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Abstract—

Nowadays, autonomous vehicles are gaining traction due to their numerous potential applications in resolving a variety of other real-world
challenges. AV validation on real scenarios involving actual objects such as cars or pedestrians in a wide range of traffic cases would escalate
the cost and could generate hazardous situations. Autonomous vehicle technology has witnessed significant advancements in recent years,
driven by the need for safer, more efficient transportation solutions. As the development of autonomous systems necessitates rigorous testing
and validation, simulation platforms have become indispensable tools. Among these, the CARLA (Car Learning to Act) simulator has emerged
as a leading open-source solution, offering a realistic and customized virtual environment for autonomous driving research. CARLA open-
source AV simulator is designed to be able to train and validate control and perception algorithms in complex traffic scenarios with hyper-
realistic environments. CARLA simulator allows to easily modify on-board sensors such as cameras or LIDAR, weather conditions and also the
traffic scene to perform specific traffic cases.

Index Terms—Object Detection, CARLA (Car Learning To, Machine Learning, Deep Learning, Autonomous
Vehicles etc.

I. INTRODUCTION

The pursuit of autonomous vehicle technology has revolutionized the landscape of transportation, promising safer and more
efficient roads through vehicles capable of navigating and making decisions without human intervention. The development of
autonomous systems demands meticulous testing and validation, a process that is inherently complex and often impractical to
conduct solely in the physical world. As a result, simulation platforms have become instrumental in advancing autonomous
vehicle research, providing a controlled and adaptable environment for testing algorithms, training machine learning models, and
validating control strategies.

The increasing autonomy of vehicles necessitates a paradigm shift in testing methodologies. Traditional real-world testing is
resource-intensive, time-consuming, and often constrained by safety concerns. Simulation offers a viable alternative, allowing
researchers and developers to iterate and experiment rapidly in a controlled virtual environment. CARLA, as an open-source and

extensible simulator, provides a valuable platform to address these challenges.
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Autonomous driving research is always hampered; by the infrastructure costs, high-performance systems, sensors,
communication devices, the logistical difficulties of training and testing the systems, and jeopardizing the safety of people in the
real world. In addition to this, equipping and operating a single autonomous vehicle needs a significant budget and manpower.
However, this single vehicle is far away enough from collecting the data, pre-processing, training, testing, and validating it.
Therefore, one of the ideal solutions to real-time testing is to leverage simulation. The simulation democratizes the autonomous
urban driving research and plays a significant role in training and validating the autonomous driving solution approaches.

There are plenty of simulators to test the autonomous vehicle solutions having their pros and cons, such as CarCraft, Udacity,
TORCS, and RRADS, etc. However, these simulators lack the dynamics and complexity of environment such as pedestrians,
intersections, traffic rules, and other complex dynamics that distinguish urban driving from straightforward track racing.
Moreover, some closed-source commercial simulators such as Grand Theft AutoV, PreScan, and ANSYS provides little
customization and control over the environment, limited kinematic behavior, restricted scripting and use case scenarios
specifications, limited sensor suite specification, and several other impediments due to commercial nature of the simulators.

An ideal simulator should be as realistic as possible. This is to say that it should be detailed in terms of the 3D environment and
must be precise with the lower-level vehicle calculations such as the physics of the vehicle. There is always a trade-off between
the fidelity of the 3D environment and the simplified vehicular dynamics. CARLA meet this trade-off, making them state-of-the-
art simulator. CARLA provides a high-fidelity simulation environment that closely replicates real-world driving conditions. It
offers realistic graphics, physics, and sensor models, allowing developers to create immersive and accurate simulations. CARLA
is an open-source platform, which means developers can access and modify the source code to suit their specific needs. This

flexibility allows for customization and integration of new features, algorithms, and sensor models.
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Fig. 1. Project’s Pipeline

I1. CHALLENGES IN REAL-WORLD VALIDATION AND TESTING OF AUTONOMOUS DRIVING

A. Safety Concerns

Autonomous driving systems must operate safely in complex and dynamic environments. Validating their safety in real-world
scenarios involves exposing them to various unpredictable situations, such as adverse weather conditions, construction zones,
and unexpected pedestrian or cyclist behavior. Ensuring the safety of autonomous vehicles and their ability to handle these
scenarios is a significant challenge.

B. Scale and Diversity of Testing

Validating autonomous driving systems requires extensive testing across a wide range of scenarios, including different road types,
traffic conditions, and geographical locations. Achieving comprehensive coverage of all possible scenarios is a daunting task, as
it would require an enormous amount of time, resources, and physical test vehicles.

C. Safety Concerns

Cost and Time Constraints: Real-world testing is expensive and time-consuming. It involves deploying test vehicles, collecting

data, and analyzing the results. The cost of acquiring and maintaining a fleet of test vehicles, along with the expenses associated
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with insurance, permits, and personnel, can be prohibitive. Additionally, conducting tests on public roads may require obtaining
regulatory approvals, further adding to the time and cost constraints.

