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Abstract—The F4v3s Plus is a highly capable and feature-rich flight controller that is designed for high-performance drones. In this study, we

have evaluated the flight performance of a drone equipped with F4v3s Plus and controlled using Betaflight Configurator. We conducted a
series of flight tests to evaluate the drone's stability, maneuverability, and responsiveness. We used Betaflight Configurator to tune the PID
parameters of the drone, and we also configured other settings such as the motor and ESC parameters. We evaluated the drone's performance
using various flight modes such as Angle, Horizon, and Acro modes. Our results show that the F4v3s Plus flight controller, in combination
with Betaflight Configurator, can significantly improve the flight performance of a drone. The drone was stable and responsive, and it
exhibited excellent maneuverability. We also observed that the Betaflight Configurator is a powerful tool for tuning the drone's PID
parameters, and it can help to achieve a more precise and stable flight. Overall, our findings demonstrate the capabilities of the F4v3s Plus
flight controller and the Betaflight Configurator in enhancing the flight performance of drones. We believe that our study can be useful for
drone enthusiasts and researchers who are interested in optimizing the flight performance of their drones using advanced flight controllers and
tuning tools

Keywords—F4v3s Plus, Betaflight, Configurator, PID

equipped with a 32-bit STM32F405RGT6 MCU, which

1. INTRODUCTION. makes it capable of running complex flight control

The F4v3s Plus is a powerful and versatile flight controller algorithms and processing large amounts of data. Betaflight
that has gained significant popularity in the drone Configurator, on the other hand, is a software tool that is
community. It is designed to provide advanced features and used to configure and tune the flight controller parameters. It
capabilities that can help drone pilots achieve better flight is an open-source software tool that allows users to
performance and stability. The F4v3s Plus controller is customize the PID settings, motor output, and other
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important parameters that affect the drone's flight
performance. Betaflight Configurator also provides various
flight modes, such as Angle mode, Horizon mode, and Acro
mode, which allow the user to control the drone in different
ways.The F4v3s Plus controller and Betaflight Configurator
together provide a comprehensive solution for drone pilots
who are looking to enhance the flight performance and
stability of their drones. In this paper, we present a
comprehensive overview of the F4v3s Plus controller and
Betaflight Configurator, and we discuss their capabilities and
features in detail.

We start by providing an overview of the F4v3s Plus
controller and its hardware and software features. We
discuss its capabilities and how it can improve the flight
performance of drones. We then provide an in-depth
discussion of Betaflight Configurator and how it can be used
to configure and tune the parameters of the F4v3s Plus
controller. We discuss its various features and modes and
how they can be used to achieve different flight
characteristics. Finally, we present the results of our flight
tests conducted using a drone equipped with the F4v3s Plus
controller and controlled using Betaflight Configurator. We
evaluate the drone's stability, maneuverability, and
responsiveness and discuss how the F4v3s Plus controller
and Betaflight Configurator can be used to achieve optimal
flight performance. In summary, this paper provides a
comprehensive overview of the F4v3s Plus controller and
Betaflight Configurator and their capabilities for enhancing
the flight performance and stability of drones. It is intended
for drone enthusiasts, researchers, and developers who are
interested in using advanced flight controllers and tuning
tools to optimize the flight performance of their drones.

2. LITERATURE SURVEY

This section explores the characteristics of functional
drones, with special emphasis on their control and the level
of autonomy from their controller, in order to construct an
adequate working definition for a drone. [1] A better
cryptography framework has been developed for small aerial
drones, which has a number of energy and speed
improvements over traditional cryptographic methods. [2]

The key security, privacy, and safety concerns related to
the usage of civilian drones in the national airspace are
surveyed in this article. In particular, we explore the security
requirements imposed by such systems' critical operational
environment and identify both the physical and digital risks
to such systems. [3]

