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Abstract: Traffic Sign Recognition (TSR) is one of the many utilities made possible by embedded
systems with internet connections. Through the usage of vehicular cameras, it’s possible to capture
and classify traffic signs in real time with Artificial Intelligence (AI), more specifically, Convolutional
Neural Networks (CNNs) based techniques. This article discusses the implementation of such TSR
systems, and the building process of datasets for Al training. Such datasets include a brand new
class to be used in TSR, vegetation occlusion. The results show that this approach is useful in making
traffic sign maintenance faster since this application turns vehicles into moving sensors in that
context. Leaning on the proposed technique, identified irregularities in traffic signs can be reported
to a responsible body so they will eventually be fixed, contributing to a safer traffic environment.
This paper also discusses the usage and performance of different YOLO models according to our
case studies.

Keywords: object recognition; Neural Networks; YOLO

1. Introduction

The automotive industry has invested in technological systems to increase safety in
traffic environments. According to [1], a vehicle can be classified based on the level of
automation present in an application named Advanced Driver Assistance Systems (ADAS),
which is designed to use cameras, radars, embedded computer systems with internet
connectivity, and other technologies to provide car features that assist the driver or even
automatically control the vehicle in tasks such as parking, breaking and recognizing traffic
signs. Among the various functions present in the ADAS context, traffic sign recognition
(TSR) is one of the most important features since traffic signs provide information for a safe
traffic environment and assist both human and autonomous driving [2].

Many TSR studies involving Artificial Intelligence (AI) methods have been recently
reported in the literature. In [3,4], the detection step is based on sign colors and shapes,
while the classes are predicted by a Convolutional Neural Network (CNN). However,
according to [5-7], this approach is not reliable in terms of TSR challenges such as occlusion,
which is the focus in this paper. On the other hand, well known deep learning models, such
as Faster R-CNN [8], You Only Look Once (YOLO) [9], and Single Shot Detector (SSD) [10]
are investigated in [5,6,11]. These models provide both object detection and classification
(recognition) as their final results, being more stable than the other aforementioned detec-
tion approaches [5,7] and allowing wide possibilities in object recognition once a dataset
with images and coordinates of the objects to be recognized is available.

Sensors 2023, 23, 5919. https://doi.org/10.3390/s23135919

https:/ /www.mdpi.com/journal /sensors


https://doi.org/10.3390/s23135919
https://doi.org/10.3390/s23135919
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sensors
https://www.mdpi.com
https://orcid.org/0009-0001-5312-2410
https://orcid.org/0000-0001-5598-2679
https://orcid.org/0000-0003-0132-5643
https://orcid.org/0009-0000-5013-9674
https://orcid.org/0009-0003-9319-8959
https://orcid.org/0009-0008-3490-256X
https://orcid.org/0000-0001-7436-8818
https://orcid.org/0000-0002-3931-5953
https://doi.org/10.3390/s23135919
https://www.mdpi.com/journal/sensors
https://www.mdpi.com/article/10.3390/s23135919?type=check_update&version=1

Sensors 2023, 23, 5919

2 of 14

There are well known and publicly available datasets for traffic sign detection and clas-
sification. Some of them are the Germans Traffic Signs Datasets benchmarks for classifica-
tion (GTSRB) [12] and detection (GTSDB)[13], the Belgian Traffic Signs Dataset (BTSD) [14]
and the Dataset of Italian Traffic Signs (DITS) [15]. However, there is a need to create
datasets with more complex scenarios, since existing datasets are saturated with CNN
methods achieving over 90% accuracy [16]. In addition, some of the traffic sign types in
these European datasets do not exist or have different patterns in other countries such as
Brazil. This is one of the factors that reinforces the need for a benchmark dataset for each
country or region, as discussed by [17].

On real roads, TSR is challenged by a variety of factors, such as occlusion, illumination
changes, fading and weather conditions [17-19]. Among these phenomena, occlusion needs
special attention. The presence of obstacles in front of a sign might make it difficult to
recognize because of the reduced visibility. This is a very common problem that can be
caused by pedestrians, trees, other vehicles etc., [20]. Previous systems present relevant
solutions for this issue, but have a very limited scope [19]. For example, when a traffic sign
has a high level of occlusion, it may be unrecognizable for both humans and technological
systems, thus leading to unsafe traffic.

A special case of occlusion is caused by vegetation, and its maintenance depends on
the information provided by citizens or periodic checks carried out by the responsible body,
e.g., Municipal Maintenance Department or a private maintenance agency. This is a harder
task to commit in large cities, highways and rural areas. Thus, in the research presented
herein it is investigated, the use of the YOLOV5 architecture [21] to recognize traffic signs in
Brazil, evaluating is investigated, and its effectiveness in classifying traffic signs occluded
by vegetation is evaluated.

The implication of the occlusion caused by vegetation on the detection of different
types of objects has been, whether explicitly or not, covered by researchers. In [22], the
authors show that they can reach top performance in traffic sign detection by using the
integral channel features approach. Considering the datasets considered in [22], the BTSD
contains cases such as occluded (including by vegetation) and damaged traffic signs, which
are called challenging samples by the authors since the resulting detector’s few misses are
mostly respective to them. In [23], occlusion caused by vegetation also poses a challenge
associated with computer vision when the authors propose a pipeline for the detection and
classification of traffic signs.