D. Replicating Rare and Dangerous Events

Autonomous driving systems must be capable of handling rare and dangerous events, such as accidents or extreme weather
conditions. Replicating these events in real-world testing is challenging due to their infrequency and potential risks. Ensuring that
autonomous vehicles can respond appropriately to such events is crucial for their safe deployment.

E. Data Collection and Analysis

Real-world testing generates vast amounts of data that need to be collected, stored, and analyzed. Extracting meaningful insights
from this data and using it to improve the performance and safety of autonomous driving systems is a significant challenge.

Developing efficient data collection and analysis methods is crucial for effective real-world validation.

I1l. ARCHITECTURE OF CARLA SIMULATOR

The architecture of the autonomous vehicle is composed of four major layers, as illustrated in Figure 2, that are sensor layer,
perception layer, planning layer and control layer.

A. Sensor Layer

The sensor layer in the architecture of CARLA is responsible for simulating the various sensors that an autonomous vehicle
typically uses to perceive its environment. These sensors provide crucial data for the perception module, allowing the vehicle to
understand the surrounding world. CARLA simulates camera sensors that capture visual information. These cameras can be
configured with different parameters, such as field of view, resolution, and position on the vehicle. Visual data is essential for
tasks like object detection, lane keeping, and scene understanding. LIDAR sensors simulate laser-based devices that measure
distances to objects in the environment. CARLA allows users to configure LIiDAR sensors with different settings, such as the
number of beams, rotation speed, and range. LIiDAR data is valuable for creating detailed 3D maps of the surroundings and
detecting obstacles. RADAR sensors are simulated to capture radio waves reflected off objects in the environment. CARLA
provides radar sensors with adjustable parameters like range and field of view. RADAR data is useful for detecting objects and
estimating their velocities, particularly in adverse weather conditions. The GPS sensor simulates the global positioning system,
providing information about the vehicle’s geographic coordinates. GPS data is essential for localization, helping the autonomous

system understand its position within the simulated environment.

Fig. 2. : Three of the sensing modalities provided by CARLA. From left to right: normal vision camera, ground-truth depth, and ground-truth semantic
segmentation. Depth and semantic segmentation are pseudo-sensors that support experiments that control for the role of perception. Additional sensor models
can be plugged in via the API.

B. Perception Layer

The perception layer in the architecture of CARLA is responsible for interpreting and understanding the data collected from
simulated sensors. It processes the information captured by cameras, LIDAR, RADAR, and other sensors to extract relevant
details about the environment. The goal is to generate a comprehensive representation of the surroundings, which can then be
used by higher-level modules, such as planning and control, for decision-making and action execution.

Object detection algorithms in the perception layer analyze sensor data to identify and locate objects in the environment. This

includes recognizing vehicles, pedestrians, cyclists, and other relevant entities. Object detection is fundamental for understanding
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the dynamics of the scene and predicting potential interactions. Lane detection algorithms process visual sensor data to identify
lane markings on the road. This information is crucial for determining the vehicle’s position within the lane and aiding in tasks
such as lane-keeping and lane-changing. Perception algorithms are designed to recognize and interpret traffic signs and signals.
This includes identifying stop signs, traffic lights, speed limit signs, and other regulatory signs. Recognition of these elements is

vital for obeying traffic rules and ensuring safe navigation.

C. Planning Layer

The planning layer in the architecture of CARLA is responsible for generating high-level plans and trajectories for the autonomous
vehicle based on the information provided by the perception layer. This layer focuses on decision-making, determining the
optimal course of action for the vehicle to navigate its environment safely and efficiently.

The planning layer often begins with route planning, where the system decides the overall path the vehicle should take to reach
its destination. This involves considering factors such as map information, user-defined way-points, and dynamic changes in the
environment. Behavior planning involves making high-level decisions about the vehicle’s actions. This includes determining
whether the vehicle should change lanes, overtake another vehicle, make a turn at an intersection, or stop at a traffic light. The
behavior planner considers the current situation and the desired destination. Path planning focuses on finding a collision-free path
for the vehicle within the planned trajectory. This involves considering the vehicle’s physical constraints, such as its dimensions
and turning radius, while avoiding obstacles and maintaining a safe distance from other objects in the environment. Decision-
making algorithms in the planning layer take into account various factors, including the current state of the vehicle, traffic
conditions, legal requirements, and user-defined preferences. These algorithms aim to generate plans that balance safety,

efficiency, and compliance with traffic rules.

