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Abstract. Urban traffic congestion is a major issue in modern cities. Rapid
urbanization and increasing vehicle numbers intensify this problem. Accurate 
traffic prediction is essential for reducing congestion. It also improves road 
safety and supports intelligent transportation systems. The study aims to develop 
and compare machine learning models for regulating urban traffic. In addition, 
it aims to identify the most effective approach for predicting road traffic in 
advance. To achieve this goal, the study involves several tasks, including data 
collection and preprocessing, exploratory data analysis, feature engineering, and 
data normalization. Additionally, three machine learning algorithms—logistic 
regression, support vector machine (SVM), and Random Forest—were implemented 
and evaluated based on performance metrics such as accuracy, precision, recall, and 
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F1-score. The results of the study demonstrate that all models provide satisfactory 
performance; however, their effectiveness varies across traffic classes. Logistic 
Regression achieved an accuracy of 0.87 but showed weaker performance in the 
“low” traffic class. The SVC model improved classification balance and reached 
an accuracy of 0.88. The best performance was achieved by the Random Forest 
model, which demonstrated an overall accuracy of 0.99 and a weighted F1-score 
of 0.99, indicating high reliability and strong predictive capability across all traffic 
categories. The practical significance of the study lies in the potential application 
of the proposed model in real-time traffic management systems. The integration of 
machine learning models, particularly ensemble methods such as Random Forest, 
can support decision-making processes, optimize traffic flow, reduce congestion, 
and improve road safety. Furthermore, the developed approach can contribute to 
the advancement of intelligent transportation systems and serve as a foundation 
for future research involving real-time data and advanced predictive models. The 
findings indicate that ensemble learning methods, particularly Random Forest, 
provide superior accuracy and reliability for urban traffic prediction tasks. The 
proposed model can be integrated into real-time traffic management systems to 
enhance decision-making and improve urban mobility.    
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Аннотация. Қазіргі заманғы қалаларда қалалық көлік кептелісі – басты
мәселелердің бірі болып табылады. Жедел урбанизация және көліктер 
санының артуы бұл мәселенің артуына әкелуде. Кептелісті азайту үшін 
көліктің қозғалысын дәл болжау маңызды. Сонымен қатар, бұл жол 
қауіпсіздігін жақсартады және ақылды көлік жүйелерін қолдайды. Зерттеудің 
мақсаты – қалалық көлік қозғалысын реттеуге арналған машинамен оқыту 
модельдерін әзірлеу және салыстыру. Сонымен қатар, зерттеу жол қозғалысын 
алдын ала болжауда ең тиімді тәсілді анықтауды мақсат етеді. Осы мақсатқа 
жету үшін зерттеу деректерді жинау және алдын ала өңдеу, зерттеушілік 
деректер талдауы, ерекшеліктерді инженерлеу және деректерді нормалау 
сияқты бірнеше тапсырманы қамтиды. Сонымен қатар, логистикалық 
регрессия, қолдау векторлық машинасы (SVM) және Random Forest сияқты 
үш машинамен оқыту алгоритмі іске асырылып, дәлдік, нақтылық, қайта 
табу көрсеткіші және F1-шот сияқты өнімділік көрсеткіштері бойынша 
бағаланды. Зерттеу нәтижелері барлық модельдердің қанағаттанарлық 
өнімділік көрсеткенін көрсетеді; алайда олардың тиімділігі жол қозғалысы 
кластары бойынша әртүрлі. Логистикалық регрессия 0,87 дәлдікке жетті, 
бірақ «төмен» жол қозғалысы класында әлсіз өнімділік көрсетті. SVC моделі 
жіктеу тепе-теңдігін жақсартып, 0.88 дәлдікке жетті. Ең жақсы нәтиже Random 
Forest моделінде тіркелді: ол жалпы 0.99 дәлдік пен 0.99 салмақталған F1-
балл көрсетті, бұл барлық жол қозғалысы категориялары бойынша жоғары 
сенімділік пен мықты болжау қабілетін көрсетеді. Зерттеудің практикалық 
маңызы ұсынылған модельді нақты уақыттағы жол қозғалысын басқару 
жүйелерінде қолдану мүмкіндігінде жатыр. Машинамен оқыту модельдерін, 
әсіресе Random Forest сияқты ансамбль әдістерін біріктіру шешім қабылдау 
процестерін қолдап, қозғалыс ағынын оңтайландырып, кептелісті азайтып, 
жол қауіпсіздігін арттыруға мүмкіндік береді. Сонымен қатар, әзірленген 
тәсіл интеллектуалды көлік жүйелерін дамытуға үлес қосып, нақты 
уақыттағы деректер мен жетілдірілген болжамдық модельдерді қамтитын 
болашақ зерттеулер үшін негіз бола алады.

