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Abstract: The public transportation service offered in medium and large cities has been under scrutiny in
recent years due to declining user numbers. This trend is commonly attributed to internal factors such as
poor management or suboptimal routes leading to extended waiting times, as well as external factors like
competition from informal transportation services, which have gained popularity through mobility
applications, among others. This article compiles a series of studies focused on the application of artificial
intelligence to tackle various issues within public transportation services, published in recent years. The
goal is to determine the most suitable technique among those implemented to address these challenges.
Analyzing the research presented herein allowed for the identification of public transportation-related
problems encountered by researchers and the techniques that yielded superior outcomes. It is concluded
that techniques like Random Forest (RF) and Long Short-Term Memory (LSTM) neural networks are better
suited for resolving problems requiring geographical coordinate data, latitude, longitude, and time series.
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1. Introduction

The mobility of citizens in any country is essential to support economic growth, create jobs and connect
people with essential services such as health care or education. In the field of public transportation,
developing nations face a double challenge. On the one hand, they must ensure that mobility is efficient,
safe, and economical for all their citizens, while, on the other hand, they must achieve this with a reduced
climate footprint [1].

The importance of public transportation not only lies in the accessibility it gives people a way to move
around the city, but it is also an important factor if we want to reduce traffic congestion [2]. However,
getting around daily can be complicated due to traffic, delays on routes, the lack of buses to meet demand
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or the constant congestion that usually occurs in passenger transportation services. These problems
increasingly motivate people to use different mobility applications such as Uber, InDriver or DiDi that
provide safety, convenience and save time [3]. Due to this, we seek to implement Artificial Intelligence (AI)
tools in public transportation, to provide a more effective and sustainable service.

Lately, due to the rise of artificial intelligence and sciences derived from it such as Data Science, Big data,
Machine learning and Deep learning, these have been entering public management and administration [4].
New advances within Al have created new opportunities for continuous innovation [5]. What is leading us
to a new era of digital disruption and institutions, companies and organizations must be prepared for it [6].

Within the search for solutions to public transport problems, the term route optimization is normally used.
Al offers advanced analytical capabilities to precisely optimize routes. An optimized route saves time and
fuel, reducing the expense of the provider company and waiting times for users, improving the quality of
service [7]. Optimized route management is a crucial issue to improve efficiency in transportation, delivery,
and distribution [8].

The document brings together research carried out on topics related to public transportation. The different
authors worked with predictive models, which were designed using various Al techniques, with the
purpose of addressing relevant issues in public transportation, such as time optimization, route
management, decision making, among others.

2. Al applications in public transportation

In 2013, a desktop application was developed capable of generating a passenger transportation route using
Genetic Algorithms (GA) supported by the Google Maps API. The algorithm takes the addresses of each
passenger and groups them, as much as possible, based on certain parameters into stops using clustering
techniques. It determines the optimal way to pick them up and transport them, reflecting the route on real
maps [9].

To work on traffic issues in cities, a prototype was developed for a predictive model of bus arrival times
intended for implementation in an application providing information services for Chile's public
transportation. Two types of neural networks are employed: the first model utilizes a Long Short-Term
Memory (LSTM) artificial neural network, while the second model is a hybrid, incorporating a Particle Filter
(PF), which implements a Bayesian Filter through Monte Carlo simulations, complementing its operation
with data obtained from a Bayesian neural network. The research concludes with positive results,
measuring the performance of the second model using Root Mean Square Error (RMSE), alongside a
recommendation to implement this model within the application [10]. Table 1 demonstrates that the PF
technique yielded superior results for various routes across different times of the day, in contrast to the
LSTM technique.

Table 1 Comparison between results of LSTM and Particle Filter models.

Route Schedule RMSE LSTM RMSE FP
Off-peak hours 2.66 0.32
301
Rush hour 4.99 1.56
Off-peak hours 6.44 0.26
315e
Rush hour 14.35 1.30
Off-peak hours 3.11 091
506
Rush hour 6.67 0.26

Taken and adapted from [10].
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In another investigation, route data was analyzed within the Integrated Public Transportation System of
Bogota, Colombia, aiming to propose the implementation of a machine learning-based prediction model.
Although the technique used for model training is not explicitly mentioned, it focuses on scrutinizing user
behavior across days to highlight periods when the analyzed route experiences higher usage. This insight
aids in making administrative decisions regarding the service. Figure 1 showcases the model results. The
X-axis comprises dates at 15-day intervals, while the Y-axis illustrates the frequency of route usage by
users. This investigation concludes with the development of a predictive tool for resource and capacity
allocation for the concessionaire Consorcio Express S.A., additionally revealing bottlenecks in the city due
to inadequate resource planning [11].
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Figure 1 Total trips from February to April. Taken and edited from [11].

