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ABSTRACT
Unmanned aerial vehicles have gained significant importance in various fields, including
surveillance, delivery services, disaster management, and aerial inspections. However, they
still face challenges related to autonomy, including obstacle avoidance, accurate object
detection, and efficient decision-making in dynamic environments. These challenges hinder
their widespread adoption and limit their capabilities.

To overcome these challenges, this abstract proposes the use of computer vision and Al

deployment to enhance UAV autonomy. Computer vision techniques enable UAVs to perceive
their surroundings accurately by analyzing the visual data captured by onboard cameras. Al
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algorithms enable UAVs to interpret this visual data, make intelligent decisions, and navigate
through complex scenarios.

The abstract highlights that by leveraging computer vision and Al, UAVs can autonomously
detect and avoid obstacles, recognize objects of interest, and adapt their flight paths
accordingly. These advancements in autonomy enable UAVs to operate safely and efficiently
in various environments, including crowded urban areas, natural disaster zones, and industrial
sites.

The integration of computer vision and Al technologies in UAV operations also has the
potential to improve data analysis and decision-making processes. UAVs equipped with Al
algorithms can analyze vast amounts of visual data in real time, extract valuable insights, and
provide actionable information to operators or other systems.

Overall, this abstract emphasizes the importance of enhancing UAV autonomy through
computer vision and Al deployment to overcome the current challenges faced globally. The
proposed integration of these technologies has the potential to revolutionize UAV operations,
enabling them to operate more effectively, safely, and autonomously in a wide range of
applications.

Background of the Study

“Enhancing UAV Autonomy with Computer Vision & Al Deployment” is a topic that explores
the integration of computer vision and artificial intelligence (Al) techniques to improve the
autonomy and capabilities of unmanned aerial vehicles (UAVs). This field of research focuses
on leveraging advanced vision-based systems and Al algorithms to enhance the perception,
decision-making, and control capabilities of UAVs.

Computer vision refers to the field of study that enables machines to acquire, process, and
understand visual data from the environment. In the context of UAVs, computer vision
techniques enable the extraction of meaningful information from images or video streams
captured by onboard cameras or sensors. By analyzing visual data, UAVs can perceive their
surroundings, detect and track objects, and gather valuable situational awareness.

Al deployment involves the use of artificial intelligence algorithms and models to enable UAVs
to make intelligent decisions and perform complex tasks autonomously. Al techniques such as
machine learning, deep learning, and reinforcement learning play a crucial role in enabling
UAVs to process vast amounts of visual data, learn from it, and make informed decisions in
real time.

The integration of computer vision and Al deployment offers several benefits for enhancing
UAV autonomy:

1. Object Detection and Tracking: Computer vision algorithms can enable UAVs to detect
and track objects of interest in real time. This capability is vital for applications such as
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surveillance, search and rescue, and object recognition. By accurately detecting and tracking
objects, UAVs can autonomously navigate and interact with their environment.

2. Navigation and Obstacle Avoidance: Computer vision-based techniques can provide
UAVs with the ability to navigate autonomously and avoid obstacles in real time. By analyzing
visual data, UAVs can perceive the environment, identify obstacles, and plan safe and efficient
paths for navigation.

3. Scene Understanding: Computer vision algorithms can help UAVs understand the scene
they are operating in by analyzing visual cues and extracting semantic information. This
understanding enables UAVs to interpret complex environments, recognize landmarks, and
adapt their behavior accordingly.

4. Autonomous Decision-Making: Al deployment empowers UAVs with the ability to make
autonomous decisions based on visual data. By leveraging machine learning and deep learning
algorithms, UAVs can learn patterns, classify objects, and make informed decisions in real
time. This capability is crucial for tasks such as target recognition, anomaly detection, and
mission planning.

5. Collaborative Operations: Computer vision and Al techniques enable UAVs to collaborate
with other robotic systems. By sharing visual data and coordinating their actions, UAVs can
perform collaborative tasks such as swarm intelligence, distributed sensing, and coordinated
surveillance.

6. Mission Flexibility and Adaptability: By leveraging computer vision and Al, UAVs can
adapt to dynamic and changing environments. They can learn from new visual data, update
their models, and adjust their behavior to suit the mission requirements. This adaptability
allows UAVs to handle a wide range of scenarios and operate in complex and unpredictable
conditions.