Түйін сөздер: машиналық оқыту, кездейсоқ орман, тірек векторлар әдісі, 
логистикалық регрессия, трафикті жіктеу, қалалық трафикті басқару
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Аннотация. Транспортная загруженность является одной из ключевых
проблем современных городов. Быстрая урбанизация и рост числа 
транспортных средств существенно усиливают нагрузку на дорожную 
инфраструктуру. Точное прогнозирование транспортных потоков играет 
важную роль в снижении заторов, повышении безопасности дорожного 
движения и развитии интеллектуальных транспортных систем. Целью 
исследования является разработка и сравнительный анализ моделей 
машинного обучения для прогнозирования городского трафика и определения 
наиболее эффективного подхода к его раннему прогнозированию. Для 
достижения поставленной цели выполнены этапы сбора и предварительной 
обработки данных, разведочного анализа (EDA), инженерии признаков 
и нормализации данных. В рамках исследования реализованы и сравнены 
три алгоритма машинного обучения: логистическая регрессия, метод 
опорных векторов (SVM) и Random Forest. Оценка эффективности моделей 
проводилась с использованием стандартных метрик классификации: 
accuracy, precision, recall и F1-score. Результаты показали, что все модели 
демонстрируют удовлетворительную производительность, однако их 
эффективность различается в зависимости от уровня интенсивности 
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трафика. Логистическая регрессия достигла точности 0,87, однако показала 
более слабые результаты для класса с низкой интенсивностью движения. 
Модель SVM улучшила баланс классификации и достигла точности 0,88. 
Наилучшие результаты продемонстрировала модель Random Forest с общей 
точностью 0,99 и взвешенным F1-score 0,99, что свидетельствует о высокой 
надёжности и способности модели эффективно прогнозировать трафик 
во всех категориях. Полученные результаты подтверждают, что методы 
ансамблевого обучения, в частности Random Forest, обеспечивают более 
высокую точность и устойчивость прогнозирования городского трафика. 
Предложенная модель может быть интегрирована в системы управления 
дорожным движением в режиме реального времени для оптимизации 
принятия решений и повышения мобильности в городах. 

Ключевые слова: машинное обучение, случайный лес, метод опорных 
векторов, логистическая регрессия, классификация трафиков, управление 
городским движением

Introduction. Nowadays, due to the increasing number of vehicles and 
urbanization, traffic congestion has become widespread in cities around the world. 
Accurate and efficient prediction of traffic flow on city roads plays a crucial role 
in reducing the negative consequences of traffic congestion. In other words, timely 
and accurate forecasting of road traffic is extremely important. This helps optimize 
traffic flows and reduce traffic jams and delays on the roads. Traffic forecasting 
systems are crucial for predicting such traffic jams and hazardous situations. They 
help to warn drivers and regulate traffic lights. Thus, such a system reduces the 
likelihood of accidents, which are common on city roads. Traffic jams caused 
by vehicles contribute to air pollution due to the increased emissions of harmful 
substances from stationary vehicles. Accurate and precise traffic forecasting 
enables the reduction of costs resulting from traffic congestion. (Lv et al., 2015). 

Machine learning has become an essential tool for analyzing and predicting 
traffic patterns due to its ability to process large datasets and identify complex 
patterns. Machine learning algorithms can analyze historical traffic data, current 
updates, weather conditions, and other relevant factors to generate accurate 
predictions (Xie et al., 2020). 

