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ABSTRACT: This study investigates the application of Support Vector Machine (SVM) and
Random Forest algorithms for real-time traffic prediction using a UK traffic dataset. The
comparative analysis focuses on key metrics including accuracy, precision, recall, and computational
efficiency. Results indicate that Random Forest outperforms SVM in terms of prediction accuracy,
achieving an accuracy of 0.89 compared to SVM's 0.85. Random Forest also demonstrates higher
precision (0.88 vs. 0.82) and recall (0.90 vs. 0.86), contributing to an overall FlI-score of 0.89
compared to SVM's 0.84. While SVM exhibits a shorter training time (120 seconds) compared to
Random Forest (180 seconds), Random Forest demonstrates faster prediction times per sample (3.8
milliseconds vs. 5.2 milliseconds for SVM). These findings highlight Random Forest's effectiveness in
traffic prediction tasks, balancing high accuracy with efficient computational performance.

INTRODUCTION

In recent years, the rapid urbanization and population growth worldwide have exacerbated
the challenges of urban transportation systems. Cities are facing escalating demands for
efficient mobility solutions that can alleviate traffic congestion, reduce commute times, and
enhance overall urban livability. Real-time traffic prediction has emerged as a pivotal
technology in addressing these complex urban mobility issues. By leveraging advanced data
analytics and machine learning techniques, cities can anticipate traffic patterns with
unprecedented accuracy, thereby enabling proactive management strategies and informed

decision-making.

Smart cities, characterized by their integration of digital technologies and data-driven
approaches, are at the forefront of adopting real-time traffic prediction systems. These cities
recognize that traditional reactive traffic management methods are no longer sufficient to
cope with the dynamic nature of urban transportation. Instead, they are embracing predictive
analytics to anticipate traffic conditions in advance, allowing for timely interventions such as
rerouting strategies, adaptive signal controls, and optimized public transit schedules. This
proactive approach not only improves traffic flow but also contributes to reducing greenhouse

gas emissions and enhancing overall urban sustainability.

Moreover, the advent of the Internet of Things (IoT) and the proliferation of connected

devices have revolutionized data collection capabilities in urban environments. Sensors
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embedded in roads, vehicles, and infrastructure generate vast amounts of real-time traffic
data, offering unprecedented insights into traffic behaviors and patterns. Machine learning
algorithms, such as Support Vector Machines (SVM) and Random Forest, are adept at
processing these large datasets and extracting meaningful patterns that traditional methods
often overlook. This capability is crucial for developing robust traffic prediction models that

can adapt to the complexities and nuances of urban traffic dynamics.

Furthermore, real-time traffic prediction not only benefits city authorities and transportation
planners but also enhances the overall quality of life for urban residents. By reducing
congestion and travel delays, these systems contribute to improved air quality, lower stress
levels, and increased productivity among commuters. Additionally, businesses can leverage
traffic predictions to optimize logistics and delivery operations, thereby reducing costs and

enhancing customer satisfaction.

Accurate traffic prediction plays a crucial role in revolutionizing urban planning by providing
city authorities with valuable insights into traffic patterns and behaviors. By accurately
forecasting future traffic conditions, urban planners can make informed decisions regarding
infrastructure investments, road expansions, and transportation policies. This proactive
approach helps optimize the allocation of resources and ensures that cities can accommodate
growing populations and evolving mobility needs efficiently. Moreover, by anticipating
traffic flows, planners can design more sustainable urban environments that prioritize
pedestrian-friendly spaces, cycling infrastructure, and efficient public transit systems, thereby

reducing dependency on private vehicles and promoting healthier lifestyles.

Congestion management represents one of the most immediate and tangible benefits of
accurate traffic prediction. Traffic congestion not only leads to frustration and delays for
commuters but also results in significant economic costs due to lost productivity and
increased fuel consumption. Real-time traffic prediction allows transportation authorities to
implement adaptive traffic management strategies, such as dynamic signal controls,
congestion pricing, and real-time rerouting recommendations. These interventions help
mitigate congestion hotspots, optimize traffic flow, and reduce overall travel times, thereby

improving the efficiency of urban transportation networks.

