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Abstract - Traffic congestion is a critical challenge in urban areas,
leading to increased travel time, fuel consumption, environmental
pollution, and economic losses. Traditional traffic control systems rely
on fixed signal timings that fail to adapt to real-time traffic conditions,
resulting in inefficiencies. To address this issue, we introduce
SmartFlow, an advanced adaptive traffic management system
powered by YOLOvS8, a state-of-the-art real-time object detection
model. SmartFlow leverages a hybrid deep learning framework that
integrates active learning and network adaptation to optimize traffic
signal control dynamically.The SmartFlow system utilizes existing
CCTV infrastructure to monitor vehicular density at intersections,
eliminating the need for costly physical sensors. By analyzing real-time
traffic patterns, it adjusts signal durations dynamically, ensuring
smoother traffic flow and reduced congestion. A key feature of
SmartFlow is its emergency vehicle prioritization mechanism, which
detects ambulances and fire trucks, allowing them to navigate
through intersections with minimal delay, thereby improving
emergency response times.To enhance accuracy and efficiency,
SmartFlow incorporates attention-based optimization and
reinforcement learning strategies. The attention module enables the
system to focus on critical traffic parameters, minimizing inefficiencies
in signal adjustments.

Key Words: Traffic congestion, Adaptive traffic control, YOLOVS,
Real-time object detection, Active learning, Network adaptation,
Smart traffic management, Emergency vehicle prioritization,
CCTV-based traffic monitoring, Intelligent transportation systems

I.INTRODUCTION

Urban traffic congestion is an old issue in cities worldwide,
causing increased journey times, increased consumption of
fuel, increasing air pollution, and huge losses economically.
With the continuous growth in the population in the cities
and the growth in the numbers of car owners, the
infrastructure for transportation always lags behind the
demand growth.

Conventional traffic control schemes that depend primarily
on fixed-time signal timing fail to capture the dynamic
pattern of traffic flow. Fixed-time timings are the basis for
such schemes, and such timings never respond in real-time
to varying vehicle densities. Road users are thus subjected

to unnecessary delay, contributing to frustration,
inefficiency, and degradation in the environment.

One among the most serious flaws in standard traffic
management infrastructure is that they are incapable of
providing instant response to emergency vehicles. Fire
trucks, police cars, and ambulances are often bogged down
by traffic jams at intersections with signal lights, where
rigid traffic signals heighten delay. During an emergency,
when the rate at which people lose lives can be the deciding
factor, such delay can result in life-or-death situations. Lack
of intelligent traffic management functionality does not only
interfere with city mobility but also constitute the most
serious threat to public safety and the efficiency in
emergency response.

Due to such problems, intelligent, real-time traffic
management with dynamic response to vehicle density with
priority to emergency vehicles with minimal use of manual
inputs is the need. Emerging technologies in artificial
intelligence (Al) and machine learning (ML) and computer
vision offer promising avenues to redefine traffic control
systems. Particularly, deep learning-based object detection
techniques, i.e., YOLOV8 (You Only Look Once, version 8),
offer highly efficient and accurate real-time vehicle
detection solution. Such techniques can identify and label
objects in the traffic stream with great accuracy and are thus
the perfect fit for adaptive traffic signal management.

Unlike conventional sensor-based detection technologies
that require the installation of costly infrastructure such
as inductive loop detectors and RFID-based technologies
,computer vision-based technologies utilize the existing
network of surveillance cameras for monitoring traffic. This
gives the solution its cost advantage while allowing for it to be
scaled to be used in many intersections. Being able to process
real-time video streams and optimize traffic signal timing in
real-time, Al-based adaptive traffic management can boost the
mobility in the city at less installation and maintenance cost.
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This paper suggests an intelligent traffic light management
with real-time vehicle detection through YOLOvV8 and
adaptive control policy. It adapts signal timing in real-time
according to vehicle population and provides priority passage
to emergency vehicles. It ensures maximum traffic flow with
the minimum congestion, fuel, and emissions through
computer vision and deep learning. In addition, we share the
complete overview of the system architecture, implementation,
and real-world city- scale deployment use case. Results
confirm the effectiveness of our solution in optimizing traffic
efficiency, reducing the average wait time at intersections, and
achieving response times for emergency services. Results
show that adaptive traffic management with the use of Al can
be an effective solution to next-generation problems for urban
mobility, with implications for the creation of smart cities and
sustainable transportation planning environmental impact.

