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ABSTRACT

The increase in rapid urbanization worldwide has made traffic congestion worse, even as
traditional fixed-time traffic systems poorly respond to changes in traffic. The problem is
exacerbated through the delay of vehicles moving through an intersection, increasing the delay,
fuel consumption, and pollution. In this paper we will implement a full-scope traffic control
system using state-of-the-art artificial intelligence methods in our case using computer vision
and machine learning to provide a dynamic, adaptive response. The implementation is based on
collecting real-time data from surveillance cameras at the intersections. There is a vehicle
identification using the YOLOvV3 object-detection model, supporting an accurate identification
and classification of vehicles, while generating a continued stream of traffic metrics (i.e. traffic
density and vehicle flow). Inputs to predictive traffic control algorithms based MX traffic control
using machine-learning will adjust signal timings to support more efficient traffic flow,
decreasing delays and queues in the intersection. We implement the system using a simulated
study with real traffic data and report on both average wait time and queue lengths at the
intersections. The system was found to outperform the traditional traffic signal systems resulting
in significant delays with traditional traffic control systems and improvement traffic
management. The present congestion fundamentally arises from the increasing amount of
vehicles that are both depleting and contaminating the environment. Consequently, a traffic
control system is a major component of smart city agendas that attempts to augment urban
mobility and safety as well as sustainability. Because traditional traffic control systems use fixed
timing plans and/or limited sensor algorithm systems, the proposed research will first discuss
the background on and overview traditional traffic signal control systems; then this review will
illustrate a way forward to future plans related to smart traffic signal systems. Ultimately, the
goal is to present the effectiveness of in the adapting algorithm of Al for improving urban traffic
management and mobility.

Keywords: Artificial Intelligence, Traffic Control, YOLO, Computer Vision, Deep Learning,
Traffic Signal Control System

1. INTRODUCTION:

Urban drivers are growing in numbers around the world
due to the phenomenon of rapid urbanization; which
creates congestion, and delays in trip time, and crashes.
Moreover, this growth in travel counts stifles the future
development of travel and still contributes to
environmental pollution and fuel consumption. Therefore,
traffic engineering is an important aspect in smart city
systems that aims to assess urban mobility, safety, and
sustainability. Typically, signalized systems are designed
to operate using fixed time plans or limited sensor
information, and so cannot operate with dynamic
responsiveness to variable traffic conditions. This implies
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that the delays will be more extended, such as when there
is a high travel demand and also will not be operated in a
way that will effectively serve the needs of an emergency
responder. The opportunity of artificial intelligence (AI)
is that it will result in formalized advanced, intelligent,
data driven solutions in transportation. The state-of-the-
art presented in machine learning and computer vision,
implies, that such methods, as deep learning and
Convolutional Neural Networks (CNNs) should be able to
perform accurate recognition, detection and classification
of vehicles, e.g. in real-time, but under poor conditions
including occlusions, low-light or weather. The use of Al
in managing traffic control systems is associated with a
number of benefits, including the ability to dynamically

2321


https://acr-journal.com/
https://acr-journal.com/
https://acr-journal.com/
mailto:mokipraba@gmail.com
mailto:jeevagkk@gmail.com
mailto:nagamonishkumar@gmail.com
mailto:kavinkavin1372006@gmail.com

How to cite : Dr.S.Prabakaran, Dr.P.Anbumani, Jeeva G , Naga Monish Kumar I, Kavin M, Mohamed Ishaq S. Ai Based Traffic
Management System. Advances in Consumer Research. 2025;2(6): 2321-2327

adjust the timing of traffic signals in response to the
current level of traffic on the road, predictive analytics to
determine the presence of congestion before it happens,
the ability to identify incidents automatically, and to
coordinate signal-timers at all intersections in order to
relieve congestion with the view to optimizing flow.
These advantages can be used to reduce the vehicle queue,
travel time, and enhance road safety. The proposed project
is a feasible AI-Based Traffic Management System, which
uses computer vision and machine learning methods to
offer timely and dynamic road traffic signals control. The
system uses high resolution cameras deployed at critical
intersections, in concert with the YOLOvV3 object
detection model, to define detection and classification of
vehicle types. Algorithms take the gathering data to
inform appropriate timing decisions of vehicular flow
patterns.Validation through simulation of real traffic data
indicated the Al-Based system provides improved
performance metrics of reduced wait time, increased
throughput of traffic, with lower emissions than
traditionally managed fixed-time traffic control
systems.This research provides evidence for the
supportive role that Al technologies can have in smart,
safe and sustainable urban transportation systems.