Environmental sustainability is another critical benefit derived from accurate traffic

prediction. Traffic congestion is a major contributor to air pollution and greenhouse gas
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emissions in urban areas. By reducing congestion through effective prediction and
management strategies, cities can mitigate environmental impacts and improve air quality.
Furthermore, by promoting modal shifts towards sustainable modes of transportation, such as
public transit, cycling, and walking, traffic prediction supports broader efforts to combat
climate change and promote eco-friendly urban development. This holistic approach not only
enhances environmental sustainability but also fosters healthier and more livable

communities for residents.

The primary focus of this study is to address the challenges associated with predicting real-
time traffic conditions in urban environments using machine learning algorithms, specifically
Support Vector Machines (SVM) and Random Forest. One of the key challenges is achieving
high prediction accuracy amidst the inherent complexity and variability of urban traffic
patterns. Urban traffic is influenced by a myriad of factors such as time of day, day of the
week, weather conditions, special events, and road infrastructure. These dynamic and
interconnected variables make accurate traffic prediction a challenging task. SVM and
Random Forest are chosen for their proven ability to handle nonlinear relationships and high-
dimensional datasets, which are characteristic of traffic prediction scenarios. However,
determining which algorithm performs better under varying conditions and datasets is crucial

for practical implementation in smart city environments.

Another critical challenge addressed in this study is the computational efficiency of the SVM
and Random Forest algorithms. Real-time traffic prediction requires models that can process
large volumes of data quickly and efficiently to provide timely insights for decision-making.
SVM, depending on the choice of kernel and parameter settings, can be computationally
intensive, especially with large-scale datasets. On the other hand, Random Forest is known
for its ability to handle high-dimensional data and parallel processing capabilities, potentially
offering faster computational speeds. Evaluating the computational performance of both
algorithms in the context of real-time traffic prediction is essential for assessing their

feasibility and scalability in operational smart city environments.

LITERATURE SURVEY

Traffic prediction is a critical area of research and application within transportation
engineering and urban planning, leveraging advanced data analytics and machine learning

techniques to forecast traffic conditions with increasing accuracy and granularity. Traditional
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approaches to traffic prediction often relied on statistical models and time series analysis,
which provided foundational insights but were limited in their ability to capture the complex
and nonlinear relationships inherent in urban traffic dynamics. In recent years, the advent of
machine learning has revolutionized traffic prediction by enabling the analysis of large-scale

datasets and the extraction of intricate patterns that traditional methods may overlook.

Machine learning techniques, particularly supervised learning algorithms, have gained
prominence in traffic prediction due to their ability to learn from historical data and
generalize patterns to predict future traffic conditions. Among the most widely used machine
learning algorithms for traffic prediction are Support Vector Machines (SVM), Random
Forest, Neural Networks, and Gradient Boosting Machines. Each of these algorithms offers

unique strengths suited to different aspects of traffic prediction tasks.

Support Vector Machines (SVM) excel in classifying and predicting traffic conditions by
identifying optimal hyperplanes that separate different classes of traffic patterns. SVMs are
particularly effective in scenarios where the relationship between input features (e.g., traffic
volume, time of day, weather conditions) and traffic conditions (e.g., congestion levels, travel
times) is nonlinear and complex. SVMs can handle high-dimensional data and are robust
against overfitting, making them suitable for applications where accurate prediction and

model generalization are paramount.

Random Forest is another powerful ensemble learning method that combines multiple
decision trees to improve prediction accuracy and robustness. In traffic prediction, Random
Forest excels in handling large and heterogeneous datasets, capturing nonlinear relationships,
and providing insights into feature importance. By aggregating predictions from multiple
decision trees trained on different subsets of data, Random Forest mitigates the risk of
individual tree biases and enhances overall prediction reliability. Moreover, its parallel
processing capability makes it suitable for real-time applications where computational

efficiency is critical.

Neural Networks, including deep learning architectures such as Convolutional Neural
Networks (CNNs) and Recurrent Neural Networks (RNNs), have also emerged as effective
tools for traffic prediction. CNNs are adept at spatial feature extraction from traffic sensor
data, while RNNs excel in capturing temporal dependencies and sequences in traffic patterns

over time. These neural network architectures have demonstrated superior performance in
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tasks such as short-term traffic flow prediction and anomaly detection, leveraging their

capacity to learn hierarchical representations of data and adapt to complex patterns.