D. Control Layer

The control layer in the architecture of CARLA is responsible for executing the plans and trajectories generated by the planning
layer. It translates the high-level commands into low-level control signals that directly manipulate the vehicle’s actuators, such
as throttle, brake, and steering. The control layer ensures that the vehicle physically follows the planned trajectory while
considering real-time feedback from sensors. The control layer models the dynamics of the vehicle, including its acceleration,
braking, and steering behavior. The output of the planning layer is a high-level plan or trajectory, specifying the desired path and
behavior of the vehicle. The control layer translates this high-level plan into low-level control commands that directly influence
the vehicle’s motion. These commands typically include throttle, brake, and steering inputs. Throttle control involves adjusting
the engine power to control the vehicle’s speed. Brake control regulates the braking force applied to the vehicle. Steering control

determines the steering angle necessary to follow the planned path.

Fig. 3. Architecture of CARLA.
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1V. OBJECT DETECTION

Obiject detection is a critical component in autonomous vehicle driving systems as it allows the vehicle to identify and locate
various objects in its environment, such as pedestrians, vehicles, and obstacles. In CARLA, object detection is typically part of
the perception layer, which processes data from simulated sensors to understand the surroundings.

You Only Look Once (YOLO) is an advanced approach for object detection. YOLO applies a single CNN to the entire image
which further divides the image into grids. Prediction of bounding boxes and respective confidence score are calculated for each
grid. These bounding boxes are analyzed by the predicted confidence score. The Architecture of YOLO has 24 convolutional
layers and 2 fully connected layers.

The architecture of YOLO, is based on a deep Convolutional Neural Network (CNN). It follows the general principles of the
YOLO algorithm, which is known for its real-time object detection capabilities. YOLO divides the input image into a grid and
predicts bounding boxes and class probabilities for each grid cell.

The YOLO architecture typically consists of several convolutional layers followed by fully connected layers. These layers are
responsible for extracting features from the input image and making predictions. The network architecture often includes skip
connections, which allow information from earlier layers to be combined with later layers, aiding in the detection of objects at
different scales.

One key aspect of YOLO is its multi-scale detection approach. It uses anchor boxes of different scales to handle objects at various
sizes and aspect ratios. This allows YOLO to detect and localize objects of different scales within the same image. By considering
multiple scales, YOLO can handle both small and large objects effectively.

The output of YOLO consists of bounding box predictions and class probabilities. For each grid cell, YOLO predicts multiple
bounding boxes, each associated with a specific class probability. The bounding boxes are represented by their coordinates (x, v,
width, height) relative to the input image. The class probabilities indicate the likelihood of each bounding box belonging to a
particular object class.

During training, YOLO requires a labeled dataset with annotated bounding boxes and class labels. The network is trained using
a combination of classification and regression loss functions. The classification loss measures the accuracy of the predicted class
probabilities, while the regression loss measures the accuracy of the predicted bounding box coordinates.

Post-processing techniques are applied after object detection to refine the results. Non-maximum suppression (NMS) is
commonly used to remove duplicate or overlapping bounding boxes, ensuring that only the most confident and non-overlapping

detections are retained.

Fig. 4. Object Detection

A. Training
Training a dataset in YOLO for object detection involves several steps that are crucial for achieving accurate and reliable results.

The first step is dataset preparation, where you collect a set of images or videos and annotate them with bounding box annotations
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for the objects you want to detect. Each object should be annotated with a bounding box and assigned a corresponding class label.
It’s important to ensure the annotations are accurate and comprehensive.

Once the dataset is prepared, the next step is to configure the YOLO model. This involves setting up a configuration file that
specifies various parameters such as the network architecture, input image size, number of classes, anchor box sizes, and other
hyperparameters. The configuration file needs to be adjusted according to the specific requirements and characteristics of your
dataset.

After configuring the model, you need to prepare the pre-trained weights. Download a pre-trained model, typically trained on a
large-scale dataset like ImageNet, and load the weights into the YOLO model. This initialization helps the model to learn from
the pre-existing knowledge and speeds up the training process.

The training phase involves optimizing the YOLO model using the annotated dataset. The model adjusts its weights through back
propagation and gradient descent optimization algorithms to minimize the loss between predicted bounding boxes and ground
truth annotations. It’s important to split the dataset into training and validation sets to monitor the model’s performance during
training. Regularly evaluate the model’s performance on the validation set and adjust training parameters if necessary.
Post-processing techniques are applied after training to refine the model’s predictions. Non-maximum suppression (NMS) is
commonly used to remove duplicate or overlapping bounding boxes, ensuring only the most confident and non-overlapping
detections are retained. Applying confidence thresholds can also filter out low-confidence detections.

To evaluate the trained model’s performance, use a separate test set and calculate metrics such as precision, recall, and mean
average precision (mAP). These metrics provide insights into the model’s accuracy and generalization capabilities.

