Designing traffic rotaries using artificial intelligence: a comprehensive approach Section A-Research paper

ISSN 2063-5346

= DESIGNING TRAFFIC ROTARIES USING
ARTIFICIAL INTELLIGENCE: A COMPREHENSIVE
APPROACH

Saurabh Parte 1, Mr. Abhishek Singh 2, , Mr. Atulya Kumar 3
''U.G. Student, B.Tech. Department of Civil Engineering Amity School Of Engineering &
Technology ,Amity University ,Chhattisgarh
23 Assistant Professor , Department of Civil Engineering , Amity School Of Engineering &
Technology ,Amity University ,Chhattisgarh

Article History: Received: 02.04.2023 Revised: 20.05.2023 Accepted: 22.06.2023

Abstract

This paper presents an innovative approach to designing traffic rotaries using artificial intelligence
(Al). Traffic rotaries, also known as roundabouts or traffic circles, play a crucial role in managing
vehicular traffic at intersections. The design of a traffic rotary requires careful consideration of
various factors, including traffic flow, safety, efficiency, and pedestrian accessibility. By leveraging
Al techniques, we can optimize these factors and create well-designed traffic rotaries that improve
overall traffic management. This paper proposes a comprehensive methodology for designing traffic
rotaries using Al, outlining the key steps involved and highlighting the benefits and challenges

associated with this approach.
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1 Introduction

Traffic  rotaries, also known as
roundabouts or traffic circles, play a
crucial role in managing traffic flow at
intersections. They are widely used as an
alternative to traditional signalized or stop-
controlled intersections due to their
numerous benefits, including improved
traffic efficiency, reduced delays, and
enhanced safety. However, the design of
traffic rotaries is a complex task that
requires careful consideration of various
factors, such as traffic flow patterns, safety
measures, and pedestrian accessibility.

1.1 Significance of Traffic Rotaries in
Managing Traffic Flow

Traffic rotaries offer several advantages in
managing traffic flow. They facilitate the
smooth movement of vehicles by
eliminating the need for traffic signal
control or stop signs, thus reducing delays
and improving overall traffic efficiency.
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Studies have shown that properly designed
traffic rotaries can significantly enhance
traffic capacity, decrease congestion, and
improve intersection performance
compared to traditional intersections
(Khattak & Council, 2009).

Furthermore, traffic rotaries promote a
continuous flow of traffic, allowing
vehicles to navigate through the
intersection without coming to a complete
stop, except when yielding to entering
traffic. This continuous movement reduces
the potential for rear-end collisions, as
compared to signalized intersections,
where abrupt stops and accelerations are
more common (Retting, 2001).

1.2 Challenges  Associated  with
Traditional Traffic Rotary Design
Despite their benefits, traditional traffic
rotary designs face several challenges. One
key challenge is determining the optimal
size¢ and geometry of the rotary to
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accommodate the expected traffic volume
while ensuring safe and efficient traffic
flow. Inaccurate estimations of traffic
demand and inadequate geometric design
can result in congestion, increased travel
times, and compromised safety.

Another challenge lies in pedestrian
accessibility and safety. Designing traffic
rotaries that provide safe crossings for
pedestrians can be challenging, as
pedestrians need to navigate through
multiple lanes of circulating vehicles.
Ensuring the proper placement of
crosswalks, traffic calming measures, and
clear signage is crucial to enhance
pedestrian safety and encourage active
transportation.

1.3 Introducing the Concept of Using
Artificial Intelligence for Designing
Traffic Rotaries

The concept of using artificial intelligence
(Al) techniques for designing traffic
rotaries has gained significant attention in
recent years. Al offers a powerful toolset
that can optimize various aspects of traffic
rotary design, including traffic flow,
safety, and pedestrian accessibility.
Researchers have explored the use of Al
techniques such as machine learning,
computer vision, and  optimization
algorithms to model and simulate traffic
behavior, identify optimal traffic signal
timings, and optimize geometric design
parameters (Xu, Chen, & Yan, 2019).
These Al-driven approaches have shown
promising results in improving traffic flow
efficiency, reducing congestion, and
enhancing safety at traffic rotaries.

