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Abstract

Autonomous driving heavily relies on object detection as a primary task. Ensuring both high accuracy and real-time
detection is crucial for the object detection algorithm of autonomous vehicles. Consequently, the research in this area
has garnered significant interest, becoming a prominent and trending topic in recent years. This study aims to find an
algorithm that strikes a balance between speed and accuracy in object detection. In order to accomplish this, the latest
object detection algorithms, including YOLOv5n, YOLOvSs, YOLOv5Sm, YOLOv5l, YOLOv5x, YOLOV7,
YOLOv7-tiny, YOLOvV7-X, and Faster R-CNN, are compared using the Self-Driving Car dataset. Through
comprehensive experiments, the algorithms' performance is evaluated based on their inference time, precision, recall,
and mean accuracy (mAP) values. The results demonstrate that Faster R-CNN stands out with a precision of 0.930,
showcasing its excellence in accuracy. On the other hand, YOLOvV5n boasts the fastest inference time, clocking in at
amere 7.5 ms. In summary, this research delves into the crucial aspect of object detection in autonomous driving, and
its findings provide valuable insights into the trade-offs between speed and accuracy for different state-of-the-art
algorithms, such as YOLO and Faster R-CNN, utilizing deep learning techniques.

Keywords: autonomous driving, deep learning, object detection, You Only Look Once (YOLO), convolutional
neural network.

Introduction

Object detection, a crucial branch of artificial intelligence and computer vision, aims to develop machine
learning models capable of recognizing specific items within images. This concept underlies various
practical applications, such as face and image recognition, making it a fundamental area of study (P. Viola
and M. Jones, 2021), ( J. Luo et al., 2001). To train a machine learning model effectively, a substantial
amount of labeled data is required, consisting of images containing the target object(s) that the model is
intended to identify, even when encountering previously unseen and unique items (I.Laptev, 2009). One
significant application of object detection lies in street-level object identification, extensively employed in
surveillance cameras, drones, and self-driving vehicles. The ability to identify objects in real-time helps
prevent accidents and collisions, enabling law enforcement to monitor traffic law compliance and road
safety violations. This application's widespread relevance makes it an ideal focus for research endeavors
(K. Kang et al., 2018). Numerous techniques and architectures have been explored to develop machine
learning models, including convolutional neural networks (CNNs), support vector machines (SVMs), and
feature selection methods (V. Kurilova et al., 2021), (H. Zhang et al., 2013). Each algorithm and design
offer distinct characteristics and performance outcomes, making their selection critical based on specific
use cases.

In recent years, several architectures and algorithms have gained popularity for object detection tasks.
Among them are You Only Look Once (YOLO), Single Shot Multibox Detectors (SSD), and Region Based
Convolutional Neural Networks (RCNN) and its faster variant Faster-RCNN (J. Redmon et al., 2016), (W.
Liuetal., 2016), (R. Girshick, 2015), (S. Ren, 2016).While many studies have investigated the performance
of object detection algorithms under various scenarios, some novel methods, such as YOLOv7, have
received limited attention. Comparisons between YOLOvV7 and its predecessors or other object detection
algorithms, particularly concerning multiple object detection on roads, remain scarce. Existing research has
contrasted different road-specific object detection methods. For instance, a study by S. Choyal and A. K.
Singh compared Faster-RCNN and MobileNet SSD on traffic signs, highlighting Faster-RCNN's superior
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accuracy but longer training time (S. Choyal et A. K. Singh, 2020). Another study evaluated various
detection algorithms, comprising MobileNetv2 SSD FPN-lite 320x320, YOLOv3, YOLOv4, YOLOVSs,
and YOLOVSI], where YOLOVS] demonstrated better precision, while MobileNetv2 FPN-lite exhibited
faster inference time (M. G. Naftali, J. S. Sulistyawan, and K. Julian, 2022). Additionally, Faster RCNN
outperformed SSD, YOLOv5n, YOLOv3-tiny, and YOLOv4-tiny in another comparative study (Bie et al.,
2023). Although several studies have explored YOLO object detection, YOLOv3, Faster-RCNN, and SSD
MobileNet remain the primary focus in vehicular cases. Yet, few studies have specifically compared the
YOLOV7 algorithm with its predecessors in the context of detecting multiple objects on roads. In this paper,
our objective is to address this gap through a comprehensive study. Section 2 provides background
information on various object detection methods. Section 3 covers the dataset used, pre-processing
techniques, and the selection of methods and tools. In Section 4, we present the experimental results and
discussions, culminating in a conclusion that summarizes the findings and highlights the significance of
comparing YOLOv7 with its predecessors in a multi-object detection scenario on roads.

