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Abstract 

This research focuses on the development of an automatic traffic sign detection system using 
modern machine learning and computer vision techniques. The objective is to design a fast, 
accurate, and robust model capable of recognizing common European traffic signs under real-world 
driving conditions, as an essential component of Advanced Driver Assistance Systems (ADAS). The 
YOLOv8 object detection model is employed, initially configured and validated, and subsequently 
trained using the Mapillary Traffic Sign Dataset. The study concentrates on a selected subset of 
frequently occurring traffic signs, with appropriate data preprocessing and model optimization. 
System performance is evaluated with respect to factors such as lighting conditions, viewing 
distance, and image quality. The results demonstrate the effectiveness of the proposed approach 
and its potential for real-time application in ADAS systems. 

Keywords: Traffic sign detection, Computer vision, YOLOv8, Advanced driver assistance systems 
(ADAS), Road safety. 

 

I. INTRODUCTION 

Road traffic safety is a major challenge in modern transportation systems, driven by increasing 
traffic density and complex driving environments. Traffic signs play a crucial role in regulating 
vehicle behavior by providing information related to speed limits, warnings, and road regulations. 
Failure to correctly perceive traffic signs can significantly increase the risk of traffic accidents, 
highlighting the importance of automated detection systems. 

Advanced Driver Assistance Systems (ADAS) aim to enhance driving safety by supporting driver 
perception and decision-making in real time. Automatic traffic sign detection represents a 
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fundamental component of ADAS and a necessary building block for more advanced vehicle 
automation. Such systems must operate reliably under real-world conditions, including varying 
lighting, background complexity, and viewing distances. 

Traditional traffic sign recognition approaches based on handcrafted features and classical image 
processing techniques often fail in complex environments. Recent advances in deep learning and 
convolutional neural networks have enabled more robust and accurate object detection. Among 
modern detectors, the YOLO (You Only Look Once) family is particularly suitable for real-time 
applications due to its single-stage detection architecture. YOLOv8 further improves detection 
accuracy while maintaining high computational efficiency. 

This research focuses on developing an automatic traffic sign detection system using YOLOv8, with 
the objective of validating its applicability for real-time, traffic-related detection tasks and future 
ADAS applications. 

 

II. METHODOLOGY 

The methodological framework used for the development of the automatic traffic sign detection 
system will be described. The proposed approach is based on modern deep learning techniques for 
object detection and follows a structured workflow that includes problem definition, model 
selection, dataset preparation, and experimental setup. The methodology is designed to ensure 
robustness, scalability, and applicability of the proposed system in real-world driving environments. 

1. Traffic Sign Detection Problem 

Traffic sign detection is a computer vision task that involves identifying and localizing traffic signs 
within images or video frames. Unlike classification-only approaches, detection requires both 
object localization and category recognition. In real-world driving scenarios, this task is challenging 
due to variations in lighting conditions, background complexity, viewing distance, and partial 
occlusions. As a result, reliable detection systems must operate accurately and efficiently under 
diverse environmental conditions, motivating the use of deep learning–based detection models. 

1.1. YOLOv8 Architecture 

The proposed system is based on the YOLOv8 object detection architecture, a single-stage detector 
designed for real-time performance. Unlike two-stage detection approaches, YOLOv8 performs 
detection in a single forward pass, enabling fast inference speeds suitable for time-critical 
applications such as traffic sign detection. The model employs a convolutional backbone for feature 
extraction and multi-scale detection heads to handle objects of varying sizes. Its balance between 
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detection accuracy and computational efficiency makes YOLOv8 an appropriate choice for 
automotive and embedded systems. 

1.2. Dataset Description 

The Mapillary Traffic Sign Dataset is used to support the development of the proposed detection 
system. The dataset contains a large collection of annotated images captured across different 
geographic regions and driving conditions, providing diversity in lighting, perspectives, and 
backgrounds. For the purpose of this research, a subset of frequently occurring European traffic 
signs is selected, including regulatory and warning signs relevant to driver assistance applications. 

Each image is annotated with bounding boxes and corresponding class labels, enabling supervised 
training of object detection models. Prior to training, the dataset is preprocessed by converting 
annotations into a YOLO-compatible format and organizing the data into training, validation, and 
testing subsets. The dataset used for experimental validation is publicly available and can be 
accessed at https://docs.ultralytics.com/datasets/detect/coco/. The dataset was introduced in the 
Microsoft COCO dataset [1].  

 

2.  Implementation and experimental setup 

This section describes the implementation details and experimental configuration used for 
developing and evaluating the proposed traffic sign detection system. The experimental setup   is 
designed to reflect realistic usage scenarios while maintaining reproducibility and consistency 
during model training and evaluation. 

2.1. Implementation Environment 

The implementation of the proposed system is carried out using the Python programming language 
and the Ultralytics YOLOv8 framework. The experimental environment includes standard deep 
learning libraries for data processing, model training, and evaluation. YOLOv8 is selected due to its 
modular design, ease of integration, and support for efficient training and inference. The model is 
trained using supervised learning, where annotated images are provided as input along with 
corresponding ground-truth bounding boxes and class labels. 

