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Abstract: Traffic sign detection is crucial for enhancing road safety, especially under adverse weather 

conditions like fog. This paper explores the challenges of detecting traffic signs in fog and presents an 

approach that incorporates dehazing techniques to improve detection accuracy. We implement a 

combination of YOLO (You Only Look Once) and HOG (Histogram of Oriented Gradients) algorithms, 

evaluating their performance on various datasets. Our findings indicate a

detection rates under foggy conditions, suggesting that integrating dehazing techniques can enhance 

visibility and road safety. 
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In recent years, the rapid advancement of autonomous vehicle technology and advanced driver

(ADAS) has underscored the critical importance of accurate and reliable traffic sign detection. Traffic signs play an 

essential role in guiding drivers, ensuring road safety, and maintaining the smooth flow of traffic. However, 

environmental factors, particularly adverse weather conditions like fog, pose significant challenges to the effectiveness 

of traditional traffic sign detection systems.

Fog is a common weather phenomenon characterized by reduced visibility due to the presence of water droplets 

suspended in the air. This reduction in visibility can lead to serious consequences on the road, including accidents and 

traffic violations. Studies have shown that visibility can drop significantly during foggy conditions, making it difficult 

for drivers to perceive critical traffic signs in time to react appropriately. As a result, the development of robust traffic 

sign detection systems that can operate effectively in foggy conditions is crucial for enhancing road safety and 

preventing accidents. 

Despite the progress in image processing and machine learning techniques, detecting traffic signs in fog remains a 

challenging problem due to the following reasons:

Reduced Visibility: Fog creates a veil that obscures the details of traffic signs, making it challenging for detect

algorithms to identify shapes and colors accurately. This obscurity can lead to misinterpretation or failure to detect 

signs altogether. 

Image Distortion: Fog can introduce distortions in images, such as blurring and loss of contrast. These distortions

negatively impact the performance of existing object detection algorithms, which often rely on clear visual cues to 

identify traffic signs. 

Dynamic Environments: In real-world scenarios, traffic signs are often located in dynamic environments where fa

such as lighting conditions, angles, and backgrounds can vary significantly. This variability further complicates the 

detection process, particularly in fog. 

To address these challenges, this paper proposes an innovative approach that integrates deha

of-the-art object detection algorithms, specifically YOLO (You Only Look Once) and HOG (Histogram of Oriented 

Gradients). Dehazing techniques are employed to enhance the quality of foggy images by improving visibility and 

restoring lost details. By preprocessing images to reduce the effects of fog, we aim to improve the performance of the 

detection algorithms, enabling more accurate identification of traffic signs under such challenging conditions.
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Traffic sign detection is crucial for enhancing road safety, especially under adverse weather 

conditions like fog. This paper explores the challenges of detecting traffic signs in fog and presents an 

ach that incorporates dehazing techniques to improve detection accuracy. We implement a 

combination of YOLO (You Only Look Once) and HOG (Histogram of Oriented Gradients) algorithms, 

evaluating their performance on various datasets. Our findings indicate a significant improvement in 

detection rates under foggy conditions, suggesting that integrating dehazing techniques can enhance 
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I. INTRODUCTION 

In recent years, the rapid advancement of autonomous vehicle technology and advanced driver

underscored the critical importance of accurate and reliable traffic sign detection. Traffic signs play an 

essential role in guiding drivers, ensuring road safety, and maintaining the smooth flow of traffic. However, 

erse weather conditions like fog, pose significant challenges to the effectiveness 

of traditional traffic sign detection systems. 

Fog is a common weather phenomenon characterized by reduced visibility due to the presence of water droplets 

air. This reduction in visibility can lead to serious consequences on the road, including accidents and 

traffic violations. Studies have shown that visibility can drop significantly during foggy conditions, making it difficult 

cal traffic signs in time to react appropriately. As a result, the development of robust traffic 

sign detection systems that can operate effectively in foggy conditions is crucial for enhancing road safety and 

image processing and machine learning techniques, detecting traffic signs in fog remains a 

challenging problem due to the following reasons: 

Reduced Visibility: Fog creates a veil that obscures the details of traffic signs, making it challenging for detect

algorithms to identify shapes and colors accurately. This obscurity can lead to misinterpretation or failure to detect 