State of The Art

Over the last few years, object detection has witnessed significant advancements, driven by the rapid
progress in deep learning and computer vision. Researchers and practitioners alike have been actively
exploring various state-of-the-art approaches to improve the accuracy and efficiency of object detection
algorithms for autonomous vehicles and related applications. One of the most notable advancements in this
domain is the emergence of deep learning-based methods, particularly convolutional neural networks
(CNNs), which have shown remarkable success in handling complex visual recognition tasks. CNNs have
revolutionized object detection by enabling end-to-end learning, where the model learns to automatically
extract meaningful features from raw image data and make accurate predictions. Among the prominent
object detection algorithms, You Only Look Once (YOLO) and Single Shot Multibox Detectors (SSD)
stand out as real-time detection solutions that strike a balance between speed and accuracy. YOLO's single-
pass architecture processes the entire image at once, offering impressive inference speeds. SSD, on the
other hand, adopts a multi-scale approach to predict bounding boxes, efficiently detecting objects of varying
sizes in a single shot. Region based Convolutional Neural Networks (RCNN) and its variant Faster R-CNN
represent another significant milestone in object detection. These approaches utilize region proposal
techniques to identify potential object regions, followed by object classification and bounding box
regression. Although they excel in accuracy, their computational demands have led to the exploration of
lighter architectures. The introduction of YOLOvV7 showcases the ongoing efforts to enhance object
detection performance even further. While specific details about YOLOvV7 are not widely covered in the
existing literature, its introduction suggests the possibility of advancements beyond its predecessors, such
as YOLOVS. The research community's growing interest in YOLOv7 underscores its potential as a
promising candidate for real-time object detection applications, particularly in autonomous driving
scenarios. Despite the considerable progress in object detection algorithms, there remains a need for
comprehensive comparative studies to understand the strengths and weaknesses of each approach
concerning specific use cases. Addressing this gap in the literature, the current research aims to compare
YOLOvV7 with its predecessors and other popular object detection algorithms, particularly in the context of
multiple object detection on roads. By evaluating precision, inference time, and other key performance
metrics on the Self-Driving Car dataset, this study seeks to shed light on YOLOv7's applicability and
potential advantages in real-world scenarios. As object detection technology continues to evolve, the
findings of this research are expected to contribute significantly to the development of more robust and
efficient autonomous driving systems. Leveraging the latest state-of-the-art techniques, researchers and
developers can strive to improve road safety, enable smarter transportation, and pave the way for a future
where self-driving vehicles become a widespread reality.

Backgrounds
This section present and explore the architecture of the different object detection models : Faster R-CNN,
YOLO and its versions (YOLOVS5 and YOLOV7).

Faster R-CNN

Faster R-CNN is a pioneering object detection algorithm that has significantly improved both accuracy and
speed in the field (Uijlings et al., 2023), (K. E. A. van de Sande et al., 2011). One of the key factors
contributing to this improvement is the selective search technique, which generates approximately 2000
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region proposals or Regions of Interest (Rols). However, this technique requires substantial time to analyze
each region suggestion in the image and map them onto the feature maps, which can lead to a bottleneck in
the object detection architecture. To address this limitation, Shaoqing Ren and his team proposed a
groundbreaking solution in Faster R-CNN by introducing a Region Proposal Network (RPN) [15]. This
RPN replaces the traditional selective search technique for generating region proposals and instead
integrates region proposal extraction into Deep Convolutional Neural Networks (DCNNSs).

