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Abstract

The growing industry of transportation being integrated with Artificial Intelligence has contributed to applications
regarding driving assistance and autopilot software. With this application being relatively new, more research still
needs to be done to improve these algorithms' recognition/classification of traffic signs. In order to improve modern
driving softwares, I proposed designs for a basis for an object detection model and a functioning neural network
classification model to be used as an end-to-end solution. The object detection model serves as a locator of a traffic
sign in an image to be inputted into the classification model to determine the identity of the sign. The detection model
was designed using Keras and YoloV3. During the development phase for the classification model, I used a previously
made model as a basis and used image processing techniques of deep learning, OpenCV, and the multi-layers of
convolutional neural networks to modify it. Subsequently, I used the German Traffic Sign Recognition Benchmark
(GTSRB) for training which contains over 50,000 images of German traffic signs for training and validation. The
classification model resulted in 99.71% training accuracy and 98.7% - 99.21% validation accuracy. Furthering, this
study discussed each of the convolutional layers used for the classification model and how it was changed from the
original model.

Keywords: Image Processing, Deep Learning, OpenCV, Convolutional Neural Networks, Classification, Object
Detection, Keras, YoloV3

1. Introduction

The transportation industry has advanced immensely within the last few decades, especially in automobiles.
Recently, car manufacturers have begun integrating Al for driving assistance and even autopilot. One aspect of this
situation is figuring out how to make autopilot and driving assistance safer for drivers and passengers.

For autopilot, one skill the Al/car needs is to identify street signs to evaluate its surroundings and abide by traffic
laws for the passenger's safety. Driving assistance must also properly detect, identify, and classify signs to account for
the millions of car accidents due to driving errors. Much attention has been brought to Traffic Sign Recognition as
there is much research and work on this problem. Traffic sign recognition involves two main parts first, detecting the
sign from a video feed or still image, and second identifying what sign it is. Detecting a sign uses image processing
and deep learning object detection architectures. Classifying the type of sign uses a deep learning CNN classification
model.

In recent years, deep learning has been the “go-to” over machine learning for tackling this problem as it requires
less human intervention during training. A sub section of deep learning, Convolutional Neural Networks (CNN), based
on computer vision (or OpenCV) with other models, has been used to efficiently analyze street view images and pick
out unique features that can be used to identify signs. However, this has been proven difficult as many unaccounted
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factors interfere with the identification process, such as shadows, light reflection, the sign being partially covered, the
quality of the sign being poor from the camera, etc.

Thus to tackle this problem and to improve driving softwares, the objective of this research project is to produce
a system that can efficiently detect and classify traffic signs, with both easy and rough environmental conditions, to
be applied in real time applications. With sufficient identification and classification of traffic signs, the world of
driving could become significantly safer as computers and driving algorithms can gain more information regarding
the vehicle’s current surroundings.

Furthermore, this two-part system involves object detection and classification programs which I created by
improving a CNN model that has been proven effective on one dataset and use it for another dataset, the GTSRB
dataset, which stands for German Traffic Sign Recognition Benchmark dataset. This famously known dataset contains
43 different classification classes and more than 50,000 images for training and testing, making it a big enough dataset
for me to train a coherent classification model.

To produce this project, TensorFlow and Keras were used for the models. “TensorFlow is a library containing
multiple machine learning tasks and APIs such as Keras” (Terra 2022). Keras is a deep learning API developed by
Google and runs on TensorFlow and is highly used because it is built with Python.

1.1 Deep Learning

Deep learning is related to artificial intelligence. It utilizes big chunks of data with complex algorithms to create
artificial neural networks to train computers and machines to make data-based decisions (happiest minds, 2022).
Feature extraction is a crucial aspect of deep learning. Feature extraction is where features, patterns, and properties
are extracted from inputted data given to the neural network model. This is also how image recognition is done.
Kondamari, Itha (2021) defines image recognition as where the model extracts details and patterns from small sections
of the image using the pixels, which depend on other surrounding pixels. These models have been proven to be great
substitutes for complex codes/programs for extracting features.