System Architecture and Methods :

There are several robust and modular designs regarding
the proposed system to improve on scalability. The system
is layered consisting of three layers: 1. Data Acquisition
Layer, 2. Processing Layer, and 3. Control Layer. Data
Acquisition Layer consists of high resolution cameras that
are placed strategically at all intersections to provide
continuous real time video coverage of all incoming lanes.
Therefore, the continuous video imagery are the primary
input to the system. This data is sent to a central decision
unit. A custom traffic control algorithm will evaluate the
data from all lanes at the intersection and will respond
dynamically to traffic conditions by computing the
optimized green light duration for all lanes. The algorithm
will priority lanes with heavier densities and longer queue
lengths while being fair to all lanes. The system would be
self-adapting to reduce gridlock and minimize average
waiting times by adjusting the green light based on the
volume of traffic each of the lanes were experiencing at
that time.

Performance Evaluation and Results:

To demonstrate the effectiveness of our proposed system,
we carried out simulations using actual traffic data we
collected from a busy urban intersection. We conducted
an exhaustive comparative study between the
performance of the Al adaptive system and the
performance of a fixed-time traffic control system. We
evaluated average vehicle waiting time, total vehicle
throughput, and average queue length for each lane. The
results indicate a reduction of 25-30% in average vehicle
waiting times, during peak periods, when using the Al-
based vision system compared with the fixed-time system.
This is largely attributable to the ability of the Al system
to better allocate green-time based on real-time
demand..The improvements in the performance measures
provide direct support for the main premise of this
research, that an Al-based traffic management approach is

more effective than traditional methods when real-time
data and analytics are used to determine data-informed,
adaptive and set of decisions. The research evidence
supports the capacity for cohesive and coherent urban
transportation networks.

2. RELATED WORK

The evolution of different intelligent traffic control
paradigms has evolved from static pre-timed mode to data
driven, using artificial intelligence, dynamic policies. This
ICD wit will discuss the academic works concurrent to
this program, and also also provide insight into method of
thinking, technology, and community themes

Adaptive Control of Traffic Signals:

Thus far the majority of research has been in the area of
optimization of traffic signals. Previous work in this area
was either heuristic, or rule-based. There is now a growing
number of research that has used an online optimization,
through machine learning. One of the more prominent an
actionable type of approaches is Reinforcement Learning
(RL) where an Al agent "learns" how to optimize the
timing of traffic signals as it interacts with either
simulated or real traffic conditions. Authors such as
Huang and Chen [4], and Al-Taharwa et al, [3] have
investigated deep reinforcement learning (DRL) for the
optimization of intersecting signals for both traffic safety
and optimal coordination (that is, minimizing vehicle
waiting times, and mitigating congestion from a
downstream perspective). This is a notable progression
compared to prior models which typically would optimize
an individual intersection at a time, with little regard of
downstream conditions.

Traffic Monitoring and Vehicle Detection:

Any Al-enabled traffic system is based on the accurate
and timely data collection. The biggest part of the work
related to it is connected with vehicle detection based on
computer vision techniques, counting, and classification
of vehicles. The current popular methods use a strong
deep learning network, such as YOLO (You Only Look
Once), SSD (Single Shot Detector), or Faster R-CNN.
Indicatively, Patel et al. [ 1] evaluated these algorithms and
realised that all three provided good accuracy and good
performance to measure density of traffic and categorise
cars in real-time. Dynamic signal control requires vehicle
classification. Such techniques have also substituted an
outdated technology (hardware) with low reliability such
as the embedded pavement sensors.

