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Abstract

This paper explores the potential of Artificial Intelligence (AI) and the Internet of Things (IoT) in enhancing public
transportation systems. By leveraging Al and IoT, transportation networks can improve operational efficiency, reduce
maintenance costs, enhance passenger satisfaction, and lower environmental impact. The research investigates
various use cases such as predictive maintenance, demand prediction, and real-time passenger information systems
while also addressing implementation challenges, including data privacy, scalability, and infrastructure costs. Through
case studies and an analysis of real-world examples, the paper illustrates the transformative role of Al and IoT in

making public transportation systems smarter, more efficient, and more sustainable.

Keywords: Artificial intelligence, Internet of things, Public transportation systems, Operational efficiency,
Maintenance cost reduction, Passenger satisfaction.

1| Introduction

The intersection of Artificial Intelligence (Al) and the Internet of Things (IoT) represents a transformative
force in various sectors, notably in public transportation. As urban populations swell and mobility challenges
intensify, the need for efficient transit solutions has never been more pressing. Leveraging Al-assisted loT
technologies can significantly enhance the performance and reliability of public transportation systems. These
advancements facilitate real-time data collection and analysis, enabling transport authorities to optimize
routes, reduce waiting times, and improve overall service quality. Moreover, integrating Al algorithms allows
for predictive maintenance of transit vehicles and infrastructure, thereby preventing service disruptions and
increasing passenger satisfaction. By harnessing these innovations, urban planners can create smarter, more
responsive transportation networks that meet current demands and anticipate future growth and shifts in

mobility patterns, ultimately contributing to more sustainable urban living environments.
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1.1| Overview of Al and IoT in Public Transportation

Integrating Al and the IoT into public transportation systems represents a substantial shift toward smarter,
more responsive urban mobility. Through Al-driven analytics, transportation agencies can better predict
passenger demand, optimize routing and enhance scheduling, improving operational efficiency and rider
satisfaction. 1oT devices, such as sensors and GPS trackers, facilitate real-time data collection, providing
crucial insights into vehicle performance and passenger behavior. These technologies together form a rich
ecosystem where data informs decision-making, allowing for dynamic adjustments based on current
conditions. Furthermore, as outlined in the literature, energy management remains essential for such systems;
effective integration of Al and IoT ensures that energy consumption is optimized, directly contributing to
sustainability goals in urban environments [1]. Thus, the synergy between Al and IoT streamlines public
transport and promotes an environmentally conscious framework for future urban developme.

2| Enhancing Operational Efficiency

Integrating Al-assisted IoT solutions within public transportation systems offers a transformative approach
to enhancing operational efficiency. By deploying advanced communication networks, such as 3D wireless
technologies, agencies can ensure timely communication and real-time situational awareness during critical
incidents. This is particularly vital when managing large facility evacuations or addressing emergencies like
wildfires, where swift coordination and resoutce allocation are essential [2]. Furthermore, advancements in
IoT concepts—such as the Internet of Robotic Things (IoRT)—facilitate seamless interactions between
autonomous vehicles and infrastructure, improving responsiveness and service delivery. The synergy between
IoT and Al in public transport can lead to optimized routes, reduced operational costs, and increased rider
satisfaction, simplifying complex logistical challenges while enabling dynamic adaptability to fluctuating
demands [3]. Municipalities can create a more resilient, efficient, and responsive public transportation

ecosystem by leveraging these technologies.
2.1| Real-time Data Analytics for Route Optimization

Real-time data analytics in public transportation systems facilitates route optimization by enabling dynamic
adjustments based on fluctuating conditions. By leveraging advanced technologies such as machine learning
and IoT sensors, transportation authorities can analyze live traffic patterns, weather conditions, and passenger
demand to enhance operational efficiency. This integration mitigates congestion and promotes
environmentally sustainable practices, which is critical in modern urban planning. As noted in recent studies,
the synergy between computer vision and sensor networks significantly enhances traffic management
capabilities, yielding tangible benefits across various scenatios [4]. Furthermore, the application of IoT in
smart cities allows for the collection and analysis of vast amounts of data, leading to more informed decision-
making processes. Exploring various optimization methods, such as genetic algorithms and particle swarm
optimization, can lead to innovative solutions for route management challenges, ultimately improving service

reliability and customer satisfaction [5].
3 | Improving User Experience

Integrating Al-assisted IoT solutions into public transportation systems significantly enhances user experience
by delivering real-time data and personalized services. Such solutions help streamline operations, offering
passengers timely information on transit schedules and alternative routes to reduce wait times and improve
overall accessibility [6]. Furthermore, using computer vision and sensor networks in traffic management
ensures efficient traffic flow, ultimately minimizing congestion and enhancing safety, as discussed in the
context of Intelligent Transportation Systems [4]. Alongside these advancements, the interplay between smart
home technologies and public transport can also foster an environment of convenience for users, allowing

seamless connectivity between various modes of transport within smart urban ecosystems [5]. By addressing



71 Kumar | Comput. Eng. Technol. Innov. 1(2) (2025) 69-75

infrastructure and interoperability challenges, cities can create cohesive networks that prioritize user needs
and adaptively evolve to meet them, leading to a more user-centric public transportation landscape [7].

