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Abstract: Many countries encourage their populations to use public urban transport to decrease
pollution and traffic congestion. However, this can generate overcrowded routes at certain times
and low economic efficiency for public urban transport companies when buses carry few passengers.
This article proposes a Public Urban Transport Scheduling System (PUTSS) algorithm for allocating a
public urban transport fleet based on the number of passengers waiting for a bus and considering the
efficiency of public urban transport companies. The PUTSS algorithm integrates artificial intelligence
(AI) methods to identify the number of people waiting at each station through real-time image
acquisition. The technique presented is Azure Computer Vision. In a case study, the accuracy
of correctly identifying the number of persons in an image was computed using the Microsoft
Azure Computer Vision service. The proposed PUTSS algorithm also uses Google Maps Service for
congestion-level identification. Employing these modern tools in the algorithm makes improving
public urban transport services possible. The algorithm is integrated into a software application
developed in C#, simulating a real-world scenario involving two public urban transport vehicles.
The global accuracy rate of 89.81% demonstrates the practical applicability of the software product.

Keywords: Al methods; public urban transport; optimization algorithm; smart cities; Microsoft
Azure Computer Vision; Azure service; Google Maps Service; C#

1. Introduction

Public urban transportation aims to transport several passengers close to a vehicle’s
capacity simultaneously. This reduces urban traffic congestion, lowers transportation
costs for passengers, and decreases pollution by reducing the number of cars on the road.
Consequently, many countries encourage the population to use this type of transport.
However, there are some disadvantages, mainly the discomfort caused by waiting times
and often poor conditions. Generally, public urban transport is very crowded during peak
hours, while during off-peak hours, the frequency of vehicles is reduced, resulting in longer
waiting times. Given these considerations, there is a clear need to propose new methods
to improve public urban transportation conditions, encouraging the population to opt for
public urban transport instead of personal vehicles.

1.1. Public Urban Transport

To benefit from the advantages offered by public urban transport use among a popu-
lation, it is necessary to identify why people consider this type of transport a last resort.
Kita et al. [1] mention improving the quality of life by increasing opportunities for the
population when public transport uses optimized routes and schedules. Focusing on user
satisfaction, Khademi-Vidra et al. [2] reveal that users prioritize cleanliness and equipment
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of vehicles and stops, service frequency, timetable adherence, passenger information, and
accessibility. By investigating transport delays, Nichols et al. [3] reveal that delays reduce
job access by 4-9%, depending on travel time thresholds. Using a binary logistic regression
model, their research finds that individuals experiencing frequent delays are less likely
to opt for public transport over other motorized modes. The analysis incorporates travel
survey data from approximately 6000 origin-destination pairs, measuring travel times with
scheduled and actual data to capture the variability in commuting experiences.

Wong and Yap [4] analyze service changes and investigate the impact of public trans-
port service adjustments on passenger demand by examining over 25 million individual
journeys in London. Their research shows that a 1% increase in journey time leads to a
0.61% decrease in public transport demand. Thus, demand is more sensitive to service
degradations than improvements, suggesting a slower recovery after reductions.

A method to improve public transportation services by using multi-modal social
rerouting strategies, which involve asking a portion of passengers to change their departure
time, line, or service, is presented by Luan et al. [5]. This approach balances the load on the
network and improves the level of service by addressing demand-side issues in addition
to the traditional supply-side measures. The strategies consider trains, buses, and trams
with predefined timetables and use a centrally coordinated information system to guide
passengers. Their research highlights the potential of social rerouting strategies to enhance
public transport efficiency by dynamically managing passenger demand and reducing the
impact of overcrowding and failed boardings [5].

Sharma et al. [6] explore a bi-modal public transport system that combines rail services
with on-demand shuttles. Through agent-based simulations and analytical frameworks,
their research demonstrates that bi-modal transit can significantly lower energy consump-
tion while maintaining reasonable service quality. Their key findings reveal that adding
more intermediate stops on rail lines can slow train speeds without affecting overall energy
use or service quality performance. The analysis suggests that reducing the number of
stops could be beneficial, allowing for faster transit.

Another method to improve the service quality of public transport is the correct time
of arrival predictions. Traditional Expected Time of Arrival (ETA) estimators use data from
bus service providers, including vehicle positions and traffic conditions. The proposed
method improves these estimators by utilizing historical ETA records accessed through
public transport application programming interfaces. By applying a machine learning (ML)
scheme, the method predicts and corrects systematic errors in the existing ETA estimators.
The results demonstrate significant improvements in error mean and standard deviation
for bus fleets in Madrid and Paris [7].

Wang et al. [8] present another methodology that involves preprocessing input data,
defining two optimization models—one aimed at minimizing waiting times and the other
at reducing operational costs—and iteratively refining solutions until satisfactory results
are achieved. Notably, a 10% reduction in fuel consumption could lead to significant cost
savings and lower environmental pollution while extending vehicle lifespan.

Modern transport systems include the control center (CC), data centers, operators,
and communication infrastructure to connect vehicles to the CC. Data transfer utilizes
Global System for Mobile Communication (GSM) networks, General Packet Radio Service
(GPRS), Short Message Service (SMS), and Internet communications. In this way, the system
monitors transport process parameters in real time, improving service quality and user
satisfaction [9].

Yakimov [10] proposes a new algorithm for developing initial routes, leveraging
intermediate data on operational modes. The study employs genetic algorithms (GAs)
to iteratively refine route configurations, using operations like crossover, mutation, and
selection to evolve solutions across generations. This approach integrates traditional and
heuristic optimization techniques, addressing multifactorial challenges in urban transport
planning. High-quality initial data, including transport demand, supply, and passenger
flow distributions, are essential parameters for this process.
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A new proposed model focuses on defining operational areas and dynamic transport
lines in low-demand integrated zones. It introduces the concept of “obliquity”, referring
to route deviations from main lines, and calculates coefficients to assess their impact. A
case study in Radotin and Cernogice near Prague demonstrates the model’s feasibility, sug-
gesting that optimizing routes and timetables can effectively address local transportation
challenges [11].