1.2 Convolutional Neural Networks (CNNs)

Convolutional Neural Networks are deep learning algorithms trained to take in an input image, assign importance
by adding learnable weights and biases to various objects in the image, and be able to differentiate one from the other
(Saha, 2018). The goal of CNNss is to shape or reduce the image into a form that is easier to process without losing the
necessary features to extract for a prediction in image recognition or classification. These networks contain many
layers/filters, each summing up to allow the network to detect spatial relationships to allow the classification of an
object. Spatial relationships are where one thing depends on another, such as pixels in an image correlating/depending
on its surrounding pixels and vice versa.
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Figure 1. A diagram of a CNN with all usual its layers and classification portion (Saha, 2018).
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CNN models have an input layer that takes in an image and an output layer at the end, where the output is a
reduced vector of probability scores. As seen in figure 1, in between are the many different layers in a CNN network:
convolutional, max pooling, flatten, dense, fully connected layer, and softmax. The first couple of layers is for the
model to learn features, while the second portion is to classify the features detected.

The first layer is the convolutional layer which captures low-level features (colors, gradient orientation, etc.) and
uses the convolutional mathematical operation to extract high-level features (such as edges from the input image) and
uses these to train its layers and adapt to allow the network to perceive the image as humans would (Saha 2018). The
convolution operation is expressed as:

s(t) = (x *w)(t)

where x is the input data or the pixels from the input image, and w is the kernel applied to these pixels (Kondamari &
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Figure 2. The process of how the operation is used with the
kernel to produce a feature map (Cornelisse 2018).

There are two types of pooling, Max Pooling, and Average Pooling. Max Pooling returns the maximum values from
the image region the kernel is covering as it slides over, while Average Pooling returns the average values.
Max Pooling Noise Suppressant where it reduces the noise

(unnecessary features usually in the background that are picked up) as TR POT
the dimensions are reduced. After the pooling, convolutional and 20) 30
pooling layers may be repeated as many times as necessary for the 121201 30] 0 L L
model. 8 |12l 2

The next layers are the Fully—Conne.cted ¥ayers which make up the o ol 4 average pooling
last few layers of the network for classification. The output from the
final layer before the Fully-Connected (Conv, MaxPool, AvgPool) is 1121100} 25| 12 \ 13/ 8
a three-dimensional matrix that is flattened into a one-dimension 79[20

vector to be connected to the Fully-Connected layers (Arc, 2018). Figure 3. The process of how max pooling
After the model runs through a series of epochs (the number of passes  and average pooling works is shown. Max
through the dataset the learning algorithm has completed), it can  pooling takes the largest value in each
differentiate between dominating and low-level features with the  kernel, while average pooling takes the
Softmax Classification technique. The model outputs a vector with ~ average.

zeros and ones for each classification class from the dataset where a “1” is the identified class.
1.3 Object Detection with YOLOv3 and Keras

YOLO stands for “You Only Learn Once.” YOLO is a real-time object detection algorithm or CNN that identifies
specific objects in videos or images by providing class probabilities of the detected images (Meel, 2019 & Anirudh,
2020 & Karimi, 2021). This means it will provide the likelihood of each object detected being a certain object. The
YOLO algorithm uses a DarkNet framework. The number of layers depends on the version but typically consists of 3
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x 3 or 1 x 1 filters, convolutional and residual (Geng, 2019 & Karovalia, 2021). A neural network has data flowing
through each layer consecutively, where the output of one layer is the input for the next. A residual layer is when a
residual connection provides an alternate path to reach the later parts of the neural network by skipping layers in
between (Wong, 2020).

