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Abstract: In This project focuses on building and simulating an Al-based traffic management system to help improve traffic
flow in cities. The system uses live video input to detect how many vehicles are at an intersection and then uses machine
learning to decide how long each signal should stay green. Instead of using fixed timers, the system adjusts signal timings
based on actual traffic, which helps reduce waiting time and congestion. We evaluated the model in a simulated setting to
determine how well it operates under several traffic scenarios.

The core components of the system involve detecting vehicles through computer vision, analyzing traffic congestion levels,
and making decisions using reinforcement learning techniques. The Al continuously improves by learning from both real-
time and historical data. To evaluate how well the system performs, we focused on metrics such as the average wait time, the
length of traffic queues, and the number of vehicles moving through each intersection.

All things considered, this initiative demonstrates how artificial intelligence may be applied to improve traffic lights’
intelligence and reactivity.
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Introduction:

The Urban traffic congestion is becoming a major issue in many cities around the world. It not only causes long delays for
commuters but also leads to higher fuel usage and increased air pollution. As cities continue to grow and the number of
vehicles on the road rises, managing traffic effectively has become more difficult. Traditional traffic control systems usually
work on fixed timers, which means traffic signals change at set intervals no matter how many vehicles are waiting. This often
results in unnecessary delays, especially during rush hours or unexpected traffic build-ups.

New technologies are being investigated to solve this issue. Among the most promising is artificial intelligence (Al). By
developing smart systems that change in real time, artificial intelligence could transform traffic control.

By gathering and analyzing live data—L.ike how many cars are queued at a crossroads, artificial intelligence can make better
choices about when to alter traffic signals. This leads to shorter wait times, smoother traffic flow, and fewer emissions from
idling cars.

In this project, we look into possible applications of artificial intelligence to design a smarter traffic system that adjusts signal
timings automatically based on actual traffic flow. We test how well this system operates in various scenarios using simulation
tools and compare it to conventional fixed-timer systems.

I. LITERATURE REVIEW

In today’s fast-growing cities, traffic congestion is a major challenge, and many researchers believe that smart traffic systems
could offer a solution. These modern systems often rely on Artificial Intelligence (Al) to make quicker and more informed
decisions using real-time traffic data. For example, vehicle movement is monitored using technologies such computer vision
and neural networks, which then modify traffic signals depending on the present flow of traffic. Compared to older, fixed-
timing systems, Al-powered approaches can adapt more efficiently and respond faster to changing conditions.

Advanced tools such as image processing and deep learning allow these systems to accurately detect vehicles and recognize
traffic trends. Another promising technique is reinforcement learning, where the system gradually learns from experience to
optimize signal timings and reduce delays at intersections.
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By integrating these Al technologies, smart traffic systems can help improve road safety, ease traffic jams, and reduce fuel
consumption by minimizing the time vehicles spend waiting at red lights. Researchers have run several simulation-based
tests during the last several years to evaluate the efficacy of these systems prior to their use in actual situations. The findings
consistently suggest that Al has the potential to significantly enhance traffic management, especially in densely populated
urban areas.

I1. Methodology

The system we are proposing uses a traffic simulation to model how a real city intersection would work. Intersections in
this simulation are fitted with virtual traffic cameras recording road views. Computer vision methods are then used to
examine these pictures and determine how many cars are there at any one time. This helps the system understand how
crowded each road is.

Once the vehicle count and traffic density are known, a reinforcement learning algorithm comes into play. This algorithm makes
smart decisions on how long each traffic signal should stay green or red, depending on the amount of traffic. Over time, the
system learns the best way to reduce waiting times and improve the overall flow of vehicles.

To build and test this model, we used tools like SUMO (Simulation of Urban Mobility), which is a popular traffic simulation
platform. We also used Python along with libraries for Al and machine learning to create the logic behind the system. This setup
allows us to test different traffic scenarios in a controlled environment and see how well the Al responds to real-time changes in
traffic patterns.

I11. Simulation Design

In our simulation, we created a virtual four-way intersection to represent a typical traffic scenario in a city. Each road
leading to the intersection experiences different levels of traffic, just like in real life. The flow of vehicles is designed to
follow realistic traffic patterns, including peak and non-peak hours, to make the simulation more accurate.

| Signal 1 Signal 2 Signal 3 Signal 4
l 0 0 0 0

The Al system, acting as a traffic controller, keeps track of how many vehicles are present on each road. It uses this
information to decide how long each traffic light should stay green or red. The goal is to avoid long lines of waiting vehicles
and keep the traffic moving as smoothly as

possible.

As the simulation runs, the system keeps track of important data such as the average time cars wait at the signal, the line
length at each lane, and how many vehicles successfully pass through the intersection. These metrics help us evaluate how
effective the Al is in managing traffic and whether it performs better than traditional fixed-timer systems. This setup gives
us a safe and flexible way to test different traffic conditions and see how well our Al system adapts to them.
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IV. Results and Discussion

Our simulation findings indicate that the Al-based traffic system outperforms conventional fixed-timer traffic lights. The reduction
in average intersection wait times was among the most obvious changes. Vehicles didn’t have to stop for long periods, which
helped reduce congestion, especially during peak hours. The system was also able to manage traffic queues more effectively,
preventing long lines from building up on busy roads.

What makes this system stand out is its ability to adjust signal timings based on real-time traffic data. Instead of following a
set schedule, the Al responds to actual traffic conditions, which allows it to handle sudden changes in vehicle flow. This is
especially helpful during unexpected traffic surges or emergencies.

We tested the system under different traffic conditions, from light traffic to heavy congestion, and the results remained
consistent. The Al adapted well in all scenarios, showing that the model is both reliable and scalable. These findings suggest
that the system could be applied to larger intersections or even entire city traffic networks in the future.

V. Conclusion:

Al-powered traffic management systems present a promising solution to the growing issue of urban traffic congestion. These
systems utilize real-time vehicle detection combined with advanced machine learning algorithms to dynamically adjust traffic
signals based on current traffic conditions. The simulation model showcases the potential of such systems by demonstrating
how they can reduce waiting times, optimize traffic flow, and alleviate congestion. In this model, the Al continuously
monitors traffic patterns, making data-driven decisions to control the flow of vehicles, which helps in minimizing traffic jams
and improving overall road efficiency.Looking forward, the next stage is moving from the simulation to a practical
application. This calls for not just improving the Al algorithms for real-time processing but also guaranteeing the system's
compatibility with current smart city infrastructure, including loT sensors and automated traffic lights. The final aim is to
design a completely autonomous system able to adjust to various traffic conditions, hence offering a sustainable and effective
means to control urban maobility.

Future Kal advancements will also include improving the learning capacity of the Al, hence enabling it to grasp long-term
traffic trends and forecast congestion patterns more. The system can so maximize routes, minimize environmental effect, and

offer a more smooth travel experience for city dwellers. Including such Al-driven traffic control systems into smart cities
could be a major turning point in transforming urban mobility and building smarter, more sustainable cities. V.
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