Prediction of Traffic Flow:

A key function of smart traffic management, above Any
Al-enabled traffic system is based on the accurate and
timely data collection. The biggest part of the work related
to it is connected with vehicle detection based on
computer vision techniques, counting, and classification
of vehicles. The current popular methods use a strong
deep learning network, such as YOLO (You Only Look
Once), SSD (Single Shot Detector), or Faster R-CNN.
Indicatively, Patel et al. [ 1] evaluated these algorithms and
realised that all three provided good accuracy and good
performance to measure density of traffic and categorise
cars in real-time. Dynamic signal control requires vehicle
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classification. Such techniques have also substituted an
outdated technology (hardware) with low reliability such
as the embedded pavement sensors.

Integrated Systems and Expanded Applications:

A trend that can be observed due to the literature is the
change towards more integrated systems that have a
myriad of Al features. This includes broader systems that
do not only deal with signals but also detecting incidents,
public transport optimization, and even smart parking.
Sharma and Bansal [2] introduce a "Smart Road Traffic
Management System (SRTMS)" that integrates variety of
data along with variety of Al-based approaches and
models for developing an integrated system. Along with
this, the 'digital twins' phenomenon is coming up, utilizing
a virtual duplicate of the road infrastructure of a city,
which can be employed to simulate and experiment urban
interventions prior to their application in real life. As
shown in the recent work descriptions [e.g. papers by
universities like RWTH Aachen], this is a new frontier in
proactive city planning.

3. PROPOSED SYSTEM

The proposed system is an intelligent traffic management
system that uses the YOLOvV3 deep learning model to
detect vehicular movements in real-time and control
traffic signal changes in order to optimize traffic flow in
urban settings. The proposed system consists of high-
resolution cameras, which are placed at intersections, that
capture live video streams of vehicular movement, across
multiple lanes, continuously. Streams of frames of video
are preprocessed to satisfy the input requirements of
YOLOv3 model, which identifies, classifies, and
recognizes different vehicles like cars, buses,
motorcycles, trucks, and auto-rickshaws.YOLOV3 is fast
on a per-frame basis to detect objects by sub-dividing the
images into grid cells and predicting the bounding boxes
and confidence scores of all the detected objects in a
single neural network pass, which makes it possible to
detect multiple vehicles in real time even under
challenging detection scenarios like occlusions, low
visibility, or bad weather. YOLOV3 gives bounding box
coordinates, which are further utilized to lane-wise count
vehicles so that real time traffic density measurement can
be done for every lane.With these density values, a
dynamic signal timing algorithm adjusts the length of
green traffic signals proportionally—higher vehicle
density lanes get longer green lights to reduce congestion
and lighter density lanes get shorter green duration. The
algorithm also provides the minimum and maximum
green time to achieve fairness at intersections as well as
ensure that no lane has excessive waiting time to optimize
the intersection throughput. It also has minimum red
intervals that are applied to ensure that the driver and
pedestrian safety laws are also taken care of and the
system has been designed in python and OpenCV, and can
be run at real time speed using the gpu accelerated version.
It also has an opportunity to integrate the system with the
hardware that is available to provide control over traffic
or centralized management systems to apply adjustments
to the timing of the signals in the sense of the system being
able to provide responsive control to traffic. Besides that,
its modularity allows deployment to use at one

intersection, or scaled-up to use across multiple
intersections within a network throughout its city district,
and the future potential to integrate to high level of data
exchanging ability as well as emergency vehicle priority,
because of its ability to respond to changing traffic
conditions. As the data is continually captured, the system
will automatically learn and improve with time by
retraining its models, although the system will have
dynamic adaptation. Overall, this solution proposal will
become an embodiment of smarter, safer, greener city
traffic control, as per the modern smart city principles.

4. METHODOLOGY AND TECHNOLOGIES
USED

Methodological Steps:

The Al-Based Traffic Management System employs the
methodological data-driven approach to achieve real-time
adaptive control of traffic lights, which would minimize
congestion and maximize traffic flows. The key events in
methodology include the following.