First, an image is split into grid cells with equal dimensions smaller than the image's dimensions to analyze the
image piece by piece. Next, YOLO uses the concept of anchor boxes to detect multiple objects. In the model, the
parameter for the number of anchor boxes and their respective shapes would be inputted, and each object lying in a
close neighborhood will be detected and assigned to a box. More anchor boxes, more objects that can be detected and
processed. The object detected in the image would be bounded with a bounding box as an outline consisting of its
width, height, class (general categories like person, car, traffic light, building, etc.), and the center of the bounding
box.

During this process, Non-max Suppression (NMS) ensures an object is only detected once rather than multiple
times when the object lies across multiple grid pixels in the image. NMS works by discarding cells whose probability
of the object being present calculated in the final softmax output layer is less than or equal to 60%, then will take the
cell with the largest probability among the remaining possible candidates and select it as its prediction. Finally, NMS
will discard any leftover cells with an intersection-over Union (IOU) value greater than 60% (Natashia, 2020). Karimi
(2021) defines IOUs as a phenomenon in object detection which describes how these boxes and grid cells overlap.
The YOLO model would then use this IOU to output a box surrounding the object and its label. This is the predicted
box. Karimi also stated that YOLO would ensure the bounding box and the prediction box is the same as the IOU will
equal 1.

1.4 Related Works

Latif et al. (2020) developed a recognition software for traffic signs (in this case, Arabic traffic signs) to aid
drivers in reducing vehicle accidents on the streets and help with self-driving cars or some recognition system. Their
project used Deep CNN to develop their system, which first detects the sign and then classifies or recognizes it. They
collected 2718 images to form their Saudi Arabian Traffic and Road Signs database. Before Latif et al. (2020)
published their paper, they had tested their initial CNN network, and their improved one showed 100% accuracy for
all batch sizes tested on their developed dataset. With their CNN model already showing promising results, it would
be useful to implement it in my research.

Saha, Islam et al. (2018) developed a unique traffic recognition software using not one but three CNN models.
Two models were sub-models meant to classify signs, but the main model was trained to decide which of the two
models to use to classify the signs using data augmentation. This is a unique approach resulting in accuracy results of
close to 99%. However, it would be more efficient to use one or maybe two models in total than three or more. They
also used the GTSDB dataset to train their models in this research project.

Pramod Sai Kondamari and Anudeep Itha (2021) discussed Traffic Sign Recognition (TSR) for drivers and self-
driving cars. The author’s techniques used Deep Learning CNN and OpenCV. The dataset they used was the GTSRB
dataset. They discussed methods used during experimentation of how their model worked and layers used(four
convolutional layers, two max-pooling layers, and two dense layers) (Kondamari & Itha, 2021). Their model gave
results of 95% model accuracy with 30 epochs. Their paper was a great reference to me as they heavily explained each
concept (deep learning, CNNs, CNN layers, etc.) involved in their project.

An object detection model was produced by Valentyn Sichkar & Sergey A. Kolyubin (2020). They discussed in
their paper where the GTSDB dataset was used to train their first detection model, which would detect and separate
the signs into four categories. The GTSDB dataset was split into training and validation sections with 85% and 15%
proportions, respectively, with 630 and 111 images. Once detected, the located fragment of the sign would be cut
and inputted into the second classification model to be classified and outputted with its coordinates, bounding boxes,
and labels.
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2 Materials and Methods

My project successfully implemented the classification network, and I designed an object detection network for
the same dataset with YOLOV3 to predict the location of the signs (localization) from video frames and images.

The overall structure would work like this. First, the image would go through preprocessing, resized to 30 by 30,
and not converted to grayscale. Subsequently, the image would go through the object detection model to detect the
sign contained in the image. The next part would be to lower the region of interest (ROI) to the area of the detected
sign and then input that region into the classification model to identify which sign it is. Finally, the model would return
information on the sign to the autopilot algorithm.