The adaptability and learning abilities of machine learning models allow us to 
constantly improve the accuracy of predictions. Consider three popular machine 
learning algorithms: logistic regression, random forest, and the support vector 
Machine method. Logistic regression is easy to implement and interpret; it works 
well on small datasets and in binary classification tasks. A random forest is an 
ensemble method that uses multiple decision trees to improve prediction accuracy 
and reduce the risk of overfitting. It is effective when working with large and 
complex data. The support vector machine (SVM) method is especially useful 
for classification problems with high-dimensional data and can be adapted for 
nonlinear decision boundaries using sound tricks. Each of these algorithms has 
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unique advantages and features that make them suitable for different types of data 
and tasks (Gao et al., 2024).

The object of the study is traffic flows and their characteristics, such as the 
number of cars that affect the overall transport situation. The number of cars is 
measured by the number of vehicles located on a certain length of road. This 
parameter determines the current state and dynamics of traffic, and also helps to 
analyze and predict the traffic situation.

The purpose of this study is to develop, compare, and evaluate the effectiveness 
of various machine learning algorithms for predicting traffic based on data obtained 
from a specially collected dataset, as well as integrating the best model into a web 
application for real-time use.

Objectives of the Research Work:
-	Collection and preprocessing of data, including traffic parameters.
-	Development of machine learning models using logistic regression, random 

forest and support vector machine.
-	Evaluating the effectiveness of models using accuracy, completeness, and F1-

measure metrics.
-	Compare model performance and identify the best model for predicting traffic.
-	Integration of the selected model into a web application for real-time traffic 

prediction.
The results of the study can be used to further develop intelligent transport 

systems and improve the management of urban traffic flows. Scientifically based 
conclusions about the most effective methods of predicting traffic can be in demand 
when creating and improving traffic management technologies, which in turn 
helps to reduce traffic jams, improve road safety, and improve the environmental 
situation in cities. Thus, this research represents an important contribution to the 
development of the field of intelligent transport systems and can be used as a basis 
for further research in this area.

Literature review
Traffic flow management in the city is an important part of overseeing the 

city's overall infrastructure. This factor affects every aspect, from the efficiency of 
residents' daily city travel to the speed of emergency response. The year-on-year 
increase in population and the rapid growth in the number of vehicles on city roads 
have become a traffic congestion problem. 

To address this, researchers in the field use machine learning and big data 
analysis methods to offer more efficient traffic prediction and management. The 
proposed literature review examines several recent studies that have investigated 
the technologies used in intelligent transportation systems in this area.

Bu (2019) explores the application of deep learning, a sophisticated machine 
learning approach, to predict urban traffic. The study highlights the use of big data 
analytics to process and analyze the vast amount of data generated by urban traffic 
sensors, cameras, and GPS devices. Special attention is paid to the effectiveness 
of convolutional neural networks (CNN) and recurrent neural networks (RNN) in 
modeling and forecasting traffic flows. 
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CNNs are excellent at processing spatial data, which makes them suitable 
for analyzing images from street traffic cameras, while RNNs excel at analyzing 
temporal data, ideal for time series such as speed and volume of traffic. The main 
findings indicate that deep learning models, when trained on large and diverse 
datasets, can predict traffic conditions with high accuracy. The study also discusses 
the computing requirements and infrastructure needed to implement these models 
in real-time applications for intelligent transportation systems. The integration 
of deep learning into traffic management systems requires high computational 
resources, since models must be trained on large amounts of data and executed in 
real time to process incoming information from sensors and cameras. However, 
with proper configuration and optimization, deep learning can be effectively 
applied in real time to improve urban traffic management and ensure traffic safety 
and efficiency.

Convolutional neural network (CNN) models can process spatially oriented 
data very well. Therefore, such models are well-suited for analyzing images 
obtained from street traffic cameras. RNN networks, on the other hand, are well-
suited for analyzing data that changes over time. These networks are often used in 
such tasks to analyze time series of data, such as traffic speed and flow. 