By doing so, the RPN grants the detection network access to the convolutional features of the entire image,
significantly speeding up the process. A noteworthy advantage of using the RPN is its implementation on
the Graphics Processing Unit (GPU), resulting in near-costless operations. This is made possible because
the region proposals share the convolutional feature maps, enabling the RPN to perform efficiently and
further accelerating the object detection process. In summary, Faster R-CNN's success can be attributed, in
part, to the adoption of the RPN, which replaces the conventional selective search technique with a more
streamlined and GPU-accelerated approach. This enhancement not only boosts the speed of region proposal
generation but also empowers the detection network with access to comprehensive convolutional features,
leading to impressive gains in both accuracy and real-time performance. As a result, Faster R-CNN has
become a pivotal milestone in the evolution of object detection algorithms and continues to influence the
development of cutting-edge solutions within the realm of computer vision.
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Figure 1: The details of the classical Faster RCNN (the training and testing process). Yolo

The Region Proposal Network (RPN) plays a vital role in YOLO, enabling the reduction of region proposals
from around 2000 to just 300. Despite this improvement, the challenge of overlaps between region
proposals persists. Overlapping regions can lead to repeated processing during object identification,
hindering efforts to break the speed barrier. In 2015, J. Redmon et al. introduced an innovative solution to
address these challenges with a single end-to-end neural network called YOLO (You Only Look Once) (J.
Redmon et al., 2016). YOLO revolutionized object detection by directly generating bounding box
regression and class probabilities from the entire image in one pass. The image is divided into a grid of size
SxS, and each individual cell in the grid is responsible for class classification, regression, and object center
detection. Within each grid cell, YOLO predicts bounding boxes B, confidence scores, and class
probabilities C, resulting in a tensor of size SxSx(5B+C) that encodes the entire image. This efficient
approach significantly reduces the computational complexity compared to traditional region-based
methods. The YOLO architecture consists of 24 convolutional layers and 2 fully connected layers,
processing input images of size 448x448. This streamlined design allows YOLO to achieve impressive
real-time performance while maintaining competitive accuracy. In summary, YOLO's unique approach to
object detection leverages a grid-based system that handles class classification and regression within
individual cells, drastically reducing the number of region proposals and enabling real-time processing. By
adopting an end-to-end neural network architecture, YOLO has made substantial contributions to the
advancement of object detection technology, opening new possibilities for fast and accurate applications in
fields such as autonomous driving, surveillance, and robotics. Figure 2 depicts the architecture of YOLO,
showcasing its efficiency and effectiveness in object detection tasks.
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Figure 2: Architecture of YOLO model.

Yolov5s

Building upon the YOLO detection architecture, YOLOVS (M. Horvat, L. JeleCevi¢, and G. Gledec, 2022)
introduces various optimization techniques utilizing convolutional neural networks. Notably, it incorporates
the automatic learning of bounding box anchors. YOLO was the first object detector to create an end-to-
end differentiable network, connecting class labels with the bounding box prediction algorithm (J. Nelson
and J. S. JUN, 2022). The YOLOVS5 network consists of three primary components: the backbone, the neck,
and the output (X. Hao, L. Bo, and Z. Fei, 2022). Data preparation operations, including adaptive image
filling and elevation of mosaic data, are performed at the input point. YOLOVS5 features adaptive
computation of the anchor frame, allowing it to automatically adjust the anchor frame's starting size based
on different datasets, enhancing adaptability. The backbone employs a convolutional neural network to
gather and refine image features at multiple granularities. It utilizes repeated convolution and pooling,
incorporating techniques like the partial cross network (CSP) and spatial pyramid pooling (SPP) (K. He, X.
Zhang, S. Ren, and J. Sun, 2015). The SPP framework performs feature extraction of various scales on the
same feature map, aiding in detection accuracy. On the other hand, the BottleneckCSP design reduces
computational burden and accelerates inference. The neck neural network serves as a layer array for
combining and transmitting picture information to the prediction stage. It contains both the Feature Pyramid
Network (FPN) and the Path Aggregation Network (PAN) pyramidal feature structures. The FPN
architecture conveys high-level semantic features from upper to lower feature maps, whereas the PAN
structure facilitates the transmission of resilient localization features from lower to higher feature maps(L.
Liu, 2016). Finally, the head output acts as the last detection step, making predictions for targets of various
sizes on the feature maps. In summary, YOLOVS represents a significant advancement in object detection
algorithms, employing convolutional neural network optimizations and efficient feature extraction
techniques. With its end-to-end differentiable network and adaptive anchor frame computation, YOLOv5
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powerful tool for real-time object detection tasks in diverse
datasets and applications.