By detecting crowdedness in public transport stations, the study by Gheorghiu
et al. [12] presents a computer vision solution to assist local authorities and operators
in making informed decisions regarding different measures and system responses. Ad-
vanced computer vision technology extracts information from images and video streams,
improving traditional detection algorithms. Beyond crowdedness detection, applications
include people and vehicle count, lost object identification, rail safety monitoring, and
illegal crossing detection. The proposed solution addresses the immediate need to manage
crowdedness and demonstrates the broader potential of computer vision technology in
public transport systems decisions.

Kasatkina et al. [13] integrate linear algebra, graph theory, and statistical information
processing to address route duplication within the Izhevsk, Udmurt Republic, public trans-
port system. The analysis of 323 stopping points and 55 urban transport routes identifies
duplicate routes through correlation analysis. Their findings suggest route synchronization,
partially merging routes, and streamlining the network. These improvements contribute to
better efficiency in Izhevsk’s public transport and offer a model applicable to similar urban
systems facing route duplication challenges.

Saddal et al. [14] develop a data processing pipeline to acquire and refine transporta-
tion data, structuring it as a nonlinear graph representing Islamabad’s network. Schedules
are converted into the General Transit Feed Specification format, enhancing travel time
estimation. The dataset identifies mobility patterns and improves intra-city connectiv-
ity, supporting urban development efforts focused on route optimization and intelligent
journey planning.

Centering on sustainable urban mobility, Douskova et al. [15] assess city transport
conditions, specifically how car traffic flow affects public transport. A pilot study utilizing
Google traffic data analyzes traffic characteristics and compares them with actual travel
speeds of public transport on specific routes. Their findings aim to inform a broader
research initiative to create a method for evaluating public transport operations across
urban networks. By leveraging modern data sources like Google Traffic, their study reveals
traffic dynamics and their impact on public transport, contributing to improved urban
mobility solutions.

1.2. Traffic Management Systems

Some studies collectively contribute to advancing traffic management systems through
innovative sensor technologies, real-time data acquisition, and intelligent algorithms. Guo
et al. [16] introduce a new algorithm for optimizing traffic sensor networks. The algorithm
considers multiple types of sensors and constructs an output matrix to enhance system
observability. By integrating different sensor types, the system can achieve optimal sensor
placement. The method was validated using an urban freeway model, demonstrating
comprehensive coverage and strong representativeness. A dual-subsystem framework for
traffic management was proposed by Elmrini and Amrani [17], collecting real-time traffic
data, including vehicle count, speed, classification, and environmental data. The Control
Station processes these data, enabling macroscopic and microscopic traffic flow evaluation
and automated response to traffic issues. The system offers a cost-effective solution for
real-time traffic monitoring.

Furthermore, integrating the Internet of Things (IoT) into traffic management systems
aims to address issues such as traffic congestion, rule violations, and accidents. Jha et al. [18]
develop an IoT-based Smart Traffic Controlling System to monitor and resolve traffic
problems by collecting real-time data and communicating it to authorities. The system
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enhances traffic signal operation, reduces idle times at red lights, and improves overall
traffic safety and management.

Syum et al. [19] propose a new model to predict traffic patterns and fill data gaps to
make accurate traffic predictions even with limited data, enhancing intelligent transporta-
tion systems. Their study also integrates GPT-4 for user interaction, providing personalized
and contextual responses. Another work [20] extensively reviews current traffic flow sensor
technologies by detailing various sensors’ operational strengths and limitations, aiding in
informed decision-making for specific applications.

Furthermore, it discusses integrating alternative data sources like Wi-Fi, Bluetooth
sensing, and connected vehicle data, highlighting their growing role in modern traffic
management systems. Advances in Light Detection and Ranging (LiDAR) technology have
enabled it to detect vehicles, cyclists, and pedestrians at intersections. A methodology to
transform LiDAR data into Purdue Probe Diagrams is presented by Saldivar-Carranza and
Bullock [21], allowing for performance measures such as arrivals on green, split failures,
downstream blockage, and control delay level of service. A case study demonstrates the
reliability of these measures, showing close agreement with connected vehicle data, thus
validating the methodology.

Artificial intelligence (AI) is revolutionizing traffic transport, mainly through advance-
ments in computer vision and image processing. To address these challenges, advancements
in intelligent vehicle technologies, such as sensors and communication networks, offer
transformative potential [22]. For instance, platooning for autonomous vehicles, which
travel in groups at high speeds with minimal distances, aims to enhance road traffic ef-
ficiency. This requires precise vehicle positioning, which can be improved using images
captured by onboard cameras and Global Positioning System (GPS) data [22]. Innovative
systems utilize ML algorithms for route optimization, cargo volume forecasting, predictive
fleet maintenance, and real-time vehicle tracking [23].

Al methodologies are anticipated to assist aviation personnel in traffic, potentially
leading to single-pilot operations and Al-based air traffic management [24]. Al-based traffic
surveillance technologies already assist in real-time traffic incident detection and alert
systems using computer vision [25]. Al simulation techniques have been applied to assess
pedestrian flow at intersections, helping predict traffic capacity and optimize signal control.
These methods use neural networks and fuzzy logic to model and visualize traffic flows,
aiding in better traffic management decisions [26].

Al’s application in traffic management aims to overcome congestion, safety concerns,
and environmental impacts. Deep Reinforcement Learning (DRL) is one approach explored
to optimize traffic signal configurations, improving traffic throughput and alleviating
congestion [27,28]. Al’s potential to revolutionize urban traffic management lies in its
ability to provide real-time, adaptive solutions to complex traffic issues [29,30].

Another approach used in the literature is autonomous vehicles (AVs), which aim
to reduce traffic congestion, air pollution, and fuel consumption [31]. One innovative
approach to managing AVs is converting their movement into a simulated train model on a
virtual track. This method, employing a “particle swarm” optimization algorithm, aims to
improve road safety and the integration of AVs with human-driven vehicles, ensuring effi-
cient traffic management [32]. Additionally, a proportional-integral-derivative controller
with an adaptive slide surface was proposed for trajectory tracking of fully actuated vessels,
showcasing the potential of advanced control algorithms in AV management [33].