Furthermore, in the proposed review, the authors discussed the computational 
requirements necessary to implement the aforementioned models in real-time 
applications of intelligent transportation systems. Primarily, there are some 
challenges in implementing neural network models in urban traffic management 
systems. Specifically, training models with large volumes of data requires extensive 
computational resources. Information about vehicle traffic continuously received 
from sensors and cameras requires constant processing. However, by properly 
configuring and optimizing the model's architecture, deep learning can be applied 
efficiently in real time. This reduces the challenges in urban traffic management 
and enhances safety and efficiency.

Hanan Almuhalfi (2024) has conducted an in-depth study of the machine 
learning models used in such tasks. In the study, the author identifies three main 
types of these models and highlights the advantages of each. The author notes 
that supervised learning models are well-suited for short-term traffic forecasting. 
Meanwhile, unsupervised learning helps detect anomalies in irregular traffic 
patterns. This article notes that the effectiveness of machine learning models often 
depends on the crucial role of effective feature selection. 

Shahzad Ahmad's (2025) research focuses on a type of deep learning model, 
the Stacked Autoencoder (SAE), for traffic flow prediction. This model effectively 
encodes the most important features of the traffic, and further notes that traffic 
flow models can be used for prediction by reconstructing their samples from 
scratch. The author used data collected under various traffic conditions during 
the study. Based on this data, the SAE model, Methods such as Support Vector 
Machines (SVM) and decision trees were considered. The experimental results 
proved that the SAE model demonstrated higher test accuracy than the other two 
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models. Despite the computational complexity, this model can be scaled well. In 
other words, this model was particularly suitable for collecting and processing the 
large amounts of data encountered in city traffic. 

In the next study, Xie et al. (2020) investigated urban traffic prediction using 
machine learning methods based on spatio-temporal data. The study employed 
models such as graph convolutional networks, Bayesian networks, and ensemble 
methods. The study employed models such as Bayesian networks and ensemble 
methods. The obtained results demonstrated that integrating spatial and temporal 
data significantly improves the accuracy of urban traffic flow prediction. The 
authors propose implementing deep learning models to achieve the best results in 
Intelligent Transportation Systems. 

In conclusion, although recent years of research in this area have demonstrated 
the effective use of machine learning algorithms, real-time applications demand 
improved rapid decision-making. In particular, when forecasting traffic flows in 
large city centers, the scaling issues that arise in large-scale traffic flows must 
be addressed. Such calculations should necessarily include weather, special city 
events, and infrastructural changes (Datia et al., 2024). This issue leads to the use 
of distributed computing methods and cloud solutions for managing large-scale 
traffic (Teng et al., 2024).

Furthermore, the integration of effective machine learning models into real-
time road traffic management systems is essential. Moreover, it is desirable for 
such systems to be accessible to the general public. It would also be beneficial for 
them to be designed with user-friendly interfaces and equipped with visualization 
tools. 

Therefore, to predict and monitor city traffic, machine learning algorithms 
require improvement, and more research is needed in this field. 

Materials and methods
To address the challenges encountered in urban traffic congestion management, 

this study conducted an extensive analysis of the dataset and employed three 
machine learning methods.The dataset used in the study was obtained from 
official traffic flow data from the Humanitarian Data Exchange (HDX) platform, 
and employed for research purposes. 

This study aims to leverage advanced data analytics and machine learning 
techniques to predict traffic patterns and optimize traffic flow in urban settings.   

Exploratory Data Analysis. 
EDA is the initial stage of data analysis, the purpose of which is to gain an 

understanding of the data structure and identify the main characteristics. In this 
section, we apply various visualization and statistical analysis methods.