Image Distortion: Fog can introduce distortions in images, such as blurring and loss of contrast. These distortions

negatively impact the performance of existing object detection algorithms, which often rely on clear visual cues to 

world scenarios, traffic signs are often located in dynamic environments where fa

such as lighting conditions, angles, and backgrounds can vary significantly. This variability further complicates the 

To address these challenges, this paper proposes an innovative approach that integrates dehazing techniques with state

art object detection algorithms, specifically YOLO (You Only Look Once) and HOG (Histogram of Oriented 

Gradients). Dehazing techniques are employed to enhance the quality of foggy images by improving visibility and 

ng lost details. By preprocessing images to reduce the effects of fog, we aim to improve the performance of the 

detection algorithms, enabling more accurate identification of traffic signs under such challenging conditions.
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Foggy Conditions 
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Traffic sign detection is crucial for enhancing road safety, especially under adverse weather 

conditions like fog. This paper explores the challenges of detecting traffic signs in fog and presents an 

ach that incorporates dehazing techniques to improve detection accuracy. We implement a 

combination of YOLO (You Only Look Once) and HOG (Histogram of Oriented Gradients) algorithms, 

significant improvement in 

detection rates under foggy conditions, suggesting that integrating dehazing techniques can enhance 

In recent years, the rapid advancement of autonomous vehicle technology and advanced driver-assistance systems 

underscored the critical importance of accurate and reliable traffic sign detection. Traffic signs play an 

essential role in guiding drivers, ensuring road safety, and maintaining the smooth flow of traffic. However, 

erse weather conditions like fog, pose significant challenges to the effectiveness 

Fog is a common weather phenomenon characterized by reduced visibility due to the presence of water droplets 

air. This reduction in visibility can lead to serious consequences on the road, including accidents and 

traffic violations. Studies have shown that visibility can drop significantly during foggy conditions, making it difficult 

cal traffic signs in time to react appropriately. As a result, the development of robust traffic 

sign detection systems that can operate effectively in foggy conditions is crucial for enhancing road safety and 

image processing and machine learning techniques, detecting traffic signs in fog remains a 

Reduced Visibility: Fog creates a veil that obscures the details of traffic signs, making it challenging for detection 

algorithms to identify shapes and colors accurately. This obscurity can lead to misinterpretation or failure to detect 

Image Distortion: Fog can introduce distortions in images, such as blurring and loss of contrast. These distortions can 

negatively impact the performance of existing object detection algorithms, which often rely on clear visual cues to 

world scenarios, traffic signs are often located in dynamic environments where factors 

such as lighting conditions, angles, and backgrounds can vary significantly. This variability further complicates the 

zing techniques with state-

art object detection algorithms, specifically YOLO (You Only Look Once) and HOG (Histogram of Oriented 

Gradients). Dehazing techniques are employed to enhance the quality of foggy images by improving visibility and 

ng lost details. By preprocessing images to reduce the effects of fog, we aim to improve the performance of the 

detection algorithms, enabling more accurate identification of traffic signs under such challenging conditions. 
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The significance of this research lies not only in its potential to enhance the performance of traffic sign detection 

systems but also in its implications for road safety. As autonomous vehicles and ADAS become more prevalent, 

ensuring that these systems can accurately interpret traffic 

preventing accidents and ensuring a safer driving experience.

This paper is structured as follows: Section 2 reviews related work in the field of traffic sign detection, focusing on 

existing challenges and solutions. Section 3 outlines the methodology employed in this research, detailing the data 

collection, algorithms used, and dehazing techniques implemented. Section 4 presents the results and discussion, 

highlighting the effectiveness of the proposed approach. Finally, Section 5 concludes the paper and suggests avenues 

for future research. 

 

The field of traffic sign detection has garnered significant attention in recent years, particularly with the rise of 

autonomous vehicles and intelligent transportation systems. Numerous studies have explored various methodologies for 

detecting traffic signs, employing a range of algorithms and techniques. However, the impact of adverse weather 

conditions, specifically fog, on detection accuracy re

literature on traffic sign detection, focusing on challenges posed by fog and the approaches taken to address them.

