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Abstract

While urban mobility struggles with its efficiency and safety, the Vehicle-to-Everything (V2X)
communication opened a new era of innovation and transformative solutions to complex transportation
challenges. This research proposes an algorithmic traffic decision support system for the V2X
communication to enhance both the efficiency and safety of urban transportation networks. This study
seeks not only improving travel time but also fortifying users' safety in the cases of adverse weather
conditions and other unforeseen hazards. Through the experimentation with Python programming, the
result of the proposed algorithm exhibits notable efficiency in responding to adverse conditions by
seamlessly integrating risk detection and emergency response capabilities into its framework. The findings
also ignite some arguments may be caused by this research so that it needs the intensive discussions for
innovatory changes in the fields of the transportation industries and the future urban planning.
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Introduction

Due to urbanization and the increased number of vehicles, large cities and metropolises have been
challenged with traffic congestion. Traffic congestion also leads to mass crashes in severe weather
conditions, such as super fog and winter storms (Xing et al., 2019; Zhang et al., 2022). To manage and
improve traffic congestion, mass collisions and safety on the roads, advanced traffic management
technologies are being investigated (Gutierrez-Osorio et al., 2020; Zhang et al., 2022). However, the
development and execution of a comprehensive and adaptable intelligent traffic administration system
requires more in-depth study (Sadaf et al., 2023).

This research aims to propose traffic control with an algorithmic approach, which can be applied to the
Vehicle-to-Everything (V2X) system with integrating sensors, communication networks, and data. The
V2X system facilitates real-time data exchanges between vehicles and various infrastructures, including
cloud servers (Yusuf et al., 2024).

Traffic congestion has negative impacts on citizens' quality of life, public health, and economic productivity
(Oh et al., 2019). Traditional traffic management methods, characterized by fixed-time signals for traffic
and constrained processing of data, have failed to successfully address the highly complex problem (Furgan
et al., 2019). Therefore, there is an urgent need for creative traffic management solutions. Recent
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developments in reducing traffic congestion involve combining data analytics and communication
technology (Afrin et al., 2020). Real-time communication and the sharing of information between vehicles
and various infrastructures are made possible by V2X communication technology, enabling seamless data
interchange between automobiles, traffic lights, and other roadside infrastructures (Lu et al., 2021).

The real-time communication system can allow adaptive and dynamic control of traffic based on current
traffic circumstances and demand patterns by incorporating V2X technology. The creation of complex yet
effective algorithms and decision-making techniques are required for the computational traffic flow control
to optimize signal timings, route scheduling, and congestion supervision, so that increasing overall traffic
performance and easing congestion can be achieved (Noor-A-Rahim et al., 2022). This computational
traffic flow control complements the existing information in the domains of communication technology,
smart city development, and transportation engineering.

Schrab et al. (2022) investigated the use of intelligent traffic management techniques to help build more
effective, viable, and livable urban settings. Their recommendations aided in educating policymakers, city
planners, and transportation departments regarding the potential advantages and difficulties of V2X
communication in traffic control, influencing the fields of vehicular engineering and the creation of smart
cities by exploring both the development and execution of this sophisticated traffic system for management
with stochastic traffic flow control (Schrab et al., 2022). This study is about a new phase of innovation,
adopting an algorithmic decision-making approach to enhance road safety, emergency detection, and risk
management. So, this study provides an initial concept with potential for further expansion and optimization
in higher-level research.

V2X technological communication for traffic control

The V2X connectivity is transformed from the transportation industry by playing a crucial part in
algorithmic traffic flow control. This cutting-edge communication technology used in the V2X system,
automobiles can communicate not only with one another but also with the environment's infrastructure,
pedestrians, and other objects around streets (Soto et al., 2022). First, the V2X improves road safety by
enabling real-time data transmission between vehicles and their surroundings. To make wise decisions and
prevent accidents, vehicles can get information via this communication regarding potential hazards, road
conditions, and traffic circumstances. The data collected from on and around the streets is used by
algorithmic traffic flow control to improve traffic patterns, ease congestion, and avoid bottlenecks, thereby
improving overall road safety.

Vehicles with VV2X capability can be directed to follow efficient routes based on real-time traffic conditions
if they are equipped with the ability to interact and coordinate with traffic lights and other infrastructures.
To relieve traffic congestion, an algorithm can access the data and dynamically change the timing of the
signal, resulting in smoother traffic flow and shorter travel times (Sun et al., 2024).