The research on enhancing UAVs

Autonomy with computer vision and Al deployment involves developing and optimizing
algorithms, designing hardware and software architectures, and conducting real-world
experiments and demonstrations. The ultimate goal is to create intelligent and autonomous
UAV systems that can operate in various domains, including defense, aerial photography,
agriculture, delivery services, and disaster response.

Overall, the integration of computer vision and Al deployment holds significant potential for

unlocking the full capabilities of UAVs, enabling them to perform complex tasks
autonomously, and revolutionizing various industries that rely on aerial robotics.
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Statement of the problem

The problem at hand is the limited autonomy of unmanned aerial vehicles (UAVs) and the need
to enhance their capabilities through the integration of computer vision and artificial
intelligence (Al) deployment. Currently, UAVs heavily rely on manual control or pre-
programmed flight paths, which limits their ability to adapt to dynamic environments and make
intelligent decisions in real time. This lack of autonomy hinders their effectiveness and
potential applications in various fields, including surveillance, search and rescue operations,
package delivery, and environmental monitoring.

One of the main challenges is the UAV's ability to perceive and understand its surroundings.
Traditional sensors, such as GPS and inertial measurement units, provide basic information
about position and orientation but cannot comprehensively interpret the environment.
Computer vision techniques, coupled with Al algorithms, have the potential to enable UAVs
to analyze visual data in real time, recognize objects, detect obstacles, and assess situational
awareness. However, there are significant technical hurdles to overcome, including the need
for efficient algorithms, robust object recognition, accurate depth perception, and real-time
processing capabilities.

Another crucial aspect is the deployment of computer vision and Al systems on resource-
constrained UAV platforms. The computational power and energy requirements of advanced
algorithms pose significant challenges for onboard processing. Balancing the need for real-
time decision-making with limited computational resources is a critical problem to address.
Additionally, issues such as sensor integration, data transmission, and the overall system
architecture need careful consideration to ensure seamless integration and efficient operation.

Purpose of the study

Design of UAV (Unmanned Aerial Vehicle) with Computer Vision and Al Deployment
consists of Raspberry Pi 3 b, Pixhwak flight controller, Wireless camera module, and
Quadcopter. Enhancing UAV autonomy with computer vision and Al deployment has the
potential to revolutionize various industries and domains. By enabling UAVs to operate
autonomously, adapt to dynamic environments, and make intelligent decisions, this technology
opens up new possibilities for efficiency, safety, and cost-effectiveness in surveillance, search
and rescue, package delivery, environmental monitoring, agriculture, and infrastructure
inspection.

An attempt at designing an AI-UAV system made with the following available components:
i) Raspberry Pi 3 b is an onboard microprocessor that is responsible for processing the data,
analyzing the data, and decision making. In short, it is the brain of the whole UAV system.

ii) Wireless camera module is responsible for capturing the images for Computer Vision which
includes data feeding to the processor, object detection, obstacle avoidance, and object
tracking.
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iii) A Pixhawk flight controller is a small, powerful computer that is used to control the flight
of an autonomous drone. It is a popular choice for Al drones because it is open-source and can
be easily customized to meet the specific needs of the project.

iv) Quadcopter is an unmanned aerial vehicle (UAV) that is lifted and propelled by four rotors.
The rotors are typically arranged in a cross shape, with one rotor on each corner of the vehicle.
All the components are integrated and assembled into the Quadcopter to make it a functional
UAV.

Objective of the study

The objective of the study "Enhancing UAV Autonomy with Computer Vision & Al
Deployment" is to achieve significant advancements in the autonomy of unmanned aerial
vehicles (UAVs) through the integration of computer vision and artificial intelligence (Al)
techniques. The study aims to address the existing limitations of UAVs and enable them to
operate autonomously in dynamic environments, make intelligent decisions, and adapt to
changing conditions in real time.

The specific objectives of the study include:

1. Investigating and analyzing computer vision techniques: The study will explore state-of-
the-art computer vision techniques, including object recognition, obstacle detection, scene
understanding, and visual tracking. The objective is to evaluate their effectiveness, accuracy,
and robustness for UAV applications. Different algorithms and methodologies will be assessed
to determine the most suitable approaches for enhancing UAV autonomy.