Gradient Boosting Machines (GBMs), such as XGBoost and LightGBM, have gained
popularity for their ability to optimize model performance through iterative refinement of
weak learners. GBMs excel in traffic prediction tasks by sequentially improving prediction
accuracy and reducing prediction errors, thereby enhancing model robustness and
interpretability. Their ensemble approach and regularization techniques make them suitable
for handling noisy data and achieving high prediction accuracy across diverse traffic

scenarios.

Support Vector Machines (SVM) and Random Forest have been extensively explored and
applied in the domain of traffic prediction, showcasing their efficacy in handling the
complexities of urban traffic dynamics. Several studies have leveraged SVM for various
traffic prediction tasks, demonstrating its capability to model nonlinear relationships and
classify traffic conditions effectively. For instance, a study by Liu et al. (2018) applied SVM
to predict traffic flow in urban road networks, focusing on capturing the intricate spatial and
temporal patterns of traffic congestion. The research highlighted SVM's robustness in
handling high-dimensional traffic data and its ability to adapt to varying traffic conditions,
contributing to more accurate prediction models for traffic management and congestion

mitigation strategies.

Similarly, Random Forest has emerged as a powerful tool in traffic prediction, known for its
ensemble learning approach that combines multiple decision trees to enhance prediction
accuracy and reliability. In a study conducted by Zhang et al. (2017), Random Forest was
employed to forecast traffic flow under dynamic and uncertain conditions, such as varying
weather patterns and special events. The study underscored Random Forest's capability to
handle noisy and heterogeneous traffic data, demonstrating superior performance compared
to traditional statistical methods and single decision tree models. By leveraging the ensemble
of decision trees, Random Forest effectively captured complex interactions among traffic
variables and provided robust predictions essential for real-time traffic management and

adaptive control systems.

Furthermore, research has explored hybrid approaches that integrate SVM and Random

Forest with other machine learning techniques to further improve traffic prediction accuracy.
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For example, a study by Wang et al. (2019) proposed a hybrid SVM-Random Forest model
for short-term traffic flow prediction, combining SVM's ability to model complex nonlinear
relationships with Random Forest's ensemble learning strategy. The hybrid model
demonstrated enhanced prediction performance by leveraging the strengths of both
algorithms, offering a comprehensive framework for addressing the challenges of traffic

prediction in dynamic urban environments.

METHODOLOGY

The UK traffic dataset utilized in this study serves as a fundamental source of empirical data
crucial for analyzing and predicting traffic patterns within urban environments. Acquired
from the Department for Transport (DfT) of the United Kingdom, this dataset represents a
comprehensive compilation of traffic-related information collected from various sensors,
cameras, and monitoring stations deployed across major cities and road networks throughout
the UK. The DfT continuously gathers and updates this dataset to provide a detailed and up-
to-date portrayal of traffic conditions, encompassing both real-time measurements and

historical data over extended periods.

In terms of size, the dataset spans multiple dimensions, comprising millions of records that
encapsulate diverse aspects of traffic behavior. Key attributes include traffic volume, vehicle
speed, congestion levels, weather conditions, time of day, and geographical location (such as
road segments or junctions). These attributes are systematically recorded at frequent
intervals, typically ranging from minutes to hours, depending on the specific monitoring

infrastructure and data collection protocols employed by the DfT.

The dataset's temporal coverage extends over several years, allowing for longitudinal
analyses and trend identification across different seasons, weekdays, and special events. This
temporal granularity is essential for capturing fluctuations in traffic patterns influenced by
daily routines, seasonal variations, and socio-economic activities. Moreover, the spatial
coverage of the dataset encompasses a wide geographic scope, including urban centers,
suburban areas, and intercity highways, providing a comprehensive representation of diverse

traffic conditions within the UK.
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Quality assurance and data integrity are paramount considerations in the compilation of this
dataset, with rigorous protocols implemented to ensure accuracy, consistency, and reliability
of the recorded information. Data preprocessing techniques, such as outlier detection, noise
reduction, and missing value imputation, are routinely applied to enhance the dataset's

usability and analytical robustness for traffic prediction tasks.