To implement the V2X system, the accuracy and efficiency of a Python model-based V2X communication-
integrated intelligent traffic management system has been used, but it is heavily dependent on temporal
assumptions (Souri et al., 2024). The handling and interpretation of time-related data by the system in real-
time traffic management situations is subject to certain restrictions and assumptions, such as data
synchronization, data latency, decision making in real-time, analysis of historical data, time windows for
Traffic Patterns, and data Expiration (Yu et al., 2021).
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Data synchronization is critical because it ensures that all system parts are operating at the same time. The
timestamping of all data gathered from sensors, infrastructures, and moving vehicles should be accurate
and reliable. Because data must travel between vehicles and the central system, the V2X connection creates
some latency (Brecht et al. 2018).

When processing data, the Python model must take this latency into consideration because the information
that is out of date or delayed can result in poor traffic control. The V2X algorithm must run almost instantly
to make decisions quickly based on the incoming data analysis. Time assumptions also apply to historical
data analysis, such as previous traffic patterns and occasions, so it predicts the current traffic (Ben Khadra,
2023; Xu et al., 2022). Not all data is constantly relevant. Some information, such as the state of traffic
signals and road closures, may only be valid for a certain amount of time. To prevent making decisions
based on the out-of-date data, the algorithm should take data expiration into account. According to Alazani
(2023), a crucial part of the system is doing extensive testing and simulations to evaluate the performance
and effectiveness of the suggested Intelligent Traffic Management System (ITMS) with analytical traffic
flow control and V2X communication.

Methodology

This research aims to develop an effective algorithm for V2X communication to ease the traffic congestion
and to enhance the emergency responses. This research includes the quantitative data analysis for traffic
analysis and V2X communication between the vehicles and the cloud systems. To implement the V2X
communication system, Python programming language was utilized with Cocalc, web-based Python
simulator. For the data collection, mainly Kaggle was used. After retrieving the pertinent datasets from the
Kaggle data repository, the datasets were cleaned, integrated, and preprocessed with Python program for
the accurate analysis.

V2X DEVICE AS INPUT CLOUD SYSTEM
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Figure 1: System Framework for V2X communication

Unlike existing models such as Google Maps, which primarily focus on route optimization based on traffic
conditions, the suggested model uniquely leverages nodes to represent vehicles, infrastructure, and
environmental factors. These nodes actively communicate through V2X technology to detect risks and
coordinate emergency responses in real-time. The decentralized, node-based approach allows for more
adaptive and resilient traffic management, especially under adverse conditions, setting our model apart from
traditional navigation systems.

Additionally, this model is designed to be more effective in detecting risks, which is not as thoroughly
addressed by existing models in the literature. The VV2X devices including various sensors gather the data
via the user input, internet information, and the empirical evidence, such as median wait times, total number
of cars congestion at a given point and time. The internet information, such as the real-time weather
condition and emergency information, also will be considered. This comprehensive data collecting

463



Issues in Information Systems
Volume 25, Issue 1, pp. 461--468, 2024

approaches ensure the robust data collection system. However, due to the data privacy laws, it is important
to consider the strong data security measurements if the system is fully implemented (Marsh et al., 2021).

Proposed Algorithm in V2X System

This research fills the gap in integrating V2X communication system for proactive risk detection and
emergency response, unlike current models that primarily focus on navigation and traffic updates only. To
compute optimal routes within the algorithm, the Dijkstra algorithm is employed in a Python simulation.
The Dijkstra's algorithm is an effective tool for suggesting the shortest paths in a variety of applications,
particularly in network optimization and navigation. The closest unexplored node is iteratively chosen and
its distance from the source node is updated in this algorithm (Fan et al., 2010).

Because severe weather conditions can significantly impact traffic flow and safety, this research includes
the V2X communication in the severe weather conditions, such as super fog or winter storms. Figure 2
illustrates the communications between the cloud system and the vehicles. The vehicles communicate with
the cloud system and react to the rerouting based on the information collected to avoid the congestion in
cases of the severe weather conditions ahead. In this context, the locations within the transportation network
are considered as nodes, and the algorithm calculates the shortest routes based on travel times.
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Figure 2: V2X Communication System in an accident scenario

Figure 3 shows the pseudocode to implement the illustrated scenario. This pseudocode sketches the
communication system between the key components of the V2X communication system, incorporating with
the V2X devices, the cloud system, an emergency response unit, and a weather channel. It also models the
communication flow in scenarios of mild and heavy traffic congestion, as well as an accident triggered by
severe weather, such as a super fog.
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clazz VIXDevice:
def _ imit_ (zelf, id): selfvehicle_id =id
def send_data_to_cloudizelf, dat): pass