While the vegetation issue emphasized in this article is real and relevant, it is only
part of all the possible variables that can influence the detection and classification of objects.
Different types of occlusions, as well as weather and illuminance variance in dataset
samples, have caught the attention of many researchers, as in [24,25], both oriented to road
sign recognition. In light of the insufficiency of TSR applications in harsh environments,
the authors in [11] propose two benchmarks focused on ice and snow environments,
the Ice Environment Traffic Sign Detection Benchmark (ITSDB) and the Ice Environment
Traffic Sign Recognition Benchmark (ITSRB), including numerous images with occluded
traffic sign instances, yet they also propose an attention network that performs relatively
well in comparison to other state-of-art networks. Some authors choose to test novel
approaches in challenging datasets, such as the GTSRB, which is widely used for containing
heterogeneous illumination, occlusion, etc. In [26], GTSRB is one the datasets applied to
test the sliding windows approach, which, unlike the traditional machine learning (ML)
techniques, considers a sequence of images to commit classification.

In the context of AV, some papers investigate the occlusion of objects in a rather generic
way, dealing with this issue from traffic sign detection to pedestrian and vehicle detection.
The autonomous driving environment tends to be particularly complex since the different
types of objects of interest create many specific scenarios a model should specialize in. In
addition to the occlusion caused by static objects (such as lampposts and buildings), target
objects might interocclude or even self-occlude, as analyzed in [27]. Ref. [28] discussed how
previous methods are prone to be affected by occlusions, and then a novel deep learning-



Sensors 2023, 23, 5919

3of 14

based solution was proposed and posed to be robust to those scenarios, outperforming
the well-established Faster R-CNN. The authors in [29], on the other hand, create a whole
new dataset containing various occluded instances, studying the issue, and analyzing the
detection capabilities of state-of-art architectures.

In [30] proposed a ray-tracing-based method, made possible by the inputs of a highly
detailed 3D city model and the as-is situation provided by 3D mobile laser scanning (MLS),
to commit the detection of occlusion of traffic lights and traffic signs caused by vegetation.
The MLS is mainly responsible for capturing details of irregularly shaped objects such
as vegetation (including leaves and branches, in this case) by using a light detection and
ranging (LiDAR) sensor, thus complementing the information in the 3D model: the location
and orientation of streets, traffic lights, and traffic signs. A voxelization of the space
supplies a way to generate an occupancy grid, explored by the ray-tracing technique to
localize occlusions in the 3D environment. Although having similar purposes to this
article’s, this approach is limited in the sense that a 3D city model must be available to
apply the proposed method. Furthermore, the accuracy and completeness of that model can
easily impact the performance of this application. In contrast, this article’s ML proposed
approach focuses on the occlusion of traffic signs only, and it does not lean on 3D modeling,
being independent of external assistance once the training of the network is finished. In
other words, it is only dependent on the input of images (captured by vehicular cameras),
consisting of a 2D application.

Building of Brazilian traffic sign datasets has been reported in [4,31], at least for model
testing, but as far as we know, there is no Brazilian dataset publicly available. Taking into
account this limitation and the above discussion regarding vegetation occlusion, the main
contributions of the this paper are summarized as follows:

*  Development of a new Brazilian TSR dataset (BRTSD) which contains not only annota-
tions of visible traffic signs, but also vegetation occlusion as a new class;
*  Vegetation occlusion recognition with the use of YOLOV5 architecture.

After this section, the paper is organized as follows. The next Section 2, follows the
methodology used to tackle the challenges of creating such a system, the mapping of
defects and the creation of models to simulate defects for the improvement of training data.
Afterwards, Section 3 presents the results obtained by the research and implementation
of the system, showing its performance and effectiveness in detecting and classifying ob-
structed and faded traffic signs. Section 4 presents general discussions about the proposed
dataset and related papers with occlusion and vegetation. Next, the conclusion in Section 5
present the discussion by asserting over the obtained results and stipulating goals for future
work. Finally, a bibliographic glossary containing all the references used for research and
development of the system was created.

2. Materials and Methods

This section presents the materials and methods used to create the TSR dataset and
detector.

2.1. Data Set Definition

According to the Brazilian Traffic Signaling Standards (BTSS) [32], traffic regulation
signs inform road users of the conditions, prohibitions, obligations, or restrictions on the
use of urban and rural roads. Moreover, warning signs alert road users to potentially
dangerous conditions, obstacles, and restrictions on the road or adjacent to it, indicating
the nature of these situations ahead, whether permanent or intermittent. Ignoring these
signs therefore is a violation of the Brazilian Traffic Code.