2.2. Data Preparation and Annotation Format 

Prior to model training, the dataset undergoes several preprocessing steps to ensure compatibility 
with the YOLOv8 framework. The original annotations provided in the dataset are converted into 
the YOLO annotation format, where each object is described by its class label and normalized 

https://docs.ultralytics.com/datasets/detect/coco/
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bounding box parameters. Each bounding box is represented by the center coordinates (𝑥𝑥,𝑦𝑦), 
width 𝑤𝑤, and height ℎ, normalized with respect to the image dimensions. This format enables 
efficient learning and consistent interpretation of object locations during training. 

The dataset is split into training, validation, and testing subsets. The training set is used for 
optimizing model parameters, the validation set supports hyperparameter tuning, and the test set 
is reserved for performance evaluation. This separation prevents overfitting and ensures reliable 
estimation of model generalization capability. 

2.3. Training Procedure 

Model training is performed by optimizing a multi-component loss function that accounts for 
localization accuracy, object confidence, and classification performance. The overall training 
objective can be expressed as: 

𝐿𝐿 = 𝐿𝐿𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 + 𝐿𝐿𝑜𝑜𝑜𝑜𝑜𝑜 + 𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐 
 

where 𝐿𝐿𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏represents the bounding box regression loss, 𝐿𝐿𝑜𝑜𝑜𝑜𝑜𝑜denotes the objectness loss, and 
𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐corresponds to the classification loss. 

The bounding box loss measures the difference between predicted and ground-truth bounding box 
coordinates, encouraging precise localization of traffic signs. The objective loss evaluates the 
confidence of object presence within predicted regions, while the classification loss penalizes 
incorrect class predictions. During training, stochastic gradient descent–based optimization is 
employed to minimize the total loss and improve detection performance across iterations. 

2.3. Evaluation Metrics 

To assess the performance of the trained model, standard object detection evaluation metrics are 
employed. Precision and recall are used to measure detection accuracy and robustness, while the 
mean Average Precision (mAP) serves as a comprehensive indicator of model performance. 
Precision and recall are defined as: 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 =
𝑇𝑇𝑇𝑇

𝑇𝑇𝑇𝑇 + 𝐹𝐹𝐹𝐹
 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =
𝑇𝑇𝑇𝑇

𝑇𝑇𝑇𝑇 + 𝐹𝐹𝐹𝐹
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where 𝑇𝑇𝑇𝑇 denotes true positives, 𝐹𝐹𝐹𝐹 false positives, and 𝐹𝐹𝐹𝐹 false negatives. These metrics provide 
insight into the trade-off between detection accuracy and completeness. 

III. DISCUSSION  

The YOLOv8 model was successfully trained using a representative subset of 40 images. The training 
process demonstrated stable convergence, indicating effective learning behavior. Figure 1 presents 
the Precision–Recall curve, showing reliable detection performance across different confidence 
thresholds. The F1-score curve illustrated in Figure 2 confirms a balanced trade-off between 
precision and recall. 

The normalized confusion matrix further demonstrates correct class differentiation for the 
evaluated dataset. Additionally, Figure 3 presents a sample detection result, where bounding boxes 
accurately localize objects in the input image. These experimental results confirm that the 
implemented YOLOv8-based detection pipeline functions correctly and produces reliable detection 
outputs. 

Overall, the obtained results indicate that the proposed approach provides a solid baseline for 
traffic-related object detection and can be further extended for more specialized traffic sign 
detection scenarios. 

 

Figure 1. F1–Confidence curve for traffic sign detection using the YOLOv8 model. 
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Figure 1 illustrates the relationship between the confidence threshold and the F1-score for selected 
traffic sign classes, including Stop, Speed Limit, Yield, Pedestrian Crossing, and No Entry. The curve 
demonstrates how detection performance varies across different confidence levels.  

 

Figure 2. Precision–Recall curve for traffic sign detection using the YOLOv8 model. 

Figure 2 presents the Precision–Recall curves for individual traffic sign classes detected by the 
YOLOv8 model. Each curve reflects the trade-off between precision and recall, while the overall 
curve summarizes the combined detection performance. 

 

Figure 3. Detection results of traffic signs using the YOLOv8 model 
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As illustrated in Figure 3, the YOLOv8-based detection model successfully identifies multiple traffic 
sign categories within complex real-world scenes. The results demonstrate accurate localization 
and classification of traffic signs under varying lighting and background conditions, highlighting the 
robustness of the proposed detection approach.     

IV. CONCLUSION 

This research presented the development of an automatic traffic sign detection system based on 
modern computer vision and deep learning techniques. By leveraging the YOLOv8 object detection 
architecture, the study addresses key challenges associated with real-time detection of traffic signs 
in complex and dynamic driving environments. The proposed methodology combines a robust 
detection model with a large-scale, diverse dataset of European traffic signs, ensuring practical 
relevance and scalability. 

The work outlines the complete development pipeline, including problem definition, model 
selection, dataset preparation, annotation processing, training strategy, and evaluation 
methodology. Particular emphasis is placed on achieving a balance between detection accuracy and 
computational efficiency, which is essential for real-time applications in advanced driver assistance 
systems. Through the use of standard evaluation metrics and systematic experimentation, the 
proposed system establishes a reliable framework for traffic sign detection. The implementation of 
this technology enables modern cars to automatically detect traffic signs, significantly assisting the 
driver in respecting speed limits and other traffic conditions 
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