 

2.1. Traffic Sign Detection Techniques 

Traditional traffic sign detection methods relied heavily on image processing techniques that employed color and shape 

features. For instance, studies have utilized color histograms and edge detection algorithms to identify traffic signs in 

clear conditions. However, these methods often strugg

Recent advancements in deep learning have revolutionized the field of object detection. Techniques such as YOLO 

(You Only Look Once) and Faster R-CNN have demonstrated impressive performance in detecting tra

favorable conditions. YOLO, in particular, stands out for its speed and efficiency, making it suitable for real

applications. However, these algorithms are often trained on datasets that do not account for varying environmental 

conditions, resulting in decreased accuracy when applied to foggy scenarios.

 

2.2. Impact of Fog on Detection Performance

Fog significantly complicates the detection process due to reduced visibility and image distortion. Research indicates 

that standard detection algorithms experience a marked decline in performance when faced with foggy images. For 

example, a study by Hossain et al. (2018) showed that traditional detection methods suffered from a loss of accuracy, 

with significant misdetections occurring in fog

To address these challenges, researchers have begun exploring the use of image enhancement techniques to improve the 

quality of foggy images before applying detection algorithms. Techniques such as histogram equalization and contras

stretching have been employed to enhance visibility, yet these methods often do not yield satisfactory results in severe 

fog conditions. 

 

2.3. Dehazing Techniques 

Dehazing techniques have emerged as a promising solution for improving image quality in fogg

Channel Prior (DCP) method, introduced by He et al. (2009), is a widely cited approach that effectively estimates the 

transmission map of hazy images and restores visibility. Other dehazing methods, such as atmospheric light estimati

and color correction, have also been  investigated.

detection algorithms to improve performance in challenging weather conditions. For instance, Zhang et al. (2020) 

demonstrated that applying dehazing algorithms prior to traffic sign detection using deep learning significantly 

enhanced detection accuracy under fog. However, most research focuses on general weather conditions without 

specifically addressing the unique characteristics of fog.
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h lies not only in its potential to enhance the performance of traffic sign detection 

systems but also in its implications for road safety. As autonomous vehicles and ADAS become more prevalent, 

ensuring that these systems can accurately interpret traffic signs, even in adverse weather conditions, is essential for 

preventing accidents and ensuring a safer driving experience. 

This paper is structured as follows: Section 2 reviews related work in the field of traffic sign detection, focusing on 

enges and solutions. Section 3 outlines the methodology employed in this research, detailing the data 

collection, algorithms used, and dehazing techniques implemented. Section 4 presents the results and discussion, 

posed approach. Finally, Section 5 concludes the paper and suggests avenues 

II. RELATED WORK 

The field of traffic sign detection has garnered significant attention in recent years, particularly with the rise of 

elligent transportation systems. Numerous studies have explored various methodologies for 

detecting traffic signs, employing a range of algorithms and techniques. However, the impact of adverse weather 

conditions, specifically fog, on detection accuracy remains an underexplored area. This section reviews the existing 

literature on traffic sign detection, focusing on challenges posed by fog and the approaches taken to address them.

hods relied heavily on image processing techniques that employed color and shape 

features. For instance, studies have utilized color histograms and edge detection algorithms to identify traffic signs in 

clear conditions. However, these methods often struggle under poor visibility conditions such as fog.

Recent advancements in deep learning have revolutionized the field of object detection. Techniques such as YOLO 

CNN have demonstrated impressive performance in detecting tra

favorable conditions. YOLO, in particular, stands out for its speed and efficiency, making it suitable for real

applications. However, these algorithms are often trained on datasets that do not account for varying environmental 

ions, resulting in decreased accuracy when applied to foggy scenarios. 

2.2. Impact of Fog on Detection Performance 

Fog significantly complicates the detection process due to reduced visibility and image distortion. Research indicates 

detection algorithms experience a marked decline in performance when faced with foggy images. For 

example, a study by Hossain et al. (2018) showed that traditional detection methods suffered from a loss of accuracy, 

in fog-affected areas. 