There are more than 160 types of traffic signs scattered across the country’s streets,
roads, and highways [32]. We limited our workflow to operate with 16 main traffic sign
classes, according to the object availability in the KartaView platform during the dataset
creation period, where each class has at least 20 annotation instances. The classes are: No
Stopping or Parking, No Parking, No Turning Left, No Turning Right, No U-turn Left,
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Roundabout Ahead, Right Turn or Straight only, Brazilian Stop Sign, Speed Bump Ahead,
Pedestrian Crossing ahead, Roundabout Ahead, Traffic Lights Ahead, 30 km/h Speed
Limit, 40 km/h Speed Limit, 50 km/h Speed Limit and 60 km/h Speed Limit. Pictures of
each traffic sign type are shown in Figure 1.

, 'R
(d) (e) #

Figure 1. (a) No Stopping or Parking. (b) No Parking. (c¢) No Turning Left. (d) No Turning Right.
(e) No U-turn Left (f) Roundabout Ahead. (g) Right Turn or Straight Only. (h) Brazilian Stop.
(i) Speed Bump Ahead. (j) Pedestrian Crossing ahead. (k) Roundabout Ahead. (1) Traffic Lights
Ahead. (m) 30 km/h Speed Limit. (n) 40 km/h Speed Limit. (0) 50 km/h Speed Limit. (p) 60 km/h
Speed Limit.

Unlike the usual traffic sign datasets, BRTSD presents a new class called vegetation,
attributed to traffic signs occluded by vegetation. The criteria used for the annotations
of this class are part of the plaque being visible even when obstructed. Figure 2 shows
images present in the dataset. From Figure 2a—c it is easy to determine we’re dealing
with No Parking signs, despite the obstruction. The reason why those are classified as
vegetation, even though the identified vegetation causing occlusion is rather sparse from
the shown point of view, is that, from other perspectives, it might also be considerably
dense and make those signs unrecognizable [30]. Moreover, detecting such a case would
make it possible to anticipate maintenance, therefore avoiding the vegetation growing
further and occluding the sign completely. Being able to identify partially occluded traffic
signs, therefore, constitutes the ideal scenario for the proposed method. In other situations,
the vegetation density is so high that the annotated signs are barely recognizable.

After this definition we followed the flowchart in Figure 3 which shows the steps
taken to obtain a dataset for TSR, including KartaView API (obtaining images), automatic
annotations, dataset curation, dataset export, model training and evaluation. These steps
are explained in the following subsection.
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Figure 2. From (a-h) Images depicting occlusion by vegetation.
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Best model Model
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Figure 3. Flowchart.

2.2. Obtaining Images

To create a dataset for TSR, traffic images containing objects from the classes mentioned
above are needed. The images presented in the proposed BRTSD consist of a set of videos
recorded by a smartphone attached to a car dashboard, and a set of images obtained
through the KartaView platform [33], which is an open-source street level image platform
that has many traffic images of roads and streets around the world. Images corresponding
to Brazilian selected tracks are downloaded through the KartaView API in the database.

2.3. Annotation Process

For object detection tasks such as the one presented in this work, the coordinates
of each object of interest in each image are needed to train the models. Usually, these
coordinates are obtained through software such as Label Studio [34], Labelme [35] and
CVAT (Computer Vision Annotation Tool) [36] by drawing bounding boxes around the
image objects and assigning a label to them, as shown in Figure 4.

The annotation process occurs in two stages. Firstly, a pre-trained model is used
to generate automatic annotations. This stage is dedicated to lowering human labor.
Correcting pre-annotated datasets is quicker and more reliable than annotating all images
from the start. The model used for pre—annotation is replaced at every new iteration. As
every annotation batch expands the dataset, the model evolves.
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Figure 4. Image annotation.

The second stage, annotation improvement, is made with the software CVAT to correct
the class errors and bounding box mismatches made by the previous stage AL

2.4. Model Training

One of the most suitable CNN architectures for real-time use is You Only Look Once
(YOLO) [6]. Systems developed with YOLO can provide an accuracy greater than 80%
while using approximately 30 frames per second, [5,6]. YOLO is an algorithm based on
regression, also known as a single-stage detection algorithm [6]. The algorithm needs to
normalize the input image to a fixed size, with the standard size being (608 x 608 x 3).
After normalization, the input image will flow through the three layers of the architecture: a
backbone layer, a neck layer, and a prediction layer. In the backbone layer, the input image
height and width are compressed through a slicing operation to carry out the integration
of image dimensional information into channel information [6]. The neck layer adopts
a network architecture that combines the Feature Pyramid Network (FPN) and the Path
Aggregation Network (PAN) structures. In this layer, information is transferred and fused
to obtain predicted feature maps, with FPN working from top to bottom and PAN from
bottom to top [6]. The prediction layer makes use of image features to generate and adjust
bounding boxes and to predict the categories of the detected objects.

The standard YOLOVS5 architectures, listed in Table 1 with their number of parameters,
are trained with BRTSD. The training approach is to fine-tune YOLOVS5 these architectures
pre-trained on the COCO dataset [21].

Table 1. Trained models and number of parameters.

Model Parameters (M)
yolovbn 1.9
yolovbs 7.2
yolovbm 21.2
yolov5l 46.5
yolov5x 86.5

First, the yolovbm model was trained for 1200 epochs. The validation losses on
bounding boxes, objectness and class are presented in Figure 5 for this training. It is
possible to verify that the losses are minimum between 500 and 600 epochs, which implies
that training models for more than 600 epochs does not reflect improvements in the model
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performance. Therefore, all models in Table 1 are trained for 600 epochs and compared to
each other. Each training is performed with YOLOvV5 default hyperparameters.

