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Abstract: Smart cities are now embracing the new frontier of urban living, with advanced technology
being used to enhance the quality of life for residents. Many of these cities have developed transporta-
tion systems that improve efficiency and sustainability, as well as quality. Integrating cutting-edge
transportation technology and data-driven solutions improves safety, reduces environmental impact,
optimizes traffic flow during peak hours, and reduces congestion. Intelligent transportation systems
consist of many systems, one of which is traffic sign detection. This type of system utilizes many
advanced techniques and technologies, such as machine learning and computer vision techniques.
A variety of traffic signs, such as yield signs, stop signs, speed limits, and pedestrian crossings, are
among those that the traffic sign detection system is trained to recognize and interpret. Ensuring
accurate and robust traffic sign recognition is paramount for the safe deployment of self-driving cars
in diverse and challenging environments like the Arab world. However, existing methods often face
many challenges, such as variability in the appearance of signs, real-time processing, occlusions that
can block signs, low-quality images, and others. This paper introduces an advanced Lightweight and
Efficient Convolutional Neural Network (LE-CNN) architecture specifically designed for accurate
and real-time Arabic traffic sign classification. The proposed LE-CNN architecture leverages the
efficacy of depth-wise separable convolutions and channel pruning to achieve significant performance
improvements in both speed and accuracy compared to existing models. An extensive evaluation
of the LE-CNN on the Arabic traffic sign dataset that was carried out demonstrates an impressive
accuracy of 96.5% while maintaining superior performance with a remarkably low inference time
of 1.65 s, crucial for real-time applications in self-driving cars. It achieves high accuracy with low
false positive and false negative rates, demonstrating its potential for real-world applications like
autonomous driving and advanced driver-assistance systems.

Keywords: traffic signs; convolutional neural networks; ResNet

1. Introduction

In recent years, the idea of “smart cities” has gained a lot of attention. Smart cities can
solve many of the problems that traditional cities face by combining various intelligent
systems such as infrastructure, energy, transportation, and management [1].

Intelligent transportation systems (ITS) play an important and effective role in smart
cities, as they have the ability to enhance the efficiency and safety of transportation in
smart cities through the use of advanced technologies and data analysis techniques [2—4].
One of these techniques is traffic sign detection and classification, which enhance traffic
management, decrease congestion, and increase safety [5].
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Traffic sign detection and classification systems depend on computer vision techniques
and machine learning algorithms, which give the ability to autonomous vehicles, connected
cars, and intelligent transportation systems to have many advantages, one of which is
increased road safety. By detecting and recognizing road signs, drivers can be alerted
to speed limits, stop signs, pedestrian crossings, and other important traffic regulations.
This approach can decrease the risk of accidents and make the road safer for drivers and
pedestrians [6]. Also, through the analysis of the traffic signs, signal-control systems
can dynamically adjust timing, leading to a decrease in travel time, reducing congestion,
achieving efficient traffic flow, and improving transportation efficiency [7].

Hence, we introduce a Lightweight and Efficient Convolutional Neural Network (LE-
CNN) architecture that makes use of computer vision and machine learning techniques to
identify and detect traffic signs in real-time. By minimizing the time and effort needed to
detect traffic signs, our system seeks to offer users in smart cities a seamless and effective
driving experience.

The remaining contents of this paper have been arranged as follows: Section 2 provides
a literature review of previous work on traffic sign detection and classification, while
Section 3 covers the dataset’s organization. In Section 4, the architecture of the proposed LE-
CNN model is discussed. Section 5 discusses the experiment and its findings before moving
on to Section 6, which provides the conclusion and recommendations for future work.

2. Literature Review

ITS have become essential to the development of effective, secure, and environmentally
friendly mobility solutions. They are based on the integration of advanced sensor systems,
communications networks, data analytics, and intelligent algorithms. These systems
are essential for addressing the intricate problems posed by contemporary urbanization,
providing creative ways to ease traffic, improve security, and lessen negative environmental
effects [8]. ITS are leading the way in reshaping transport as traditional infrastructure
buckles under mounting demand and urban populations rise. ITS have different models
that serve different purposes, ranging from traffic prediction and congestion management
to incident detection and route optimization.