In combining AVs and human-driven vehicles, mixed traffic flow remains a significant
research focus. A new cellular automata model revealed that a 30% AV penetration rate
significantly increases traffic flow, though benefits plateau between 40% and 60%. Equip-
ping human-driven vehicles with communication devices enhances traffic efficiency at
lower AV penetration rates [34]. Introducing AVs as bus bays can improve these metrics,
especially in heavy traffic conditions [35]. Optimized route selection and traffic control
using deep neural networks, aided by Golden Levy optimization, can further enhance AV
traffic management [36].
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Simulation studies using actual traffic data in mixed traffic conditions indicate that
AVs can adapt to different driving styles, improving road safety and efficiency [37]. Em-
ploying real-time data, ML-based traffic management strategies show promise in reducing
congestion and emissions, offering significant benefits for urban transportation systems [38].
Despite the potential of AVs to transform urban traffic, low AV adoption rates pose chal-
lenges, highlighting the need for further research to address these limitations and ensure
seamless integration into existing traffic systems [39].

Another proposal for public traffic management is the IoT approach. Mondal and
Rehena [40] use stationary sensors and the k-means clustering algorithm to classify road
segments based on traffic density and speed. Efficient traffic management in smart cities
can be achieved by pre-estimating vehicle numbers at crowded junctions using image pro-
cessing and IoT technology, which conveys real-time vehicle counts to control centers [41].

A dynamic IoT-based traffic management system using ultrasonic sensors regulates
traffic light durations based on real-time congestion levels. This system was developed in
the following three phases: simulation, IoT system development, and hardware implemen-
tation [42]. The rise of IoT offers new opportunities for inventions, such as an energy-saving
electrical device surveillance and control system. This system uses wireless technology for
small areas and wired configuration for larger areas to improve fault detection in lighting
appliances [43]. An image processing system can calculate fines and connect drivers with
the traffic system via IoT technology [44].

A smart traffic management system using IoT and solar-powered streetlights can
reduce energy wastage in traffic monitoring. This system adjusts signal timings based
on traffic densities and activates streetlights only when needed [45]. Intelligent traffic
management systems using IoT and Long Range (LoRa) technology can monitor and
control traffic flow, reducing congestion and emissions while providing real-time air quality
data [46].

Integrating ultrasonic sensors with Raspberry Pi and IoT allows for smart security
and road safety enhancements, gradually improving the overall traffic system [47]. To
address frequent traffic congestion and uncontrollable commuting times, a collaborative
intelligent traffic planning algorithm uses Al and traffic sensors to optimize signal durations
and driving paths dynamically. This method improves on-time arrival ratios and meets
commuting delay requirements [48].

To improve the effectiveness of the Internet of Vehicles (IoV), the study [49] proposes a
Multi-Criteria Decision-Making (MCDM) approach, utilizing CRITIC and TOPSIS method-
ologies to select optimal choices based on qualitative and quantitative factors. By analyzing
data from sensors, GPS, and communication networks, this research seeks to optimize IoV
architecture, enhancing system performance and supporting the development of smart,
human-centric transportation solutions.

The main contributions of this paper are as follows:

e Designing a Public Urban Transport Scheduling System (PUTSS) algorithm that has
dynamic decision-making capabilities in real-time urban transportation management
by adjusting bus schedules, optimizing service for passengers while minimizing
operational costs for the transport provider;

e Integrating Google Maps Service data that identify congestion levels with Al tech-
niques that estimate the number of people at transit stations;

e Implementing Microsoft Azure Computer Vision services to monitor and count pas-
sengers at each station in real time and address sudden changes in passenger numbers.

This paper is structured into five sections. Section 2 presents the materials and methods
employed to design the proposed algorithm. Section 3 provides insight into the results
of the tests of the proposed algorithm modules. The discussion, limitations, and future
research are described in Section 4. Section 5 reveals the conclusions.
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2. Materials and Methods

The proposed PUTSS algorithm employs two components to identify the congestion
levels on the route. The first component uses statistical data, whereas the second applies an
intelligent computer vision service to identify the number of people at each station in real
time. Both components are equally important and are described as follows:

e  The Statistical Data Component (SDC) uses historical and real-time statistical data to
predict passenger numbers at various stations. The SDC prevents scenarios where
passengers arrive at a station just before the bus, which would not allow the algorithm
to adjust the fleet frequency in real time. It identifies patterns and trends in passenger
flow based on time of day, day of the week, and special events. The advantages are
as follows:

O  Helps in planning and deploying resources efficiently based on historical data;
O  Allows for preemptive adjustments in fleet frequency to manage expected
congestion.

o  The Real-Time Computer Vision Component (RTCVC) employs intelligent computer
vision services to monitor and count passengers at each station in real time. The
RTCVC allows for real-time adjustments to fleet frequency, addressing sudden changes
in passenger numbers. It handles unexpected situations such as heavy rain, concerts,
or other events that cause deviations from the usual statistical patterns. The RTCVC'’s
advantages are as follows:

O  Provides immediate insights into the current number of passengers waiting at
each station;

O Enables the system to adjust the fleet dynamically, ensuring optimal service even
during unpredicted spikes in demand.

By visualizing data in real time, the algorithm can accurately adjust the vehicle fleet,
ensuring optimal transport conditions.

2.1. SDC Module

Google Maps Service was used to identify each station to implement the SDC module.
Subsequently, Selenium WebDriver was employed to retrieve data related to congestion
levels at each hour. Google Maps Service provides real-time congestion levels and compares
them to the estimated daily average, theoretically known to the public urban transport
provider. This allows the proposed algorithm to adjust the number of buses in real time
based on the varying congestion levels.

To implement the SDC module, the following steps were taken:

1. Station identification with Google Maps Service. Each public urban transport station
was identified using Google Maps Service for the analyzed route;

2. Data retrieval using Selenium WebDriver to scrape data related to congestion levels
in each hour of the day from Google Maps Service. Selenium WebDriver’s automated
browsing capabilities allowed for systematic data collection;

3. Real-time congestion levels were computed to compare current level congestion against
the estimated daily averages. The estimated daily average congestion levels are known
to the public urban transport provider and serve as a baseline for comparison;

4. Algorithm adjustment based on real-time data. By comparing real-time congestion
data with historical daily averages, the algorithm can make informed decisions about
adjusting the frequency and deployment of public urban transport vehicles.