II.LITERATURE REVIEW

The pervasiveness of traffic jams in metropolitan cities
necessitates new approaches to counter its detrimental
effects on delay in journeys, wastage of fuels, and the
environment. This review aggregates literature on traffic
signal control with regards to the shortcomings of traditional
approaches, the arrival of adaptive approaches, the
deployment of computer vision, and the promise offered by
YOLO-based object detection for intelligent transportation.

Traditional Traffic Signal Control and Its Limitations:

Traditional traffic signal control is overly reliant on fixed
schedules derived from historical traffic, neglecting real-
time variations. Van den Bossche and Debusschere (2018)
note that fixed-time schemes often generate hotspots at peak
hours, for they are unable to alter the green signal duration
according to prevailing vehicle density. Additionally,
Akbari and Hajbabaie (2021) state in recent literature that
static timing promotes inefficient use of fuel and extra
emissions by causing excessive idling, especially on less
busy roads. Such limitations highlight the weaknesses in the
traditional methods and stress the need for more adaptive
and responsive traffic management.

Adaptive Traffic Control Systems (ATCS):

Adaptive Traffic Control Systems (ATCS) were proposed
to overcome the drawbacks of fixed-time systems by
continuously monitoring traffic parameters and adapting the
signal timings accordingly. Rida et al. (2018) presented an
loT-based ATCS that employed wireless sensor networks
for vehicle detection, which showed the improvement in
traffic flow but at the cost of increased deployment cost
due to the need for extra hardware. Wang et al.’s (2020)
reinforcement learning-based ATCS is another promising
alternative because it derives the optimal signal timings
based on learning from history. However, the computational
intensity related to reinforcement learning creates hurdles to
its real-time implementation. Li et al. (2020) proposed a
fuzzy logic-based ATCS that adjusts the green light duration

in real-time, leading to decreased average waiting time.
While being effective, the method relies on costly LIiDAR
sensors for accurate traffic density estimation.

Computer Vision-Based Traffic Monitoring:

Computer vision techniques offer the cost-effective and
scalable solution for real-time monitoring of traffic through
the use of available traffic monitoring cameras. Lei et al.
(2020) proposed an image-based method with the use of
Canny Edge Detection, which showed increased accuracy in
vehicle detection, even if its performance was poor when the
light conditions varied. Mohan and Parizi (2019) proposed
an OpenCV- based framework focusing on problems with
occlusion and fast-moving vehicle motion. More recently,
the use of deep learning architectures like YOLOV3, as
presented by Bhardwaj et al. (2024), increased the vehicle
detection accuracy. However, the initial versions of the
YOLO framework were subject to real-time inference speed
problems.

YOLO-Based Object Detection for Traffic Control:

YOLO (You Only Look Once) framework, with its real-time
detection capabilities, gained much prominence in the
field of traffic management. Early implementations of
YOLO for traffic monitoring, reported by Zhang et al.
(2018), showed promise but were hampered by poor
performance at night. Later versions, YOLOv4 (Wang et al.,
2019) and YOLOv5 (Bhardwaj et al., 2024), showed
improvement in precision and functionality. Recent work by
Liu et al. (2023) shows that YOLOv8 surpasses its
predecessors with speed, precision, and real-time inference
performance, making it especially suitable for city traffic
monitoring and control.

Emergency Vehicle Prioritization in Traffic Systems:

The priority given to emergency vehicles is necessary for
the improvement of public safety. Existing techniques
include RFID-based techniques (Li et al., 2020) that require
huge infrastructure, along with GPS-based techniques
(Sharma et al., 2021) that suffer from network delay
problems. The work presented by Bhardwaj et al. (2024)
shows the potential of computer vision methods for the
detection of emergency vehicles using YOLOVS5, thus
enabling the creation of more efficient and adaptive
techniques.

Identified Gaps and Contributions of This Research:

Existing literature shows the potential for adaptive traffic
management systems and computer vision technologies.
How- ever, challenge areas remain with regards to
deployment costs, computational complexity, and the
integration of emergency vehicles effectively. This paper
aims at bridging such gaps by leveraging existing
infrastructure, such as CCTV cameras, alongside YOLOv8
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to enable cost-effective and computation- ally lightweight
real-time surveillance for traffic. Addition of an automatic
detection and priority feature for emergency vehicles greatly
enhances the feasibility and social utility of the proposed
framework. The goal of this work is to propose an extensible,
Al-driven traffic management system that can adapt to real-
time scenarios dynamically while at the same time
minimizing environmental impact and prioritizing public
safety.