— vallbox_loss g gpsoo — nalfobj loss 0014 — vallcls_loss

0020 &~ minimum & minimum & minimum

0.00475
0012
0.018
0.00450

0.010
0.00425
0016

0.00400 0.008

0014 0.00375

0.008
0.00350

0012

0.004
0 200 400 60O 8OO 1000 1200 o 200 400 GO0 BOO 1000 1200 o 200 400 600 BOD 1000 1200

Figure 5. Validation loss for yolovbm trained with 1200 epochs.

2.5. Evaluation Metrics

The metrics used to compare the obtained models are precision, recall, F1-score,
average precision (AP) and mean average precision (mAP). All these metrics take into
account that a true positive (TP) prediction is characterized by correct bounding box
coordinates and class attribution of an existing object of interest, otherwise a false negative
(FN), and/or false positive (FP) is/are generated. Each FN is a ground truth (GT) object
that has no correct prediction match, while FPs are predictions that do not have correct GT
matches. True Negatives (TN) are not observed because they represent all bounding boxes
that do not contain any object of interest in an image, and there are too many of them [37].

A prediction bounding box is correct when its coordinates are close to the GT bounding
box coordinates. In the object detection tasks this condition is commonly evaluated through
the intersection over union (IoU) of the predicted and GT bounding boxes, as represented
by (1), where Bg; is the ground truth bounding box and B, is the predicted bounding box.

Bet N B
oty = 4Byt N By) )
area(Bgt U B))

For each predicted object, the detector provides a confidence score, which shows how
sure the model is that a bounding box contains an object of a specific class. If IoU is greater
than an IoU threshold and the predicted class matches the GT class with a confidence score
greater than a threshold, a TP is found.

Precision is calculated through (2) and indicates the degree of how precise the model
is attributing classes to detected objects over the evaluation samples. Recall is given by (3)
and evaluates if the model finds all the objects of interest. The Fl-score is the harmonic
mean of precision and recall, computed by (4). AP is calculated according to Common
Objects in Context (COCO) style-evaluation through the FiftyOne library by computing
matches for 10 IoU thresholds from 0.5 to 0.95 with steps of 0.05 and averaging (precision,
recall) points over the confidence scores [38].

. TP
Precision = TP L EP (2)
TP
Recall = m (3)
F = 2x precision X recall @

precision + recall

Precision, recall, F1-score, and AP are computed for each class. mAP is the average of
AP values over all classes, and all these metrics are calculated using the FiftyOne library.
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The hardware used to make predictions has with Intel(R) Core(TM) i5-7200U CPU @
2.50 GHz CPU, 16 GB RAM, and an NVIDIA GeForce 920MX GPU (Note that we are not
recommending this hardware for TSR application. These specifications are presented for
reference only. Refer to [5,6] for results with better hardware).

3. Results

This section presents the results and discussions regarding the specifications of the
created dataset. Additionally, YOLOVS training and validation results are discussed.

3.1. Dataset

Table 2, shows a comparison between our dataset and the European datasets for
detection (BTSD, DITS and GTSDB). The major limitation of our dataset when compared
with BTSD and GTSDB is the number of classes, which is also not close to the more than
160 classes present in BTSS. However, our dataset outperforms GTSDB and DITS in terms
of image and object counts. In addition, with the presented methodology and its tools it
can be expanded faster.

The objects per class distribution are presented in Figure 6. The classes do not present
an uniform distribution because to the fact that specific signs, such as No Parking, No
Parking or Stopping and 50 km/h Speed Limit present a much higher frequency among
the analyzed images, while, traffic signs such as Roundabout Ahead, and Traffic Lights
Ahead, in contrast, are relatively scarce. Due to this low presence of some traffic sign classes
on the roads and streets, it is difficult to achieve a dataset with all classes and a balanced
distribution. It is also observed in other traffic sign datasets as presented in [4,5,12].

1779

1750

1500

1250

1000

750

500

250

no parking
speed 50
pedestrian
speed bump
speed 30
speed 40
stop

speed 60

no turn left
vegetation
no u turn left
no turn right
traffic light
roundabout

no stopping and parking
roundabout ahead

straight ahead or turning right

Figure 6. Dataset class distribution.
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Table 2. Object detection datasets.

Dataset Classes Images Objects
BTSD 62 9006 13,444
DITS 3 1872 1891
GTSDB 43 900 1206
ITSDB 1 5806 43,290
BRTSD 17 5631 8065

3.2. Training Results

Figure 7 shows the training and validation loss for the models in Table 1 for 600 epochs.
The training loss is lower or close to the validation loss for every model and this number
of epochs is good enough to train on the obtained dataset, because these validation losses
ended up presenting the same behavior shown in Figure 5.
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Figure 7. Training and validation losses for all models.
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3.3. All Classes Validation Results

Table 3 presents the mAP, precision and recall for models trained on BRTSD. It can be
noted that comparing YOLOv5 models, the mAP increases as the architectures becomes
large, and yolov5x presents the higher value. However, yolovbm should be a better choice
to use because it has fewer parameters than yolov5x and has a mAP, precision and recall
close to the obtained with this one.