Data visualization
-	 Histograms: used to display the distribution of data for each variable.
-	 Scatter plots: used to show the relationship between two variables in the data.
-	 Heat maps: allow for the visualization of the correlation between given 

variables.
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Statistical analysis
- Mean (𝜇): is calculated by dividing the sum of the data in the dataset by the 

total number of values:

						     (1)

- Standard deviation: measures the distribution of data in the dataset around 
their mean (Moumen et al., 2023):

				    (2)

Pearson’s correlation
Pearson Correlation
Pearson’s r correlation is a statistical measure that indicates the linear relationship 

and its direction between input variables. This measure can take values from -1 to 1. 
Here, a value of 1 indicates the strongest positive correlation, -1 indicates the strongest 
negative correlation, and 0 indicates the complete absence of a linear relationship 
between the variables. The covariance is normalized by the product of the standard 
deviations of the variables to calculate this coefficient.    A high positive coefficient 
indicates that as one variable increases, the other increases, while a high negative 
coefficient indicates that as one variable increases, the other decreases.

			   (3)

Feature engineering. 
After completing the EDA, we move on to feature engineering, which aims to 

create new features that will improve the quality of our models.
1.	Creation of Temporal Features. To create time features, we extracted the 

hour from the timestamp to reflect the daily traffic patterns. We also extracted the 
day of the week to account for weekly traffic variations. In addition, the month 
was extracted to reflect the monthly trends.

2.	Data Normalization. Bringing data to a common scale to enhance model 
performance.

Normalization is a technique used to scale the values of a feature to a range 
between 0 and 1. This is done by subtracting the minimum value of the feature 
and then dividing by the range (difference between the maximum and minimum 
values).
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                                                       (4)

Model Training. 
After preparing the data, we proceed to train machine learning models. We 

consider three main algorithms: Logistic Regression, Random Forest, and Support 
Vector Machine (SVM).

Logistic Regression
Logistic regression is a statistical method used to model the probability 

of an observation belonging to a certain category or class. It is widely used in 
classifi cation problems where it is necessary to predict the probability of an 
observation belonging to two or more classes. Instead of a direct relationship 
between features and the target variable, as in conventional linear regression, 
logistic regression uses a logistic function to convert the sum of weighted features 
into probability (Tripathi et al., 2023).

                                                         (5)

Random Forest 
Random Forest is an ensemble learning method that builds multiple decision 

trees during training and outputs the mode of the classes (classifi cation) or the mean 
prediction (regression) of the individual trees. Each tree in this model (Figure 1) is 
trained on a random partition of the training dataset (Jedhe et al., 2022). This method 
prevents overfi tting and enhances the model’s robustness. When predicting future 
data, each tree in the model independently forecasts the target variable. The fi nal 
prediction aggregates the predictions obtained from all trees. Then, it calculates 
their mode or mean value to determine the fi nal prediction. This ensemble Random 
Forest method has become widely popular due to its high accuracy, versatility, and 
ability to work effi ciently with large datasets (Razali et al., 2021).

Figure 1 ― Illustration of the Random Forest classifi cation process.
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Support Vector Machine (SVM)
The Support Vector Machine (SVM) method is a machine learning algorithm 

that builds a hyperplane in the feature space to maximize the separation of two 
classes of data. It uses reference vectors - the data points closest to the separating 
hyperplane (Oyewola et al., 2022). SVM is effective even in the case of non-
linearly separable data, due to the use of nuclear functions to transition to a higher-
dimensional space (Balachander et al., 2022). The C regularization parameter in 
SVM controls the trade-off between maximizing gap and minimizing classifi cation 
errors, making it a fl exible tool for a variety of classifi cation tasks (6).

                                                      (6)

Results 
The results of the study present the performance of the proposed machine 

learning models and the analysis of traffi c distribution patterns. The fi ndings are 
illustrated using statistical metrics and visualizations to demonstrate differences 
between traffi c categories.

Figure 2 ― Distribution of traffi c situations.

The bar chart in Figure 2 displays the distribution of traffi c situations across 
different days of the week. Each bar represents a day and is divided into segments 
corresponding to different traffi c situations: low, normal, heavy, and high. The chart 
shows that traffi c is predominantly normal across most days, with a notable decrease 
in traffi c on Fridays. The data indicates variability in traffi c patterns, which can be 
crucial for traffi c prediction models. This visualization helps in understanding how 
traffi c conditions fl uctuate throughout the week, providing insights into peak and 
off-peak traffi c days.
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Figure 3 ― Daily traffi c situation over a month.