On the other hand, research was conducted that compares different machine learning models to address
“choice of modeling travel mode” problem, which examines how individuals choose their mode of travel.
This problem relies on numerous variables, including individual, household, and exogenous factors such as
safety and comfort during travel, weather conditions, and the built environment. Algorithms such as
Artificial Neural Networks (ANN), Decision Trees (DT), Support Vector Machines (SVM), and Cluster
Analysis (CA) were employed. The researcher concludes that the optimal algorithm for this problem is a
variant of DT known as Random Forest (RF) [12].

Other researchers propose the use of a Reinforcement Learning (RL) algorithm for controlling a public
transportation system. To substantiate this proposal, the researcher devises a simulation environment
enabling the testing and evaluation of reinforcement learning algorithms in administrative decision-
making concerning routes, buses, and stations within a city. This investigation culminates in the creation
of TranCity, a simulator representing a complex system such as a city's public transportation system [13].

Research was also conducted that addresses the problem of route optimization with the help of genetic
algorithms (GA). Using Python, they designed two types of agents that communicate until finding the best
solution: the optimizing agents, called OptiAgent (OA), and the SolutionManager agent (SMA), responsible
for exchanging information between the initial population and the optimization agents, implementing
changes upon finding improvements [14], as depicted in Figure 2.
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Figure 2 Communication diagram of the JABAT resolution process. Taken and adapted from [14].

Based on intelligent agents, the use of Java Agent Development (JADE)-based A-Team, named JABAT. JABAT
employs a group of agents, each with its own algorithm to solve the problem, aiming to avoid a local
optimum. Every solution is taken and enhanced by external and independent agents to increase the chances
of reaching the global optimum [14,15]. This research concludes with a design of a multi-agent system
addressing the vehicle routing problem with time windows, featuring a single depot (vehicle's starting
point) and any number of customers, as depicted in Figure 3. The red circle denotes the depot, while the
yellow circles represent the customers. The initial customers for each route are highlighted in blue, and the
blue lines simulate the vehicle's route [15].

SOLUTION ROUTE 1 AFTER IMPROVEMENT
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Figure 3 Graphical representation of the final solution for one of the routes. Taken from [15].

Similarly, the use of the Particle Swarm Optimization (PSO) algorithm is proposed, belonging to the GA
family, to solve the Vehicle Routing Problem with Simultaneous Pickup and Delivery (VRPSPD). Initially,
they decode the data used in their algorithm, creating a customer list with different priorities for each.
Subsequently, they construct a matrix of vehicle priorities to then build their routes. The study concludes
with a solution to the VRPSPD problem using PSO implemented in Matlab, which, compared to the Tabu
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Search (TS) method—utilized for solving salesman travelling problems—shows promising results with a
maximum deviation of only 13.043% with 200 clients. With 400 or 100 clients, the deviation remains under
9% [16].

In 2015, research was conducted to verify whether a linear regression model could estimate travel time in
a mass transit system, utilizing real data from MEGABUS in the central-western metropolitan area of
Pereira city, Colombia. In this investigation, they constructed two linear regression models. The first model
utilized travel time variables against distance, while the second model utilized vehicle speed (obtained
through a sensor) against travel times. Their conclusion was that employing classical linear regression
models to estimate travel times is not feasible [17].

An analysis of public transport data in Madrid was carried out and an artificial intelligence model was
proposed for predicting drop-off stops along each route. The researchers used Python and libraries such as
scikit-learn, Keras, and TensorFlow to build two models, which they compare in their research. The first
model employs the Random Forest machine learning technique, while the second model is a neural network
with a single hidden layer of 48 neurons using ReLu activation, alongside an output layer with softmax
activation. The research demonstrates and concludes that the Random Forest method is the superior choice
for this problem, achieving an 87% accuracy compared to the neural network's 75% [18].