By leveraging Al capabilities, traffic
engineers and urban planners can create
well-designed traffic rotaries that are
adaptive, responsive to real-time traffic
conditions, and capable of accommodating
changing traffic patterns. Al-driven design
approaches have the potential to
revolutionize traffic rotary design and
contribute to the development of smarter
and more efficient transportation systems.
2 Literature Review
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2.1 Overview of Existing Research on
Traffic Rotary Design and Optimization
Numerous studies have focused on traffic
rotary design and optimization to improve
traffic flow and safety. Research has
explored various aspects, including
geometric design, traffic control strategies,
and operational analysis of traffic rotaries.
For example, Smith et al. (2012)
conducted a comprehensive review of
traffic rotary design guidelines and
identified key parameters affecting
performance. They emphasized the
importance of geometric design elements
such as entry angle, entry curvature, and
lane widths in ensuring efficient traffic
flow.

Additionally, Zhou and Zhang (2016)
investigated the effects of traffic control
strategies, such as different yield rules and
lane markings, on traffic performance at
rotaries. Their findings highlighted the
significance of well-designed traffic
control measures to enhance safety and
reduce conflicts among vehicles.

2.2 Previous Attempts to Use Al
Techniques in Transportation
Engineering and Traffic Management
Al techniques have been applied in
transportation engineering and traffic
management to improve efficiency and
safety. Machine learning algorithms have
been employed to develop predictive
models for traffic flow prediction and
signal control optimization. For instance,
Li et al. (2018) proposed a machine
learning-based traffic prediction model to
estimate traffic demand and optimize
signal timings at a rotary intersection. The
model used historical traffic data and
achieved  improved traffic  control
performance compared to traditional
methods.

Computer vision techniques have also
been utilized to analyze traffic patterns and
detect traffic violations. Zheng et al
(2020) developed a computer vision-based
system for real-time monitoring of traffic
behavior at roundabouts. The system
detected illegal lane changes, speeding,
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and red light violations, enabling efficient
enforcement and improved safety.

2.3 Gaps and Limitations in Current
Approaches

While existing research has made
significant contributions to traffic rotary
design and Al-based optimization, there
are still some gaps and limitations. First,
there is a need for more comprehensive
studies that integrate multiple aspects of
traffic rotary design, including geometric
design, traffic control strategies, and
pedestrian considerations. Many studies
have focused on specific aspects in
isolation, limiting the holistic
understanding of traffic rotary design.
Furthermore, the availability and quality of
data for Al-based optimization remain a
challenge. Accurate and up-to-date data on
traffic patterns, pedestrian movement, and
real-time traffic conditions are crucial for
effective Al-driven design. Data collection
and management techniques need to be
improved to support robust Al-based
approaches.

Moreover, the scalability and
generalizability of Al models need to be
addressed. Many studies have focused on
specific traffic scenarios or locations, and
the applicability of Al models to different
contexts needs to be explored further.

3 Methodology

3.1 Proposed Methodology for
Designing Traffic Rotaries Using Al

The proposed methodology for designing
traffic rotaries using Al involves a multi-
stage process that integrates various
techniques to optimize design parameters.
Building upon previous research, we
combine machine learning, computer
vision, and optimization algorithms to
enhance traffic flow, safety, and pedestrian
accessibility.

To begin, a comprehensive analysis of the
existing traffic conditions and the
surrounding environment is conducted.
This includes collecting data on traffic
flow, accident records, and pedestrian
movement patterns.

3.2 Data Collection Process
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Data collection is a crucial step in
designing traffic rotaries using Al. Traffic
flow data is gathered through various
sensors, such as loop detectors or
automatic  license plate recognition
cameras. Accident records, including types
of accidents and their locations, are
obtained from local transportation
agencies. Pedestrian movement patterns
are observed and recorded using video
surveillance or pedestrian  counting
systems.

For example, Li et al. (2018) collected
traffic flow data from loop detectors
installed at a roundabout intersection. They
also obtained accident records from the
police  department and  pedestrian
movement data through video surveillance
cameras.

3.3 Al Techniques Employed

The proposed methodology utilizes several
Al techniques to optimize traffic rotary
design. Machine learning algorithms are
employed to analyze historical traffic data,
predict future traffic demand, and identify
patterns that can inform design decisions.
These algorithms can assist in estimating
traffic volume, determining the optimal
number of lanes, and optimizing signal
timings (Li et al., 2018).

Computer vision techniques are utilized to
analyze video footage and detect traffic
violations, pedestrian movement, and
potential conflicts. This information is
crucial for understanding safety concerns
and optimizing pedestrian facilities and
crossings (Zheng et al., 2020).
Optimization algorithms are employed to
find the optimal geometric design
parameters for the traffic rotary,
considering factors such as vehicle speed,
lane widths, entry and exit angles, and
roundabout diameter. These algorithms
optimize the design parameters to
maximize traffic flow efficiency and
minimize potential conflicts (Smith et al.,
2012).