Traffic sign detection can be considered a critical aspect of ITS, which has many
benefits and contributions in terms of self-driving, increasing road safety, and developing
traffic control systems. Traffic sign detection can have a substantial effect on road safety
and traffic management. Accurate and timely detection has a critical role in informing
drivers of speed limits and other regulatory requirements, which enhance overall road
safety. Much research has been done on traffic sign detection using different approaches.
The early research used color-based segmentation and template matching. For example,
Horak et al. (2016) [9] proposed a method to detect European traffic signs using the color-
based segmentation method to detect the image and then using feature-based recognition
methods for categorizing the images into different classes. Their results showed the success
of the model, with an accuracy of 93%. However, these models suffered from variation in
lighting and complex backgrounds.

While some research has been done based on machine learning algorithms, Kus et al.
(2008) [10] proposed a method that used the Scale Invariant Feature Transform (SIFT) to
extract traffic sign features from the image, then used the K-means for recognition, and
finally used the support vector machine (SVM) for the classification process. This model
was tested with images with different weather and light conditions, and the results showed
that the model achieved an accuracy of 93%. Liu et al. (2022) [11] proposed a model
called HOG_SVM that used features of the histogram of oriented gradient (HOG) and SVM
networks with the German Traffic Sign Recognition Benchmark (GTSRB) dataset, and this
model achieved an accuracy of 76.35%. However, these methods achieve efficient results
with small datasets and require high computational costs.

Using CNN, researchers have the ability to learn features and relations between
them automatically from raw images without the need to extract image features manually.
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Different versions of CNN, such as AlexNet, ResNet, VGGNet, and LetNet, have been
adapted to work on the problem of traffic sign detection. Zhou et al. (2018) [12] proposed
an Improved VGG (IVGG) model that is a modified version of the Visual Geometry Group
(VGG) model. This model takes advantage of data augmentation and transfer learning
techniques, and it achieved an accuracy of 99% when trained on the GTSRB dataset;
however, this model cannot classify blurry images or images with a dark background.

Simran et al. (2022) [13] proposed a CNN-based model that trained on a small dataset
consisting of 25 samples, and the results showed the ability of the model to achieve an
accuracy of 98.13% at the training time. Radu et al. (2020) [14] proposed a model based on
the LeNet architecture that trained on the German traffic sign dataset GTSRB and achieved
an accuracy of 97%. On the other side, Latif et al. (2023) [15] succeeded in the proposition of
the ResNet-based model that has the ability to classify Arabic traffic signs using the Arabic
Traffic Signs (ArTS) dataset with a high accuracy of 96.14%, but this accuracy was affected
by the training time consumed, which reached 8425 s. After conducting this literature
review, we aimed to develop a model that achieved high accuracy, taking into account
reducing the time spent on the training and testing process.

3. Dataset

To our knowledge, there are two datasets for Arabic traffic signals: ArTS [16] and
ATTICA [17]. A developed labeled dataset of images of Arabic traffic signs, known as
ArTS, was created at Prince Mohammad Bin Fahd University in Al-Khobar, Kingdom of
Saudi Arabia. Researchers can access it publicly. Applications pertaining to autonomous
vehicles, traffic monitoring, and traffic safety can benefit from the dataset in various ways.
Additionally, it can be helpful in creating applications for those who are blind or visually
impaired and cannot read the signs. The photos were taken in Alkhobar and Dammam,
two of the largest cities in Saudi Arabia’s Eastern Province. The captured images were for
the 24 most common Arabic traffic signs that are described in Figure 1, such as Slow, Stop,
No Parking, and others.

This dataset is available in two versions. The first version contains a total of 2718 real
images that were randomly divided into an 80% training set (2200 images) and a 20% test
set (518 images). The second version contains a total of 57,078 images that were created by
applying some augmentation techniques to the 2718 real captured images, such as resizing,
flipping, scaling, zooming, cropping, and rotation, as shown in Figure 2. The augmented
images were saved as RGB images in various sizes. These 57,078 images were randomly
partitioned into an 80% training set (46,200 images) and a 20% testing set (10,878 images).
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Figure 1. Most common traffic signs along with the total number of photos gathered.
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Figure 2. Samples of the traffic signs with different augmentation techniques.