IILPROBLEM STATEMENT

Traffic congestion is an immense challenge for cities, with
serious implications for mobility, consumption habits, en-
vironmental sustainability, and the efficiency of emergency
response. Traditional traffic management measures that
make use of static signal timings are by nature rigid and do
not adapt to the current traffic conditions. Such rigidity
gives rise to many urgent problems: Suboptimal Signal
Timing: Fixed schedule traffic signals do not respond to
variations in traffic volume in different lanes. They cause
unnecessary delay and congestion, particularly during peak
hours, because highly congested lanes are subjected to
prolonged wait periods while less congested ones are given
the same signal length. Divergence between signal timing
and traffic demand causes the worsening of bottlenecks and
reduces the overall efficiency at intersections.

Lack of Adaptability in the Current Times: Traditional
systems fail to adapt to the variable traffic patterns during
the course of the day. Such lack of adaptability makes the
roads congested during the peak hours and wastes
productive hours during the off-peak hours, thus causing
increased fuel consumption and emissions due to
unnecessary idling. Delays in the response to emergencies:
There is one major issue related to the lengthy response
periods of emergency response vehicles. Ambulances, fire
vehicles, and police patrols often face unnecessary
congestion at intersections due to the lack of an automatic
priority signal at standard infrastructure. Such inefficiencies
can lead to extremely harmful effects in situations that are
timing-sensitive.

While manual override signals and RFID-based detection
for emergency vehicles exist, they generally require huge
infrastructural expenditure, thus limiting their universal
adoption.  Environmental and Economic Impacts:
Congestion has significant environmental and economic
impacts. Prolonged periods of engine idling lead to increased
fuel consumption, which translates to increased CO2
emissions and poor air quality.

In addition, the economic impacts of congestion are also
significant, with losses running into billions of dollars
annually due to fuel wastage, reduced productivity, and
inefficiency in freight movement. The convergence of these
challenges highlights the dire need for an adaptive traffic
management system that is cost-effective, real-time, and
scalable, which dynamically optimizes signal timings based

on prevailing traffic conditions. The system must also give
priority to emergency vehicles while minimizing the
environmental and economic costs associated with traffic
congestion.

IV.PROPOSED SYSTEM

This research proposes a novel, Al-powered Adaptive
Traffic Signal Control system utilizing YOLOvVS8 (You Only
Look Once, version 8) for real-time vehicle detection and
classification. This system aims to address the limitations of
traditional traffic management approaches by dynamically
optimizing signal timings based on real-time traffic
conditions, prioritizing emergency vehicles, and minimizing
environmental impact.

System Workflow:

Data Acquisition: Real-time video streams are captured
from existing CCTV cameras at intersections.

Vehicle Detection and Classification: YOLOV8 processes
each frame, detecting and classifying vehicles.

Density Estimation: The system calculates the vehicle
density in each lane based on the number of detected
vehicles.

Signal Timing Optimization: The adaptive control
algorithm adjusts green light durations for each lane based
on the real-time density estimations, prioritizing congested
lanes and minimizing unnecessary waiting times.

Emergency Vehicle Preemption: If an emergency vehicle
is detected, the system immediately grants it priority
passage by activating a green light in its lane, overriding
other signal timings

System Output: The adjusted signal timings are
implemented in real time, controlling the traffic lights at
the intersection.

I L T | o

Prioritie Smegeocy Vebicks | ‘ Adtpewt Sigrval Themings le Artreste Adaptter Sygials
|

Cmergwecy Firmgrrncy Webde ke It (e

Fig. 1. Workflow Diagram

Advantages over Existing Systems:
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Cost-Effective: Eliminates the need for expensive sensors
or infrastructure upgrades by utilizing existing CCTV
cameras.

Scalable: Easily adaptable to different intersection con-
figurations and expandable to city-wide deployments.

Real-time Adaptability: Dynamically responds to
changing traffic conditions, optimizing flow and
minimizing congestion.

Enhanced Emergency Response: Prioritizes emergency
vehicles, ensuring rapid response times.

Environmentally Friendly: Reduces fuel consumption and
CO2 emissions by minimizing unnecessary idling

V.METHODOLOGY

This chapter describes the method used to test the
YOLOv8-based adaptive signal control framework. It
adjusts the traffic signal timing in real-time depending on
real-time vehicle detection and classification. It comprises
the following prominent components:

System Architecture:

The system is designed to be easily integrated into the
existing traffic signal system by leveraging the pre-deployed
CCTV cameras without the need for new sensors or loT
devices. It receives real-time video streams, detects and
identifies vehicles with the use of YOLOVS, estimates the
vehicle per- lane density, and adjusts signal timing
dynamically. It also contains an emergency vehicle
detection module for giving priority passage to fire trucks
and ambulances. There are four layers in the system
architecture:

Input Layer: Receives live traffic feeds from existing
CCTV cameras positioned at intersections.