The graph (Figure 3) presents the daily traffi c situation over a month, categorized 
into four types: low, normal, heavy, and high. The y-axis represents the count of traffi c 
instances, while the x-axis indicates days of the month. The plot shows signifi cant 
variability, particularly noticeable with ‘high’ traffi c, which spikes dramatically 
towards the middle of the graph. This visualization helps in understanding the 
fl uctuations in traffi c conditions over time and can be used to predict traffi c patterns 
or plan traffi c management strategies.

Figure 4- Distribution of traffi c situations over a range of total counts.

The stacked bar (Figure 4) chart shows the distribution of traffi c situations over 
a range of total counts. Each bar represents a total traffi c count, segmented into four 
categories: low, normal, heavy, and high. The chart provides a clear view of how 
traffi c conditions stack up against each other within various total count ranges. For 
instance, lower total counts tend to have a higher proportion of ‘low’ and ‘normal’ 
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traffi c conditions, while higher total counts include more instances of ‘heavy’ and 
‘high’ conditions. This graph is useful for analyzing the composition of traffi c 
conditions relative to the overall traffi c volume.

Figure 5 ― Traffi c situation in respective total counts and truck count.

The scatter plot in Figure 5 displays individual data points categorized by traffi c 
situation against their respective total counts and truck counts. Each category (low, 
normal, heavy, high) is marked by a distinct color. The plot includes marginal 
histograms on the top and right, illustrating the distribution of total counts and truck 
counts, respectively. The scatter plot reveals a positive correlation between the total 
traffi c counts and the severity of traffi c conditions, suggesting that higher traffi c 
volumes are often associated with more severe traffi c situations.

Figure 6 ― Confusion matrices of models.

The image in Figure 6 shows three error matrices (confusion matrices) for three 
different machine learning models: logistic regression, SVC, and random forest. 
Each matrix shows the number of correct and incorrect predictions for four classes 
(0, 1, 2, and 3). For logistic regression, it can be noted that the model has diffi culties 
classifying classes 0 and 3, often confusing them with other classes. The second 
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matrix for the SVC model shows that it does a better job with class 0 compared to 
logistic regression, but also has some errors in the classification of classes 2 and 3. 
The third matrix for a random forest demonstrates that this model does the best job 
with classification, making almost no errors for classes 0 and 2, and has the least 
number of errors for other classes. 

Figure 7 ― ROC curves of the logistic regression model.

The graph of ROC curves in Figure 7 for logistic regression shows curves for 
four classes. The model shows high classification quality for all classes, with an 
area under the curve (AUC) from 0.96 to 1.00. Class 2 has an ideal classification 
with AUC=1.00, and classes 0 and 1 have AUC=0.96. This indicates that logistic 
regression copes well with the classification task, although for classes 0 and 1, 
improvements are possible.

Figure  8 ― ROC curves of the SVC model. 
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The ROC curve of the SVC model shown in Figure 8 demonstrates that it is very 
well classifi ed across all given vehicle data classes. Here, the AUC values range from 
0.97 to 0.99. The AUC values for class 0 were 0.98, and for class 2 they were 0.99. 
That is, this SVC model showed slightly better results compared to the previous logistic 
regression model. This SVC model is very reliable for such classifi cation tasks.

Figure 9 ― ROC curves of the Random Forest model.

In the following graph in Figure 9, the ROC curves based on the results of 
the Random Forest model are shown. The AUC values for all classes are close to 
0.99. That is, the trained model’s classifi cation quality is very high. As a result, the 
Random Forest model demonstrates much better discriminative ability for all classes 
compared to the previous two models (Figure 10).
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Figure 10 ― Classifi cation report of proposed models.