2. Developing Al algorithms for UAV decision-making: The study will focus on developing
Al algorithms that enable UAVs to make intelligent decisions based on the information
obtained from computer vision systems. These algorithms will incorporate reasoning
capabilities, situational awareness, and decision-making strategies to handle complex
scenarios, such as object avoidance, path planning, and mission objectives. The objective is to
create algorithms that can adapt to dynamic environments and make real-time decisions while
ensuring safety and efficiency.

3. Integrating computer vision and Al systems on UAV platforms: The study aims to
address the technical challenges of integrating computer vision and Al systems onto UAV
platforms with limited computational resources. The objective is to develop efficient
algorithms and optimize their implementation to enable real-time processing on resource-
constrained UAV hardware. Additionally, the study will consider sensor integration, data
transmission, and system architecture to ensure seamless integration and efficient operation.

4. Evaluating and validating the enhanced UAV autonomy: The study will conduct
comprehensive evaluations and validations of the developed computer vision and Al systems.
This includes testing the enhanced UAV autonomy in various scenarios, such as simulated
environments and real-world flight tests. The objective is to assess the performance, accuracy,
reliability, adaptability, and efficiency of the autonomous capabilities compared to traditional
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manual control or pre-programmed approaches. The results will provide insights into the
effectiveness and potential applications of the proposed enhancements.

By achieving these objectives, the study aims to contribute to the advancement of UAV
technology and expand the capabilities of UAVs in a wide range of applications. The ultimate
objective is to enable UAVs to operate autonomously, adapt to dynamic environments, and
perform complex tasks with efficiency and reliability, thereby unlocking their full potential in
areas such as surveillance, search and rescue, delivery services, and environmental monitoring.

PROPOSED SYSTEM

Introduction

ENHANCING UAV AUTONOMY WITH COMPUTER VISION & Al
DEPLOYMENT

The main objective of enhancing UAV (Unmanned Aerial Vehicle) autonomy with computer
vision and Al deployment is to enable UAVs to operate more independently and intelligently
in various tasks and to enrich Level-5 Autonomy. By leveraging computer vision techniques
and artificial intelligence algorithms, UAVs can perceive and understand their surroundings,
make informed decisions, and adapt to changing conditions without heavy reliance on human
intervention. This autonomy can greatly expand the capabilities and applications of UAVs,
making them more efficient, versatile, and effective in areas such as surveillance, inspection,
search and rescue, delivery, and more.

System Architecture

module
switch

Architecture of Autonomous UAV
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The system architecture of an Al drone using Raspberry Pi, Pixhawk, and a wireless camera
typically involves multiple components working together. Here's a detailed overview of the
architecture:

Raspberry Pi:

The Raspberry Pi acts as the main onboard computer and handles high-level processing tasks.
It runs an operating system (e.g., Raspbian) and provides a user-friendly interface for
configuring and controlling the drone.

The Raspberry Pi also serves as a platform for running Al algorithms for tasks like computer
vision, object detection, and navigation.

Pixhawk Autopilot:

The Pixhawk is a popular open-source autopilot system used in drones. It acts as the flight
controller and manages the drone's flight operations. The Pixhawk handles low-level flight

control tasks such as stabilization, navigation, and communication with sensors and actuators.
It receives commands from the Raspberry Pi and executes them to control the drone's motors,
servos, and other flight components.

VWireless Camera:

The wireless camera is typically mounted on the drone and transmits live video feeds to the
ground station for monitoring or further processing.

It may use a wireless communication protocol (e.g., Wi-Fi) to stream the video data to the
Raspberry Pi.

Communication:

The Raspberry Pi and Pixhawk communicate with each other for exchanging commands,
telemetry data, and status updates. This communication is usually established through a serial
interface, such as the Serial Peripheral Interface (SPI), USB (Universal Serial Bus), and
UART (Universal Asynchronous Receiver-Transmitter).

The Raspberry Pi sends high-level commands (e.g., flight paths, mission objectives) to the
Pixhawk, which interprets and executes them.

Sensors:

The drone may be equipped with various sensors, such as GPS, IMU (Inertial Measurement
Unit), barometer, magnetometer, and others. These sensors provide essential data for flight
control, localization, and environmental awareness.