Table 3. mAP for all class detection validation.

Model mAP Precision Recall
yolovbn 0.609 0.810 0.832
yolov5s 0.672 0.856 0.869
yolovbm 0.718 0.921 0.851
yolov5l 0.700 0.889 0.893
yolov5x 0.750 0.951 0.865

3.4. Vegetation Class Validation Results

Table 4 presents the metrics for each YOLOv5 model regarding only the vegetation
class, which has 60 validation annotations (support). These results refer to 0.25 confidence
threshold detections. Note that the model yolovbm has a better Fl-score with the highest
precision, although the yolov5x model finds more objects with better recall. The AP
increases as the model has more parameters as shown in Table 1.

Table 4. Metrics for vegetation class detection.

Model Precision Recall F1-Score AP
yolov5n 0.795 0.583 0.673 0.337
yolov5s 0.878 0.600 0.713 0.379
yolovsm 0.929 0.650 0.765 0.427
yolov5l 0.771 0.617 0.685 0.411
yolov5x 0.726 0.750 0.738 0.454

Since vegetation occlusion can be difficult to detect and the dataset does not contain a
great number of instances for this class, the confidence score is analyzed. Figure 8a shows
the TP confidence values (circles), mean (triangle), and standard deviation behavior (lines)
of each model for vegetation class. Figure 8b presents the same for FP predictions. It can be
noted that all models can achieve highly confident TP predictions with averages from 0.702
to 0.771. However, some FP predictions are highalso highly confident too, being the, with
confidence averages in the range of 0.4 to 0.56.
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Figure 8. Confidence for vegetation class: (a) TP and (b) FP.

Figure 9 shows model mistakes (FP and FN) involving vegetation class. In Figure 9a,b,
it is noticeable that the model might, mistakenly, detect patterns such as signs (highlighted
by the red boxes) immersed in dark environments. Additionally, FP cases are are observed,
as presented in Figure 9c—e where the trained model apparently detects reddish objects
as if they are stop signs occluded by vegetation. Finally, Figure 9f shows that vegetation
class FNs may occur if traffic signs with a low level of vegetation occlusion are labeled as
vegetation class as explained, in Section 2.1.

(d) (e)
Figure 9. Vegetation class. (a—e) FPs, (f) FN.
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4. Discussion

It is difficult making to make a fair comparison between the models obtained in this
paper and those presented in other works, since a new dataset is proposed, with different
classes, image resolutionresolutions, class distributiondistributions, and so on. Recently,
ref. [19] presented a similar study involving occlusion in TSR, but usingused their own
dataset. Authors haveThe authors achieved precision and recall metrics of 0.81 and 0.79,
respectively. In Table 3, the proposed yolovSm model, for example, has 0.92 precision
and 0.85 recall. However, the dataset described in [19] might have more instances with
challenging situations.

Additionally, ref. [19], it is presented 0.8 to 0.83 accuracy results regarding the clas-
sification of traffic signs occluded by vegetation. However, accuracy relies on TNsTN
computation, which is not observed in the context of yolovSthe YOLOVS5 architecture, as
mentioned before. In contrast, Table 4 presents precision, recall and f1-score for this specific
occlusion class, and it is noticeable that the major problem in the presented models are
FNss like such as the one shown in Figure 9e, since recall values are lower than precision
onesvalues in general.

Analyzing the mAP metric regarding the general TSR task, in [5], the application of
Faster R-CNN in GTSDB achieves a mAP of 0.911, while the yolovSm model, in Table 3,
reaches 0.718. However, the GTSDB dataset has no traffic signs occluded by vegetation, so
the respective Faster R-CNN model is not tested in that situation, consequently resulting
in a better mAP. Another Faster R-CNN model trained in ITSDB [11], which considers
occlusion and nightly scenarios, has an AP of 0.456. Therefore, it is evident that, the more
realistic and challenging the dataset is, the worse the performance of trained models tends
to be.

In fact, traffic signs with a high level of occlusion are not well recognized by both
humans and Al As discussed above, it can possibly drop the metrics of a model if it is
evaluated in those situations. The solution proposed is to anticipate the maintenance and
prevent such cases, while traffic signs are still partially visible and exposed for detection.
From the results presented in Table 4 and Figure 8, even though there is a small number
of instances for the vegetation class in the presented dataset, the precision, recall, and
confidence for the resulting models show that the inclusion of this class in TSR datasets can
be useful to make this kind of information available for street and road maintainers. Since
it is a traffic safety issue, lives can be saved even if one single sign occluded by vegetation is
reported through the vehicle’s ADAS to the responsible body, e.g., Municipal Maintenance
Department or a private maintenance agency.