To address these challenges, researchers have begun exploring the use of image enhancement techniques to improve the 

quality of foggy images before applying detection algorithms. Techniques such as histogram equalization and contras

stretching have been employed to enhance visibility, yet these methods often do not yield satisfactory results in severe 

Dehazing techniques have emerged as a promising solution for improving image quality in foggy conditions. The Dark 

Channel Prior (DCP) method, introduced by He et al. (2009), is a widely cited approach that effectively estimates the 

transmission map of hazy images and restores visibility. Other dehazing methods, such as atmospheric light estimati

investigated. Recent studies have integrated dehazing techniques with object 

detection algorithms to improve performance in challenging weather conditions. For instance, Zhang et al. (2020) 

g dehazing algorithms prior to traffic sign detection using deep learning significantly 

enhanced detection accuracy under fog. However, most research focuses on general weather conditions without 

specifically addressing the unique characteristics of fog. 
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h lies not only in its potential to enhance the performance of traffic sign detection 

systems but also in its implications for road safety. As autonomous vehicles and ADAS become more prevalent, 

signs, even in adverse weather conditions, is essential for 

This paper is structured as follows: Section 2 reviews related work in the field of traffic sign detection, focusing on 

enges and solutions. Section 3 outlines the methodology employed in this research, detailing the data 

collection, algorithms used, and dehazing techniques implemented. Section 4 presents the results and discussion, 

posed approach. Finally, Section 5 concludes the paper and suggests avenues 

The field of traffic sign detection has garnered significant attention in recent years, particularly with the rise of 

elligent transportation systems. Numerous studies have explored various methodologies for 

detecting traffic signs, employing a range of algorithms and techniques. However, the impact of adverse weather 

mains an underexplored area. This section reviews the existing 

literature on traffic sign detection, focusing on challenges posed by fog and the approaches taken to address them. 

hods relied heavily on image processing techniques that employed color and shape 

features. For instance, studies have utilized color histograms and edge detection algorithms to identify traffic signs in 

le under poor visibility conditions such as fog. 

Recent advancements in deep learning have revolutionized the field of object detection. Techniques such as YOLO 

CNN have demonstrated impressive performance in detecting traffic signs under 

favorable conditions. YOLO, in particular, stands out for its speed and efficiency, making it suitable for real-time 

applications. However, these algorithms are often trained on datasets that do not account for varying environmental 

Fog significantly complicates the detection process due to reduced visibility and image distortion. Research indicates 

detection algorithms experience a marked decline in performance when faced with foggy images. For 

example, a study by Hossain et al. (2018) showed that traditional detection methods suffered from a loss of accuracy, 

To address these challenges, researchers have begun exploring the use of image enhancement techniques to improve the 

quality of foggy images before applying detection algorithms. Techniques such as histogram equalization and contrast 

stretching have been employed to enhance visibility, yet these methods often do not yield satisfactory results in severe 

y conditions. The Dark 

Channel Prior (DCP) method, introduced by He et al. (2009), is a widely cited approach that effectively estimates the 

transmission map of hazy images and restores visibility. Other dehazing methods, such as atmospheric light estimation 

Recent studies have integrated dehazing techniques with object 

detection algorithms to improve performance in challenging weather conditions. For instance, Zhang et al. (2020) 

g dehazing algorithms prior to traffic sign detection using deep learning significantly 

enhanced detection accuracy under fog. However, most research focuses on general weather conditions without 
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2.4. Gaps in Existing Research 

While there have been substantial advancements in both traffic sign detection algorithms and dehazing techniques, there

remains a gap in comprehensive approaches that effectively combine these methods to address the challenges

fog. Many studies tend to focus on either enhancing image quality or improving detection algorithms, rather than 

integrating both approaches systematically.

 

III. 

This section outlines the comprehensive methodology employed in 

foggy conditions. The methodology consists of several key components: data collection, image preprocessing, 

implementation of object detection algorithms, and performance evaluation. Each component play

achieving the research objectives. 

 

3.1. Data Collection 

The first step in our methodology involved the collection of datasets containing traffic sign images captured under 

various environmental conditions. We utilized publicly available d

 GTSRB (German Traffic Sign Recognition Benchmark): This dataset contains thousands of images of traffic 

signs under different lighting conditions and backgrounds. While it does not include foggy images, it serves as 

a foundational dataset for our experiments.

 Foggy Image Dataset: To simulate foggy conditions, we used an existing dataset of clear traffic sign images 

and applied fog simulation techniques to create artificially foggy images. We utilized the following methods to 

generate foggy images: 

 Image Degradation Model: We employed a mathematical model that simulates fog formation by introducing 

Gaussian noise and reducing contrast. This model helps create a realistic representation of how fog affects 

visibility. 