The Pixhawk interfaces with these sensors to gather real-time data and make informed
decisions.

Power Management (Power module):

The architecture includes a power management system to distribute power to different
components of the drone. This system ensures that the Raspberry Pi, Pixhawk, wireless camera,
and other peripherals receive the appropriate power supply.

Al Algorithms:
The Raspberry Pi can run Al algorithms to process data from the wireless camera or other

onboard sensors.

For example, computer vision algorithms can be used for object detection, obstacle avoidance,
or target tracking.

Al algorithms can also aid in decision-making and autonomous flight capabilities.
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Ground Station:

The ground station is the control center for the drone, typically consisting of a computer or
mobile device. It communicates wirelessly with the Raspberry Pi on the drone to provide real-
time updates, receive telemetry data, and send commands.

The ground station may display the live video feed from the wireless camera and provide a user
interface for controlling the drone remotely.

Overall, this architecture allows the Raspberry Pi to handle high-level tasks, such as Al
processing and communication with the ground station, while the Pixhawk manages low-level

flight control and interfaces with sensors and actuators. The wireless camera provides live
video feeds for monitoring and analysis.

Flow Chart

Flow Chart of the Autonomous UAV

1. Initialize Raspberry Pi: This block represents the initial setup of the Raspberry Pi,
including installing required libraries and modules and configuring the Raspberry Pi settings
to ensure proper functioning.
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2. Establish communication between Raspberry Pi and Pixhawk: This block involves
establishing a communication link between the Raspberry Pi and the Pixhawk flight controller.
It typically uses a communication protocol like MAVLink over a suitable interface such as
UART (Universal Asynchronous Receiver-Transmitter).

3. Initialize the wireless camera: This block includes powering the wireless camera module
and configuring its settings such as resolution, frame rate, and streaming mode.

4. Connect the wireless camera to the Raspberry Pi: This block represents the establishment
of a wireless connection between the Raspberry Pi and the camera module. The specific method
(e.g., Wi-Fi, Bluetooth) depends on the wireless camera module being used.

5. Start video streaming: In this block, the camera streaming functionality is activated, and
the Raspberry Pi begins capturing video frames from the camera module.

6. Process video frames: This block involves receiving video frames on the Raspberry Pi and
applying any required image processing algorithms, such as object detection or image
enhancement, to the frames.

7. Send processed data to Pixhawk: Here, the processed video data is converted into a suitable
format for the Pixhawk, such as telemetry messages, and transmitted to the Pixhawk through
the established communication link.

8. Control the quadcopter based on processed data: This block represents the Pixhawk's

role in receiving and interpreting the processed data. It then implements appropriate control
commands based on the data to adjust flight parameters or navigate waypoints.

9. Monitor quadcopter status: This block involves continuous monitoring of the quadcopter's
status by receiving and processing telemetry data from the Pixhawk. This allows for real-time
monitoring of flight status, sensor readings, and other relevant information.

10. End: The flowchart ends here, indicating the completion of the interfacing process.

Pin diagram for interfacing Raspberry pi with Pixhawk
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Pin #
33V 1 2
| GPIOZ2 3 4 5V
GPIO3 5 L]
GPIO4 7 8
8 10
=.'- 5 GPIO1T7 11 12 GPIO18
\: GPIOZT7 13 14 GND
— GPI022 15 16 GPIO23
33v 17 18 GPIO24
GPIO10 19 20 GND
- GPIOS 2 22 GPIO25
' . GPIO11 23 24 GPIOB
25 26 GPIOT
DNC 27 28 DNC
GPIOS 29 30 GND
GPIOE 3 3z GPIO12

GPIO13 33 34 GND

GPIO19 35 36 GPIO16
GPIO2Z6 a7 38 GPIO20
39 40 GPI021

Pin diagram for interfacing Raspberry pi with Pixhawk

UAYV Autonomy

Unmanned Aerial Vehicles (UAVs), commonly known as drones, can exhibit various levels of
autonomy depending on their capabilities and the software and hardware components they
employ. In this detailed explanation, I'll break down the functionalities and working of UAV
autonomy, encompassing programming with Python, libraries like OpenCV and Matplotlib,
DroneKit, machine learning models such as YOLOv3 and TensorFlow, PID control, the
Raspbian operating system, data processing via cameras, object detection, image processing,
Pixhawk firmware, decision-making algorithms, algorithm analysis, and the integration of all
these components.