Regarding the model mistakes in Figure 9, improvements can be made with the ad-
dition of night-time annotations to the dataset to mitigate cases in Figure 9a,b. For now,
establishing a limit time for vegetation classification should be a solution. Regarding
Figure 9c—e, in which the model mistakes red objects behind the vegetation, adding back-
ground images (without traffic signs) to the dataset, as suggested in [14], may solve this
scenario. In the latter case, Figure 9e, although the predicted class does not match the
annotated vegetation class, it is not completely wrong because the correct information
about the speed limit is obtained.

5. Conclusions and Future Work

This article, developed for the needs of the identification and classification of traffic
signs, showed a significant level of efficiency, while probing the accuracy of vegetation
occlusion detection based on a private dataset created for this study (BRTSD). Hence, in
this paper, it is used the version 6.2.3 of the series of YOLOVS, to evaluate its performance.
It is possible to identify which model had better performance. It is verified that the yolov5n
model has superior detection speed, while yolov5x had a better mAP. Since yolovbm has
better detection speed than yolovbx with a similar mAP and higher precision (92.9%) for
vegetation occlusion detection, we concluded that architecture is a better choice.
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The model was trained, validated, and tested on a specially designed traffic sign
database consisting of 16 different classes, 1 defect class (vegetation occlusion) with 5631 im-
ages and 8065 annotations. We identified false positive detections for vegetation class due
to few images into authors private data set.

In the future work, the authors will further optimize the performance increasing
the dataset and stability of our detection model. We are studying other types of traffic
signals defects as fading, graffite and others defects to turn our attention to how to process
detection tasks with large amounts of data in real time. Also, we are studying to increase
our private dataset including data argumentation methods.

Author Contributions: Conceptualization, V.D., T.B.M., VS.M., VM.O.S.B. and R.L.S.M.; Methodol-
ogy, V.D., TB.M.,, VSM,, ].G.LM., VM.O.S.B. and R.L.S.M,; Software, V.S.M.,, ].G.L.M. and VM.O.SB.;
Validation, V.D., VSM,, ].G.ILM., VM.O.S.B., AS. and R.L.S.M.; Formal analysis, V.D., T.B.M.,
J.GILM,, EQ.S. and R.L.S.M.; Investigation, V.D., VM.O.5.B., EQ.S. and A.S.; Resources, V.D., T.B.M,,
and R.L.S.M.; Data curation, V.5.M. and V.M.O.S.B.; Writing—original draft, V.D., V.S.M., ]. G.L.M,,
VM.O.S.B. and A.S.; Writing—review and editing, V.D., TB.M., EQ.S., AS. and R.L.5.M.; Visual-
ization, T.B.M., J.G.LM., EQ.S. and A.S.; Supervision, T.B.M. and R.L.5.M.; Project administration,
R.L.S.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data are not publicly available due to further project application.

Acknowledgments: The authors gratefully acknowledge FAPESB—Fundagdo de Apoio a Pesquisa
do Estado da Bahia and SENAI CIMATEC.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Galvani, M. Classifications of Safety Systems. IEEE Instrum. Meas. Mag. 2019, 22, 11-16. [CrossRef]

2. Chourasia, K.; Chourasia, ].N. A Review and Comparative Analysis of Recent Advancements in Traffic Sign Detection and
Recognition Techniques. SAMRIDDHI . Phys. Sci. Eng. Technol. 2011, 2, 24-34. [CrossRef]

3. Cao,],;Song, C.; Peng, S.; Xiao, F.; Song, S. Improved traffic sign detection and recognition algorithm for intelligent vehicles.
Sensors 2019, 19, 4021. [CrossRef] [PubMed]

4.  Silva, R.; Prado, B.; Matos, L.N.; Santo, F.; Zanchettin, C.; Novais, P. Construction of Brazilian Regulatory Traffic Sign Recognition
Dataset; Springer: Berlin/Heidelberg, Germany, 2021; pp. 163-172. [CrossRef]

5. Gu, Y,; Si, B. A Novel Lightweight Real-Time Traffic Sign Detection Integration Framework Based on YOLOv4. Entropy 2022, 24,
487. [CrossRef] [PubMed]

6. Zhu, Y; Yan, W.Q. Traffic sign recognition based on deep learning. Multimed. Tools Appl. 2022, 81, 17779-17791. [CrossRef]

7. Triki, N; Karray, M.; Ksantini, M. A Real-Time Traffic Sign Recognition Method Using a New Attention-Based Deep Convolutional
Neural Network for Smart Vehicles. Appl. Sci. 2023, 13, 4793. [CrossRef]

8. Ren, S.; He, K.; Girshick, R.; Sun, J. Faster R-CNN: Towards Real-Time Object Detection with Region Proposal Networks. IEEE
Trans. Pattern Anal. Mach. Intell. 2017, 39, 1137-1149. [CrossRef]

9. Bochkovskiy, A.; Wang, C.Y.; Liao, HYM. YOLOv4: Optimal Speed and Accuracy of Object Detection. arXiv 2020,
arXiv:2004.10934. [CrossRef]

10. Liu, W.; Anguelov, D.; Erhan, D.; Szegedy, C.; Reed, S.; Fu, C.Y.; Berg, A.C. SSD: Single Shot Multibox Detector; Lecture Notes in
Computer Science (Including Subseries Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics); 9905 LNCS;
Springer: Berlin/Heidelberg, Germany, 2016; pp. 21-37. Available online: http:/ /xxx.lanl.gov/abs/1512.02325 (accessed on 10
February 2023 ). [CrossRef]