Classifi cation Report - Logistic Regression:
Logistic regression shows accuracy (precision) and completeness (recall) for 

classes low (0.74 and 0.61), normal (0.89 and 0.92), heavy (0.91 and 0.98), high 
(0.80 and 0.65). Weighted averages (weighted avg) for accuracy, completeness and 
F1 measures are 0.87. The overall accuracy of the model is 0.87. The model copes 
best with the heavy and normal classes, but has diffi culties with the low class.

Classifi cation Report - SVC:
The SVC model shows better results compared to logistic regression for classes 

low (0.75 and 0.75), normal (0.91 and 0.92), heavy (0.89 and 0.96), high (0.83 and 
0.67). The weighted averages for accuracy, completeness and F1 measures are 0.88. 
The overall accuracy of the model is 0.88. The model shows the best results for all 
metrics, especially for the low and high classes.

Classifi cation Report - Random Forest:
The random forest shows the best results with accuracy and completeness for 

all classes equal to or almost equal to 1.00. The weighted averages for accuracy, 
completeness and F1 measures are 0.99. The overall accuracy of the model reaches 
0.99. The model classifi es all classes almost perfectly, which makes it the most 
effective among the presented models.

Disscussion
The results of the proposed study show that machine learning models demonstrate 

strong performance in predicting traffi c fl ows. This study examined logistic 
regression, support vector classifi cation (SVC), and Random Forest algorithms. 
Among the models considered, the Random Forest model, with an overall accuracy 
of 99.4%, was identifi ed as the most effective. This result is regarded as signifi cantly 
good among models used in traffi c fl ow prediction. By accurately predicting traffi c 
fl ow, it is possible to make traffi c light schedules more effi cient and provide drivers 
with real-time traffi c information. This improves overall traffi c fl ow and reduces 
congestion. As a result, it can lead to lower emissions and provide residents with 
convenient access. 

The comparative analysis also highlights the importance of incorporating both 
spatial and temporal features in traffi c modeling. The inclusion of time-based 
variables, such as hour and day of the week, contributed to improved classifi cation 
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performance, confirming findings from previous studies on spatio-temporal traffic 
prediction.

Despite these promising results, several limitations should be noted. The dataset 
used in the study may not fully represent all possible traffic scenarios, particularly 
rare or extreme events such as accidents, road closures, or sudden weather changes. 
In addition, the models were evaluated in a controlled experimental setting, which 
may differ from real-world deployment conditions.

Furthermore, while Random Forest demonstrated near-perfect performance, 
such high accuracy may indicate potential overfitting or dataset bias, and therefore 
requires further validation on larger and more diverse datasets. Future research 
should focus on incorporating real-time data streams, external influencing factors 
(e.g., weather conditions, special events), and exploring advanced deep learning 
approaches to enhance model generalization and scalability.

Conclusion
In this study, machine learning models were used to predict urban traffic flow, 

and their performance was comparatively analyzed. The provided data were trained, 
tested, and evaluated using logistic regression, support vector machine (SVM), and 
Random Forest algorithms. Overall, the results of all three models were good. The 
logistic regression model used first yielded satisfactory results. However, this model 
is limited in handling more complex traffic patterns. 

The SVC model’s results were somewhat better than those of the first model, 
providing a more balanced classification. Among the models used, the Random 
Forest model proved the most reliable and highest in accuracy. 

The obtained results determine the effectiveness of ensemble learning methods 
for traffic forecasting tasks in large cities. In addition, it was determined that the 
combined use of spatial and temporal data increases the model’s performance. 
The proposed approach can be effectively applied in real-time traffic management 
systems to support decision-making, optimize traffic flow, and reduce congestion in 
urban environments. 

However, in this regard, it is also necessary to note several limitations. The dataset 
used in this study may not cover all possible traffic scenarios on the road. In other 
words, situations such as sudden road closures caused by major accidents may not 
be accounted for. Additionally, the study did not account for external factors such 
as sudden weather changes, special city events, or road repairs. Incorporating these 
factors into the models could enhance their predictive accuracy and reliability.

Future research will focus on incorporating additional factors, such as weather 
and real-time data, to improve prediction accuracy. It is also important to explore 
scaling and advanced deep learning models for processing big city data.
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