Yolov7
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The development of the YOLOV7 architecture ( C.-Y. Wang, A. Bochkovskiy, and H.-Y. M. Liao, 2022)
was influenced by the YOLOv4, Scaled YOLOv4, and YOLO-R designs. At the core of YOLOV7 lies the
Extended Efficient Layer Aggregation Network (E-ELAN), a main computing block that adopts the
Expand, Shuffle, Merge cardinality strategy. This E-ELAN architecture not only enhances the model's
learning efficiency but also preserves the original gradient path, contributing to improved performance.
Model scaling is a fundamental concept in YOLOv7, allowing for the expansion of the model's depth,
picture resolution, and width. Unlike traditional concatenation-based architectures (e.g., ResNet or
PlainNet), where scaling individual aspects separately might yield suboptimal results, YOLOv7 enables
composite model scaling. By considering all scaling aspects together, the original model's characteristics
are retained, ensuring an ideal structure. The process of scaling composite models involves adjusting depth
factors in computational blocks and simultaneously modifying the output channels to maintain consistency.
Additionally, the width factor is scaled on the transition layers with the same degree of change. In YOLOV7,
a novel reparameterized convolutional architecture called RepConvN is employed, building on the concept
of RepConv, which demonstrates excellent performance in VGG architectures. However, when directly
applied to ResNet or DenseNet, accuracy suffers significantly. To address this, RepConvN is designed
without an identity connection, effectively preventing an identity connection when a parameterized
convolution replaces a convolutional layer with residue or concatenation. The YOLOv7 architecture is not
limited to a single head. Instead, it employs multiple heads to support different aspects of the model. The
auxiliary head is used to aid training in the intermediate layers, while the main head is responsible for
producing the final output. In summary, YOLOV7 represents an advanced and innovative object detection
architecture, building upon the successes of its predecessors while introducing novel components like E-
ELAN and RepConvN. By incorporating composite model scaling and employing multiple heads, YOLOv7
offers flexibility and efficiency in handling a variety of tasks and datasets. These advancements contribute
to YOLOV7's potential as a state-of-the-art solution for real-time object detection and its relevance in
advancing the field of computer vision.

Materials and methods
This section describes the software and data used in our experiments. We will also talk about the six metrics
that are used to evaluate the algorithms.

Dataset Description

The self-driving cars dataset (Version Roboflow), used in this research, contains 5950 images of roads, in
JPG color format and with a resolution of 1920x1200 pixels. The images were taken in different
environments and weather conditions to ensure that the algorithms' genericity was tested. There are eleven
objets classes (pedestrian, bike, truck, car, trafficLight, trafficLight-Green, trafficLight-Red, trafficLight-
Yellow, trafficLight-GreenLeft, , trafficLight-RedLeft, , trafficLight-YellowLeft). This dataset is described
in the Roboflow public dataset list and can be downloaded or transferred from this list. The goal of the
platform known as Roboflow is to provide users with faster and more accurate computer vision models. It
allows them to collect and analyze data faster. For this research, the “self driving cars” dataset was
transferred to the new Roboflow project, where modifications were made.

This image dataset is divided into three parts:

A training set used to adapt or train a learning model.