3.1| Smart Ticketing Systems and Personalized Travel Information

The evolution of public transportation systems is increasingly intertwined with the adopt Smart ticketing
systems and personalized travel information are vital components in enhancing user experience and
operational efficiency. By leveraging Al, these systems can analyze individual travel behaviors and preferences,
providing tailored recommendations that streamline the commuting experience. In this context, smart
mobility encompasses efficient route planning and real-time updates and facilitates inclusive mobility by
catering to diverse user needs, thus promoting sustainable urban development [8]. Furthermore, as outlined
in the Transport 2040 report, integrating advanced technologies into transportation infrastructures is crucial
for facilitating the smooth operation of automated and semi-automated vehicles, ultimately transforming the
nature of city travel [9]. This dual focus on personalization and technology supports a holistic approach to
public transportation, encouraging higher usage rates and fostering more environmentally friendly commuting
patterns.

IoT-1TS

environment
Modelling

Attack model

‘:[ Intelligent Processing ]

l

Pre Processing [ Suspicious Activity ]
Detection

|

Threats and attacks
validation

Threat model

l Data Collection

(] N
Data validation

(_Outlier removal_J|——>

Data aggregation |

Data partition

Fig 1. Smart ticketing systems and personalized travel information processing [10].
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Table 1. Smarter, faster, and greener transit.

Feature Description

Benetits

Real-lime data collection  Collects data an vehicde location,

passenger count, traffic, and environment

Predictive analytics Uses Al to forecast vehicle demand,

amival times, and potential delays

Route optimization Dymamically adjusts routes based an real-

ime conditions
Anomaly detection Identifies irregularities (e.g.. sudden delays
or congestion)

Passenger insights Analyzes passenger patterns and

preferencess
Environmental Monitors air quality and noise pollution
monitoring around transit areas

User interaction Mobile app provides real-time tracking

and notifications

Enhances situatiomal awarrmess and
enables rapid resporise to delays

Reduces waiting time and improves
scheduling for peak hours

Minumives travel time and fuel
consumption

Enhances reliability and safety by
alerting operators to issues quickly

Nlows for better service
customization and improved user
satisfation

Supports sustainable initiatives and
regulatory compliance

Improves passenger expetience by
providing accurate and

Key variables

I. Vehicle location at a time (latitude and longitude coordinates).

II. Passenger count at time.

111
IV.

Traffic density at time (e.g., vehicles per kilometer).

Speed of the vehicle at time (km/h or m/s).

V. Distance between two points (in km or meters).

VI.
VIL
VIIL
IX.

Environmental conditions (e.g., air quality, noise levels).
Route, defined as a sequence of coordinates or waypoints.
Predicted demand at a given stop.

Optimized route considering traffic, demand, and conditions.

X. Estimated Time of Arrival (ETA) at a destination.

Equations
1. Vehicle location at a time (latitude and longitude coordinates).
II. Passenger count at time.
III. Traffic density at time (e.g., vehicles per kilometer).
IV. Speed of the vehicle at time (km/h or m/s).
V. Distance between two points (in km or meters).
VI. Environmental conditions (e.g., air quality, noise levels).
VII. Route, defined as a sequence of coordinates or waypoints.
VIII. Predicted demand at a given stop.
IX. Optimized route considering traffic, demand, and conditions.
X. ETA at a destination.



3 Kumar | Comput. Eng. Technol. Innov. 1(2) (2025) 69-75

Equations

1. Demand prediction using linear regression.

To predict demand at a specific stop, a linear regression model might be applied:
Dpred = @ + B XH + BZxW + B3 xT,

Where:

Dpreq: predicted demand at a given stop.

H: hour of the day.
W: day of the week (e.g., 1 for Monday to 7 for Sunday).

T: temperature or another environmental factor (e.g., weather condition index).
o intercept of the regression model.

B1, B2, Bs: regression coefficients estimated from historical data.

II. Route optimization using travel time and distance.

To optimize the route, the goal is to minimize the total travel time, taking into account distance and expected
traffic:

n

D;

Tiotal = S ’

-1 1,0pt

Where:

Tioral: total estimated travel time for the route.

D;: distance of segment i.

Si opt+ optimal speed for segment i, based on traffic density and road conditions.

n: total number of segments in the route.

III.  ETA calculation for a route segment.

To estimate the time of arrival at the next stop considering real-time conditions:
D

Tarr = Teurrent + S .

current

Where:

Tarr: Estimated arrival time at the next stop.+

Teurrent: Cutrent system time.

D: Remaining distance to the stop.

Scurrent: Current vehicle speed, adjusted for live traffic and road conditions.
IV. Passenger satisfaction score calculation.

A satisfaction score can be calculated based on key metrics affecting the passenger experience:

Spassenger = Y1 X Wtime + Yz X Ttravel + Y3 X Ccomfort'
Whete:

Spassenger: Overall passenger satisfaction score.
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Wiime: average passenger waiting time.

Tiraver : average travel time experienced by passengers.

Ceomfort: comfort factor (e.g., seat availability, crowding levels).

Y1, Y2, V3: weighting coefficients that prioritize the influence of each factor.
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