4. Lightweight and Efficient Convolutional Neural Network (LE-CNN)

LE-CNN is a model that was built on the foundation of the CNN due to its ability to
extract local and global features from the input images, such as edges, colors, shapes, and
other features that are important to solving the target problem and that can happen through
the convolutional layers [18]. Through the pooling layers, the different relationships be-
tween the image objects and the surrounding background can be learned and handled [19].
Also, the CNN model has the ability to deal with complex relationships between image
features through the activation functions [20].

The LE-CNN was trained and tested using the ArTS dataset with Arabic and English
traffic signs. The proposed model, as shown in Figure 3, consists of 9 layers, three of which
are convolutional, three are dropout layers, two are pooling layers, and one is a flatten layer.

e Input Layer: Initial information entered into the model, where the pre-processed
image is fed into the model. The input image is a three-channel image with input
shape (32.32.3) that was captured by a camera on the road.

e  Convolutional Layers: The core of the CNN model. It uses learnable filters such as
(64 & 32) and small kernel sizes (such as 5 X 5 & 3 x 3) to extract features like edges,
lines, or shapes. These features are the basics for detecting and identifying the shapes
and the symbols of the traffic signs. The output of a convolutional layer Z can be
calculated as follows:

Z=f(YL (X W) +b) M

where * refers to the convolution operation, 7 is the number of filters, f is the activation
function used (ReLU), X is the input image, and W is the filter.

e  Max Pooling Layers: Layers that are responsible for down-sampling the features maps by
taking the maximum value for every small grid to reduce size and computational cost.

e  Drop Out Layer: This layer is responsible for deactivating a certain percentage, such
as 0.25, 0.25, and 0.5 (p), of neurons during training to prevent overfitting.

e  Flatten Layer: This layer reshapes the output that comes from the previous layer from
multi-dimensional into a one-dimensional vector to be then used with the dense layer.

e  Output Layer: Typically, the ultimate layer is utilized to classify activity signs by
anticipating the likelihood of them having a place in each conceivable activity sign
lesson utilizing the softmax work.
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Figure 3. Proposed CNN model architecture.

5. Results

In our experiments, we use the second version of the ArTS dataset, and in order to
validate and to generalize the abilities of the LE-CNN, we conducted two experiments. In
the first experiment, we did not use the k-fold [21] cross validation technique, so the pre-
partitioned files of the dataset were used, which are 80% training and 20% testing. In the
second experiment, k-fold cross-validation with k = 5 was used, where all the 57,078 images
were separated into five sub-groups at random, and the ratio of samples in each subset
was the same for each category. Four subsets were taken as the training data in turn, and
one subset as the testing data, from each training subset; 20% of the data was taken for the
validation. In this section, we will present the experimental preprocessing, the setup and
environment of the experiments, and the experimental results.

5.1. Experiment Preprocessing

The ArTS dataset contains images with different dimensions, and the input shape of
the proposed model requires the images to be in the shape (32, 32, 3), so we needed to
resize the input images to be in the shape (32, 32) and make sure they are three-dimensional
images.

5.2. Experimental Setup & Environment

The experiments in this paper were conducted on CoLab [22] using Python 3, and the
hyper-parameters that were used to train the model were:
Learning rate is 0.001.
Mini-batch size is 32.
Optimizer is Adam [23].
Training using one GPU.
Epochs is 100.

5.3. Performance Evaluation Metrics of Model

The performance of the proposed model was evaluated using some metrics such as
accuracy, recall, precision, F1 score, and the confusion matrix [24,25]. Accuracy measures
the accuracy of recognizing traffic signs, while precision measures the proportion between
the true positives to the total number of detected signs. Recall measures the ratio of true
positives to the total number of ground-truthed signs, and the F1 score combines precision
and recall into a single metric:

(TN + TP)
A = 2
CCUracy = TP+ TN + FP + FN) @
.. TP
Precision = m 3)
TP
Sensitivity / Recall =

(TP 1 FN) @
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where TP is the number of times the model correctly predicted the positive category, TN is
the number of times the model correctly predicted the negative category, FP shows how
many times the model was incorrect in its prediction of the positive category, and FN is the

F1 — Score =

TP

TP+ L(FP+FN)

number of incorrect negative category predictions made by the model.