Other research demonstrates that artificial neural networks yield better mobility demand estimations
compared to classical methods such as the direct method and gravitational methods. The classical methods
were modeled using multiple linear regression in Matlab software. These models were evaluated based on
the coefficient of correlation (R). The direct method, considered the best model, yielded modest results
since, on average, in the Campo de Gibraltar and Area de Malaga (Spain), the study areas in this research,
the average R value was 0.39. The neural network model was also developed in Matlab using the Neural
Networks toolbox. The neural network provided mobility estimations very close to reality, obtaining an
average R value of 0.81691 for the Campo de Gibraltar and 0.89669 for the Area of Malaga [19].

Similarly, the SmartBus system was developed, which applies Big Data and Data Science techniques to
Madrid's urban transportation system. To achieve this, with the aid of data from the Municipal Transport
Company of Madrid (EMT), they employed various machine learning techniques to segment bus lines.
Models like SAX-K-Means did not yield satisfactory results as they grouped routes with highly diverse
behaviors. Consequently, the researcher opted to use K-Means and Hierarchical Clustering techniques.
They utilized K-Means to cluster all lines into 6 distinct groups, while employing Hierarchical Clustering,
designed using the hierarchical clustering technique from the sciPy library, to validate the groupings made
with K-Means. The research designs a Deep Learning model whose results are compared with outcomes
derived from a statistical method called ARIMA (Auto Regressive Integrated Moving Average). These
models underwent testing to predict route demand. For the Deep Learning model, they utilize an LSTM
layer employing the Keras library. The model demonstrates satisfactory performance, achieving an RMSE
of 271.13 during training and 280.2 in its testing phase. As depicted in Table 2, the model proposed by the
researcher yielded superior results [20].

Table 2 Comparison of results of LSTM and ARIMA models

MODEL Medium RMSE on Training Medium RMSE on Test
ARIMA (No external 299 41 1216.20
data)
ARIMA ith
(With | 350,98 713.97
external data)
LSTM (No external 411.82 51595
data)

https://philolinginvestigations.com 1202



LSTM (With

271.13 280.20
external data)

Taken and adapted from [20].

Another research employs machine learning methods in public transportation. The researchers compare
five machine learning techniques to solve the problem of predicting bus arrival times. The technique
proposed by the researchers is named Random Forest Based on Near Neighbors (RFNN), which involves a
preselection of training data using the Near Neighbors technique to enhance the model's performance
obtained with Random Forest by training it with the preselected data. They compare the performance of
the RFNN model with models such as Linear Regression, K-nearest Neighbors, SVM, and the classic RF. The
results demonstrated that the model proposed in the research is the most effective for solving the problem,
achieving scores of 13.65 in Mean Absolute Error (MAE) and 26.37 for RMSE.

A model was designed to predict and estimate travel times between two points using latitude and longitude
data. provided by GPS installed in vehicles. Using the Random Forest technique to train the model, they
calculated the average speed of the vehicles to subsequently derive an algorithm for calculating historical
travel times. The model predictions showcase a 96.88% accuracy validated using the Mean Absolute
Percentage Error (MAPE). The researcher concludes by comparing their model with the Google Maps AP],
noting a difference of +5 minutes, demonstrating the satisfactory performance of their model [22].

An illustrative example is the research conducted in 2017. The aim was to enhance the quality and safety
of public transportation services in Greece. The study combined spatial clustering methods and neural
network models to forecast high-risk crime areas in transportation. The developed models were evaluated
using Mean Squared Error (MSE) and implemented with the Scaled Conjugate Gradient Algorithm (SCG)
due to its speed. The research concludes with a model exhibiting a mean squared error of 0.00013833 at
epoch 153 of training, capable of predicting transportation stations with a higher risk of crime occurrence
[23].

Another notable investigation was carried out in 2019, addressing the application of Al in the
transportation domain to address various challenges like the increasing travel demand, CO2 emissions,
environmental concerns, and safety issues. The findings from their analysis in the study demonstrate that
Al, such as neural networks and genetic algorithms, can be effectively utilized to resolve challenges related
to increasing travel demand, security, carbon dioxide emissions, and fuel wastage [24].