For the purposes of this study, the UK traffic dataset serves as a foundational resource for
training, validating, and testing machine learning models, specifically Support Vector
Machines (SVM) and Random Forest algorithms, in predicting real-time traffic conditions.
By leveraging the richness and granularity of this dataset, the study aims to contribute
empirical insights into the comparative performance of these algorithms, shedding light on
their effectiveness in enhancing urban mobility management and supporting data-driven

decision-making processes within smart city initiatives across the UK.
Support Vector Machine (SVM) Implementation:

Support Vector Machines (SVM) are employed in this study for their ability to effectively
classify and predict traffic conditions based on historical data. The first step in applying SVM
involves selecting an appropriate kernel function that defines the decision boundaries
between different classes of traffic states. For traffic prediction tasks, commonly used kernels
include the linear, polynomial, and radial basis function (RBF) kernels. In this study, the RBF
kernel is selected due to its flexibility in capturing nonlinear relationships in traffic data,

which is crucial given the dynamic and complex nature of urban traffic patterns.

Parameter tuning is a critical aspect of SVM implementation to optimize model performance.
Key parameters include the regularization parameter CCC (penalty parameter of the error
term) and the kernel-specific parameters such as the gamma parameter for the RBF kernel.
Grid search or cross-validation techniques are typically employed to systematically explore a
range of parameter values and identify the combination that maximizes prediction accuracy
while avoiding overfitting. For instance, the grid search may iterate over values of CCC and
gamma to find the optimal pair that yields the best performance metrics, such as accuracy,

precision, and recall, on validation data subsets.

Additionally, feature selection plays a vital role in SVM implementation by identifying

relevant input features from the UK traffic dataset that contribute most significantly to
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predicting traffic conditions. Feature selection techniques, such as recursive feature
elimination (RFE) or feature importance ranking based on coefficients, are utilized to
prioritize features such as traffic volume, time of day, weather conditions, and historical
traffic patterns. This process helps streamline model training and enhances the interpretability

of SVM's predictions by focusing on the most influential variables.

Random Forest Implementation:

Random Forest is another machine learning algorithm employed in this study for its robust
performance in handling high-dimensional datasets and capturing complex interactions
among traffic variables. Random Forest operates by constructing an ensemble of decision
trees, each trained on a bootstrap sample of the dataset and using a subset of randomly
selected features. The number of trees in the forest is a hyperparameter that influences model
complexity and prediction accuracy. In this study, a comprehensive evaluation is conducted
to determine the optimal number of trees that balances computational efficiency with
prediction performance, typically ranging from hundreds to thousands based on empirical

findings and computational resources.

Feature selection within Random Forest is inherently embedded in its training process
through random feature sampling at each node of the decision trees. This approach not only
reduces the risk of overfitting but also enhances the robustness of predictions by aggregating
the outputs of multiple trees. Moreover, Random Forest provides a measure of feature
importance, which ranks variables based on their contribution to reducing prediction error
across the ensemble. This feature importance ranking aids in identifying critical traffic
predictors within the UK dataset, guiding urban planners and transportation authorities in
prioritizing interventions and policies aimed at improving traffic management and reducing

congestion.

Parameter settings in Random Forest include criteria for splitting nodes (e.g., Gini impurity
or entropy), maximum depth of trees, and minimum samples per leaf, among others. These
parameters are fine-tuned through techniques such as grid search or random search to
optimize model performance and generalize well to unseen traffic scenarios. By
systematically exploring different parameter configurations and evaluating their impact on

prediction accuracy and computational efficiency, this study aims to provide actionable
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insights into the application of Random Forest for real-time traffic prediction in smart city

environments.

IMPLEMENTATION AND RESULTS

Precision and Recall metrics further highlight Random Forest's superior performance, with
precision at 0.88 and recall at 0.90, compared to SVM's precision of 0.82 and recall of 0.86.
Precision measures the proportion of correctly predicted positive instances among all
instances predicted as positive, while recall measures the proportion of correctly predicted
positive instances among all actual positive instances. The higher values for Random Forest
in both metrics suggest its ability to more accurately identify and classify traffic conditions,

minimizing false positives and negatives compared to SVM.

F1-score, which combines precision and recall into a single metric, also favors Random
Forest with a score of 0.89, compared to SVM's 0.84. This metric indicates that Random
Forest achieves a better balance between precision and recall, reflecting its overall

effectiveness in traffic prediction tasks.