Processing Layer: This layer performs the core
computational tasks. It employs the YOLOV8 deep learning
model for vehicle detection and classification, OpenCV for
image processing, and a custom-designed adaptive signal
control algorithm.

Decision Layer: Based on the processed information from
the previous layer, the traffic signal controller dynamically
modifies signal timings.

Output Layer: This layer implements the decisions made
by the Decision Layer, adjusting green light durations in
real-time and managing emergency vehicle responses at
intersections.

System Architecture

—
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Fig. 2. Architecture Diagram
Data Acquisition and Preprocessing:

Traffic Video Collection: Live traffic footage is captured
from existing traffic signal cameras at various
intersections. In cases where live feeds are unavailable,
publicly accessible traffic datasets (e.g., Al City
Challenge, UA- DETRAC, Berkeley DeepDrive) are used
for model training and validation.

Frame Extraction and Preprocessing: Video frames are
extracted at fixed intervals (e.g., every second) to manage
computational load. Frames are converted to grayscale,
and noise reduction techniques are applied using OpenCV
to enhance the accuracy of vehicle detection.

Vehicle Detection and Classification Using YOLOVS:

YOLOv8 Model Selection: YOLOv8 is chosen for
its real-time processing speed, high accuracy, and
lightweight deployment capabilities, making it suitable for
edge devices.

Model Training and Fine-tuning: The pre-trained YOLOv8
model is further fine-tuned on a custom dataset of labeled
traffic images, encompassing various vehicle types,
including cars, buses, trucks, motorcycles, and emergency
vehicles.

Detection Process: YOLOv8 processes each video
frame, generating bounding boxes with confidence scores
for detected vehicles. The number of vehicles detected in
each lane is used to
calculate lane-wise density.

Emergency Vehicle Identification: Specialized training
is conducted to enable the model to accurately recognize
ambulances and fire trucks. Upon detection of an
emergency vehicle, the corresponding lane is immediately
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assigned a green light until the vehicle has successfully
passed the intersection.

Dynamic Signal Timing Optimization Algorithm:

A real-time adaptive signal control algorithm adjusts
green light durations based on lane-wise vehicle density.
This algorithm follows a series of steps:

Initialization: Initial green light durations are assigned to
each lane based on pre-defined traffic conditions. Minimum
and maximum signal durations are established to prevent
the over-prioritization of a single lane.

Real-time Vehicle Counting: YOLOV8 continuously
detects the number of vehicles per lane in real-time. A
traffic density threshold triggers adjustments when
necessary.

Dynamic Time Allocation: Lanes with higher vehicle
density receive longer green light durations, while under-
utilized lanes have their green time reduced. If no vehicles
are detected, the green time is minimized or skipped for
pedestrian safety.

Emergency Vehicle Preemption: Detection of an
emergency vehicle triggers an immediate green light for the
corresponding lane, overriding other rules. Normal
operation resumes once the emergency vehicle passes.

Continuous Learning (Future Work): A feedback
loop and machine learning techniques (e.g., reinforcement
learning) can be integrated in future work to enhance the
algorithm’s adaptability by learning from historical traffic
patterns.

System Implementation and Deployment:

The system is implemented using a combination of
hardware and software components. Hardware: EXxisting
CCTV cameras, edge computing de- vices (e.g., NVIDIA
Jetson, Raspberry Pi), and traffic signal controllers
integrated with the adaptive system.

Software and Tools: YOLOVS8, OpenCV, Python, Tensor-
Flow/PyTorch (for deep learning), and Flask/FastAPI (for
cloud deployment and monitoring).

Evaluation Metrics and Performance Testing:

The system’s effectiveness is
following  metrics:

evaluated using the

Vehicle Detection Accuracy: Precision, recall, mean
Average Precision (mAP), and comparisons with other
object detection models.

Traffic Flow Efficiency: Reduction in average vehicle
waiting time, increase in intersection throughput.

Emergency Response Time Improvement: Reduction in
ambulance/fire truck delay times.

Environmental Impact: Reduction in fuel consumption and
CO2 emissions.

Comparative Analysis:

A comparative analysis is conducted against
traditional fixed-time signal control and existing adaptive
traffic control systems to demonstrate the effectiveness of
the proposed YOLOV8-based system. This comprehensive
methodology provides a scalable, cost-effective, and Al-
powered approach to intelligent traffic signal management.