In 2020, the comparison was made through several neural networks trained for computer vision. Utilizing
Yolo3, Yolo3Tiny, HOGGCV, AWS Rekognition, and Azure Cognitive Services, they predicted the number of
people in an image and assessed their performance using the F1 Score of the predictions. The aim was to
determine which model to implement for calculating demand in public transportation. The researchers
concluded by noting that the F1 score could occasionally tie across different algorithms, rendering it an
ineffective measure to determine the best model. They also found that AWS Rekognition achieved a high
percentage in detections; however, it wasn’t defined as the best among the five due to the tie observed in
the comparisons [25].

A similar investigation, proposed the development and integration of an artificial vision system,
incorporating a person recognition algorithm capable of detecting the number of passengers boarding
public transportation vehicles, thus determining the number of actual trips. Through the implementation
of this system, they aim to enhance the accuracy of passenger counts, currently conducted using bars
equipped with infrared sensors, by employing the YOLO model and a Deep Simple Online Real-time
Tracker. They conclude with a YOLOv4 model achieving an average accuracy of 46.1% [26].

In 2021, research was carried out with aiming to enhance the Public Transportation System operating in
Metropolitan Lima, Peru, through route optimization. The researcher utilized Big Data and Machine
Learning sciences in developing an algorithm for generating optimized routes. Preprocessing large volumes
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of data from electronic card reader devices used in service stations and user origin-destination data with
Big Data techniques. The research employed the Machine Learning capabilities within the Weka software,
used in the algorithm's creation. This involved attribute selection and model testing for predicting the
hours a card is used at a specific stop. Through comparison of techniques, it was discovered that the model
with the highest performance, measured by the Accuracy metric, was the BayesNet, achieving 51.76%
accuracy over intervals of 10 hours and 22 days of data. The research concludes with an algorithm reducing
51 trips in a simulation using the mentioned system's database, reducing waiting time by 66.6%, transfer
time by 83.44%, and the number of transfers by 69.06% [27].

The implementation of Big Data in the Integrated Public Transportation System of Fortaleza, Brazil was
addressed (SIT-FOR) to identify common usage patterns. Data was processed using K-means and
supervised models were applied, with Random Forest demonstrating notable performance. The outcomes
support the research's hypothesis, affirming that "understanding different usage patterns can enhance the
identification of travel attributes in ticket emission data" [28].

In 2019, research was carried out in which the objective is to improve the quality of public transport service
for citizens by creating a predictive model that classifies citizen queries about public transport. This work
proposes the development of a predictive mathematical model serving as a foundation for a chatbot
program, offering uninterrupted service via instant messaging and optimizing query times, thereby
reducing costs for the company. The model was developed in Python using the SpaCy library and utilized
data from inquiries sent to the Municipal Transportation Company in Valencia, Spain. The resulting model
achieved an accuracy of 95.22%, an excellent outcome considering the seasonality and sample size
collected [29].

In 2020, the Supqua mobile application is developed. The application, designed for visually impaired
individuals in Bogot3, utilizes Machine Learning and open data from the SITP to provide route information
at zonal stops without requiring an internet connection. It implements Transfer Learning in TensorFlow
using the MobilNet model for object detection in signs and employs Tesseract OCR for optical character
recognition. The application queries Bogota's open data, storing it locally, and presents the results through
an interface with audible feedback for users [30].

Another investigation addresses the challenges faced by visually impaired individuals while taking buses,
lacking tools that provide them with autonomy in public transportation. In their project, they developed an
"Assistive Device for Public Transportation for Individuals with Severe Visual Disabilities (SVD)" during
the year 2022. The focus is on providing autonomy to these individuals when using public transportation
in the city of Bogotd, Colombia. The solution incorporates the Amazon Rekognition model and utilizes the
App Inventor application to create a mobile app serving as a user-machine interface [31].

Another approach addresses the issue of low accessibility in the public transportation system of the city of
Fortaleza, Brazil, using Big Data. Their research focuses on establishing and applying methods to
characterize this problem by consolidating data, calculating indicators, and describing the current
situation. Using R programming, the researchers consolidate validation and vehicle positioning data,
compute accessibility, mobility, and public transportation operation indicators, and apply spatial analysis
methods alongside the K-Nearest Neighbors (KNN) machine learning technique. The aim is to establish
methodologies for analyzing the vast amount of data and contribute to directing interventions in
Fortaleza's transportation system [32].