 Combination of Natural Fog Images: We collected images of traffic signs taken during foggy weather from 

various online sources to supplement our dataset.

The final dataset consisted of a balanced mix of clear and foggy images, ensuring a robust training and evaluation 

process for our detection algorithms. 

 

3.2. Image Preprocessing 

Prior to applying any detection algorithms, we performed several preprocessing steps to enhance image quality and 

prepare the data for analysis: 

 Dehazing Techniques: We applied advanced dehazing algorith

The following techniques were utilized:

 Dark Channel Prior (DCP): This technique estimates the transmission map and atmospheric light to recover 

the original image details. It effectively reduces the effects of

 Color Correction: We adjusted the color balance of the images to restore natural hues that may be distorted due 

to fog. 

 Normalization and Resizing: All images were normalized to ensure consistent pixel values and resized to a 

standard dimension suitable for input into the detection algorithms. This standardization improves the 

efficiency and accuracy of model training.

 

3.3. Implementation of Object Detection Algorithms

We implemented two prominent object detection algorithms, Y

Oriented Gradients), to assess their performance in detecting traffic signs under foggy conditions.
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While there have been substantial advancements in both traffic sign detection algorithms and dehazing techniques, there

remains a gap in comprehensive approaches that effectively combine these methods to address the challenges

fog. Many studies tend to focus on either enhancing image quality or improving detection algorithms, rather than 

integrating both approaches systematically. 

III. RESEARCH METHODOLOGY 

This section outlines the comprehensive methodology employed in this research to enhance traffic sign detection under 

foggy conditions. The methodology consists of several key components: data collection, image preprocessing, 

implementation of object detection algorithms, and performance evaluation. Each component play

The first step in our methodology involved the collection of datasets containing traffic sign images captured under 

various environmental conditions. We utilized publicly available datasets, including: 

GTSRB (German Traffic Sign Recognition Benchmark): This dataset contains thousands of images of traffic 

signs under different lighting conditions and backgrounds. While it does not include foggy images, it serves as 

et for our experiments. 

Foggy Image Dataset: To simulate foggy conditions, we used an existing dataset of clear traffic sign images 

and applied fog simulation techniques to create artificially foggy images. We utilized the following methods to 

Image Degradation Model: We employed a mathematical model that simulates fog formation by introducing 

Gaussian noise and reducing contrast. This model helps create a realistic representation of how fog affects 

Fog Images: We collected images of traffic signs taken during foggy weather from 

various online sources to supplement our dataset. 

The final dataset consisted of a balanced mix of clear and foggy images, ensuring a robust training and evaluation 

Prior to applying any detection algorithms, we performed several preprocessing steps to enhance image quality and 

Dehazing Techniques: We applied advanced dehazing algorithms to improve the visibility of foggy images. 

The following techniques were utilized: 

Dark Channel Prior (DCP): This technique estimates the transmission map and atmospheric light to recover 

the original image details. It effectively reduces the effects of fog and enhances visibility. 

Color Correction: We adjusted the color balance of the images to restore natural hues that may be distorted due 

Normalization and Resizing: All images were normalized to ensure consistent pixel values and resized to a 

standard dimension suitable for input into the detection algorithms. This standardization improves the 

efficiency and accuracy of model training. 

3.3. Implementation of Object Detection Algorithms 

We implemented two prominent object detection algorithms, YOLO (You Only Look Once) and HOG (Histogram of 

Oriented Gradients), to assess their performance in detecting traffic signs under foggy conditions. 
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While there have been substantial advancements in both traffic sign detection algorithms and dehazing techniques, there 

remains a gap in comprehensive approaches that effectively combine these methods to address the challenges posed by 

fog. Many studies tend to focus on either enhancing image quality or improving detection algorithms, rather than 

this research to enhance traffic sign detection under 

foggy conditions. The methodology consists of several key components: data collection, image preprocessing, 

implementation of object detection algorithms, and performance evaluation. Each component plays a vital role in 

The first step in our methodology involved the collection of datasets containing traffic sign images captured under 

