSNs consist of several different types of nodes, such as individual sensors, 

gateways, and routers. These nodes typically communicate wireless via radio signals, such as LoRa or LoRa WAN. 

The individual sensors measure physical phenomena and transmit data to a gateway. This data is analyzed and 

correlated with data from other nodes in the network [11]. This allows for remote monitoring, control, and analysis. 

Underground WSNs are typically used in environments where radio signals are not available, and require specialized 

equipment to be installed. They have a much smaller range of coverage compared to terrestrial WSNs, but are much 

more capable when it comes to monitoring environmental conditions underground [12]. 

 

Underwater Wireless Sensor Networks (WSNs) are systems composed of nodes installed in aquatic environments such 

as rivers, lakes, oceans, and aquatic parks. These networks are used to continuously monitor changes in salinity, 

temperature, currents, pH levels, turbidity, and other environmental conditions underwater. Typical applications of 

underwater WSNs include underwater surveillance, monitoring of water quality and pollution levels, navigation, and 

predictive analysis [13]. Underwater WSNs consist of several different types of nodes, such as individual sensors, 

gateways, and routers. These nodes typically communicate using acoustic waves, or through optical communication. 

The individual sensors measure physical phenomena and transmit data to a gateway, where the data is analyzed and 

correlated with data from other nodes in the network. This allows for underwater monitoring, control, and analysis. 

These types of WSNs are typically used in environments where radio communication is not available, and require 

specialized equipment to be installed. They have a much smaller range of coverage compared to terrestrial or 

underground WSNs, but are much more capable when it comes to monitoring environmental conditions underwater 

[14]. 

 

Multimedia Wireless Sensor Networks (WSNs) are systems composed of nodes that gather and transmit digital 

multimedia content, such as images, audio, and video. These networks are used to monitor and capture events, such as 

sports events, conferences, trainings, or any other situation where it is important to have a visual record [15]. Typical 

applications of Multimedia WSNs include police surveillance, CCTV systems, traffic monitoring, and fire detection. 

Multimedia WSNs consist of several different types of nodes, such as sensors, cameras, microphones, and other 

multimedia capturing hardware, as well as gateways and routers. These nodes communicate via radio or wireless 

technologies, such as Wi-Fi, Bluetooth, or ZigBee. The sensors measure physical phenomena, such as motion, heat, or 

sound, and transmit the data to a gateway, which then sends the multimedia content to a remote server for processing 

[16]. This allows for remote monitoring and recording of events. Multimedia WSNs are typically used in highly 

dynamic environments and require specialized equipment to be installed. They have a much larger range of coverage 

compared to terrestrial, underground, or underwater WSNs, but require more complex network configurations and 

hardware setups [17]. 

 

Mobile Wireless Sensor Networks (MWSNs) are a type of WSNs that consist of a set of mobile sensors that can move 

autonomously in a distributed fashion. They are used in a variety of applications, ranging from environmental 

monitoring and military surveillance to transportation. MWSNs can be deployed temporarily or permanently, in either 

open or confined environments [18]. MWSNs are more complex than traditional WSNs due to their mobility and the 

need to provide coordinated movement of multiple nodes. To achieve this coordination, MWSNs require sophisticated 

algorithms for routing, congestion control, fault tolerance, and network maintenance. Furthermore, to sustain the 

mobility of the network, the system must also support power optimization and energy management. Finally, due to the 

wide variety of scenarios in which MWSNs can be deployed, specialized methods must be used to configure the nodes 

and maintain their connectivity [19]. 

 

Wireless Sensor Networks (WSNs) use various kinds of sensors and transmitters to monitor and collect data from 

physical environments. Using WSNs can prove to be advantageous in various ways in parking management. WSNs can 

be used to identify parking slots and manage the overall process of parking, including the entry and exit of vehicles 

[20]. 

 

Using a WSN system, cars can be automatically identified upon arrival at the parking area. Equipped with hardware 

such as infrared detectors, wireless-enabled access control units, RFID tags, and sensors, WSNs can detect the presence 

of a car. Further, these sensors can also be used to collect information about the vehicle's speed and direction while on 

the premises, thereby helping to manage and monitor the traffic flow [21-22]. 
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Further, WSNs can be used to detect when a car leaves the parking area. By sensing movement or detecting specific 

operating parameters like temperature, sensors can detect when the car leaves the parking area and can notify the 

system so that associated accounts can be automatically debited or credit [23]. Overall, WSNs can be used to manage 

parking spaces and reduce errors, thereby offering a more efficient, cost effective, and time efficient way of managing 

parking operations [24]. 

 

Recent trends in using WSNs (Wireless Sensor Networks) in traffic management and monitoring.  
1. Automation and wireless sensing of traffic infrastructures: Automating traffic infrastructures via WSNs can 

allow the data gathered to be more accurately collected and provide up-to-date, real-time information on the 

performance of the system. This data can then be used to observe traffic patterns and behaviour, and even alert 

operators of any disruptions or other anomalies [25]. 

 

2. Connective cities: Connective cities involve the use of WSNs to monitor and analyze traffic flows and patterns 

within cities. The data they provide can be used to develop predictive models and allow cities to better manage and 

optimize the flow of traffic [24]. 

 

3. Smart road safety systems: In addition to monitoring traffic, WSNs can also be used to identify potential hazards 

and boost road safety. Access to real-time data can help identify potential accident hotspots and allow authorities to 

take proactive preventative measures [26]. 

 

4. Sensor integration with traffic controllers: WSNs can be used in combination with traffic controllers to adjust 

lights and timings for an improved traffic performance. This could result in quicker, more efficient journeys for drivers 

with less cars stuck in traffic. 