Programming with Python: Python is a versatile programming language widely used in UAV
development due to its simplicity and extensive libraries. Python enables developers to control
UAVs and process data from various sensors effectively.

Libraries: OpenCV and Matplotlib are popular libraries for computer vision and image
processing tasks. OpenCV provides functions for image manipulation, feature detection, and
object tracking, while Matplotlib is primarily used for data visualization.

DroneKit: DroneKit is an open-source API that allows developers to communicate with UAVs
and control their behavior through high-level commands. It provides a simplified interface to
interact with the UAV's flight controller.

Machine Learning Models: Machine learning models like YOLOvV3 (You Only Look Once)
and TensorFlow can be integrated into the UAV's software stack to perform object detection
and recognition tasks. These models are trained on large datasets and can identify objects in
real time.

PID Control: Proportional-Integral-Derivative (PID) control is a feedback mechanism
commonly used in UAV flight control systems. It adjusts the control inputs, such as the drone's
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motor speeds, based on the difference between the desired and actual states (e.g., altitude or
position) to achieve stable flight.

Operating System: Raspbian, a Debian-based operating system, is often used on small UAVs
due to its lightweight nature and compatibility with the Raspberry Pi, a popular single-board
computer. Raspbian provides a Linux-based environment to run the necessary software
components.

Data Feeding via Camera: UAVs capture real-time data using onboard cameras. The camera
feed is processed and analyzed to extract relevant information using computer vision
techniques.

Object Detection: OpenCV and machine learning models can be used for object detection in
the camera feed. This involves identifying and locating specific objects or classes of objects,
such as pedestrians, vehicles, or obstacles.

Image Processing: Image processing techniques, such as filtering, edge detection, and image
enhancement, can be applied to improve the quality of the camera feed or extract useful features
for further analysis.

Pixhawk Firmware: Pixhawk is a popular open-source firmware for UAV autopilots. It
provides low-level control of the UAV's flight systems, including motor control, sensor
integration, and communication with external devices.

Decision Making: The processed data and information obtained from the camera feed, object
detection, and image processing are fed into a decision-making system. This system analyzes
the data and determines appropriate actions for the UAV based on predefined rules or
algorithms.

Decision-Making Algorithm: The decision-making algorithm defines the logic and rules for
the UAV's autonomous behavior. It can be based on simple if-else conditions or more complex
algorithms, such as path planning or behavior-based approaches.

Algorithm Analysis: The decision-making algorithm is evaluated and analyzed to ensure its
efficiency, reliability, and safety. This may involve testing the algorithm in simulated
environments or real-world scenarios to assess its performance and identify any potential
shortcomings.

Integration of Components: All the components, including cameras, flight controllers
(Pixhawk), onboard computers (Raspberry Pi), software libraries (OpenCV, Matplotlib), and
machine learning models

SOFTWARE DESCRIPTION
Software categorization
This project is implemented using the following software:
PyCharm {Python Integrated Development Environment (IDE)}
OpenCV )
Matplotlib Python Programming Libraries
NumPy
DroneKit-Python

Machine Learning Model

w2
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YOLOvV3
TensorFlow Computer Vision Libraries
COCOlist

PID (Proportional-Infegral-Derivative)
control algorithm for stabilizing and controlling their flight dynamics

The operating system used is Raspbain

Pixhawk firmware
Mission Planner- ArduPilot (Ground control station software)

MAIN HARDWARE COMPONENTS
Raspberry Pi 3 B: On board computer which process the data to perform real-time operation
such object detection, image processing using computer vision Algorithms.

Pixhawk flight controller: Pixhawk is an open-
source autopilot system designed for unmanned
aerial vehicles (UAVs) and other robotic
applications. It is widely used in the field of drone
development and is known for its versatility,
reliability, and extensive features.

Wireless Camera: Wireless cameras play a crucial role in enabling autonomy in unmanned
aerial vehicles (UAVs). These cameras provide real-time video feeds and data transmission
without the need for physical cables, allowing UAVs to operate wirelessly and independently.
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Result

7.4.2 QUADCOPTER
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