GTSRB (German Traffic Sign Recognition Benchmark): This dataset contains thousands of images of traffic 

signs under different lighting conditions and backgrounds. While it does not include foggy images, it serves as 

Foggy Image Dataset: To simulate foggy conditions, we used an existing dataset of clear traffic sign images 

and applied fog simulation techniques to create artificially foggy images. We utilized the following methods to 

Image Degradation Model: We employed a mathematical model that simulates fog formation by introducing 

Gaussian noise and reducing contrast. This model helps create a realistic representation of how fog affects 

Fog Images: We collected images of traffic signs taken during foggy weather from 

The final dataset consisted of a balanced mix of clear and foggy images, ensuring a robust training and evaluation 

Prior to applying any detection algorithms, we performed several preprocessing steps to enhance image quality and 

ms to improve the visibility of foggy images. 

Dark Channel Prior (DCP): This technique estimates the transmission map and atmospheric light to recover 

Color Correction: We adjusted the color balance of the images to restore natural hues that may be distorted due 

Normalization and Resizing: All images were normalized to ensure consistent pixel values and resized to a 

standard dimension suitable for input into the detection algorithms. This standardization improves the 

OLO (You Only Look Once) and HOG (Histogram of 
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3.3.1. YOLO Algorithm 

YOLO is a state-of-the-art object detection framework known for its speed and accuracy.

involved: 

 Model Selection: We used YOLOv4 due to its enhanced performance over previous versions. This model 

provides a balance between speed and detection accuracy, making it suitable for real

 Training: The YOLO model was trained on the combined dataset of clear and dehazed foggy images. We 

employed transfer learning, leveraging pre

 Fine-tuning: Hyperparameters, such as learning rate, batch size, an

model performance. Cross-validation techniques were used to ensure the model generalizes well to unseen 

data. 

 

3.3.2. HOG Algorithm 

HOG is a traditional feature extraction method that is effective in detecting shap

the HOG algorithm included: 

 Feature Extraction: We utilized HOG to extract features from both clear and foggy images. The algorithm 

focuses on capturing the edges and gradients in the images, which are crucial for rec

shapes. 

 SVM Classifier: A Support Vector Machine (SVM) classifier was employed to classify the extracted HOG 

features into different traffic sign categories.

 

3.4. Performance Evaluation 

To evaluate the effectiveness of our proposed 

protocols: 

 Evaluation Metrics: We used the following metrics to assess the performance of the detection algorithms:

 Accuracy: The percentage of correctly identified traffic signs compared to the 

 Precision: The ratio of true positive detections to the sum of true positive and false positive detections.

 Recall (Sensitivity): The ratio of true positive detections to the sum of true positive and false negative 

detections. 

 F1-Score: The harmonic mean of precision and recall, providing a single score that balances both metrics.

 Testing Protocol: The dataset was divided into training and testing sets, with 80% of the images used for 

training and 20% reserved for testing. We performe

minimize variability. 

 Comparative Analysis: The performance of YOLO and HOG algorithms was compared against baseline 

methods to evaluate improvements in detection rates under foggy conditions. T

the benefits of incorporating dehazing techniques prior to detection.
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art object detection framework known for its speed and accuracy. The implementation process 

Model Selection: We used YOLOv4 due to its enhanced performance over previous versions. This model 

provides a balance between speed and detection accuracy, making it suitable for real-time applications.

OLO model was trained on the combined dataset of clear and dehazed foggy images. We 

employed transfer learning, leveraging pre-trained weights to improve convergence speed and performance.

tuning: Hyperparameters, such as learning rate, batch size, and number of epochs, were tuned to optimize 

validation techniques were used to ensure the model generalizes well to unseen 

HOG is a traditional feature extraction method that is effective in detecting shapes and patterns. The implementation of 

Feature Extraction: We utilized HOG to extract features from both clear and foggy images. The algorithm 

focuses on capturing the edges and gradients in the images, which are crucial for recognizing traffic sign 

SVM Classifier: A Support Vector Machine (SVM) classifier was employed to classify the extracted HOG 

features into different traffic sign categories. 

To evaluate the effectiveness of our proposed methodology, we implemented several metrics and experimental 

Evaluation Metrics: We used the following metrics to assess the performance of the detection algorithms:

Accuracy: The percentage of correctly identified traffic signs compared to the total number of signs.