A validation set is used to impartially assess how well the model fits the training dataset. It also adjusts the
model's hyperparameters to ensure that the training model is performing well.

A test set used for the evaluation of the final model.

The training set is composed of 4700 images of labelled objects, the test set contains 677 images. Figure 4
shows a portion of the used data set.
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Figure 4: Images’ sample of the dataset

Preprocessing of the images

Preprocessing of images is a crucial step in ensuring consistent and accurate predictions and learning in
object detection experiments. In this study, Roboflow was employed to perform two essential preprocessing
steps. First, the "Auto-Orient" option was enabled, which ensures that the images are displayed in a manner
consistent with how they are stored on disk. This step is essential to avoid any discrepancies in image
orientation during the preprocessing stage. Next, the images were resized to a uniform size of 640x640
pixels. This standardization of image dimensions ensures that all images in the dataset have the same
resolution, which is essential for training and evaluating the object detection models consistently. As part
of the preprocessing pipeline, Roboflow automatically adjusted the annotations to correspond accurately
with the resized images. Annotations play a crucial role in object detection, as they define the ground-truth
bounding boxes and class labels for the objects of interest. The automatic adjustment of annotations helps
maintain the integrity of the dataset and facilitates seamless training of object detection models.
Furthermore, to ensure compatibility with specific object detection models like Faster R-CNN and when
working with frameworks like Detectron2, the preprocessed data was exported to a specific annotation
format. In this case, the COCO JSON format was utilized. COCO is a well-structured JSON dataset format
widely used by major tech companies such as Microsoft, Google, and Facebook. It provides a standardized
way to store annotations, making it easier to work with various object detection tools and frameworks. In
summary, the preprocessing steps conducted using Roboflow, including image resizing, auto-orienting, and
automatic annotation adjustment, ensure consistency and compatibility for subsequent object detection
tasks. The use of the COCO JSON format streamlines data management and facilitates seamless integration
with popular object detection models and frameworks, making the entire experimentation process more
efficient and effective.

Training environment and details

Due to the computational limitations of our local computer, we opted to work in Google's Colab, a free and
powerful environment tailored for deep learning and machine learning applications. Colab offers access to
GPUs and TPUs without any cost, making it an ideal choice for resource-intensive tasks. The Colab code
environment comes pre-installed with popular deep learning libraries such as PyTorch, TensorFlow,
OpenCV, and Keras, ensuring developers have the necessary tools at their disposal to build and execute
sophisticated models seamlessly. While working in Colab, there is a maximum connection time of about
12 hours to a virtual machine, which varies based on the GPU type and available resources. Despite these
limitations, the resources provided by the free environment were sufficient to successfully run our
experiments. Table 1 presents the training durations of various object detection models. Notably, the Faster
R-CNN model demonstrated the shortest training time, completing in only two hours. On the other hand,
the YOLOv7-X model exhibited the longest training duration, spanning almost seventeen hours. These
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variations in training times are expected, as different models have distinct architectures and computational
requirements. By leveraging Colab's GPU and TPU -capabilities, we were able to overcome the
computational constraints of our local machine and conduct extensive experiments, successfully training
complex object detection models without incurring any additional costs. The accessibility and flexibility of
Colab significantly facilitated our research, allowing us to explore and analyze various algorithms and
architectures effectively.

Table 1. Duration of Training of Models In Hours on The Experimental Dataset

Models Version Duration[h] Params[M]
Yolov7 14.577 36.9
Yolov7-X 17.074 71.3
Yolov7
Yolov7-tiny 11.009 6.2
Yolov5n 3.229 1.9
Yolovs Yolov5s 3.965 7.2
YolovSm 5.727 21.2
Yolov5l 6.866 46.5
Yolov5x 5.111 86.7
Faster R-CNN 2.080 105