5.4. Experiment Results and Discussion

Figure 4 shows the confusion matrix of the LE-CNN, while Table 1 shows the different
performance metrics for the LE-CNN model when trained without using the k-fold cross
validation and when trained with the k-fold cross validation. The similarity of the results

could be related to the small and homogeneous nature of the dataset.

w o oy Ownm s W N O
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Figure 4. Confusion matrix of the LE-CNN model.

Table 1. Performance metrics for the LE-CNN model.
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Metrics Without Using K-Fold Using K-Fold
Accuracy 96.5% 96.5%
Precision 96.66% 96.66%

Recall 96.83% 96.83%
F1-Score 96.74% 96.74%
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A comparison of the experiment training and validation accuracies is presented in
Figure 5. The fact that both values are nearly equal to each other suggests that the model
fits the data well and exhibits neither overfitting nor underfitting.

Model accuracy

L0 — Train L —e e
0.9
0.8 -
=
[
g
=3
(W]
< 0.7
0.6
0.5
T T T T T T
0 20 40 60 80 100
Epoch

Figure 5. Comparison of the proposed LE-CNN model’s training and validation accuracy.

After that, the training and validation losses for the proposed LE-CNN model with
different epochs were computed and are displayed in Figure 6. The fact that both values are
convergent towards zero suggests that there is no overfitting or underfitting in the model.
This also shows how well the model can be used as a predictive tool in general.

Model loss
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Figure 6. Comparison of the proposed LE-CNN model’s training and validation loss.

Finally, a comparison was made between our proposed LE-CNN model and the
ResNet, optimized ResNet, and VIT transformers [15]. As shown in Table 2, the LE-CNN
model performed with an impressive accuracy of 96.5% while maintaining superior perfor-
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mance with a remarkably low inference time of 1.65 s. Also, LE-CNN was able to obtain
a verification time less than the time required for the ResNet and the optimized ResNet
v2 model, which was 719 s when trained without the k-fold verification technique, while
LE-CNN was able to obtain a verification time less than the time required for the optimized
ResNet v2 model, which was 3595 s when trained with the k-fold verification technique. On
the other hand, the VIT transformer succeeded in achieving faster validation and testing
times than the LE-CNN model, but this was at the expense of transformer accuracy.

Table 2. Comparison between the proposed LE-CNN model and other recent models.

Val. Time Val. Time Testing
Model Layers Val. Acc. Test Acc. without K-Fold  with k-Fold Time
ResNet v1, 2023 [15] 8 95.73% 87.45% 1758 s - -
Optimized ResNet v1, 2023 [15] 56 99.18% 96.14% 8425 s - -
VIT . .
Transformer [26] 12 79.19% 73.63% 271s 0.04s
LE-CNN 9 99.4% 96.5% 719's 3595 s 1.65s

6. Conclusions

This paper has shown the importance and advantages of using traffic sign detection
and classification in ITS in smart cities through different techniques and technologies,
especially computer vision and machine learning techniques. This paper presents a novel
LE-CNN architecture that combines high accuracy with real-time processing capabilities.
This efficient and robust model paves the way for reliable, secure, and efficient traffic sign
recognition in self-driving cars, contributing to safer and more autonomous navigation
across diverse regions like the Arabic world. Our findings demonstrated that the provided
LE-CNN model was highly accurate at classifying the traffic signs while outperforming
optimized ResNet v2 in this regard, scoring a test accuracy of 96.5% with a training time of
719 s as opposed to 96.14% with a training time of 8425 s.

In conclusion, in this paper, we have proposed a system that has the potential to
alleviate the problems associated with traffic sign classification, which ensures the reduction
in traffic congestion to enhance user satisfaction. Considering that latency in applications
such as self-driving cars is highly important, more work is required to consider the process
of capturing the sensory image, framing, and pre-processing. Also, collision avoidance
timing and distance requirements in relation to vehicle speed on highways versus on
crowded streets need to be considered.
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