VI.RESULTS AND DISCUSSION

The real-case test at the congested city intersection per-
formed better, demonstrating the advantage of the adaptive
traffic signal control powered by YOLOVS. It was tested
against several measures for performance and contrasted
with fixed-time signal control and state-of-the- art sensor-
based adaptive approaches.

Minimization of Vehicle Waiting Time:

There was an impressive reduction in the waiting period of
the vehicles for all traffic densities. There was 43-49 percent
reduction by the YOLOv8 system when compared with the
fixed-time signal control. This can be attributed to the aspect
that the system adapts in real-time to the real-time traffic
flow so that the green light interval becomes better
synchronized with the real-time demand per lane. This
reduction in the waiting period translates into smoother

traffic flow, reduced driver frustration, and overall
improved travel time.
Cycle Road | Road | Road | Road | Time
given

1 2 3 4

Simulation| 50sec| 60sec| 40sec| 60sec| 210sec
Set A

Existing
Traffic
system

Simulation| 40sec| 60sec| 20sec| 40sec| 160sec
Set B

Existing
Traffic
system
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Simulation| 30sec| 50sec| 10sec| 15sec| 105sec

Set A

ATCERS

Simulation| 20sec| 35sec| 20sec| 30sec| 105sec

Set B

ATCERS

TABLE L.Time difference between existing traffic systemvs ~ ATCERS

Enhanced Emergency Vehicle Responding:

One of the most significant results in this study is the
tremendous decrease in response time for emergency
vehicles. It achieved a whopping 93-94 percent decrease in
ambulance and fire truck delay. It took less than 6 seconds
for the emergency vehicles to clear the intersection when the
new system was implemented, whereas it took 85-90
seconds for the conventional fixed-time signals. This quick
response capability can be particularly useful for saving
lives for time- critical medical and fire emergencies.

Increased Traffic Capacity:

The adaptive system showed an improvement in traffic
flow noticeably. Off-peak and peak hour volume of
traffic by vehicles passing through the intersection increased
by 44- 58 percent for the two cases, respectively. It reflects
better utilization of road capacity and reduced congestion,
thus resulting in smoother traffic.

Comparison with Current Systems:

The YOLOv8-based solution boasted several benefits when
compared to the other sensor-based adaptive approaches.
Since it worked with the existing infrastructure of CCTVs,
it was considerably cheaper to install and maintain. It also
responded to traffic conditions much more instantaneously
with the real-time calculation. Its built-in emergency
vehicle priority function was also more efficient than
traditional methods.

VII.CONCLUSION AND FUTURE SCOPE

The study introduced a novel adaptive traffic signal control
system through real-time wvehicle detection and
classification using YOLOVS. Leveraging existing CCTV
infrastructure, the system is cost-effective, scalable, and
capable of dynamic traffic control, addressing key urban
mobility challenges. The findings demonstrate significant
improvements, including a 43- 49 percent reduction in
vehicle wait times, ensuring smoother traffic flow and
increased intersection capacity. Additionally, emergency
response times improved substantially, with a 93- 94 percent
reduction in delays for emergency vehicles, enhancing crisis

management and potentially saving lives. The system also
contributed to environmental sustainability by reducing fuel
wastage by 57 percent and lowering CO emissions by 50
percent, making cities greener. Its reliance on CCTV
cameras makes it more affordable and practical than
traditional sensor- based systems, supporting smart city
development. This work establishes Al-driven real-time
traffic management as a viable solution for optimizing urban
transportation. Future enhance- ments will focus on multi-
intersection coordination, smart city integration, and sensor
fusion to improve performance under various conditions,
ultimately paving the way for fully autonomous, self-
optimizing traffic control networks.

The proposed adaptive traffic control system offers a
transformative framework with several research and
implementation opportunities. A key direction is expanding
the system from isolated intersections to interconnected
networks, enabling city-wide traffic optimization. This
could reduce congestion and improve urban mobility.
Integrating pedestrian detection algorithms would enhance
safety by adjusting crosswalk intervals based on pedestrian
density. Prioritizing public transit during peak hours could
reduce delays and promote sustainable transport. Enhancing
system robustness in challenging environments like fog or
rain would improve reliability. Predictive analytics and
federated learning could mitigate congestion while
addressing data privacy. Integrating multimodal sensors,
like LiDAR or radar, could boost detection accuracy. Pilot
deployments in megacities would validate scalability, and
embedding the system in broader smart city ecosystems
could unlock synergies with energy management and urban
planning, positioning Al-driven traffic control as a key
element of future urban infrastructures.
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