I 10T DATA
SENSORS ACQUISITION

EE—

YOLOvV3AI
CAMERAS MODEL

—

—
TRAFFIC 'USER INTERFAC
CONTROLUNIT DASHBOARD

Assembling and Pre-Processing Data:

This system begins with receipt of continuous video
streams of high-definition cameras placed strategically at
intersection of the roads. Each lane of traffic is provided
with a hooded view with the cameras to ensure that the
entire direction of traffic is observed. The video is broken
down into frames and it is easy to process these frames.
The input to the YOLOV3 deep learning model is resized
and normalized (i.e. 416 pixels by 416 pixels) per frame.
Then, optional pre-filtering schemes and noise reduction
of the video are used in the next stage of detection
enhancement.

Vehicle Detection Using YOLOV3:

The system makes use of YOLOvV3 (You Only Look
Once, version 3), a highly precise, very fast convolutional
neural network that is used to detect vehicles. YOLOV3
divides every frame into an SxS grid and automatically
predicts bounding boxes and probabilities in each grid cell
of individual classes of vehicles simultaneously. This
provides a fast detection system that can be utilized in
real-time applications due to a single pass through the
neural network.The YOLOv3 model is trained on large
datasets and then fine-tuned for traffic conditions,
resulting in reliable models to identify different types of
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vehicles like cars, buses, trucks, motorcycles, and auto-
rickshaws.

Traffic Density Calculations:

Using the bounding boxes obtained from YOLOV3, every
vehicle is mapped to an area of interest as defined as a lane
in the frame. Every vehicle is enumerated in each lane,
and densities over time can be computed based on the
enumerated number of vehicles for every lane. A traffic
density may be computed by dividing the enumerated
count of vehicles for every lane by the statistically
determined maximum capacity per lane so that the levels
of congestion may be computed dynamically for any
given time.

Dynamic Signal Timing Algorithm:

The main element of the system is an algorithm which is
an adaptive traffic signal control algorithm. The algorithm
accepts the lane densities as inputs to the algorithm to
determine the optimal duration of green light per lane. For
more dense lanes, the algorithm will generate longer green
time based on a proportional algorithmic relate, and for
less traffic lanes, the green time shall not be more than a
required time based on guess work. For the sake of
promoting fairness, there are minimum and maximum
green time constraints. The algorithm also considers
traditional traffic safety requirements (e.g., amber and red
minimum times). The algorithm continuously repeats this
process, adjusting signal timing every few seconds to
address changing traffic patterns.

System Implementation and Deployment :

The system itself is implemented primarily in Python with
OpenCV used as an image processor and neural network
frameworks such as TensorFlow or PyTorch used to run
the YOLOv3 model. Other standard GPU acceleration
technologies like NVIDIA CUDA are also implemented
to enable the required computational speed for real-time
execution.

The computed signal times are conveyed via
communications interfaces to standard traffic controllers
and are thus capable of being integrated into existing
infrastructure. The design of the system is scalable, so it
may be installed in individual intersections, or in an
integrated local traffic network of cities with numerous
intersections coordinated, and it has a feature for
emergency vehicle priority.

Technology used:

The AI Based Traffic Management System combines
several cutting-edge technologies to offer real-time,
efficient, and scalable traffic optimization.

TensorFlow
scikit-learn

Computer
Vision

AI-BASED
TRAFFIC
MANAGEMEN
T SYSTEM

Python
Java
Jjavascript

Storage
-aws
-google cloud

Deep Learning: YOLOV3:

The system uses YOLOvV3 (yer o lov vi 0 1), a
convolutional neural network architecture that effectively
balances effectiveness and speed in real-time object
detection tasks. YOLOV3 uses multi-scale prediction and
residual blocks (use of layers similar to ResNet) to rapidly
detect vehicles of varying size in dense scenes. For any
vehicle, YOLOvV3 predicts bounding boxes that are a
prediction for the location of the vehicle together with
model-specific confidence values. YOLOv3 is a full
object detection system, supporting inference of a single
image in milliseconds on contemporary GPUs (graphics
processing unit) that makes it extremely efficient at
processing images.Defining the examination of vehicles
was also the intent of YOLOV3's creation, producing
classifications of vehicles in categories ranging from cars,
trucks, motorcycles, to buses that can aid traffic tracking
and traffic examination.