If the model’s performance is not satisfactory, fine-tuning becomes necessary. This involves adjusting hyper-parameters,
increasing the training data, or using data augmentation techniques to improve the model’s performance. Iterate through the
training process, making adjustments and retraining the model until the desired performance is achieved. It’s important to note
that the specific implementation and tools used for training YOLO may vary depending on the framework or library you are
using. It’s recommended to refer to the documentation or tutorials specific to your chosen implementation for detailed instructions

on training a dataset in YOLO for object detection.

Fig. 5. Training Dataset
V. EXPERIMENTAL RESULTS

The experimental results of our paper on object detection for simulating vehicle driving using the CARLA simulator demonstrate
the efficacy of our proposed approach. In our experimental setup, we utilized the CARLA simulator, a powerful tool for simulating
real-world driving scenarios with high fidelity. Our objective was to develop and evaluate an object detection model capable of
accurately detecting various objects in the simulated environment, including vehicles, pedestrians, and traffic signs. The objective
of this research was to enhance the realism and accuracy of simulated driving scenarios, ultimately contributing to the
development and evaluation of advanced driver assistance systems (ADAS) and autonomous driving technologies.

To train our object detection model, we employed a dataset comprising annotated images generated from the CARLA simulator.
This dataset allowed us to leverage synthetic data, providing ample diversity in environmental conditions and object appearances.
We adopted the YOLO (You Only Look Once) architecture due to its real-time processing capabilities and well-established
performance in object detection tasks. We fine-tuned the YOLO model on our dataset, adjusting hyperparameters and
incorporating data augmentation techniques to enhance its generalization ability.

In conclusion, our experimental results underscore the viability of utilizing object detection techniques for simulating vehicle
driving in the CARLA simulator. By achieving high levels of accuracy and robustness, our approach contributes to the ongoing

efforts aimed at enhancing the realism and effectiveness of autonomous driving simulations.

Copyright@ijaer.org Page 75



IJAER/ March-April 2024/Volume-13/lIssue-2 ISSN: 2278-9677

Prior studies have explored various aspects of CARLA simulator, such as environment modeling, vehicle dynamics, and sensor

simulation.

YOLO is a single-stage object detector with three important
parts in its architecture: the backbone, neck, and head. The
backbone is responsible for the extraction of features from
the given input images, the neck mainly generates the feature

pyramids, and the head performs the final detection as an

output ...
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Fig. 6. Experimental Result

VI. RELATED WORK

These works provide foundational knowledge and techniques for integrating advanced functionalities like object detection and
collision avoidance.Research on object detection algorithms, including YOLO (You Only Look Once) variants like YOLOvV7,
has been extensively conducted. Understanding the strengths and limitations of these algorithms is crucial for implementing
efficient and accurate object detection within the simulation environment.Some research endeavors have explored similar
integrations within different simulators or environments. These studies provide valuable insights into the challenges and strategies
involved in combining object detection with collision avoidance for simulated vehicle driving.Research on transfer learning
techniques can be relevant for this project, particularly for bridging the gap between simulation and real-world deployment. By
leveraging transfer learning, models trained in simulation environments can be fine-tuned to perform effectively in real-world

scenarios.

VIl. CONCLUSION

CARLA simulator marks a significant milestone in advancing the capabilities of autonomous vehicle simulation. This fusion of
cutting-edge technologies enables more accurate perception and proactive decision-making, fostering safer and more realistic
driving scenarios.

With YOLOV7, the simulator can efficiently detect and classify objects in the environment with remarkable speed and accuracy.
This real-time detection capability enhances the vehicle’s awareness of its surroundings, enabling it to respond promptly to
dynamic changes in the environment, such as the presence of pedestrians, vehicles, or obstacles.

Furthermore, the incorporation of collision avoidance mechanisms adds an extra layer of safety by enabling the simulated vehicle
to anticipate and mitigate potential collisions. By continuously analyzing the environment and predicting potential hazards, the

vehicle can navigate complex scenarios with greater confidence and reliability.
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VI1Il. FUTURE WORK

In the realm of simulating vehicle driving using CARLA simulator with object detection using YOLOV7 and collision avoidance,
there exist several promising avenues for future exploration and enhancement. One direction for future work involves delving
deeper into the realm of object detection algorithms. While YOLOV7 provides impressive real-time performance and accuracy,
continued research into more advanced algorithms could further improve detection capabilities, particularly in complex scenarios
with occlusions or varying lighting conditions. Exploring novel architectures or integrating multiple detection models for different
object classes could potentially enhance the overall perception system within the simulator.

Additionally, future efforts could focus on advancing collision avoidance strategies within the simulated environment. While the
current implementation employs proactive measures to mitigate potential collisions, further research could explore predictive
modeling techniques to anticipate the behavior of other vehicles and pedestrians. By incorporating predictive capabilities into
collision avoidance algorithms, simulated vehicles could make more informed decisions in dynamic and unpredictable scenarios,

ultimately enhancing safety and adaptability.
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