2.1 Classification Model

I used the GTSRB dataset Table 1. Summary of the complete final Classification model

to train the classification
model, which contains over Layer Output Shape
50,000 RGB images. For conv2d (Conv2D) (input shape (30, 30, 3)) 30. 30. 2
preprocessing, 1 resized each RGB image (32 layers) (None, 30, 30, 2)
image in the dataset to 30 x 30
and stored them in a NumPy max_pooling2d (MaxPooling2D) (2, 2) (None, 15, 15, 32)
array, and the labels for each

. . conv2d 1 (Conv2D) (64 layers) (None, 15, 15, 64)
sign in  another  array.
Afterwards, I split the images max_pooling2d 1 (MaxPooling2D) (2, 2) (None, 7,7, 64)
with 80% for training and 20%

for validation. conv2d 2(Conv2D) (128 layers) (None, 7,7, 128)

Furthering, I built the

model as a sequential model. max_pooling2d 2 (MaxPooling2D) (2, 2) (None, 3, 3, 128)
There are 3 convoilutlonal flatten (Flatten) (None, 1152)
layers, 3 max-pooling, 1

flattening, and 2 dense layers, dense (Dense) (None, 128)
as seen in Figure 4. All
convolutional layers used the dense_1 (Dense) (Softmax) (None, 43)

relu activation, and the kernel

initializer was set to uniform, and the padding set to same. The first portion of layers serve to provide feature learning
for the model. The first layer of the portion is a 2D convolutional layer with 32 filters and 3,3 kernel size, and an input
shape of (30, 30, 3). The second one is a 2D max-pooling layer with a pool size (2, 2). Following is another
convolutional layer with 64 filters and a 2D max pooling with (2, 2) pool size. Lastly, there is one convolutional layer
and max-pooling with 128 filters and (2, 2) pool size. After feature learning, the next set of layers serve as
classification. We first transform the pooled feature map into a one-dimensional vector with flattening. Then we have
two dense layers with the first activation set to relu and the second dense is an output layer with its activation set to
softmax. The Adam optimizer was used for training to handle sparse gradients on “noisy” problems. A final summary
of the classification model can be seen in Table 1.

2.2 Object Detection Model

For sign detection, although more research needs to be completed, a pre-trained YOLO network was modeled.
The model used the DarkNet code base and GTSDB dataset (German Traffic Sign Detection Benchmark). 106 2D
convolutional block layers were loaded, and the model was defined and loaded with the provided model weights. Once
the model was loaded with its weights, the model would be saved to use for a prediction. We would require an input
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image, in this case, a street-view image of a traffic
sign (or a video frame from a video feed) and have the
model predict the location of the sign.

3  Results

As stated before, the classification network
produced in this research project was based on the neural
network provided by Latif et al. in their research paper
(Table 2).

Their model gave 97% accuracy from training their
model with the Arabic dataset. Although when I was
training the model with the GTSRB dataset, the accuracy
results were minimal. After attempting to train over 50
epochs, I observed no improvements in training and
validation accuracy and training and validation loss
remained constant at 3.49% and 3.48% respectively.

For the final CNN model, I removed the two
dropout layers from the original model and also followed
a convolutional, max pooling layer pattern to efficiently
process the input data. There are three conv2d layers,
each has max-pooling right after. Following these
changes, the model showed significant improvement as
it stopped underfitting and could learn better without the
dropout layers shown in Figure 5. The model showed
about 99.71% training accuracy and 98.7% - 99.21%
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Table 2. Summary of the original classification model

(Latif et al. 2020).

Layer

Output Shape

conv2d (Conv2D) (input shape
(30, 30)

(None, 28, 28, 64)

max_pooling2d 1
(MaxPooling2)

(None, 14, 14, 64)

dropout 1 (Dropout)

20%

max_pooling2d 1

(None, 12, 12, 32)

(MaxPooling2D)

max_pooling2d 2 (None, 6, 6, 32)

(MaxPooling2D)

flatten_1 (Flatten) (None, 1152)

dense 1 (Dense) (None, 128)
dropout_2 (Dropout) (None, 128)

dense 2 (Dense) (None, 32)

validation accuracy. However, the validation loss was minimally increasing over time with each epoch but stayed low

enough for sufficient accuracy results.
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Figure 4. The overall accuracy and loss over 50 epochs of the original CNN model. Orange is the training data

and blue is the validation data.