11.  Zhou, K; Zhan, Y,; Fu, D. Learning region-based attention network for traffic sign recognition. Sensors 2021, 21, 686. [CrossRef]

12.  Stallkamp, J.; Schlipsing, M.; Salmen, J.; Igel, C. Man vs. computer: Benchmarking machine learning algorithms for traffic sign
recognition. Neural Netw. 2012, 32, 323-332. [CrossRef]

13.  Houben, S; Stallkamp, J.; Salmen, J.; Schlipsing, M.; Igel, C. Detection of traffic signs in real-world images: The German traffic
sign detection benchmark. In Proceedings of the 2013 International Joint Conference on Neural Networks (IJCNN), Dallas, TX,
USA, 4-9 August 2013. [CrossRef]

14. Timofte, R.; Zimmermann, K.; Van Gool, L. Multi-view traffic sign detection, recognition, and 3D localisation. Mach. Vis. Appl.

2014, 25, 633-647. [CrossRef]


http://doi.org/10.1109/MIM.2019.8633345
http://dx.doi.org/10.18090/samriddhi.v2i1.1594
http://dx.doi.org/10.3390/s19184021
http://www.ncbi.nlm.nih.gov/pubmed/31540378
http://dx.doi.org/10.1007/978-3-030-93420-0_16
http://dx.doi.org/10.3390/e24040487
http://www.ncbi.nlm.nih.gov/pubmed/35455150
http://dx.doi.org/10.1007/s11042-022-12163-0
http://dx.doi.org/10.3390/app13084793
http://dx.doi.org/10.1109/TPAMI.2016.2577031
https://doi.org/10.48550/arXiv.2004.10934
http://xxx.lanl.gov/abs/1512.02325
http://dx.doi.org/10.1007/978-3-319-46448-0_2
http://dx.doi.org/10.3390/s21030686
http://dx.doi.org/10.1016/j.neunet.2012.02.016
http://dx.doi.org/10.1109/IJCNN.2013.6706807
http://dx.doi.org/10.1007/s00138-011-0391-3

Sensors 2023, 23, 5919 14 of 14

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

Youssef, A.; Albani, D.; Nardi, D.; Bloisi, D.D. Advanced Concepts for Intelligent Vision Systems; Lecture Notes in Computer Science;
Springer International Publishing: Cham, Switzerland, 2016; Volume 10016. [CrossRef]

Saadna, Y.; Behloul, A. An overview of traffic sign detection and classification methods. Int. J. Multimed. Inf. Retr. 2017, 6, 193-210.
[CrossRef]

Magnussen, A.F;; Le, N.; Hu, L.; Eric Wong, W. A Survey of the Inadequacies in Traffic Sign Recognition Systems for Autonomous
Vehicles. Int. ]. Perform. Eng. 2020, 16, 1588. [CrossRef]

Wali, S.B.; Abdullah, M.A.; Hannan, M.A.; Hussain, A.; Samad, S.A.; Ker, PJ.; Mansor, M.B. Vision-Based Traffic Sign Detection
and Recognition Systems: Current Trends and Challenges. Sensors 2019, 19, 2093. [CrossRef]

Mannan, A.; Javed, K.; Rehman, A.U.; Babri, H.A.; Noon, S.K. Cognition based Recognition of Partially Occluded Traffic Signs.
Sci. Iran. 2022, 29, 1881-1897. [CrossRef]

Rehman, Y; Riaz, I.; Fan, X.; Shin, H. D-patches: Effective traffic sign detection with occlusion handling. IET Comput. Vis. 2017,
11, 368-377. [CrossRef]

Jocher, G. YOLOwS5 by Ultralytics, Version 7.0; Zenodo. 2020. Available online: https:/ /doi.org/10.5281/zenod0.3908559 (accessed
on 15 January 2022).

Mathias, M.; Timofte, R.; Benenson, R.; Van Gool, L. Traffic sign recognition—How far are we from the solution? In Proceedings of
the The 2013 International Joint Conference on Neural Networks (IJCNN), Dallas, TX, USA, 4-9 August 2013; pp. 1-8. [CrossRef]
Balali, V.; Golparvar-Fard, M. Video-based detection and classification of US traffic signs and mile markers using color candidate
extraction and feature-based recognition. Tech. Rep. 2014, 858-866. [CrossRef]

Prieto, M.S.; Allen, A.R. Using self-organising maps in the detection and recognition of road signs. Image Vis. Comput. 2009,
27,673-683. [CrossRef]

Zhu, Z.; Liang, D.; Zhang, S.; Huang, X.; Li, B.; Hu, S. Traffic-Sign Detection and Classification in the Wild. In Proceedings of the
IEEE Computer Society Conference on Computer Vision and Pattern Recognition, Las Vegas, NV, USA, 26 June-1 July 2016; IEEE
Computer Society: New York, NY, USA, 2016; pp. 2110-2118. [CrossRef]