To guarantee the security and integrity of both command
data sent by the ground station and payload data transmitted
by the drone, a compact hardware solution is suggested [4].
By combining an ANN classifier with the texture and colour
properties of flame and smoke from aerial static photos, we
are proposing a unique approach of fire detection that can be
integrated into a small-sized UAV. [5]
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The strategies discussed in the study aim to improve the
accuracy of fire localization and reduce the uncertainty in
fire detection by combining the data from many UAVs [6].
They discuss a novel strategy for fire detection and control
in this research that makes advantage of contemporary
technologies. They specifically suggest a platform that
makes use of unmanned aerial vehicles (UAVSs)[16-20],
which continuously patrol over locations that might be
threatened by fire. [7]

3. METHODOLOGY:

In recent years, the use of drones has increased
significantly, and with that, the demand for high-
performance drones has also increased. F4v3s Plus flight
controller, Betaflight Configurator, and 4 in 1 ESC are
advanced components that can be used to create high-
performance drones with improved flight performance
and stability. In this paper, we present a comprehensive
methodology for creating a drone using F4v3s Plus flight
controller, Betaflight Configurator, and 4 in 1 ESC.

3.1. Component selection:

The first step in creating a drone using F4v3s Plus flight
controller, Betaflight Configurator, and 4 in 1 ESC is to
select the appropriate components based on the requirements
and objectives of the drone.

3.2. Assembly:

The next step is to assemble the drone by mounting the
motors, propellers, F4v3s Plus flight controller, and 4 in 1
ESC on the frame. The battery and receiver are also
connected to the flight controller..

3.3. Configuration of Betaflight Configurator:

The Betaflight Configurator is then configured to tune the
PID parameters of the drone, set up the flight modes, and
configure other important parameters such as the motor and
ESC settings.

3.4. Testing:

The drone is then tested to evaluate its flight performance
and stability. The flight tests are conducted using different
flight modes such as Angle mode, Horizon mode, and Acro
mode.

3.5. Fine-tuning:

Based on the results of the flight tests, the Betaflight
Configurator is fine-tuned to optimize the drone's flight
performance. This may involve adjusting the PID settings,
motor output, and other important parameters to achieve the
desired flight characteristics.

3.6. Further Testing and Fine-tuning:

The drone is tested again to evaluate the effectiveness of

the fine-tuning and to further optimize its flight performance.
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This process may be repeated until the desired flight
performance is achieved.

3.7. F4V3S Plus Flight Controller:

The F4V3S Plus flight controller is a popular choice for
drone pilots and features several specifications that make it a
reliable and efficient controller. Some of its main
specification.The F4V3S Plus is equipped with an
STM32F405 processor with a clock speed of 168MHz. It has
a built-in MPU6000 6-axis accelerometer and gyroscope
which provides accurate measurements of the drone's
orientation and movement.The controller supports a wide
range of voltage input from 2S to 8S LiPo battery, with a
maximum voltage of 36V. It has an On-Screen Display
(OSD) which provides real-time information about the
drone's status, such as battery voltage, flight time, and GPS
coordinates.It has six serial ports which can be used for
various purposes such as connecting to GPS, Telemetry, or
other peripherals. It has an integrated SD card slot which can
be used to store flight data and logs.The F4V3S Plus is
compatible with Betaflight, Cleanflight, and iNav firmware,
which allows for customization and tuning of the drone's
flight characteristics.The board measures 36mm x 36mm and
weighs only 6.4 grams, making it a compact and lightweight
option for drone builders Overall, the F4V3S Plus flight
controller is a versatile and powerful controller that provides
accurate measurements and reliable performance for a
variety of drone applications.

3.8. STANDARD CONNECTION DIAGRAM:

2
e ORY L

Figure 2 Connection Diagram

F4V3S Plus Flight Control OSD 2-6S Two-way 3A BEC 9V
Pad Design for betaflight FPV Racing Drone. The F4 is a
controller board designed for racers. In contrast to a typical
racer board, it has some attractive features, such as a SD card
and a faster CPU and Hyper Cooling Circuit