In terms of computational efficiency, SVM demonstrates a shorter Training Time of 120
seconds compared to Random Forest's 180 seconds. However, Random Forest exhibits a
faster Prediction Time per Sample at 3.8 milliseconds, whereas SVM requires 5.2
milliseconds per sample. This difference suggests that while SVM is quicker to train,
Random Forest excels in faster prediction times, which is crucial for real-time applications

where timely decision-making is essential.

Metric SVM
Accuracy 0.85
Precision 0.82
Recall 0.86
F1-score 0.84
Training Time (s) 120
Prediction Time (ms/sample) 5.2
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Table-1: SVM Comparison
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Fig-1: Graph for SVM comparison
Metric Random Forest
Accuracy 0.89
Precision 0.88
Recall 0.9
F1-score 0.89
Training Time (s) 180
Prediction Time (ms/sample) 3.8

Table-1: Random Forest Comparison
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Fig-1: Graph for Random Forest comparison

CONCLUSION

In conclusion, this study underscores the efficacy of machine learning algorithms,
particularly Random Forest, in enhancing real-time traffic prediction within urban
environments. The superior performance of Random Forest in accuracy metrics such as
precision, recall, and Fl-score substantiates its suitability for capturing complex traffic
patterns and making reliable predictions. Although SVM shows advantages in training
efficiency, Random Forest's faster prediction times make it better suited for applications
requiring timely decision-making, such as traffic management and congestion control. These
insights contribute to advancing smart city initiatives by providing actionable data-driven
strategies to optimize urban mobility, improve sustainability, and enhance overall quality of
life for city residents. Future research could further explore hybrid approaches and ensemble
methods to leverage the strengths of different algorithms for more robust traffic prediction

models in diverse urban settings.

REFERENCES

[1] Theodorou, T.I., Salamanis, A., Kehagias, D., Tzovaras, D., Tjortjis, C.: Short-term traffic
prediction under both typical and atypical traffic conditions using a pattern transition model. In: 3rd
International Conference on Vehicle Technology & Intelligent Transport Systems, pp. 79-89 (2017)

[2] Nejad, S.K., Seifi, F., Ahmadi, H., Seifi, N.: Applying data mining in prediction and classification
of urban traffic. In: 2009 WRI World Congress on Computer Science and Information Engineering,
pp. 674-678 (2009)

ISSN:0377-9254 jespublication.com Page 264



Journal of Engineering Sciences ICETT- Vol 15 Issue 11(S),2024

[3] Xu, Y., Kong, Q., Liu, Y.: Short-term traffic volume prediction using classification and regression
trees. In: 2013 IEEE Intelligent Vehicles Symposium (1V), pp. 493—498 (2013)

[4] Wang, Y., Chen, Y., Qin, M., Zhu, Y.: Dynamic traffic prediction based on traffic flow mining. In:
2006 6th World Congress on Intelligent Control and Automation, Dalian, pp. 6078—6081 (2006)

[5] Abdel-Aty MA, Pemmanaboina R. Calibrating a real-time traffic crash-prediction model using
archived weather and ITS traffic data. IEEE Trans. Intell. Transp. Syst. 2006,7(2):167—174.

[6] Yan, H., Yu, D.: Short-term traffic condition prediction of urban road network based on improved
SVM. In: 2017 International Smart Cities Conference, pp. 1-2 (2017)

[7] Tang J, Li L, Hu Z, Liu F. Short-term traffic flow prediction considering spatio-temporal
correlation: a hybrid model combing type-2 fuzzy c-means and artificial neural network. IEEE
Access. 2019;7:101009-101018.

[8] Liu, Y., Wu, H.: Prediction of road traffic congestion based on random forest. In: 2017 10th
International Symposium on Computational Intelligence and Design, pp. 361-364 (2017)

[9] Ai, Y., Bai, Z., Su, H., Zhong, N., Sun, Y., Zhao, J.: Traffic flow prediction based on expressway
operating vehicle data. In: 2018 11th International Conference on Intelligent Computation
Technology and Automation, pp. 322-326 (2018)

[10] Clark S. Traffic prediction using multivariate nonparametric regression. J. Transp. Eng.
2003;129(2):161-168.

ISSN:0377-9254 jespublication.com Page 265



	Support Vector Machine (SVM) Implementation:
	Random Forest Implementation:

