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Abstract: Real-time traffic sign recognition (TSR) plays a crucial role in intelligent transportation systems (ITS) and
autonomous driving technologies. It enhances road safety, ensures efficient traffic rule enforcement, and supports
the seamless operation of both autonomous and drive: t systems. This paper proposes a hybrid TSR model
that integrates mathematical morphology, edge detection, and fuzzy logic to accurately identify and classify traffic
signs across diverse environmental conditions. The preprocessing stage applies contrast enhancement and Gaussian
filtering to improve the visibility of key features. Next, shape- and color-based segmentation using mathematical
morphology extracts regions of interest that are likely to contain traffic signs. These regions are then analyzed
using a fuzzy inference system (FIS) that evaluates features such as color intensity, geometric shape ratios, and edge
sharpness. The fuzzy system handles the inherent ambiguity in visual patterns, enabling robust decision-making. The
entire model is developed in MATLAB R2015a, ensuring both computational efficiency and real-time performance.
The integration of classical mathematical techniques with fuzzy reasoning allows the system to maintain high
accuracy and reliability across a wide variety of traffic scenes. The proposed approach demonstrates significant
potential for practical deployment in ITS applications, including smart vehicles and automated road safety systems.
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1 Introduction

TSR plays a vital role in the development of ITS and autonomous driving technologies. The ability to accurately
detect and interpret traffic signs in real time not only enhances driver assistance systems but also significantly
contributes to road safety. With increasing vehicle automation, reliable TSR models are essential to ensure that
vehicles can correctly understand and react to regulatory and warning signs under diverse environmental conditions.
Recent studies have explored a wide range of methodologies for improving TSR accuracy, including traditional
image processing, machine learning, and deep learning frameworks [1-5]. These approaches emphasize robustness
in challenging scenarios such as poor lighting, partial occlusion, and cluttered backgrounds, laying a solid foundation
for the advancement of intelligent and context-aware driving systems.

Researchers have been studying deep learning techniques extensively to improve the accuracy and efficiency of
traffic sign detection and recognition systems. Wang et al. [6] proposed an enhanced YOLOvS5-based model that
achieves a balance between detection performance and computational speed. In another approach, Barodi et al. [7]
developed an explainable artificial intelligence (XAI) model to ensure transparency and trustworthiness in TSR—a
critical aspect in safety-critical domains like ITS. Nabou et al. [8] applied the YOLOv8 model and demonstrated its
robustness across varied road conditions, showcasing its adaptability to real-world scenarios. Meanwhile, Zhu and
Yan [9] highlighted the effectiveness of deep convolutional neural networks in achieving high recognition accuracy
for traffic signs. Zhan and Temirgaziyeva [10] further contributed by optimizing convolutional neural network
architectures for more efficient road sign detection. These contributions collectively reflect a growing trend toward
deploying deep learning-driven solutions that outperform traditional methods in terms of scalability, robustness, and
real-time performance.
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