The SDC calculates the congestion factor (SDCF) across the route using relation (1).
Google Maps Service describes various levels of traffic congestion and conditions, including
light, moderate, heavier-than-usual, heavy, peak hours, and standstill. All these statuses
are included in relation (1).

n
SDCF = %Cfl (1)
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where:

SDCF ranges between 1 and 5 and is a generic mathematical tool for measuring the
congestion levels on a route;

n—the total number of stations along a route;

cf —congestion factor corresponding to station 7, using the correlation from Table 1.

Table 1. Correlation between the congestion factor and Google Maps Service status.

Google Maps Service Status Congestion Factor

Light 1
Moderate
Heavier-than-usual
Heavy
Peak hours
Standstill

N Ul = W IN

The congestion factor is assigned numeric values based on the observed traffic status
from Google Maps Service, ranging from 1 for light traffic to 6 for standstill conditions.
This relationship is further integrated into a generic decision-making formula.

2.2. RTCVC Module

Although the algorithm previously presented allows for collecting information related
to station occupancy percentages, it does not provide a comprehensive perspective on the
actual number of passengers in the stations. Therefore, it was decided to implement a
complementary algorithm based on object recognition in images using the Azure platform
and computer vision Al service. The service utilizes real-time images acquired from
bus stations.

The analysis performed on the station images yielded a list of coordinates correspond-
ing to identified individuals. Each identified person was assigned a probability score, upon
which relation (2) was applied. This approach approximates the number of people present
in the stations.

Npers = Ezmzla(ci)r 2)

where:
Npers is the factor representing the number of identified objects as a person;
m—the total number of objects identified;
c;/—the probability that the identified object is a person;
0—the defined function as follows:

N 1, ifCi > 0.5
9ei) = {0, if ci <05’ ®)

The following illustrates two examples of Azure service usage with images. In Figure 1,
one person is waiting at a station. Since the entire body is visible and the light exposure is
favorable in the picture, one person is identified after applying relation (2).

Figure 2 illustrates a scenario involving seven individuals. Of these seven individuals,
only five are correctly identified by the Computer Vision service, as two blend into the
background because of low lighting conditions.

To assess the accuracy of the person detection service using Azure Computer Vision,
tests were conducted on 100 real-world images captured from various bus stations and
different angles. The goal was to evaluate the service’s confidence level in identifying
individuals within different scenarios.
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Figure 2. False identification scenario.

2.3. Person Identification Accuracy with Azure Computer Vision

Azure Computer Vision is a Microsoft cloud service for image recognition tasks. The
service has pre-trained models to recognize objects, including people, and can classify if
an object is a person associated with the recognition trusted factor. The programmer can
adjust the trusted factor according to the developed application.

Computer vision may face challenges in accurately identifying people in specific
scenarios. For instance, in crowded environments where individuals may overlap or
obstruct each other, the model might struggle to distinguish between multiple individuals.
Similarly, poor lighting conditions or blurry images can also impact the model’s accuracy.

Another indicator proposed to evaluate the system’s performance in correctly identify-
ing the desired image features is the global accuracy rate (GAR). We computed the accuracy
rate as the aggregate percentage of correct recognition relative to the total number of tests,
as seen in relation (4).

The GAR is a measure of the precision of a recognition system, expressed as a per-
centage. It indicates the proportion of tests or images in which the system successfully
identifies the desired objects or features from the tests conducted.

GAR [%], 4)

n
where:
GAR represents the global accuracy rate;
n—total number of tests;
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LAR;—]local accuracy rate for test i.
The LAR is the percentage of the identified persons related to the total number of
persons in the image. It is computed with relation (5):

identified,

LAR; =
! total;

x 100[%], ®)
LAR;—]local accuracy rate for test i;
identified,—the number of persons identified with the Microsoft Azure Custom Vision
in the test i;
total;—the real number of persons existing in test i.

2.4. Proposed PUTSS Algorithm

Public urban transportation operates on a standard schedule at equal time intervals.
The challenge is to devise an algorithm that adjusts these intervals to ensure the following:

e  Public urban transport vehicles do not run empty;
e Passengers do not wait excessively long at stations.

To meet these constraints, the PUTSS algorithm was developed based on imposing
a maximum waiting time of 15 min. Assuming a route provides departures every 5 min,
the issue of skipping departures arises if there are fewer passengers on the road (RI'CVCF)
compared with a statistical value (SDCF).

The PUTSS algorithm utilizes the calculation formula from relation (6), where SDCF
is less than 2.5 and the RTCVC factor (RTCVCF) exceeds the total bus capacity minus 5,
then the bus can depart. If the SDCF exceeds 2.5, a safety margin of 5 seats is maintained,
ensuring passenger comfort and preventing situations where additional passengers may
arrive after the bus departs from the terminal.

—1, SDCF < 2.5 and RTCVCF < (k —5)

0, (SDCF < 2.5and RTCVCF > (k—5)) ©)
or (SDCF > 2.5 and RTCVCF < (k—5))’
1, SDCF > 2.5 and RTCVCF > (k —5)

Decision =

where:
Decision is a flag variable that can take on the following three values:

A value of —1 if a scheduled run can be skipped;

A value of 0 if the bus should depart on its scheduled run;

A value of 1if an additional run should be added because of high identified congestion
levels.

SDCF—the Statistical Data Component factor;

RTCVCF—the Real-Time Computer Vision Component factor;

k—the capacity of the bus scheduled for departure on its run, measured in the maxi-
mum number of passengers.

Figure 3 depicts the block diagram for the PUTSS algorithm, highlighting its compo-
nents, decision points, and overall functionality. The first step involves utilizing Google
Maps Service to identify public urban transport stations along the analyzed route. This
identification provides accurate data regarding congestion levels at each station. This
component ensures that the algorithm clearly understands the geographic layout of the
transport system.

