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Abstract—This paper reviews advancements in Al-
driven traffic management systems, combining theory
with real-world case studies. It covers adaptive signal
control, machine learning for demand prediction, and
reinforcement learning for signal optimization.
Deployments in cities such as Pittsburgh, Los Angeles,
and Singaporedemonstrate reduced travel times, lower
emissions, and operational efficiency. Recommendations
include deployment methods, evaluation metrics, ethical
guidelines, and future research directions.
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I. INTRODUCTION

Rapid urbanization and increased vehicle count
drastically stress urban road networks. Traditional
fixed-timesignals fail to adapt to changing demand—
causing congestion, delays, andemissions. Al-driven
systems use computer vision, anddata
analytics to optimize traffic flowdynamically. This
report examines currentdevelopments
emphasizingpractical relevance for planners and
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II. LITERATURE REVIEW
Traffic management systems like SCATS (Sydney),

ATSAC (Los Angeles), and SURTRAC (Pittsburgh)
represent milestones in automation and intelligence.
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Recent research focuses on deep reinforcement
learning, hybrid neural models, and multi-agent
coordination. Key metrics include travel time,delay,
queue length, and emissions for performance
assessment.
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Al for Smart

Traffic Management:

Reducing Congestion and Accidents

II1. METHODOLOGY evaluate Al approaches. Ituses standardized metrics

to compareperformance across SURTRAC, SCATS,

This study synthesizes peer-reviewed research, and ATSAC deployments. Visual comparisons and
government reports, and industrywhitepapers to data tables highlight impacts.

Al-Driven Traffic Optimization System Architecture
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IV. AI TECHNIQUES IN TRAFFIC signal control, and computer vision for wvehicle
MANAGEMENT: detection. Hybrid AI models balance safety,
throughput, and fuel efficiency.
Key AI methods include supervised learning to
predict traffic volume, reinforcement learning for
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V. SMART MOBILITY & IOT INTEGRATION predictive congestion management. Vehicle-to-
Infrastructure (V2I) communications enable adaptive
IoT devices like roadside units, GPS-enabled rerouting and real-time coordination. Systems

vehicles, and smart sensors feed real-time data for

prioritize buses and emergency vehicles.

VI. ENVIRONMENTAL AND SOCIETAL include enhanced safety, stress reduction, and
IMPACT promotion of sustainable transport modes. Equitable
benefits for all wusers includingpedestrians and

Al systems reduce idling, lowering fuel consumption cyclists are crucial.

and greenhouse gas emissions. Social benefits
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VII. DATA GOVERNANCE AND ETHICAL Al and privacy protection. Guidelines include fair
training data, algorithmic fairness, and bias
Responsible data governance is vital for Al traffic mitigation.

systems. Ethics call for transparency, explainability,

Best Practices for Al Data Governance in LLMs
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VIII. CASE STUDIES & REAL-WORLD ATSAC,Singapore’s  predictive LTA  systems,
APPLICATIONS andSCATS. These demonstrate Al scalability and

adaptability in diverse urban environments.
Significant improvements have been seen with
Pittsburgh’s SURTRAC, Los Angeles’s
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IX. RESULTS AND COMPARATIVE DATA
ANALYSIS

Field data reveals travel time reductions of 20-30%
and idling time cuts of up to 40%. Al-driven systems

Before

X. CHALLENGES AND FUTURE SCOPE

Challenges include data integration complexity,
sensor accuracy, cybersecurity, and deployment cost.
Future work should focus on multi-modal
optimization, real-time simulation, and autonomous
vehicle data incorporation. Additionally, developing
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outperform traditional fixed-time controls, leading to
smoother traffic flow and improved fuel efficiency.

These advancements contribute to lower emissions
and enhanced overall mobility in urban networks

After Al Optimisation
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standardized data frameworks and scalable
architectures will be crucial for interoperability.
Collaboration between public agencies and private
sectors can further accelerate innovation and
implementation.
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XI. FUTURE URBAN SCENARIOS WITH Al
TRAFFIC CONTROL

Cities will evolve into smart ecosystems where Al
integrates with power grids, logistics, and public
transit. Predictive models will forecast traffic days
ahead, enabling dynamic infrastructure adaptation.
Al, 5G, and edge computing will enable near-instant
decisions enhancing resilience.

XII. CONCLUSION

Al-driven traffic management offers tangible
improvements in efficiency, sustainability, and
commuting experience. Focus on transparency, data
quality, and policy collaboration will drive
widespread adoption. This report guides researchers
and cities seeking intelligent urban mobility
solutions.

REFERENCES

[1] Pant, K. (2024). Framework for AI-Driven
Traffic Management in Kathmandu. Far Western
Review, 2(2), 130-141. doi:10.3126/fwr.
v2i2.79872. nepjol.info Focuses on applying Al
+ simulation in a rapidly-urbanising city context
(Kathmandu), reducing congestion up to ~25%.
Good for case-study style material on
infrastructure constraints and local context.

[2] Patel, K. & Patel, M. (2025). Al-Based Traffic
Congestion Prediction for Smart Cities Using
Artificial ~ Neural  Network.  Journal of
Information Systems Engineering and
Management, 10(35s). JISEMUses ANN models
with historical + real-time data (GPS, sensors,
weather) for traffic forecasting.Useful for the
modelling side (prediction part) of Al in traffic.

[3] Poonam, K.M. (2024). Al-Driven Predictive
Analysis for Urban Traffic Management: A

IJIRT 186127

Novel Approach. International Journal of
Innovative Science and Research Technology,
9(10).  doi:10.38124/ijisrt/IJISRT240CT1444.
IJISRT Describes a more general predictive
analytics framework combining multiple data
sources (IoT sensors, social media, GPS, etc.).
Good for showing the data-integration side of Al
in traffic management.

[4] Karmakar, M., Debnath, P., & Khan, M.A.
(2024). Al-Powered Solutions for Traffic
Management in US. Cities: Reducing
Congestion and Emissions. International Journal
of Advanced Engineering Technologies and
Innovations, 2(1), 194-222. IJJAETI Focused on
U.S. city context; emphasises Al + real-time
monitoring + ML to reduce emissions and
improve flow. Useful for comparing developed
city context with developing city context.

[5] Shiny, G. Susan; Sheriff, M. Ibrahim;
Narayanan, S.; Yuvarajan. (2025). Smart Traffic
Management: Enhancing Emergency Response

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 358


https://www.nepjol.info/index.php/fwr/article/view/79872?utm_source=chatgpt.com
https://jisem-journal.com/index.php/journal/article/view/5934?utm_source=chatgpt.com
https://www.ijisrt.com/aidriven-predictive-analysis-for-urban-traffic-management-a-novel-approach?utm_source=chatgpt.com
https://ijaeti.com/index.php/Journal/article/view/708?utm_source=chatgpt.com

(6]

(7]

(8]

[9]

© November 2025 | IJIRT | Volume 12 Issue 6 | ISSN: 2349-6002

with Al And IoT. Journal of Big Data
Technology and Business Analytics, 4(1), 36—44.
matjournals.net There’s a strong element of
emergency vehicle priority, adaptive signals, IoT
+ Al. Good for your interest in “road safety” side
— emergency responsiveness.

Kumar, A.; Kumar, A. (2024). Assessing The
Role of Artificial Intelligence in Highway Traffic
Optimization and Safety. African Journal of
Biomedical Research, 27(6 S), 660-665.
doi:10.53555/AJBR.v27i6S.7244. African
Journal of Biomedical Research Focus on
highway traffic, safety, accidents, anomaly
detection via Al — bridges traffic operations and
safety outcomes.

Pandey, S.C. & P, V.K. (2025). Adaptive Al-
Driven Toll Management: Enhancing Traffic
Flow and Sustainability Through Real-Time
Prediction, Allocation, and Task Optimization.
Future Transportation, 5(1), 21.
doi:10.3390/futuretransp5010021. MDPI A
slightly specialised application (toll
management) but still within traffic management
with Al. Good for narrow application example.
Patil, V.; Yadav, S.; Gowda, S.; Rashmi, J.
(2024). Al-Based Adaptive Traffic Management.
IJRASET - Journal for Research in Applied
Science & Engineering Technology.
doi:10.22214/ijraset.2024.65908. IJRASET
Intersection/traffic light level focus; useful for
signal  timing  optimisation and  local
intersections.

Prajwal V.; Abhay R.; Rohith Gowda D.; Savitha
G. (2023). AI-Driven Urban Traffic Optimization
to Assess Complex Traffic Patterns for Public
Traffic Control and Mobility. 1JRASET.
doi:10.22214/ijraset.2023.56630. IJRASET
More broadly about urban traffic patterns, loT +
Al + optimisation. Good for the macro side.

[10]Siva, P.; Bhavani Pujitha, G.; Siva Krishna, G.;

IJIRT 186127

Hemanth, G.; Sai Teja, B. (2025). Computer
Vision Enabled Smart Surveillance for Urban
Traffic Control. International Journal on
Advanced Computer Engineering and
Communication Technology, 14(1).

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

359


https://matjournals.net/engineering/index.php/JBDTBA/article/view/1789?utm_source=chatgpt.com
https://africanjournalofbiomedicalresearch.com/index.php/AJBR/article/view/7244?utm_source=chatgpt.com
https://africanjournalofbiomedicalresearch.com/index.php/AJBR/article/view/7244?utm_source=chatgpt.com
https://www.mdpi.com/2673-7590/5/1/21?utm_source=chatgpt.com
https://www.ijraset.com/research-paper/ai-based-adaptive-traffic-management?utm_source=chatgpt.com
https://www.ijraset.com/research-paper/ai-driven-urban-traffic-optimization-to-assess-complex-traffic-patterns?utm_source=chatgpt.com