Table 1: Key Factors Considered in Al-
driven Traffic Rotary Design
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Sr. No. | Factors

Traffic flow optimization

Safety improvements

Pedestrian accessibility

Environmental impact

Capacity estimation

AN | [W( | —

Lane assignment

3.4 Steps in the Al-Driven Design
Process

The Al-driven design process involves
several key steps. First, data collection is
conducted to gather relevant traffic flow,
accident, and pedestrian movement data.
This data is then processed and analyzed
using machine learning and computer
vision algorithms to identify patterns and
extract insights.

Next, optimization algorithms are applied
to determine the optimal geometric design
parameters for the traffic rotary. These
algorithms consider factors such as traffic
demand, safety requirements, and
pedestrian accessibility.

Once the optimal design parameters are
identified, the design is evaluated using
simulation models or real-world testing.
The performance of the Al-driven design
is assessed based on traffic flow, safety
indicators, and pedestrian comfort and
accessibility.

For instance, Zhou and Zhang (2016)
outlined a similar design process where
they collected traffic flow data, conducted
computer vision analysis to study vehicle
trajectories, and optimized the roundabout
design using simulation models.

4 Factors Considered in Al-driven
Design

4.1 Key Factors Considered during the
Design Process

During the Al-driven design process for
traffic rotaries, several key factors are
considered to optimize the overall
performance and outcomes. These factors
include traffic flow optimization, safety
improvements, pedestrian accessibility,
environmental impact, capacity estimation,
and lane assignment.
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4.2 Traffic Flow Optimization

Traffic flow optimization is crucial in
designing efficient traffic rotaries. Various
Al techniques, such as machine learning
and optimization algorithms, are employed
to analyze traffic flow patterns, predict
demand, and optimize geometric design
parameters to enhance traffic capacity and
minimize congestion (Li et al., 2018).

4.3 Safety Improvements

Safety is a primary concern in traffic
rotary design. Al techniques, including
computer vision and machine learning, can
analyze traffic behavior, detect potential
conflicts, and identify safety issues such as
speeding, illegal lane changes, or
pedestrian-vehicle conflicts. This
information helps in optimizing the design
to reduce potential hazards and improve
overall safety (Zheng et al., 2020).

4.4 Pedestrian Accessibility

Providing safe and accessible facilities for
pedestrians is a critical aspect of traffic
rotary design. Al-driven approaches can
analyze pedestrian movement patterns,
identify potential conflicts with vehicles,
and optimize crosswalk placements, signal
timings, and traffic calming measures to
enhance pedestrian accessibility and safety
(Zhou & Zhang, 2016).

4.5 Environmental Impact

Minimizing the environmental impact of
traffic rotaries is essential. Al techniques
can optimize geometric design parameters
and traffic signal timings to reduce vehicle
idling time, fuel consumption, and
emissions. By considering factors such as
traffic  flow efficiency and signal
coordination,  Al-driven  design can
contribute to a more sustainable
transportation system.

4.6 Capacity Estimation

Accurate estimation of traffic capacity is
crucial in designing efficient traffic
rotaries. Al algorithms can analyze
historical traffic data, predict future traffic
demand, and estimate the capacity of the
roundabout. This information helps in
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determining the appropriate number of
lanes, entry and exit angles, and other
geometric design parameters to ensure
smooth traffic flow (Smith et al., 2012).
4.7 Lane Assignment

Optimizing lane assignment is important to
streamline traffic flow and minimize
conflicts. Al techniques can analyze traffic
demand, consider vehicle trajectories, and
optimize lane assignments based on flow
patterns and turning movements. This
ensures efficient utilization of lanes and
reduces congestion (Zhou & Zhang, 2016).
4.8 Optimization of Factors Using Al

Al techniques provide powerful tools to
optimize these factors and achieve better
outcomes in traffic rotary design. Machine
learning algorithms can analyze large
datasets, identify patterns, and make
accurate predictions for traffic flow,
safety, and pedestrian  movement.
Optimization algorithms can search for the
best geometric design parameters, lane
assignments, and signal timings to
maximize traffic flow efficiency, minimize
conflicts, and improve overall performance
(Li et al., 2018; Smith et al., 2012).

By leveraging Al, the design process
becomes more adaptive, responsive to real-

time conditions, and capable of
considering multiple factors
simultaneously. ~ This ~ comprehensive

approach enables traffic engineers and
urban planners to create traffic rotaries that
are safer, more efficient, and better aligned
with the needs of both vehicular and
pedestrian traffic.

5 Benefits of Al-driven Traffic Rotary
Design

5.1 Improved Traffic Flow and Reduced
Congestion

Using Al techniques in traffic rotary
design offers significant advantages in
improving traffic flow and reducing
congestion. Machine learning algorithms
can analyze historical traffic data, predict
traffic patterns, and optimize geometric
design parameters to maximize traffic
capacity and efficiency (Li et al., 2018).
This leads to smoother traffic flow,
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reduced delays, and improved overall
travel times.

5.2 Enhanced Safety Features

Al-driven design approaches can greatly
enhance safety features in traffic rotaries.
Computer vision techniques enable real-
time monitoring of traffic behavior,
allowing for the detection of potential
safety hazards such as speeding, red light
violations, or pedestrian-vehicle conflicts
(Zheng et al., 2020). By optimizing
geometric  design  parameters, signal
timings, and pedestrian facilities, Al
techniques contribute to creating safer
traffic environments for all road users.

5.3 Efficient Space Utilization

Efficient space utilization is a key benefit
of Al-driven traffic rotary design.
Optimization algorithms can determine the
optimal number of lanes, lane widths, and
roundabout  diameter, ensuring that
available space is utilized -effectively
(Smith et al., 2012). By minimizing wasted
space and maximizing the capacity of the
traffic rotary, Al techniques enable
efficient use of limited roadway resources.
5.4 Adaptive Design for Changing
Traffic Patterns

One of the significant advantages of Al-
driven design 1is its adaptability to
changing traffic patterns. Machine learning
algorithms can analyze real-time traffic
data and adjust signal timings or lane
assignments accordingly. This adaptability
allows traffic rotaries to respond
dynamically to fluctuating traffic demands,
improving operational efficiency and
reducing congestion (Li et al., 2018).

The utilization of Al techniques also
facilitates the consideration of future
scenarios and predictive modeling. By
analyzing historical data and incorporating
anticipated changes, such as population
growth or urban development, Al-driven
design can create traffic rotaries that are
better equipped to handle future traffic
demands  (Smith et al, 2012)
(Bhambulkar,  2011).  Overall, the
integration of AI techniques in traffic
rotary design offers numerous benefits,
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including improved traffic flow, enhanced
safety features, efficient space utilization,
and adaptive design capabilities. These
advantages contribute to creating more
efficient, safe, and sustainable
transportation systems.

6 Challenges and Limitations

6.1 Potential Challenges and Limitations
Implementing Al-driven traffic rotary
design is not without its challenges and
limitations. Several factors need to be
considered for successful implementation.
One challenge 1is related to data
availability. Accurate and comprehensive
data on traffic flow, accidents, and
pedestrian movement patterns are essential
for effective Al-driven design. However,
collecting and maintaining such data can
be challenging and costly (Zhou & Zhang,
2016). Limited data availability may affect
the accuracy and reliability of AI models.
Another challenge lies in the accuracy of
Al models. Machine learning algorithms
heavily rely on the quality and
representativeness of training data. If the
training data is biased or incomplete, it
may lead to inaccurate predictions and
suboptimal design decisions (Li et al.,
2018). Ensuring the quality and diversity
of training data is crucial to enhance the
accuracy of Al-driven traffic rotary design.
6.2 Issues related to Data Availability,
Model Accuracy, and Real-time
Adaptability

Data availability poses a significant
challenge for Al-driven traffic rotary
design. Li et al. (2018) highlighted the
need for extensive data collection efforts,
including traffic flow data, accident
records, and pedestrian movement
patterns. The availability and accessibility
of such data can vary across different
locations and jurisdictions, making it
difficult to apply Al techniques uniformly.
Model accuracy is another concern in Al-
driven design. The performance of
machine learning and  optimization
algorithms heavily relies on the quality of
data and the representativeness of the
training set. Insufficient or biased data can
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lead to inaccurate predictions and
suboptimal design outcomes (Smith et al.,
2012). It is essential to ensure the accuracy
and reliability of AI models through
rigorous data validation and model testing.
Real-time adaptability is a key requirement
for Al-driven traffic rotary design. Traffic
conditions are dynamic and can change
rapidly. The ability of Al models to adapt
and respond to real-time data is critical for
optimal design decisions. However, real-
time data collection, processing, and
model  updating  present  technical
challenges that need to be addressed for
effective real-time adaptability (Zheng et
al., 2020).

Addressing  these  challenges  and
limitations requires continuous research
and development efforts. Collaborative
partnerships  between  transportation
agencies, researchers, and Al experts are
essential to overcome data availability
issues, improve model accuracy, and
enhance the real-time adaptability of Al-
driven traffic rotary design.

7 Case Studies and Results

7.1 Real-World Case Studies Using Al
Techniques for Traffic Rotary Design
Several real-world case studies have
demonstrated the application of Al
techniques in traffic rotary design,
showcasing  their  effectiveness  in
improving traffic performance and safety.
One case study conducted by Li et al.
(2018) focused on optimizing signal
timings at roundabout intersections using
an adaptive neuro-fuzzy inference system
and particle swarm optimization. The
study utilized historical traffic flow data
and applied Al techniques to predict traffic
demands and optimize signal timings. The
results showed significant improvements
in traffic performance, including reduced
delays and increased traffic capacity.
Another case study by Zhou and Zhang
(2016) investigated the effectiveness of
lane markings and yield control strategies
at  single-lane roundabouts. The
researchers used Al techniques to analyze
traffic behavior and evaluate the impact of
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different lane markings and yield control
strategies on traffic flow. The study found
that well-designed lane markings and
effective yield control strategies improved
traffic operations and reduced conflicts at
roundabouts.

7.2 Outcomes: Traffic Performance
Improvements and Safety
Enhancements

The outcomes of these case studies
highlight the positive impacts of Al-driven
traffic rotary design on traffic performance
and safety. Li et al. (2018) demonstrated
that optimizing signal timings using Al
techniques resulted in reduced delays,
improved traffic flow, and increased traffic
capacity at roundabout intersections. These
improvements contribute to better travel
experiences for motorists and increased
efficiency in overall traffic operations.
Zhou and Zhang (2016) showcased how
Al techniques can enhance safety at
roundabouts. By analyzing traffic behavior
and evaluating different lane markings and
yield control strategies, the researchers
identified effective design approaches that
minimized conflicts and improved traffic
safety. The outcomes of this study
emphasize the potential of Al-driven
design  in  creating safer traffic
environments for both drivers and
pedestrians.

These case studies provide evidence of the
benefits of utilizing Al techniques in
traffic rotary design. They demonstrate
how Al-driven approaches can lead to
improved traffic performance, reduced
congestion, and enhanced safety features,
ultimately contributing to more efficient
and safer transportation systems.

Table 2: Case Studies of AI Techniques
in Traffic Rotary Design

single-lane
roundabouts

Table 3: Outcomes of Al-driven Traffic
Rotary Design Case Studies

Case Study Outcomes

Reduced delays,
improved traffic flow,

Lietal. (2018) increased traffic

capacity

Enhanced safety,
Zhou and Zhang | improved traffic
(2016) operations, reduced

conflicts

Case Study Methodology
Optimization of signal
Lietal. (2018) timings using ANFIS
and PSO

Evaluation of lane
markings and yield
control strategies at

Zhou and Zhang
(2016)
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8 Conclusion

In conclusion, the application of artificial
intelligence (Al) techniques in designing
traffic rotaries offers numerous benefits
and opportunities for improving traffic
flow, safety, and efficiency. This
comprehensive approach leverages Al
algorithms, machine learning, computer
vision, and optimization techniques to
address the challenges associated with
traditional traffic rotary design.

Through a literature review, it is evident
that previous research has explored various
aspects of traffic rotary design and
optimization. However, the integration of
Al in this domain is relatively new and
promising. By incorporating Al
techniques, traffic rotary design can be
enhanced in terms of traffic flow
optimization, safety improvements,
pedestrian  accessibility, environmental
impact, capacity estimation, and lane
assignment.

The proposed methodology for Al-driven
traffic rotary design involves data
collection, including traffic flow data,
accident records, and pedestrian movement
patterns. Al techniques such as machine
learning, computer vision, and
optimization algorithms are employed to
analyze the data and optimize the design
process. The Al-driven design process
includes iterative steps, allowing for
continuous improvement and adaptation.
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The benefits of Al-driven traffic rotary
design are substantial. These include
improved traffic flow, reduced congestion,
enhanced safety features, efficient space
utilization, and adaptive design for
changing traffic patterns. Real-world case
studies have demonstrated the positive
outcomes of using Al techniques, such as
reduced delays, increased traffic capacity,
and improved safety at roundabout
intersections.
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