Atif, M.; Zoppi, T.; Gharib, M.; Bondavalli, A. Towards Enhancing Traffic Sign Recognition through Sliding Windows. Sensors
2022, 22, 2683. [CrossRef]

Gilroy, S.; Jones, E.; Glavin, M. Overcoming Occlusion in the Automotive Environment—A Review. IEEE Trans. Intell. Transp.
Syst. 2021, 22, 23-35. [CrossRef]

Kim, J.U.; Kwon, J.; Kim, H.G.; Lee, H.; Ro, Y. M. Object Bounding Box-Critic Networks for Occlusion-Robust Object Detection
in Road Scene. In Proceedings of the Proceedings—International Conference on Image Processing, ICIP, Athens, Greece, 7-10
October 2018; pp. 1313-1317. [CrossRef]

Mostafa, T.; Chowdhury, S.J.; Rhaman, M.K.; Alam, M.G.R. Occluded Object Detection for Autonomous Vehicles Employing
YOLOvV5, YOLOX and Faster R-CNN. In Proceedings of the 2022 IEEE 13th Annual Information Technology, Electronics and
Mobile Communication Conference, IEMCON, Vancouver, BC, Canada, 12-15 October 2022; pp. 405—410. [CrossRef]

Hirt, PR.; Holtkamp, J.; Hoegner, L.; Xu, Y.; Stilla, U. Occlusion detection of traffic signs by voxel-based ray tracing using highly
detailed models and MLS point clouds of vegetation. Int. |. Appl. Earth Obs. Geoinf. 2022, 114, 103017. [CrossRef]

Zottis Junges, R.; de Paula, M.; de Aguiar, M. Brazilian Traffic Signs Detection and Recognition in Videos Using CLAHE, HOG
Feature Extraction and SVM Cascade Classifier with Temporal Coherence. In Proceedings of the Advances in Soft Computing,
Xalapa, Mexico, 27 October-2 November 2019; pp. 589-600.

Conselho Nacional de Transito (CONTRAN). Manuais Brasileiros de Sinalizagdo de Transito. 2022. Available online: https:
/ /www.gov.br/transportes/pt-br/assuntos/transito/senatran/manuais-brasileiros-de-sinalizacao-de-transito (accessed on 15
January 2022).

KartaView. KartaView. 2020. Available online: https://kartaview.org/ (accessed on 15 January 2022).

Tkachenko, M.; Malyuk, M.; Holmanyuk, A.; Liubimov, N. Label Studio: Data labeling software. Available online: https:
/ /labelstud.io/ (accessed on 15 January 2022).

Wada, K. Labelme: Image Polygonal Annotation with Python. Available online: https://github.com/zhong110020/labelme
(accessed on 15 January 2022). . [CrossRef]

CVAT.ai Corporation. Computer Vision Annotation Tool (CVAT), Version 2.0.0; CVAT.ai Corporation: Palo Alto, CA, USA, 2022.
Padilla, R.; Netto, S.L.; da Silva, E.A.B. A Survey on Performance Metrics for Object-Detection Algorithms. In Proceedings of the
2020 International Conference on Systems, Signals and Image Processing (IWSSIP), Niteroi, Brazil, 1-3 July 2020; pp. 237-242.
Consortium, C. COCO Common Objects in Context. 2015. Available online: https://cocodataset.org/#home (accessed on 23
January 2022).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://dx.doi.org/10.1007/978-3-319-48680-2
http://dx.doi.org/10.1007/s13735-017-0129-8
http://dx.doi.org/10.23940/ijpe.20.10.p10.15881597
http://dx.doi.org/10.3390/s19092093
http://dx.doi.org/10.24200/sci.2022.55200.4111
http://dx.doi.org/10.1049/iet-cvi.2016.0303
https://doi.org/10.5281/zenodo.3908559
http://dx.doi.org/10.1109/IJCNN.2013.6707049
http://dx.doi.org/10.1061/9780784413616.107
http://dx.doi.org/10.1016/j.imavis.2008.07.006
http://dx.doi.org/10.1109/CVPR.2016.232
http://dx.doi.org/10.3390/s22072683
http://dx.doi.org/10.1109/TITS.2019.2956813
http://dx.doi.org/10.1109/ICIP.2018.8451034
http://dx.doi.org/10.1109/IEMCON56893.2022.9946565
http://dx.doi.org/10.1016/j.jag.2022.103017
https://www.gov.br/transportes/pt-br/assuntos/transito/senatran/manuais-brasileiros-de-sinalizacao-de-transito
https://www.gov.br/transportes/pt-br/assuntos/transito/senatran/manuais-brasileiros-de-sinalizacao-de-transito
https://kartaview.org/ 
https://labelstud.io/
https://labelstud.io/
https://github.com/zhong110020/labelme
http://dx.doi.org/10.5281/zenodo.5711226
https://cocodataset.org/#home

	Introduction
	Materials and Methods
	Data Set Definition
	Obtaining Images
	Annotation Process
	Model Training
	Evaluation Metrics

	Results
	Dataset
	Training Results
	All Classes Validation Results
	Vegetation Class Validation Results

	Discussion
	Conclusions and Future Work
	References

