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ABSTRACT

Real-time traffic prediction is critical for intelligent transportation systems
(ITS) and urban mobility management. This paper explores advancements in
machine learning (ML) techniques for accurate and scalable traffic
forecasting. By analyzing historical and real-time traffic data, we assess the
performance of various ML models, including traditional regression
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techniques, neural networks, and hybrid approaches. Our findings highlight Real Time,
the importance of spatiotemporal data integration, feature engineering, and Explores,
model interpretability. These insights contribute to enhancing urban traffic 'T”Sif?rhtsy
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efficiency and reducing congestion.
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1. Introduction

Urbanization and the rapid growth of vehicular networks have increased the demand for effective traffic
management solutions. Traditional traffic prediction methods often fall short in handling dynamic traffic
patterns and large-scale data. These conventional approaches typically rely on statistical methods, such as
linear regression or time-series models, which are unable to capture the nonlinear and complex nature of

modern traffic systems.

Machine learning has emerged as a promising approach to overcome these limitations. By leveraging
large datasets and advanced algorithms, ML models can identify intricate patterns in traffic data, making
them well-suited for real-time applications. Unlike traditional models, ML techniques adapt to dynamic
changes in traffic conditions, enabling timely and accurate predictions that support intelligent transportation
systems (ITS).

The integration of real-time traffic prediction with 1TS has the potential to revolutionize urban mobility
management. Accurate traffic forecasts not only mitigate congestion but also improve fuel efficiency, reduce
environmental impact, and enhance public safety. As cities continue to grow, the demand for scalable and
reliable traffic prediction solutions becomes increasingly urgent.

This paper examines recent advancements in ML techniques for real-time traffic prediction, focusing on
state-of-the-art algorithms, data preprocessing methods, and deployment strategies. By synthesizing these
elements, we aim to provide a comprehensive understanding of ML applications in traffic prediction and
their potential to transform urban transportation. Additionally, we highlight the challenges that persist in
implementing ML solutions, including issues related to data quality, model interpretability, and

computational scalability.
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2. Method

The study utilized traffic data collected from 50 urban sensors across a metropolitan area over six
months. The dataset included variables such as vehicle count, speed, and weather conditions. The hybrid
LSTM-CNN architecture was implemented as follows:

1. Preprocessing

Missing values were handled using interpolation techniques. Data normalization was applied to ensure
consistency across multiple sensors. Outlier detection was performed using Z-score analysis, ensuring that

anomalies did not skew the predictions.
2. Model Architecture

LSTM Layer: Captures temporal dependencies in the sequential traffic data. For example, traffic patterns
during weekdays differ significantly from weekends. CNN Layer: Extracts spatial features from data.
Convolutions were performed over multi-sensor inputs to detect interdependencies between adjacent traffic
nodes. Output Layer: A dense layer with ReLU activation function for final prediction outputs.

3. Training and Validation

The dataset was divided into 80% for training and 20% for validation. Cross-validation techniques were
applied to prevent overfitting. The Adam optimizer and Mean Squared Error (MSE) loss function were
employed for hyperparameter tuning. The learning rate was set dynamically using an adaptive scheduler.

Training was conducted over 100 epochs using an NVIDIA Tesla V100 GPU to reduce computational time.

3. Results and Discussion

The hybrid model achieved remarkable outcomes in real-time traffic prediction. First, in terms of
accuracy, the hybrid LSTM-CNN model reached an impressive prediction accuracy of 95% with a Mean
Absolute Error (MAE) of 0.12. Compared to baseline models such as ARIMA and SVR, which demonstrated
accuracy rates of 72% and 78%, respectively, the hybrid model showed a clear advantage. This higher
accuracy is attributed to the model’s ability to capture both temporal and spatial dependencies in traffic
data. A detailed analysis of accuracy across different times of the day revealed that during peak hours, the
model maintained an accuracy of 93%, while during oFF—peak hours, accuracy increased to 97%. These

findings highlight the model’s adaptability to varying traffic conditions.
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Figure 1. Actual Multiple Models
From a performance perspective, the model exhibited significant robustness and adaptability. During

tests involving noisy datasets and outlier conditions, the LSTM-CNN model continued to provide reliable
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predictions. For instance, during unexpected traffic surges caused by major events such as city marathons,
the model's accuracy dropped by only 2%. Seasonal variations were also examined, with the model
demonstrating slightly reduced MAE during winter months compared to spring and summer. This indicates
the need for further tuning to handle extreme weather conditions effectively.

The model also demonstrated excellent scalability, a critical factor for real-time urban traffic applications.
When applied to an extended dataset containing over 100 sensors, latency increased marginally from 0.8
seconds to 1.2 seconds, making it suitable for larger-scale deployments. Additionally, GPU-based parallel
processing reduced training time by approximately 40%, enhancing its feasibility for use in metropolitan-
scale implementations. Cost analysis revealed that deploying the model on high-performance GPUs required
a one-time investment of $30,000, which could be recouped within a year through reduced congestion-

related economic losses.

The real-time applicability of the model is another strength, with prediction latency consistently under
one second. This low latency makes the model ideal for integration with Geographic Information Systems
(GIS) and traffic light control systems. Simulations showed that such integrations could reduce congestion
by 15% during peak hours. Moreover, the model's predictions could be utilized to optimize public
transportation schedules, further improving urban mobility.

Despite these achievements, the study identified several limitations. One major challenge is the
computational cost of training the model, especially when dealing with large datasets. High-quality sensor
data is another dependency, as missing or malfunctioning sensors negatively impacted accuracy. For
example, during a week when multiple sensors experienced malfunctions, the model's MAE increased by 8%.
To address this, techniques such as data imputation and deploying redundant sensors were proposed as
potential solutions. Additionally, the model’s adaptability to extreme weather conditions, such as snowstorms

or heavy rainfall, needs further exploration.
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Figure 2. Comprehensive Actual vs Predicted Traffic Flow

In summary, the hybrid LSTM-CNN model demonstrated outstanding performance in real-time traffic
prediction, offering a robust and scalable solution for modern urban challenges. The findings underscore its
potentia] to transform traffic management systems and enhance the eFﬁciency of urban transportation

networks.
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4. Conclusion

This study demonstrates the potential of a hybrid LSTM-CNN architecture for real-time traffic
prediction. By capturing both temporal and spatial dependencies, the model significantly enhances
prediction accuracy. The practical implications include better traffic management, reduced congestion, and
improved urban planning. Future work will focus on incorporating additional variables, such as social events,
road construction data, and pedestrian activities, to further refine predictions. Additionally, exploring

transfer learning techniques for adapting the model to new cities with minimal retraining will be prioritized.
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