Another research work delving into data handling, focused on optimizing user flow in public
transportation. In 2019, this study analyzed data acquired from a device developed in a previous
investigation. A device installed in the center of buses capable of collecting information about the location
of people's cell phones and correlating this data with the location of buses and nearby stops [33]. The
research aimed to obtain the occupancy of a bus at each point of its route, verify its reliability and efficiency,
and explore the possibility of predicting this occupancy behavior from the collected data. Their work
concludes with the launch of a webpage capable of preprocessing the collected data. Additionally, they
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recommend applying the K-Means technique when there is enough data for constructing a machine
learning model [34].

In 2023, research focused on understanding the spatio-temporal patterns of user behavior in a public
transportation system was presented. The primary objective was to diagnose the temporal and spatial
displacement patterns of users in the public transport network of Fortaleza (Brazil), utilizing pre-pandemic
data, specifically from November 2018. To diagnose these patterns, they employed Machine Learning
models with clustering techniques. The results revealed that the initial daily validations by users exhibit a
higher percentage of spatial and spatiotemporal patterns compared to the final daily validations.
Additionally, it was observed that it is rare for users to exhibit spatial and temporal patterns
simultaneously, emphasizing the need for individual attention to both aspects [35].

In 2021, research was developed with the objective of creating a predictive model of failures through
machine learning to improve availability on the buses of the company Turismo Nacional Imperial Cusco
S.A.C. The consistent rise in costs to maintain bus availability compels companies to replace parts only
when damage becomes evident, which can halt services in the event of failures. The applied experimental
design analyzed 7 employee transport buses using the Cross Industry Standard Process for Data Mining
(CRISP-DM) methodology to develop the predictive model. Processing the machine learning model in
Matlab revealed an accuracy of 82.8% with the decision tree algorithm. Implementing the predictive model
resulted in a significant reduction in the Mean Time Between Failures (MTBF) indicator from 53.65 to 10.26
minutes and the Mean Time to Repair (MTTR) indicator from 786.81 to 11.79 minutes. The research
concludes that the decision tree predictive model contributes to increasing the availability of buses within
the Turismo Nacional Imperial Cusco S.A.C. company [36].

In 2023, work was presented focused on addressing one of the sources of delays in public transportation
systems: the stations. Traditionally, data about people boarding and/or alighting from transportation are
collected manually or through visually processed videos. This work employs computer vision with models
trained from scratch, such as YOLO, EspiNetV2, and Faster R-CNN, and conducts a comparative analysis
among these models. The study concludes with a YOLOv3 model capable of accurately counting individuals
with 92% accuracy and the creation of a dataset containing 348 video sequences [37].

In 2022, a work resulting from the collaboration between the Ontological Engineering Group of the
Universidad Politécnica de Madrid and the Regional Transport Consortium of Madrid. This study focuses
on analyzing public transportation usage, particularly among the elderly population in the Madrid region.
The work addresses two cases: firstly, it examines the effect of weather conditions on public transportation
usage by elderly users, incorporating these meteorological variables into forecasting models and evaluating
their impact on previous models. Additionally, new forecasting models are introduced to enhance existing
ones. Secondly, the feasibility of clustering time series data of public transportation usage is evaluated to
identify users with similar patterns and improve predictions of public transportation behavior for the
entire group [38].

In 2021, a work is presented that highlights the advancements in the implementation of an automated
vehicular traffic counting system based on videos in Bahia Blanca, Argentina. They employed YOLOv4 and
DeepSORT algorithms across 85 surveillance cameras distributed throughout the urban area. Despite
encountering certain technical challenges in the records, these were categorized for correction in both
algorithms [39].

In a study, the use of the Internet of Things (IoT) tools and Computer Vision for real-time monitoring of
mass transportation was proposed. Utilizing the OpenCV library, they employed a pre-trained
Convolutional Neural Network (CNN) to count the number of people waiting for buses at stations. Through
a prototype built with a Raspberry Pi 3 connected to a camera, it captured an image every five seconds for
analysis by the CNN and sent the results via KafkaStreams to the database. It was concluded that this is a
technologically viable way to obtain real-time public transportation information, although, according to the
researchers, further experimentation in real environments and finer adjustments of neural network
parameters were needed [40].
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A 2021 study, address pedestrian fatalities, one of the leading causes of death worldwide, categorized as a
pandemic by the World Health Organization (WHO) [41]. The research employs Machine Learning
methodology aiming to predict whether a pedestrian involved in a traffic accident would end up dead or
injured. The results show that the model, utilizing Oversampling for training data, adequately predicts
injuries with 90% precision, accuracy, and reliability. However, it only manages to predict half of the death
cases. Conclusions highlight that the model closest to achieving the proposed objective was a penalized
model that generated synthetic samples of the minority class "deceased" using the RandomOverSampler
method. The study remains ongoing in search of better performance in predicting death cases [42].

In an evaluation of transportation models carried outin 2020, information is collected from various sources
related to mobility, using publicly accessible data such as the 2011 Population and Housing Census, the
Atlas of Household Income Distribution, Cadastre, and Spatial Distribution of the Population in Andalusia,
Spain. The study focuses on the city of Seville, dividing it into Transport Analysis Zones according to the
Sustainable Urban Mobility Plan (PMUS) of January 2017. Main objectives include gathering information
into an extensive database, creating modal split and travel distribution models, seeking additional utilities
like defining transport zone centroids, and applying modal split models and Origin-Destination matrices
calculation at the transport zone level using Machine Learning techniques. The investigation concludes by
demonstrating that the Decision Trees model performed best in predicting the type of vehicle a person
would use, achieving 42.6% Accuracy [43].

In 2017, research was conducted focused on machine learning for visual attention models to support video
surveillance in public transportation. They utilized technologies that acquired task-based features,
developing models known as top-down. The project aimed to analyze areas in images that draw visual
attention in public transportation video surveillance. Classification trees were employed to achieve
performance close to real-time implementations. In the conclusions, the researcher highlights the creation
of the database and the top-down visual attention model implemented using the Random Forest technique.
This model exhibits high performance in supporting video surveillance in public transportation [44].

An investigation carried out in 2019, delves into modeling the analysis of demand and service quality in
regular road passenger public transportation through data mining. The thesis aimed to realign mobility
towards a sustainable approach and promote the use of public transportation, resulting in an accumulation
of three publications addressing the same topic [45]. In the first one, they utilized time-dependent
attributes to represent public transportation demand, achieving a silhouette_score of less than 0.1 with
eight groups [46]. The second publication describes a system for continuous and comprehensive control of
punctuality and regularity for a mass transit system using GPS-provided data, implemented and tested at
the Gran Canaria Transport Authority in Spain. This article employed the K-Means Classifier (KMC)
technique with three groups to analyze bus stops [47]. In their third publication, they again utilized the
KMC technique, and the data obtained from their previous publication to analyze travel times within the
public transportation service, using a model with three clusters that scored 0.35 on the silhouette function.
This publication concludes by identifying patterns present in different travel times and where these times
are longer [48].

In 2020, the perception of safety in public transportation in the State of Mexico concerning the COVID-19
contingency using data mining. They analyzed 1788 data points from the mobility survey and health
measures during the COVID-19 contingency conducted by the Autonomous University of the State of
Morelos (UAEM) in 2020. Evaluated variables included access safety, waiting safety, on-board safety, and
overall safety. They employed Weka's J48 and a priori algorithms for classification. The results indicate that
the perception of safety in using public transportation remains constant, with the apriori algorithm
revealing that 88% of users perceived insecurity during their journey. It's important to note that the
algorithms used operate based on the Decision Trees technique [49].

In a recent investigation, a computer vision method was proposed to estimate the number of people at
TransMilenio stations in Bogota. They employ deep learning on the TransMilenio-Javeriana database,
which provides nearly 900,000 head labels on buses and stations. They achieve an 11% relative error
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accuracy, surpassing manual methods, and offer a scalable, low-cost solution to enhance public
transportation planning and operations [50].

Another research presents a project that utilizes machine learning techniques and onboard monitoring in
vehicles equipped with On Board Diagnostics II (OBD II) to classify driver behavior under real road
conditions. They conducted a monitoring campaign involving 5 vehicles, capturing data through an OBD II
device and a smartphone application named Torque Pro. Using the K-Means technique, they categorized
drivers into 3 groups: normal, aggressive, and hazardous. The results indicate that hazardous drivers, when
driving at high speeds, exhibit increased fuel consumption and pose a risk of accidents on the road [51].

In research carried out in 2023, the advantages of using Big Data to improve mobility in the transportation
sector are described. This work showcases mobility improvements through this branch of artificial
intelligence, using a case study involving the implementation of an Intelligent Transportation System (ITS)
in the city of Bogota, Colombia [52]. The Bogota Mobility Secretary, in collaboration with the technology
company SKG, implemented the ITS, resulting in a 12% increase in the city's average speed and a 42%
reduction in response time to traffic incidents. Furthermore, it allowed the identification of key issues
impacting mobility within the city, facilitating informed decision-making [53].

Likewise, a prototype of an advanced driver assistance system was developed using computer vision in
public transportation vehicles to prevent traffic accidents. This prototype is positioned at the front center
of the vehicle and employs a Raspberry Pi camera to detect obstacles such as pedestrians and lane markings
using the Haar Cascades computer vision technique. The system issues visual and auditory alerts in case of
infractions, sending detailed messages to the database. They conclude with a functional prototype that
successfully detects 93% of the cases in the conducted tests [54].

To conclude, research addressed the prediction of psychosocial occupational risk in urban transportation,
specifically among urban bus drivers. The study highlighted the exposure to psychosocial occupational
risks in this stressful occupation. Machine learning techniques such as K-Nearest Neighbors, Decision Tree
algorithms, and Support Vector Machines were employed. Classification was performed using psychosocial
risk data collected through the Fpsico 4.0 questionnaire from urban transport drivers in the city of Ambato,
Ecuador. Experimental results indicated that the Support Vector Machine model achieved an 88.53%
performance in predicting psychosocial occupational risks [55].

3. Conclusions

This article compiles various research endeavors that apply artificial intelligence techniques in the field of
public transportation to address characteristic problems such as route optimization, service demand
estimation, arrival time predictions, among others. It can be inferred that the techniques yielding better
results in route optimization tasks were Random Forest and Neural Networks as they better adapted to the
data.

Artificial intelligence can become a significant ally in enhancing the quality of public transportation services
because, with the aid of computer vision techniques, we can create a service demand control system to
identify the most used vehicles or routes, enabling better administrative decision-making.

The Random Forest technique proved to be the most used in problems such as arrival time prediction, stop
prediction, and predicting people's travel modes, demonstrating its high capability to accommodate vehicle
trajectory and time data, in addition to analyzing the behavior of service users.

Models obtained using linear regression-based techniques are unsuitable for issues encountered in public
transportation services because they fail to adapt to the diverse factors influencing routes and travel times,
such as city traffic congestion, unforeseen stops, delays in user pickups and drop-offs.

The use of neural networks with LSTM layers is common in solving arrival time estimation and vehicle
demand problems, showing good results compared to classical techniques used for such estimations. These
neural networks are known for their long-term memory, allowing them to have more information when
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predicting their target variable, hence, they are widely used in environments facing Time Series Forecasting
(TSF) problems, where predicting a future event requires analyzing the past.

The quality and relevance of artificial intelligence models applied in public transportation fundamentally
relies on the quality of the datasets used. The pertinence and effectiveness of these models largely hinge on
the breadth, precision, and timeliness of the gathered information. The fusion of valuable data with
sophisticated artificial intelligence algorithms represents a promising advancement in the evolution of
more efficient and adaptive public transportation systems tailored to the dynamic needs of urban
communities.

The transformative potential of 10T, artificial intelligence, artificial vision systems, and Information and
Communication Technologies (ICT) in the domain of public transportation is undeniable. The synergy
among these technologies facilitates continuous monitoring of vehicles and passengers, captures valuable
data for real-time decision-making, and transmits information instantly among system components, crucial
for enhancing operational efficiency and user experience. Leveraging the benefits offered by technological
advancements paves the way to revolutionize the public transportation industry, offering smarter, safer,
and more adaptive services, thus paving the way toward a more efficient and sustainable urban mobility.

Based on the research analyzed in this article, we propose as a future line of work the comparison of
performance between models obtained using neural network-based techniques like LSTM, contrasted with
classical techniques such as Random Forest, in a common task of generating optimal routes for public
transportation. Both techniques demonstrated great adaptability in problems requiring geographic
coordinate data, latitude and longitude, and time series.
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