 

5. Vehicle platooning: WSNs are being used to facilitate platooning, which involves the synchronisation and 

communication between vehicles to enable them to travel in a convoy. This can improve safety, reduce fuel 

consumption and increase driving efficiency [26]. 

 

6. Connected Infrastructures: The emergence of connected infrastructures is another trend in the use of WSNs for 

traffic management. Connected infrastructures are networks of interconnected devices that collect and share data in 

order to optimize traffic flows and reduce traffic congestion. These systems can be used to detect and predict traffic 

patterns, allowing for the efficient allocation of resources. Additionally, they can be used to detect and monitor 

hazardous conditions such as road damage or debris, allowing for a more proactive approach to safety and risk 

management [27]. 

 

7. Advanced Analytics: One of the most exciting trends in the use of WSNs for traffic management is the use of 

advanced analytics. By using data collected from WSNs, organizations can perform data analytics to gain insights into 

traffic conditions and patterns. This data can then be used to make more informed decisions about traffic control, route 

planning, and resource allocation. Additionally, this data can be used to inform policy-making and identify areas for 

improvement [28]. 

 

Recent applications of WSNs in traffic management and monitoring include: 

1. Traffic data collection and monitoring: WSNs can be used to collect data from traffic sensors, such as speed and 

occupancy detectors, as well as road conditions, such as vehicle counts and carbon dioxide levels. This data can then be 

used to monitor traffic patterns and performance, as well as plan new traffic management strategies [29]. 

 

2. Traffic signal control and optimization: WSNs can be used to coordinate and optimize traffic signals in order to 

minimize traffic delays, maximize the safety of pedestrians and drivers, and reduce emissions. 

 

3. Automated route planning: WSNs can be used to detect real-time traffic conditions and adjust routing strategies 

accordingly. This technology can help reduce travel times and provide personalized routing plans for drivers. 

 

4. Incident detection systems: WSNs can be deployed in order to detect any accidents or incidents on the roads, 

alerting authorities and providing them with up-to-date information to help improve response times [28-29]. 

 

Challenges 

Despite the many advantages, there are some challenges associated with implementing WSNs in traffic management 

and monitoring. These includes 

 

1. Security: One of the main challenges associated with implementing WSNs in traffic management and monitoring is 

security. Wireless sensors may be at risk of being hacked or manipulated, which could lead to incorrect data being 
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generated or traffic signals being controlled illegally. Furthermore, WSNs are exposed to physical tampering, leaving 

them vulnerable to attacks [30]. 

 

2. Cost: Another challenge is the cost involved in implementing a WSN system. The sensors and hardware needed to 

transmit and collect data can be costly to install and maintain, making them unaffordable for some organizations. 

 

3. Interoperability: Interoperability is also a challenge, as WSNs need to be able to communicate and interact with 

different systems in order to be effective. If different networks are not compatible, it could lead to data loss, delayed 

response times, or even system failures. 

 

4. Power consumption: The use of WSNs in traffic management and monitoring also poses a challenge in terms of 

power consumption, as the sensors must be able to operate using limited energy sources, such as batteries [31]. 

 

Future Trends 

Trends in WSN usage for traffic management and monitoring that are likely to emerge in the future include: 

 

1. Edge Computing and AI Integration: The embrace of edge computing and AI integration into WSNs is likely to 

rise. By connecting sensors embedded in the roads to WSNs, more data can be collected, analyzed and acted upon in 

real-time, leading to smart roads, intelligent transportation systems and better traffic flow. 

 

2. Autonomous Vehicles: WSNs can be utilized for autonomous vehicles to detect and identify on-board messages, 

signals and objects. By pointing out risks and hazards, WSNs can be used to improve vehicle safety and reduce 

incidents. 

 

3. Conformable Sensor Networks: The development of conformable sensor networks, which are flexible and 

adaptive, will lead to new insights into traffic mobility and urban design. Conformable networks create multiple 

readout points for monitoring, detecting and controlling traffic conditions in real-time. 

 

4. Autonomously Connected Vehicles: Autonomously connected vehicles (ACV) is a trend that will gain traction in 

the coming years, powered by WSNs. ACVs provide seamless connectivity between vehicles, roadside sensors and 

traffic infrastructure, allowing for smarter traffic operations. 

 

5. Security and Privacy: Since WSNs are collecting, storing and transmitting data, it is important to ensure the 

security and privacy of user data. Secure protocols such as encryption, authentication and identity management must be 

instituted more rigorously to prevent data breaches and hacking[32-35]. 

 

6. 5G and Connected Mobility: 5G is expected to become more widely available in the near future, revolutionizing 

the way WSNs can be used for traffic management and monitoring. With higher speeds, lower latency, and more 

bandwidth, WSNs can be used to manage a wider range of traffic conditions and provide better data for analytics [36-

39]. 

 

CONCLUSION 

 

Overall, WSN technology is becoming increasingly popular for use in traffic management and monitoring. In the 

coming years, we can expect to see more advanced WSN applications, connected infrastructures, and the use of 

advanced analytics to drive more informed decisions. By utilizing WSN technology to its fullest potential, 

organizations can make better use of resources and create a safer and more efficient transportation system. WSNs have 

the potential to revolutionize the way traffic is monitored and managed. The use of WSNs for traffic management and 

monitoring is expected to become even more popular in the future due to the benefits of increased efficiency and safety 

that they offer. The above-mentioned trends are likely to dominate the WSN-powered traffic management and 

monitoring scene in the near future. 
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