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Abstract

The Avular Origin is equipped with a RealSense D435f depth camera that has a range of up to
three meters which limits its mapping capabilities in open areas. Equipping the Avular Origin
with a longer range camera would allow the robot to be applicable and e cient in a wider range of
scenarios. By mounting the OAK4 D Pro camera onto the Avular Origin platform we can utilize
the camera to apply Visual SLAM and Real Time Appearance Based mapping methods to compare
the accuracy of localization estimates with those of the RealSense D435f. Accurate solutions for
localization such as radar are often very expensive and more complex, which makes them less readily
available. Previous research using the rst generation OAKD, done by E. Sani et al. has proven
to improve mapping functionality of a similar robot platform, the Clearpath Husky. The Avular
Origin’s localization capabilities can similarly be improved by utilizing the longer range capabilities
of the OAK4D. The OAK4D Pro is capable of improving the localization accuracy of the Origin
platform due to its increased performance in longer distanced environments when compared to the
D435f. In an indoor test, the localization accuracy of the OAK4D Pro outperformed the D435f,
improving its pose estimates by 3.0cm on a second pass opposed to the D435f improving by 1.9cm.
In terms of mapping, the RealSense creates clearer and less noisy occupancy grids than the OAK4D,
however, both maps su er from obtrusive issues.



Chapter 1

Introduction

1.1 Robotics

Mobile robotics is a rapidly developing eld of research with the aim of allowing machines to
move freely and independently through real world spaces. Mobile Robotics is a combination of
many scienti ¢ disciplines such as computer science, arti cial intelligence, and both mechanical and
electrical engineering. The interdisciplinary nature of this eld results in a plethora of applications
in many di erent elds, from self driving cars and automated delivery robots to human-like robots
capable of playing soccer and rovers being deployed on Mars. The goal of automated movement
for robotics poses the problem of obtaining clear representation of the environment and optimized
methods of moving through it. These problems have no single answer and require extensive research
and experimentation, which is why several companies have developed highly modi able research
centered robots optimized for testing, such as the Clearpath Husky, and the subject of this paper,
the Avular Origin One.

1.2 Computer Vision

Many Al applications such as autonomous driving, image generation and healthcare imaging rely
on the use of computer vision to achieve their goals. Computer vision is the practice of translating
an image into information that a computer is able to process by quantifying values such as pixel
color and brightness into discrete values. This enables Al programs to perform visual tasks like
recognizing objects or classifying images through learning recurring patterns in image data. This
paper makes use of computer vision to create and update maps which a mobile robot can use to
navigate through an environment.



1.3 SLAM

Simultaneous localization and mapping (SLAM) [1] is the technique of a robot continuously updat-
ing its representation of the environment and its location within it. SLAM is achieved by constantly
updating the robots beliefs of its surroundings by comparing them to the knowledge of its own move-
ment, and vice versa. For example, a mobile robot may be instructed to move a distance. However,
the actual distance the robot moves may di er from the instruction due to errors in odometry. The
robot then consults readings from its sensors to readjust its belief of its own movement. It does
this by comparing the actual readings to the readings it would expect had it managed to follow
the instructions perfectly. This loop of reading and updating a robots belief of its location and its
surroundings reduces navigation errors to a minimum by preventing the buildup of errors over time.

Researchers have been attempting to solve the SLAM problem for over thirty years [1], and
in this time multiple techniques and iterations have been developed. Visual SLAM utilizes com-
puter vision to detect key points in the environment to determine a robots location within the
environment. One example is ORB-SLAM, a widely implemented visual SLAM algorithm [2] that
calculates camera trajectories to obtain accurate localization estimates. Cameras are cost-e ective
and versatile sensors when compared to other sensors such as sonar and LiDAR. Due to its avail-
ability and relative simplicity, Visual SLAM is the most commonly used solution in mobile robotics
[3]. LIiDAR-SLAM is a similar yet more advanced alternative to visual SLAM. LiDAR-SLAM tech-
niques use a LiDAR sensor to create maps of the environment with high precision. LiDAR sensors
emit a high amount of laser points into the environment and track the distance they travel to map
the world around them. The use of LIDAR-SLAM allows errors to be consistently reduced to values
lower than Visual-SLAM methods. LiDAR sensors are comparatively more expensive and heavier
than cameras, limiting the possible applications.

1.4 Hardware

The Avular Origin One [4] is a four-wheeled robot platform integrated with the ROS2 middleware.
It contains a Jetson Orin NX computer, allowing for strong computational capabilities and WiFi
connection. The model used in this paper possesses a RealSense D435f Camera and a LiDAR sensor,
but does not include GNSS capability. Paired with the proprietary application Cerebra Studio, the
user can order the robot to create maps using ArUco markers and complete automated tasks. While
navigating autonomously, the Origin One utilizes its autopilot stack to avoid unmapped obstacles
in its path. Although both the camera and LiDAR sensor can be used for navigation, the camera
is exclusively used for detecting ArUco markers, and does not have any in uence on the autopilot
navigation when using factory settings. The Origin One allows for user hardware customization,
with a 30kg payload capacity and multiple connection points as well as two parallel mounting rails
along the side. The RealSense D435f has an optimal range of 0.3 to 3 meters [5], this limits its use
for navigation in environments where objects are sparse and distant, as the depth detection fails to
accurately determine distance at range.



Figure 1.1: The OAK4D Pro mounted to the Avular Origin One

The Luxonis OAK4D Pro [6], which will henceforth be referred to as OAKA4D, is a stereo RGB-
Depth camera containing its own Linux based operating system allowing for e ective Al integration.
The OAKA4D natively supports computer vision algorithms such as object detection and facial recog-
nition. Furthermore, it contains a 6-axis IMU giving it the capability to track its own trajectory.
This makes the camera ideal for utilization in Visual-SLAM solutions as it is optimized for detecting
key points in an environment, and works well in ORB-SLAM applications due to its built-in IMU.
The OAKA4D has a range of 0.7 to 12 meters, allowing for possible functionality in environments
where the RealSense camera fails. The OAK4D Pro has a 48 megapixel resolution RGB camera
opposed to the 2 megapixel camera on the D435f, as well as a slightly wider viewing angle. The
RealSense, however, has a wider depth eld of view than the OAK4D. The goal of the experiment is
to compare the performance of the OAK4D and RealSense D435f in localization tasks. Therefore,
the research question is; "Can the OAK4D Pro improve the localization capabilities of the RealSense
D435f using RTAB-map?’