The second component is responsible for scraping congestion data from Google Maps
Service for each hour of the day. Selenium automates the browsing process, allowing
systematic data collection. The data retrieved provides a real-time view of congestion
levels, which is necessary for the SDCF calculation and subsequent decision-making in
the algorithm.
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YES
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|

Scrape real-time congestion data

l

Compute SDCF value

|
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the bus

l

k = The scheduled bus capacity

YES NO

l SDCF<2.5 l

NO YES NO
RTCVCF < (k- 5) RTCVCF < (k - 5)

A 4

/Depart as scheduled/ / Add an additional /
departure

Figure 3. Block diagram of the PUTSS algorithm.

The RTCVC employs Azure Computer Vision to identify the number of station passen-
gers based on real-time images. This module provides real-time passenger data, allowing
for a more informed assessment of whether to adjust bus schedules based on actual occu-
pancy levels. This decision-making process dynamically adjusts the bus schedule based on
real-time data, which helps to minimize overcrowding and avoid running empty buses.
This final component translates the decisions made by the PUTSS algorithm into actionable
outputs, such as adjusting the bus schedule.

The Public Urban Transport Scheduling System (PUTSS) algorithm operates through
a series of steps that combine real-time data and historical patterns to optimize public
transportation schedules. Below, we outline the core processes involved that support the
decision-making framework.
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1. The algorithm receives two primary inputs including historical congestion data (from
the Statistical Data Component, SDC) and real-time visual information about passen-
gers at bus stops (from the Real-Time Computer Vision Component, RTCVC). Google
Maps provides real-time traffic data, while Microsoft Azure’s Computer Vision service
identifies the number of passengers at bus stops in real time. These two components
feed data into the system continuously;

2. The SDC component relies on historical data to predict future congestion levels. For a
given station 7 at time f, the congestion level is classified into one of six categories as
follows: light, moderate, heavier-than-usual, heavy, peak hours, or standstill;

3. The RTCVC component processes the visual data to count passengers at a given
station i. The RTCVCF is calculated based on the number of passengers detected and
the bus capacity k. If the number of detected passengers exceeds the capacity, the
system triggers an alert for additional resources;

4. The decision to add, cancel, or modify a bus departure is based on the combined
factors from the SDCF and RTCVCF. The dynamic nature of this decision-making
process allows the system to respond flexibly to fluctuations in real-time demand;

5. The algorithm’s core optimization goal is to prove the possibility of minimizing
passenger waiting time and transportation service operational costs;

6.  The final schedule adjustments are made based on a pre-defined maximum waiting
time of 15 min. If the calculated decision output indicates that passenger demand
exceeds the bus capacity at any station, the system adjusts the schedule dynami-
cally, adding or canceling trips accordingly. In the Result Section, these adjustments
showcase the algorithm’s decision-making for a sample route.

This PUTSS algorithm was implemented in C#. A simulator was also developed in C#
to facilitate multiple testing scenarios, enabling it to retrieve various pictures from a folder
of images. Through numerous runs, the simulator fetched different sets of photographs
and buses with varying capacities, generating diverse situations that map onto different
scenarios of the algorithm. This approach ensured stable testing and validation across a
spectrum of conditions, with high adaptability in real-world applications.

The PUTSS algorithm prevents congestion in urban transportation systems by leverag-
ing historical data and real-time contextual information. The goal is to provide accurate
congestion predictions and actionable insights to improve the management of public transit
systems, optimize schedules, and enhance the overall commuter experience.

3. Results

This section assesses the effectiveness of the components utilized by the proposed
algorithm through a detailed case study. Thus, the SDC and RTCVC integration is outlined,
highlighting their roles in predicting and managing congestion levels on public urban
transport routes. Subsequently, a case study that evaluates the accuracy of the Microsoft
Azure Computer Vision service is presented, providing insights into its implications for the
algorithm’s overall efficiency.

The SDC component monitors the congestion levels along the route and weather
conditions, while the RTCVC component is responsible for the actual congestion at the bus
stops. Considering that ordinary persons cannot install cameras in public places, including
bus stations, for capturing images or videos because of privacy rights, data protection
laws, surveillance regulations, security and safety concerns, and liability issues, a simulator
developed in C# was used, which dynamically processed various images captured by the
authors. If the PUTSS algorithm is implemented by a public urban transport company, it
will have access to the traffic surveillance cameras that are already placed in any big city
that faces traffic congestion or buses’ onboard cameras.

While the current case study is based on simulated data generated through a C# simu-
lator, the following challenges must be addressed to ensure the successful implementation
of PUTSS with real urban transportation data:
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e Integrating real-time GPS data from buses and traffic monitoring systems into the
PUTSS algorithm may involve dealing with inconsistent data formats, communication
delays, and network outages;

e In real-world scenarios, the precision of data collected through camera sensors for
detecting passenger counts might vary because of environmental factors such as poor
lighting, weather conditions, or obstructions;

e  The system’s performance needs to be tested under varying traffic conditions and with
different fleet sizes to ensure that the PUTSS algorithm can handle peak urban traffic
efficiently without increasing operational costs.

To bridge the gap between simulation and real-world implementation, we must col-
laborate with a local urban transportation authority to implement PUTSS on a small subset
of bus routes. This pilot project would collect real-time data from traffic sensors, buses, and
bus stops. However, convincing local authorities to adopt and integrate the system could
be challenging because of regulatory hurdles, budget constraints, and the complexity of
retrofitting existing infrastructure. Additionally, ensuring the consistent availability and
reliability of the necessary data sources could be difficult, as urban environments often
present unpredictable variables that may hinder the seamless operation of the system.

Based on historical and real-time data, the SDC is applied to predict congestion levels
at stations or along a route. This component helps estimate congestion trends using past
data (like average crowding at different times or days) combined with current conditions
(e.g., real-time traffic data, weather conditions, or nearby events).

The application of the SDC is as follows:

1. Data Collection: The system collects historical data about crowd levels at each station.
This includes the following;:

e Time of day and day of the week.
e  Special events (e.g., sports games, concerts).
e  Weather conditions, traffic disruptions, etc.

2. Classification: The algorithm classifies each station’s congestion status based on his-
torical patterns. Congestion statuses include the following six stages: light, moderate,
heavier-than-usual, heavy, peak hours, and standstill.