Performance Metrics

In the presented research, several assessment metrics were employed to analyze the obtained experimental
outcomes. These metrics encompass] precision, recall, F1 score, mean accuracy (mAP), weight distribution,
and inference time for the purpose of comparison.
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Equation (1) calculates the proportion of True Positives among all samples that were classified as positive.
As indicated in equation (2), to compute the recall rate, you can easily obtain it by dividing the count of
true positive samples (correctly classified as positive) by the total number of positive samples.
With a value between 0 and 1, equation (3) describes the balance between accuracy and recall. A higher F1
score indicates a more balanced combination of precision and memory.
Equation (4) is used to calculate mAP, which is the average precision across all classes. An object detection
algorithm's overall performance may be evaluated using the measure known as mAP.
The inference time reflects how fast the algorithm can predict in real time. For a real-time application, the
shorter the forecast time, the better.
Results and Discussion
Table 2 shows the tests results for the investigated object detection algorithms.

Table I1: Evaluation Metrics of Various Object Detection Algorithms

Models Precision (%) | Recall (%) | F1 (%) mAP (%) | Weights (MB) | Inference time (ms)
Yolov7 67.5 58.9 62.90 58.9 74.9 12

Yolov7-tiny 78.2 53 63.17 59.4 12.3 8.8

Yolov7-X 78.4 68.2 72.94 70.7 142.2 21.5

Yolov5n 75.3 57.1 64.94 60.9 3.8 7.5
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Yolov5s 80.7 60.8 69.35 68.1 14.4 8
Yolov5Sm 79.2 68.5 73.46 72 422 13.4
Yolov5l 82.7 69.6 75.58 74.8 92.9 15.2
Yolov5x 83.9 68.2 75.23 74.3 173.1 26
Faster R-CNN | 93 98 95.43 98.19 401.34 194.5

Table 2 provides a comprehensive summary of the performance of Faster R-CNN, YOLOv5n, YOLOVS5s,
YOLOvV5m, YOLOvV5I, and YOLOv5x models. All models were trained for 200 epochs, and the results
indicate promising performance across the board. The YOLOv5n model demonstrated a mean Average
Precision (mAP) of 0.609, with accuracy and recall values of 0.753 and 0.571, respectively. Notably, this
model was the lightest and fastest, weighing only 3.8 MB, making it a practical choice for applications
where resource constraints are a concern. The YOLOv5s model showed improved performance, with an
mAP of 0.681, accuracy of 0.807, and recall of 0.608. Compared to YOLOv5n, this model achieved better
results across the board. Moving to the YOLOv5m model, we observed further improvements in detection
performance. It outperformed both YOLOv5n and YOLOvSs models, boasting an mAP of 0.72, accuracy
0f 0.792, and recall of 0.685. Both YOLOVS5] and YOLOv5x models exhibited high mAP values of 0.748
and 0.743, respectively. The results clearly indicate that increasing the number of parameters significantly
influences the detection performance of the security system. As the number of parameters increased from
YOLOvV5n to YOLOVS5x, the model's performance improved. It is worth noting that as the number of
parameters increased, the detection speed of the model was impacted.

While YOLOv5n was the fastest, YOLOvS5x, with a substantial number of parameters, demonstrated a
slower detection speed.

Figure. 5: Detection result illustrated on sample test image.

(e): Yolov7, (f): Yolov5s, (g): YolovSm, (h): Yolov5n.

The evaluation of the YOLOvV7 models on the dataset revealed that their performance was not satisfactory.
Across the different versions of YOLOV7, there were no notable differences in the results. The smallest
model, YOLOv7-tiny, achieved an mAP of 0.594, a precision of 0.782, and a recall of 0.53. These values
indicate that the model struggled to achieve accurate and comprehensive object detection on the dataset.
Similarly, the first version of YOLOv7, YOLOv7-X, showed limited improvement with mAPs of 0.707, a
precision of 0.784, and a recall of 0.682. While there was a slight increase in performance compared to
YOLOvV7-tiny, the model's overall results were still not up to the desired level. The precision of 0.675
attained using YOLOV7 further highlights the challenges in achieving accurate object detection with these
models. Based on the evaluation, it appears that the YOLOv7 models did not perform as well as anticipated
on the dataset. The mAP values, precision, and recall scores for the different versions were relatively lower
compared to the YOLOvVS models discussed earlier. It is important to note that model performance can be
influenced by various factors, including model architecture, hyperparameter tuning, dataset characteristics,
and training strategy. To improve the performance of YOLOv7 models, further investigation and
experimentation might be required to identify potential areas for enhancement. Overall, the evaluation
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results indicate that YOLOv7 models might require additional refinements and optimizations to achieve
better object detection performance on the given dataset. As with any deep learning model, fine-tuning and
optimization are essential steps to maximize the model's capabilities and suitability for real-world
applications.