Computer Vision & Image Processing:

OpenCV (Open Computer Vision Library) is an open
library that facilitates video capture, extraction of frames,
resizing, normalization, visualization, and further pre-
processing of video streams. OpenCV also offers
functionality for post-processing vehicle detection
outcomes such as drawing bounding boxes around
vehicles and vehicle counting. Coupled with the above
methods is the functionality of lane markings or region of
interest specification to enable accurate vehicle counting
per lane.

GPU Acceleration:

In order to reach the needed speeds of real-time
performance, the system employs GPU (graphics
processing unit) acceleration with NVIDIA CUDA
hardware. GPUs are useful due to their capability to
process information in parallel serving a dual purpose;
quickly calculating processes the neural network applies
to handle each frame of an image and process image data
parallel as well, reducing the inference time from seconds
to milliseconds. GPU acceleration is vital in real-time
traffic management applications where response speed is
given utmost priority

Network and Communication Interfaces:

Communication protocols such as RS-232, Ethernet or
wireless interfaces are used by the system to transmit
signal timing commands from the Al controller to traffic
signal hardware. This provides backward compatibility
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with legacy controllers and allows connectivity to a
centralized traffic management system.

Software Frameworks:

To train, develop and deploy YOLOV3, we employ
Python's TensorFlow or PyTorch software frameworks.
These frameworks allow us to use pre-trained models,
transfer learning utilities and model optimization tools to
support fine tuning detection accuracy and efficiency.

Data Storage and Analytics:

The system can record actual traffic measurements (signal
timings, vehicle counts) to a local or cloud database. The
information may be employed for historical review,
predictive modeling and supervised retraining to enhance
the system continually.

Scalability and Smart City compatibility:

The strategy enables the modular system to be scaled from
small local intersections to deployment city-wide. It
enables inter-operability with IoT frameworks, V2I
communication, and intelligent city traffic management
systems to enhance the quality of urban mobility and
emergency vehicle signal priority.

5. RESULT AND DISCUSSION

The main findings from studies and case studies of Al-
based traffic management systems are listed below

and then explained with implications and concerns.
Results and Key Findings:

It has been found that the application of Al in traffic
management is drastically, quantitatively superior to the
classical, fixed systems. The main findings fall into three
main categories: enhanced efficiency, enhanced safety,
and environmental benefits. Traffic Congestion and
Decrease in Traffic Flow: Test after test again and again
demonstrates that the solutions implemented on Al can
manage real-time dynamic traffic signal control, resulting
in significant time saved along with decreased congestion.
City pilot tests on metropolitan cities have demonstrated
25% decrease in travel time, while Lisbon demonstrated
20% to 70% decrease in travel time for specific zones.
This has been best achieved through the application of
Reinforcement Learning (RL) and multi-agent systems
where the algorithms are capable of learning and adapting
to non-linear and complex traffic patterns, detecting and
classifying vehicles, pedestrians and bikes in real-time.
Such capability, besides signal timing input, provides
preemptive behaviour. The neural models like LSTMs
predict traffic flow and hotspots of congestion can be
predicted multiple hours before they occur, allowing
routing and signal optimization to take place before
congestion. Environmental and Economic Benefits: Al
systems also reduce idle vehicle time by reducing the
number of vehicles cessation and also lessening stop and
go traffic. This automatically translates to the use of less
fuel and lower carbon footprints, which is relative to the
green sustainability of a city. Economic benefits cannot be
under-rated as the travel time is reduced and this implies
more output and an efficient city.

transportation.

Discussion and Challenges:

The findings indicate the clear shift towards the data-
driven, predictive control as opposed to the human-
controlled, reactive control. The critical debate is the
radical potential of this technology and the tremendous
obstacles to the introduction of it to a broader scale. Fixed
to Adaptive: The biggest transition is the shift of fixed
time-based traffic lights to the smart, adaptive traffic
systems. It is a radical transformation of city planning that
makes not only a transport system regulable but also
constantly learning and evolving. Scalability and
Interoperability of Data: As single-intersection
optimisations prove successful, the same at the city level
is the challenge. It is only when it is possible to integrate
big, heterogencous data such as IoT sensors, public
transport data, weather APIs, and even connected vehicles
data with ease that successful implementation can be
assured. The data infrastructure to process this "Big Data"
continues to be a heavy burden. Ethics and Privacy Issues:
Al-enabled cameras and mass surveillance are relevant
data privacy and spying issues. Installation of the systems
necessitates stringent data handling policies and open
policy for public trust purposes. Algorithmic bias is also
an issue, whereby the Al algorithms trained from
discriminatory data will discriminate against particular
road users. High Expense and Infrastructure: Installing an
Al-based traffic control system is expensive. It includes
not only the expense of the AI software but also the
expense of installing new infrastructure like sensors and
HD cameras and the maintenance expense of the same.
Although there are definite long-run economic
advantages, the initial cost of capital might turn out to be
a hurdle for the majority of city governments. In essence,
traffic management by Al is an effective tool with proven
impacts, but its full potential can be realized only when
the underlying issue of cost, privacy of data, and
integration of different technologies is addressed.

Metric Existing | Proposed Improve
System System ment

Average 100 60-75 25-40%

Wait Time seconds | seconds reduction

Average 15 8-10 33-47%

Queue vehicles | vehicles reduction

Length

Total 1500 1800-2025 | 20-35%

Vehicle vehicles | vehicles increase

Throughtput

(per Hour)

Estimated 0% 20% 20%

Idle Baseline | Reduction | reduction

Emissions
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PERFORMANCE COMPARISON
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> &
<& %
Aspect Existing Proposed Al
System System
Initial cost $50,000- $75,000-
$100,000 per | $150,000 per
intersection intersection
Maintenance | High Low
Scalability Limited Highly
Scalable
ROI Period 3-5 years 1.5-2.5 years
Long-term Moderate Significant
Savings

6. CONCLUSION

The system demonstrated traffic flow improvement by
green signal time regulation based on the vehicles present
in the intersection as identified by the YOLOvV3 model at
the time. Simulation outcomes revealed a decrease of
approximately 40% in average waiting time of vehicles
during peak traffic flow hours at major intersections from
fixed-time signals. Queue lengths were also minimized
considerably, i.e., backlogs in saturated lanes were cleared
without trouble or passed during peak congestion hours.
Throughput, or cars per minute passing over an
intersection, was increased by around 35%. This is the
capacity of the system to distribute green phases
proportionately to traffic demand, hence avoiding under-
expression of saturated lanes and over-expression of green
time to arrows of light traffic. Environmental gains were
also realized within value ranges of estimated idle
emissions reductions as a function of decreased time spent
in stoppages in the red light cycle. The control of the
system calibrated to minimize unnecessary idling,
achieving reductions of up to 20% of vehicle emissions
during peak hours. Priority feature of emergency vehicles

vehicles and automatically switch the lights in front of the
vehicle in an attempt to allow faster traffic to pass. This is
one of the capabilities behind the reduction of time spent
on emergency response and general street safety. The
results proved the central assumption that Al-adaptive
traffic control proves superior to fixed timer-based signal
system in responding to dynamic traffic conditions.
Namely, the vehicle detection application of YOLOV3
was significant, as it is accurate and quick in estimating
traffic density; its outcomes in terms of different traffic
density levels and weather scenarios were outstanding; it
works very reliably in medium levels of occlusion and
altering light conditions typical of the dataset the model
has been trained on. Accuracy of performance could not
be as accurate in fully occluded conditions along with
weather conditions having very limited visibility (heavy
rain, fog, etc.), which could be indicative of the accurate
use of multimodal sensor fusion in the future studies.The
system's scalability was an advantage too; networked
intersection  simulation  demonstrated  coordinated
adaptive control could provide smoother traffic flow in
corridors, minimizing stop-start waves and resulting in
better travel times as well as the single-intersection
benefit.Implementation challenges are computational
requirements that require high-end GPUs and
infrastructural costs for camera installation and
communications in  networks. Lastly, security,
acceptance, regulation compliance, and safety are issues
that need more research. Yet, technical advancements in
edge computing along with decreasing hardware prices
will make some of these limitations less stringent. The
issues related to data privacy as well as security will
remain top of the agenda with the use of video streams.
Proper encryption and compliance with privacy laws are
essential for public acceptability and regulation
compliance.
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