3. Average Congestion Factor Calculation: The algorithm calculates an average conges-
tion factor for the entire route or a section using relation (1).

The SDC component relies on statistical data to predict the level of station congestion
based on historical data and real-time information. The algorithm uses data such as time of
day, day of the week, and special events.

We analyzed a bus route with six stations using historical and real-time data from
Google Maps Service. The congestion statuses for each station are in Table 2.

Table 2. The SDC component example.

Station No Congestion Status Congestion Factor
Station 1 Light 1
Station 2 Moderate 2
Station 3 Heavier-than-usual 3
Station 4 Moderate 2
Station 5 Heavy 4
Station 6 Light 1

Of the six bus stations, two exhibit “light congestion”, two show “moderate con-
gestion”, one experiences “heavier-than-usual congestion”, and one encounters “heavy
congestion”. Hence, the SDCF computes to 2.16, which denotes the comprehensive conges-
tion level across the route. This factor offers a statistical overview regarding congestion
levels relative to typical public usage patterns of the respective transportation modes,
contextualized by the time of day.
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Table 3 presents all 100 tests conducted, showing the number of identified versus
actual individuals in the images and the LAR. The trusted factor was set to 0.5 for the tests
presented in Table 3.

Table 3. Comparison of identified versus actual individuals in images.

Test No. Result LAR Test No. Result LAR Test No. Result LAR Test No. Result LAR
1. 3/5 60% 26. 4/4 100% 51. 4/5 80% 76. 1/1 100%
2. 2/4 50% 27. 4/4 100% 52. 1/1 100% 77. 7/10 70%
3. 5/5 100% 28. 4/4 100% 53. 1/1 100% 78. 10/10  100%
4. 6/7 85% 29. 4/4 100% 54. 2/2 100% 79. 3/5 60%
5. 6/7 85% 30. 5/5 100% 55. 1/1 100% 80. 4/5 80%
6. 6/7 85% 31. 4/4 100% 56. 1/1 100% 81. 1/1 100%
7. 4/5 80% 32. 2/4 50% 57. 1/1 100% 82. 2/2 100%
8. 3/3 100% 33. 5/5 100% 58. 3/3 100% 83. 1/1 100%
9. 3/3 100% 34. 5/5 100% 59. 3/3 100% 84. 1/1 100%
10. 2/2 100% 35. 4/5 80% 60. 5/5 100% 85. 6/6 100%
11. 2/2 100% 36. 2/5 40% 61. 5/5 100% 86. 3/3 100%
12. 2/2 100% 37. 7/7 100% 62. 4/5 80% 87. 4/4 100%
13 7/7 100% 38. 5/7 71% 63. 5/5 100% 88. 5/5 100%
14. 5/5 100% 39. 6/6 100% 64. 4/5 100% 89. 5/5 100%
15. 7/7 100% 40. 3/3 100% 65. 4/5 100% 90. 5/5 100%
16. 8/8 100% 41. 2/3 66% 66. 2/5 40% 91. 4/4 100%
17. 7/7 100% 42. 1/3 33% 67. 6/6 100% 92. 5/5 100%
18. 4/4 100% 43. 2/2 100% 68. 3/3 100% 93. 5/6 83%
19. 5/5 100% 44, 3/3 100% 69. 2/6 33% 94, 4/4 100%
20. 77 100% 45. 2/2 100% 70. 2/5 40% 95. 2/2 100%
21. 2/2 100% 46. 8/8 100% 71. 2/5 40% 96. 5/5 100%
22. 4/4 100% 47. 3/3 100% 72. 3/3 100% 97. 4/5 80%
23. 4/4 100% 48. 3/3 100% 73. 1/1 100% 98. 9/10 90%
24. 3/3 100% 49. 1/5 20% 74. 2/2 100% 99. 4/4 100%
25. 4/4 100% 50. 1/5 20% 75. 2/2 100% 100. 2/2 100%

For instance, the first test indicates that the Computer Vision service correctly rec-
ognized three persons out of five. Therefore, the LAR value is 60% (LAR; = 60%). This
way, the recognition percentage was calculated for each test. Finally, by summing all the
percentages and dividing by the total number of tests (100), the overall recognition rate
(GAR) was obtained. For the tests presented in Table 3, the GAR is 89.81%. This value indi-
cates a general algorithm’s precision in identifying individuals in various image scenarios
and conditions.

The Computer Vision service correctly recognizes the number of people in images
with an accuracy of 73%. This value was calculated as the number of images where it
correctly identified the number of people divided by the total number of images used in
the tests. Therefore, the service correctly recognized the number of people in 73 images out
of a total of 100 images.

Next, we analyzed the possible combinations of scenarios for the PUTSS algorithm
and explanations for each scenario.

Scenario 1. Normal Traffic Conditions

SDCF: 2 (moderate congestion).

RTCVCEF: 20 (20 passengers at the station).

Bus Capacity (k): up to 50 passengers.

Decision Output: 0 (bus departs as scheduled).

In this scenario, the SDCF indicates moderate congestion, while the RTCVCF shows
an expected number of passengers at the station. Since the number of passengers is below
the bus capacity, the bus departs as scheduled, maximizing transport efficiency without
making passengers wait excessively.
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Scenario 2. Additional Bus Needed

SDCF: 3 (heavier-than-usual congestion).

RTCVCEF: 30 (30 passengers at the station).

Bus Capacity (k): up to 50 passengers.

Decision Output: 1 (an additional bus is added).

The SDCF reflects heavier congestion, indicating a need for increased transport ca-
pacity. The RTCVCF of 30 suggests that a significant number of passengers waiting. An
additional bus is scheduled to accommodate the demand, ensuring the passengers do not
waiting too long.

Scenario 3. Skipping a Scheduled Bus

SDCF: 1 (light congestion).

RTCVCEF: 10 (10 passengers at the station).

Bus Capacity (k): up to 50 passengers.

Decision Output: —1 (scheduled bus is skipped).

In this case, the SDCF indicates light congestion, and the RTCVCF shows only 10 passen-
gers. Since the number of passengers is far below the bus capacity, the decision is made to
skip the scheduled bus to avoid running an empty service, thus optimizing operational costs.

Scenario 4. High Congestion, Few Passengers

SDCF: 4 (heavy congestion).

RTCVCEF: 20 (20 passengers at the station).

Bus Capacity (k): up to 50 passengers.

Decision Output: 0 (bus departs as scheduled).

Despite the heavy congestion indicated by the SDCF, the number of passengers is still
manageable. The bus can depart on schedule to prevent passengers from experiencing
delays due to traffic conditions, even if it is not fully occupied.

Scenario 5. Very High Congestion, Full Capacity

SDCF: 5 (peak hours).

RTCVCEF: 50 (50 passengers at the station).

Bus Capacity (k): up to 50 passengers.

Decision Output: 1 (an additional bus is added).

In this scenario, the congestion level and the number of waiting passengers are at their
peaks. An additional bus is scheduled to address the overwhelming demand and ensure
all passengers can board without significant delays.

Each of these scenarios illustrates the dynamic decision-making capabilities of the
PUTSS algorithm in real-time urban transportation management. By analyzing congestion
levels (SDCF) and passenger counts (RTCVCF), the algorithm can adjust bus schedules, opti-
mizing service for passengers while minimizing operational costs for the transport provider.

Table 4 shows the programmed scheduled departure times of a bus, along with the
applied scheduled changes by the SDCF and RTCVCF. The sixth column of Table 4 identifies
the actions taken regarding the bus service, such as the bus departing as scheduled or the
bus being canceled (Figure 4).

Table 4. Bus departure scheduling and capacity decision analysis.

Scheduled Departure k SDCF RTCVCF Decision Action Taken

08:00 40 3 15 0 No changes; the bus departs as scheduled
08:15 40 5 36 -1 The programmed and the next scheduled bus go
08:30 40 2 10 0 The next bus is canceled

08:45 40 6 36 1 The programmed and the next scheduled bus go
09:00 40 2 20 0 The next bus is canceled

09:15 40 3 10 0 No changes; the bus departs as scheduled
09:30 40 5 30 -1 No changes; the bus departs as scheduled
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Figure 4. Actions taken: (a) the bus departs as scheduled and (b) the next bus is canceled.

Table 4 outlines a bus schedule operating at 15 min intervals, detailing each departure’s
status regarding bus capacity and congestion factors.

The proposed algorithm is a demonstrative model for potentially integrating Al
techniques to optimize public urban transportation fleet allocation. Municipalities can
implement and improve it regardless of their size and bus fleet so that public transportation
systems become more adaptive and responsive to real-time needs, reduce costs, and
enhance sustainability, contributing to a greener and more environmentally friendly future.

4. Discussion

The case study shows that the Microsoft Azure Computer Vision service achieved
recognition accuracy of only 73% in identifying the correct number of passengers in 100 images,
resulting in a global accuracy rate of 89.81%. This indicates significant room for improvement
in real-time passenger counting.

4.1. The PUTSS Algorithm Scenarios

The results of the five scenarios show that the PUTSS algorithm has dynamic decision-
making capabilities in real-time urban transportation management. Furthermore, the
algorithm can adjust bus schedules by optimizing service for passengers while minimizing
operational costs for the transport provider.

The benefits of employing the PUTSS algorithm are as follows:

1.  Fewer empty buses on the road. One of the leading environmental issues with tradi-
tional bus systems is the inefficiency of buses running on fixed schedules, even when
there is little or no demand. This results in buses traveling with few or no passengers,
wasting fuel and resources. The PUTSS algorithm adapts to real-time demand, ensur-
ing that buses run only when and where needed. This reduces the number of empty
or underutilized buses on the road, directly cutting down fuel consumption.

2. Lower CO; emissions. By optimizing the schedule, the PUTSS algorithm reduces
the time buses spend idling in traffic or running off schedule. Efficient routes mean
less fuel is burned per trip, which translates to lower CO, emissions, an essential
requirement in smart cities. Given that, nowadays, in most cities, buses are often
diesel-powered (and their electrification is just beginning), which produces higher
levels of pollution than gasoline, even small reductions in bus trips or fuel usage can
have a significant impact on overall emissions.

3. Less traffic congestion: When buses run more efficiently, with fewer vehicles on the
road at unnecessary times, there is a reduction in overall traffic congestion. This, in
turn, means that other vehicles (cars, trucks, etc.) can move more smoothly, leading
to less stop-and-go traffic. Vehicles burn more fuel when constantly stopping and
starting, so reducing congestion by the PUTSS algorithm helps improve fuel efficiency
and lowers emissions across the entire transportation network in a smart city.

4. Encouraging public transportation use: A more reliable and optimized bus schedule
by the PUTSS algorithm improves the overall experience for passengers, making



Appl. Sci. 2024, 14, 8861

16 of 20

public transportation a more attractive option. As more people choose buses over
personal cars, the number of individual vehicles on the road decreases. This shift from
private vehicles to public transport can significantly reduce the total emissions of a
city, as fewer cars are needed to move the same number of people.

5. Supporting sustainable urban growth. Smart cities need to optimize public trans-
portation systems to grow sustainably. Reduced emissions and better resource use
contribute to cleaner air quality and lower noise pollution, enhancing the overall
environmental health of urban areas.

A drawback of the PUTSS algorithm lies in the empirically set reserve value of five for
the passenger margin reserve, which implies that the algorithm may not adjust dynamically
to minor passenger fluctuations, potentially leading to underutilization or overburdening
of buses. This static approach could limit responding to real-time changes in passenger
demand across different times of the day or in response to unforeseen events like weather
changes or special events.

Another identified limitation is when a trip is skipped based on the algorithm’s
decision. Buses often wait unnecessarily at the terminal until their next scheduled departure
time. This waiting time incurs operational costs and may lead to inefficiencies in resource
utilization, as buses could have been deployed more on alternative routes or schedules.