# = *\ 1 Device**: Sands traffic or accidant data to the clond.

clazs ClondSystem:
def  imit  (zelf, weather channel smergency response Lwmit):
selfweather channel = weather channel
zelf emergency_responza_unit = emergency_response_umit

defreceive data(z=lf data):
if data['type] in ['waffic', 'accident']:
if data[zeverity] == "heavy': selfreronte vehicles{data['vehicla_id])
elza: self optimize_traffic_siznals)

def optimize_waffic sizmals(z=lf): pass
def rerowta_wehicles(zalf wehicla_id): selfnotify_nearby wvehicles(vehicle id)
def notify_nearby_wehicles(zelf, vehicle id): paszs

£ **CloudSvstem**: Manages waffic data and comrrmnicates with emergency services.

clazz EmergencyResponzelinit:
daf notifiy 01 1{zalf): pass

# **EmergancyPesponzsellnit**: Placeholder for emergency sarvice notifications.

clazs WeatherChannel:
daf get_weather conditions(zelf): pass

£ **WeztherChannel**: Placehalder fior weather updates.

daf main):
weather channal emergency response_unit = WeatherChannel(), EmerzancyBesponzeTnit{}
clond_systern = Cloud Systemiweather channel, smergency_response unit)
wehicle = V2 DeviceMvehicls_123"
wehicle zend datz_to_clouwd({'tpe’: "maffic’, "severity': 'heavy’, "wehicle_id': wehicle wehicle_id})
clond_system receive_datal{“type': 'raffic', 'severity’: heavy’, 'vehicle_id": vehiclewahicla_id'})

# **mazin{}**: Zets up the system and simulates dats flowr.

Figure 3: Pseudocode for V2X decision making system.

In the V2X Communication system, congestion is characterized by both usual and unusual traffic buildup,
stemming by a cluster of vehicles. The congestion often caused by the increased traffic during rush hours,
accidents, and adverse weather conditions. These circumstances hinder the smooth flow of vehicles,
affecting both their speed and anticipated travel time. When multiple vehicles start coming to stop at a
particular point, the vehicle buildup triggers the cloud system.

The algorithm enables to trigger it seamlessly. For the re-routing, the Dijkstra algorithm is incorporated to
find the optimal paths, and the paths are continuously refreshing for new optimal paths in real time based
on the traffic information. The information is transferred to the cloud system, which calculates and suggests
the re-routing. The re-routing suggestion will be sent back to the user vehicle.

Real-time traffic control strategies are simulated in the proposed algorithm. Two functions,
"optimize_traffic_signals” and "reroute_vehicles" are defined in the program. These functions allow them
to be modified and substituted by the traffic management authorities, who can modify the timing of traffic
signals and divert the vehicles to different routes. For optimized rerouting, Dijkstra's algorithm was
implemented. The algorithm has been integrated into our model to solve decision making and optimization
so that it operates efficiently and meets the necessary performance criteria.

The algorithm proposes a proactive notification system for the vehicles in a certain area as abrupt halts

occur ahead. As the cloud system queries to identify the presence of a severe weather condition, such as a
super fog, the algorithm embarks on a more complex set of responses. The vehicles within a defined
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proximity to the affected area receive a continuous warning alert, prompting the vehicles to take some
immediate actions, such as stopping immutably, slowing down, or slowing down then re-route, etc. The
cloud system orchestrates the broadcasting of this information, triggering the notify_nearby_vehicles
function. For example, the vehicles within 500 meters are instructed to stop immediately and pull over,
while those within 500-2000 meters are advised to slow down, and to re-route or pull over. The system
detects potential mass accidents as three or more vehicles abruptly stop with zero mph. This ensures timely
intervention to prevent additional collisions and minimize the number of damages from the road hazards.

Conclusion and Discussions

This research provided an initial concept with potential for further expansion. The proposed algorithm for
the VV2X communication system utilizes the nodes, where sensors on the roads as fixed nodes and vehicles
are considered as dynamic nodes. The vehicles are equipped with V2X communication devices responsible
for transmitting and receiving real-time data. The proposed algorithm calculates and recommends the routes
based on the continuously updated data, enabling dynamic route adjustments in response to the changing
traffic conditions. The V2X communication system collects information through diverse channels,
incorporating the detection of unusual vehicle clusters and real-time weather updates. The integrated data
informs the perceptive suggestions to users. The route reconfiguration and integration with other
information feeds are planned for future phases of the research to enhance the model’s real-time
adaptability.

This research was constrained by its narrow focus on programming aspects, while neglecting the
integrations between the crucial elements such as the weather channels and the automation systems. To
implement the V2X system fully in reality, the infrastructure should be deployed. The proposed algorithm
provides the recommendations to the drivers in severe road conditions, however, the users’ behaviors in
response to safety recommendations are uncontrollable and unpredictable. Future work needs to focus on
implementing a route reconfiguration mechanism and providing empirical results to validate the model’s
effectiveness in real-time route reconfiguration scenarios. The automatic governing the vehicles against the
users in an emergency also should be discussed further.
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