Precision: The ratio of true positive detections to the sum of true positive and false positive detections.

Recall (Sensitivity): The ratio of true positive detections to the sum of true positive and false negative 

re: The harmonic mean of precision and recall, providing a single score that balances both metrics.

Testing Protocol: The dataset was divided into training and testing sets, with 80% of the images used for 

training and 20% reserved for testing. We performed multiple trials to ensure the robustness of our results and 

Comparative Analysis: The performance of YOLO and HOG algorithms was compared against baseline 

methods to evaluate improvements in detection rates under foggy conditions. This analysis aimed to quantify 

the benefits of incorporating dehazing techniques prior to detection. 
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The implementation process 

Model Selection: We used YOLOv4 due to its enhanced performance over previous versions. This model 

time applications. 

OLO model was trained on the combined dataset of clear and dehazed foggy images. We 

trained weights to improve convergence speed and performance. 

d number of epochs, were tuned to optimize 

validation techniques were used to ensure the model generalizes well to unseen 

es and patterns. The implementation of 

Feature Extraction: We utilized HOG to extract features from both clear and foggy images. The algorithm 

ognizing traffic sign 

SVM Classifier: A Support Vector Machine (SVM) classifier was employed to classify the extracted HOG 

methodology, we implemented several metrics and experimental 

Evaluation Metrics: We used the following metrics to assess the performance of the detection algorithms: 

total number of signs. 

Precision: The ratio of true positive detections to the sum of true positive and false positive detections. 

Recall (Sensitivity): The ratio of true positive detections to the sum of true positive and false negative 

re: The harmonic mean of precision and recall, providing a single score that balances both metrics. 

Testing Protocol: The dataset was divided into training and testing sets, with 80% of the images used for 

d multiple trials to ensure the robustness of our results and 

Comparative Analysis: The performance of YOLO and HOG algorithms was compared against baseline 

his analysis aimed to quantify 
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Fig.1.Architecture of  Traffic Sign Detection Under Foggy Environmen

 

This research presented a method for improving traffic 

techniques with YOLO and HOG algorithms. Our approach effectively mitigated the challenges posed by fog, 

significantly enhancing detection accuracy. The results demonstrate that integrating dehazi

visibility and detection reliability, contributing to safer driving in foggy environments.

Future work could explore applying these techniques under various weather conditions and integrating the detection 

system with real-time navigation. Overall, this research highlights the potential of our approach to improve traffic sign 

detection in autonomous driving systems. 

However, several areas warrant further exploration. Future work may include testing the proposed system under 

different environmental conditions, such as rain or snow, and exploring more sophisticated deep learning models to 

enhance detection performance. Additionally, expanding the dataset to include more diverse traffic sign classes and 

integrating the detection system with real-time vehicle navigation systems would provide valuable insights for practical 

applications. 

In conclusion, our research demonstrates the effectiveness of dehazing techniques and advanced detection algorithms in 

improving traffic sign detection under foggy conditions, highlighting the potential for these methods to enhance the 

safety of autonomous and semi-autonomous driving systems in adverse weather conditions.
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Fig.1.Architecture of  Traffic Sign Detection Under Foggy Environmen 

IV. CONCLUSION 

This research presented a method for improving traffic sign detection under foggy conditions by combining dehazing 

techniques with YOLO and HOG algorithms. Our approach effectively mitigated the challenges posed by fog, 

significantly enhancing detection accuracy. The results demonstrate that integrating dehazing processes improves 

visibility and detection reliability, contributing to safer driving in foggy environments. 

Future work could explore applying these techniques under various weather conditions and integrating the detection 

tion. Overall, this research highlights the potential of our approach to improve traffic sign 

However, several areas warrant further exploration. Future work may include testing the proposed system under 

nvironmental conditions, such as rain or snow, and exploring more sophisticated deep learning models to 

enhance detection performance. Additionally, expanding the dataset to include more diverse traffic sign classes and 

time vehicle navigation systems would provide valuable insights for practical 

In conclusion, our research demonstrates the effectiveness of dehazing techniques and advanced detection algorithms in 

foggy conditions, highlighting the potential for these methods to enhance the 

autonomous driving systems in adverse weather conditions. 
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