4.2. Handling Uncertainty in the PUTSS Algorithm

The PUTSS algorithm addresses uncertainty by incorporating real-time data from
multiple sources, such as Google Maps and Microsoft Azure Computer Vision, to adjust
bus schedules dynamically. External factors like weather (rain or snow) are integrated
through real-time traffic updates, allowing the system to make informed decisions about
bus departure times and additional fleet requirements.

While traditional statistical approaches to predicting congestion can be practical in
stable conditions, they often fail to account for unpredictable external factors such as
sudden weather changes, public events, or accidents. These factors can significantly
impact congestion levels, making it difficult for classical methods to provide accurate
real-time predictions. In contrast, Al-based algorithms, such as the one used in the PUTSS
model, offer greater flexibility by incorporating real-time data and dynamically adjusting
to changing conditions. This makes them more suited for handling complex and fluid
urban transportation systems. Moreover, by combining historical data (SDC) and real-time
computer vision (RTCVC), the proposed model addresses these challenges more effectively,
ensuring that public transportation services remain responsive.

Fuzzy logic is widely recognized as a robust framework for managing uncertainty in
path planning, particularly in scenarios with ambiguous constraints like adverse weather
conditions. The PUTSS algorithm uses a more deterministic approach. By relying on real-
time data and statistical models, the algorithm directly responds to observable conditions
rather than fuzzy memberships, which could be a more appropriate approach in situations
with precise, quantifiable data.

However, it is acknowledged that fuzzy-based approaches might offer additional
flexibility in scenarios where uncertainty is high or data are more imprecise. Future
research could compare the performance of the PUTSS algorithm against fuzzy logic
systems, particularly in extreme weather conditions, to evaluate which framework better
handles dynamic and uncertain environments in urban transport systems.

By refining these aspects, the PUTSS algorithm could achieve higher operational use
in practice, improving urban mobility and public transit management.

Future work should incorporate additional data sources, such as weather forecasts,
event schedules, and social media trends, to enhance the predictive accuracy of the SDCF
and the responsiveness of the RTCVCF. This multi-faceted data integration could help
better anticipate and manage sudden surges in passenger numbers.
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Secondly, future research should investigate methods for dynamically adjusting the
empirically set parameters, such as the passenger number margin. ML techniques could
optimize these parameters based on real-time data and changing conditions.

Although Google Maps Service provides real-time traffic and congestion data, it relies
on another model’s estimations rather than raw data directly collected from buses. This
approach introduces potential inaccuracies, as Google Maps’ data are derived from a
combination of user data and various prediction models, which may not always reflect the
exact traffic conditions relevant to a specific public transport system.

In an ideal scenario, buses could be equipped with sensors to deliver raw, real-time
data about traffic and passenger congestion levels. Such sensors would offer more accurate
and reliable insights, allowing for precise scheduling and congestion management adjust-
ments. However, the cost and complexity of implementing this infrastructure might not be
feasible for many public transportation systems.

4.3. Future Work

Future work could explore integrating sensor-based systems in buses, potentially
using IoT (Internet of Things) technology to directly track bus movements, passenger
counts, and environmental conditions. This would offer a more robust solution for real-
time data collection, improving the accuracy of congestion predictions and enhancing the
overall efficiency of the PUTSS algorithm.

We plan to extend the PUTSS algorithm to address scalability by optimizing its com-
putational efficiency and incorporating distributed computing. This will allow it to handle
larger, more complex urban environments with numerous variables and stations.

Regarding privacy concerns, the system complies with data protection regulations like
GDPR by anonymizing all collected data and limiting the use of real-time images for traffic
analysis without storing or identifying passengers’ personal information.

To improve passenger detection accuracy, we plan to explore alternative computer
vision models and complementary techniques, such as advanced deep learning (DL) algo-
rithms that perform better in challenging conditions like low lighting or high congestion.
The historical congestion data (SDC) used in our algorithm is sourced from public transit
databases and traffic management systems; however, we acknowledge the need for further
validation and are considering integrating additional real-time data sources to enhance
prediction accuracy.

This article considers reducing CO, emissions by decreasing the number of vehicles in
traffic. However, it does not focus on conducting a complete environmental impact study;
which falls outside the scope of this research.

Moreover, forthcoming work will consider researching alternative technologies for real-
time monitoring and congestion management, such as IoT sensors, wearable technology, or
mobile app integration, to complement the capabilities of the current algorithm.

5. Conclusions

This article proposes a new algorithm to optimize public urban transportation and
encourage its use among the population. It enhances the efficiency of public urban transport
systems by integrating advanced technological components, such as statistical data analysis
and real-time computer vision services.

The PUTSS algorithm integrates the following components to identify congestion
levels on public transport routes: a Statistical Data Component (SDC) and a Real-Time
Computer Vision Component (RTCVC).

The SDC leverages historical and real-time statistical data to predict passenger num-
bers at various stations, allowing for preemptive adjustments in fleet frequency to manage
expected congestion.

The RTCVC employs Microsoft Azure Computer Vision services to monitor and count
passengers at each station in real time. This component enables the system to address
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sudden changes in passenger numbers, such as those caused by heavy rain, concerts, or
other unexpected events.

This article includes a case study evaluating the accuracy of the Microsoft Azure Com-
puter Vision service. Analyzing 100 images, the recognition accuracy was 73%, correctly
identifying the number of people in only 73 out of 100 tests. The global accuracy rate was
computed at 89.81%.

Using a proposed mathematical tool, the PUTSS algorithm computes the congestion
factor across the route, assigning numeric values based on traffic status from Google Maps
Service. The algorithm adjusts public urban transport schedules to avoid empty runs and
excessive passenger wait times by setting a maximum waiting time of 15 min. It makes
decisions based on the SDCF and RTCVCF values, ensuring that buses depart when they
meet specific congestion criteria.

The five scenarios underline the dynamic decision-making capabilities of the PUTSS
algorithm in real-time urban transportation management. The PUTSS algorithm analyzes
the congestion levels and passenger counts to adjust bus schedules, optimizing passenger
service while minimizing operational costs for the transport provider.

Implemented in C#, the algorithm was tested using a simulator that generates various
scenarios. However, the empirically set reserve value of five for the passenger number
margin and the potential inefficiency of buses waiting at terminals when trips are skipped
highlight areas for refinement.
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