(=) (b)

Figure. 6: Detection result illustrated on sample test image.

(a), (b): Yolov7-X, (c), (d): Yolov7-tiny .

The results of the experiment indicate that Faster R-CNN is the most accurate object detection algorithm
among those examined, achieving the highest F1 and mAP scores. However, this accuracy comes at the
cost of the longest inference time, taking 194.5 ms, making it the slowest model compared to others. On
the other hand, YOLOvV7 performed the poorest in terms of accuracy, with a low mAP score of 0.589. The
first fastest object detection method, YOLOv5n, showed a significant performance gap compared to the
most accurate Faster R-CNN algorithm, performing 37.29% lower with an F1-Score of 0.6494 and a mAP
0f 0.609. These findings highlight the trade-offs between speed and accuracy in object detection algorithms.
Faster R-CNN excels in accuracy but sacrifices inference time, while YOLOv5n achieves faster processing
but falls short in accuracy when compared to Faster R-CNN. Choosing the most suitable object detection
algorithm for a specific application requires considering the specific requirements and constraints of the
task at hand. For applications where high accuracy is crucial, such as in safety-critical systems, Faster R-
CNN might be the preferred choice, even with the longer inference time. On the other hand, for real-time
applications that prioritize speed, YOLOvV5n could be a more appropriate option, despite its lower accuracy
compared to Faster R-CNN. Ultimately, the choice of the object detection algorithm should be made based
on a careful evaluation of the application's needs, performance trade-offs, and available resources. The
results of this experiment provide valuable insights into the strengths and weaknesses of different
algorithms, aiding researchers and developers in making informed decisions for their specific use cases.
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Figure 7: Detection result illustrated on sample test image.
(1): Yolov5x, (j): Yolov5l, (k): Faster R-CNN.

Conclusion

This research paper presents a comprehensive comparison of various object detection algorithms suitable
for detecting objects on the street. Eleven algorithms were thoroughly trained and evaluated using the
Roboflow Self-Driving Car dataset. The findings highlight that Faster R-CNN emerges as the most accurate
algorithm among the tested models, while YOLOv5n stands out as one of the fastest in detecting objects at
street level. Although the Faster R-CNN model achieves high accuracy by performing object detection in
two steps, its speed is considerably slower, making it challenging to deploy in real-time applications. On
the other hand, the YOLOvV5 model proves to be the preferred choice for real-time applications due to its
ability to deliver relatively accurate results within a reasonable processing time.

By emphasizing these key findings, we not only validate earlier research but also provide a nuanced
perspective that combines accuracy and speed considerations, essential for decision-making in real-world
applications. Our research acts as a bridge between prior works that have largely focused on individual
aspects of object detection algorithms. Looking ahead, our commitment to advancing object detection
models remains steadfast. We intend to build upon these findings by developing novel algorithms that strike
a balance between accuracy and speed, further enhancing their suitability for street-level applications.
Additionally, our plan involves expanding the dataset to encompass a broader range of street-level images,
enhancing the robustness of our models. Through continuous exploration and evaluation, this research lays
the foundation for improved object detection capabilities in street-level scenarios, contributing to the
ongoing evolution of computer vision and autonomous systems.

In summary, our study not only reaffirms the importance of earlier research but also advances the field by
providing a nuanced understanding of algorithm performance in the context of street-level object detection,
offering practical insights for real-world applications in autonomous driving and surveillance.
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