For object detection, I tested the model with other generic pictures that should work (a zebra, multiple zebras,
planes, etc.), and the model was properly able to detect them. This confirmed the model was working. However, in
the MSCOCO dataset, I discovered that it never included images of signs for the model to detect. As such, when
inputted an image of a German street sign, the model could not recognize it. Further research will need to be done to
see if this model can efficiently run and detect signs when trained on the GTSDB dataset.
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Figure 5. the accuracy and loss data for both training and accuracy across 100 epochs for the final CNN
classification model. Orange is the training data, and blue is the validation data.

4 Discussion

4.1 Improving Original Model

When using the original classification model developed by Latif et al., the model showed no improvements in
accuracy or loss. The reason for this was perhaps because this model was developed alongside a significantly smaller
dataset. Another possibility was the two dropout layers (Table 2) took out too much data. Instead of causing
“generalizing” to prevent the model from memorizing, too much data was dropped, and the model could not learn and
train effectively.

To improve results, I removed the two dropout layers as too much data was being taken out to work with the
current dataset. Another thing I had to account for was the lack of convolutional layers in the original model, as there
is only one 2D convolutional layer. More CNN layers were needed so more elementwise multiplication could be
conducted on the 2D input data to have better feature maps for the output/production. I also increased the output shape
of the first layer as well as the max pooling layers to leave more information. After implementing these changes, the
results significantly improved (Figure 5). Although, with each additional epoch, the training loss stayed relatively
constant, the validation loss started to increase. The reason for this was perhaps because I didn’t convert the images
to grayscale (making the images gray) during preprocessing. This would’ve reduced some of the background noise in
each image, preventing the validation loss from increasing and increasing accuracy results.

4.2 Future Work

This research project aims to integrate these detection and classification models into built-in vehicle systems to
improve driving assistance or autopilot software. Too many deaths occur due to driving errors; if the car or vehicle
could recognize signs, help manage the speed, and be aware of how dangerous the surroundings are, many lives could
be saved. For future work, my first step would be to get the sign detection model working and add improvements
based on performance. To start out with, the object detection model can be attempted to be trained by the GTSDB
dataset and add improvements depending on results. Next would be to see where minimal improvements to the CNN
model could be added. Although the model produces promising results, even a 1-2% increase in accuracy to close to
100% will be more beneficial for driving assistance and autopilot software, perhaps by converting the images to
grayscale to reduce noise. After, I would then prepare a program to use both models to detect the sign, lower the ROI
to the region of the sign(s), and input it into the classification model to classify. There, I would have it return
information on the sign such as its shape, label of sign, the image of the sign, etc.
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5 Conclusion

In this paper, I presented a working classification CNN model as well as a proposed plan for an object detection
CNN model (and presented methods that worked in the past) to detect and classify signs.

The CNN classification model proposed by Latif et al. didn’t work for the GTSRB due to the dropout layers.
Furthermore, the classification model was improved by adding more convolutional layers with max-pooling layers
and removing the dropout layers. The model was modified to work with RGB images and trained on the GTSRB
dataset to achieve increased accuracy in performance.

Object detection proved to be a little tricky in the given time as detecting signs can be difficult as we can’t solely
rely on finding triangular, rectangular, or circular shapes to find these signs. Signs in images or videos can partly be
covered by an object, or the lighting may interfere wildly if the light bounces back from the sign. Using Keras,
YOLOV3, DarkNet, and a dataset (such as GTSDB) can be used to train a sign detection model.

From this research, it is well enough possible for computers to detect and classify signs in real-time with minimal
errors successfully. Al for self-driving or driving assistance can majorly be improved with it being able to properly
assess the potential dangers of the surroundings and follow traffic laws simply by correctly identifying signs.
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