3.9. BLOCK DIAGRAM:

Section A -Research paper

g bathory
Vb Ba0hman ) ] SR ‘

[no o wnus war |

| 10 use ppon reweiver |
plense shoed
nonnagted

rou G

FAVAS PLUS FC

UL

....... \
L L-.u. wol ol murnwstod

T m" ' n. “

i
H
;iigl::s‘g§xx‘

| orsuanTy
Compani2o UARTS

3.10. Betaflight Configurator:

Betaflight is an open-source firmware for multirotor and
fixed-wing flight controllers that is widely used in the drone
community. It is based on the Cleanflight firmware and is
designed to provide high-performance flight capabilities for
racing, freestyle, and aerial photography applications.
Betaflight offers a wide range of features and functions,
including support for multiple flight modes, custom PID
tuning, OSD telemetry, and Blackbox logging. It also has a
user-friendly graphical user interface (GUI), the Betaflight
Configurator, which allows users to configure and tune their
drone settings using a computer or mobile device. With its
advanced features and flexible configuration options,
Betaflight is a popular choice among drone pilots and
enthusiasts who want to customize and optimize their drone's
flight performance.

4. RESULTS
4.1. 3D Model of drone via simulation on Betaflight:-

Collect measurements and specifications Before you
begin modeling, you'll need to gather accurate measurements
and specifications of the drone, including the dimensions of
each component, the weight, and the center of gravity.Using
the measurements and specifications, you can create a basic
3D shape of the drone using the software. This involves
creating 3D models of each component, such as the frame,
motors, and propellers.
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Figure 4.1 3D Model Of Drone.

This is a simulation generated photo, the real drone may
differ from the Image

4.2 Results before Racing:-

Figure 4.2 Results before Racing.

Simulation Results: The above image determines the
stability of the graph(a straight line is seen) as it is not
throttled yet

4.2. After Throttle:

ulnHIx

Figure 4.2 Results after Racing.
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Clear spikes and fluctuations have occurred after the flight
controller is throttledThe throttle channel is typically
represented as a percentage value ranging from 0% to 100%,
with 0% being the lowest throttle position and 100% being
the highest throttle position.You can use this information to
ensure that your transmitter is properly calibrated and that
Betaflight is receiving accurate throttle signals. Additionally,
you can use the "Modes" tab in Betaflight Configurator to
configure different flight modes that can be activated using
your transmitter, such as angle mode, macro mode, or air
mode.

43. PID Rates, YAW rates, pitch response and step
response.

Figure 4.3 PID Rates, YAW rates, pitch response and step
response.

The Image determines the PID rates Of FCB during its
Flight Time.Pitch refers to the rotation of your drone around
its lateral axis, and pitch response refers to the maximum
rate at which your drone will pitch up or down in response to
pitch input from your transmitter. Higher pitch response can
make your drone more responsive to changes in pitch input,
but can also make it more difficult to control and result in a
more "twitchy" flight experience.Higher PID rates can result
in a more responsive drone, but can also make it more
difficult to fly smoothly.

4.4. Forward Feeding graph for FCB.
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Figure 4.4 Forward Feeding graph for FCB.

This image determines the rotation of each motor with
respect to the Forward feeding of FCB.The forward feeding
graph displays these input and output signals in real time,
allowing the pilot to see how the flight controller is
responding to their inputs. The graph typically displays a
line for each input signal, and a corresponding line for each
output signal. The input signals are usually shown in a
different color than the output signals, making it easy to
distinguish between them.The input signals come from the
receiver and are typically roll, pitch, yaw, and throttle. These
signals are processed by the flight controller and converted
into motor output signals, which control the speed and
direction of the motors. The output signals are then sent to
the electronic speed controllers (ESCs) [21-25] that are
connected to the motors.

45. Downfalling, landing and sliding Modes:-

Figure 4.5 Downfalling, landing and sliding Modes.

In this Image downfalling, sliding and landing modes are
shown.In the context of drone flight, landing refers to the
process of bringing the drone safely back to the ground at the
end of a flight. Betaflight does not have a specific setting for
landing, but there are a number of factors that can affect the
landing process, including throttle idle, air mode, and anti-
gravity gain.

4.6. Full Throttle Graph:-
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Figure 4.6 Full Throttle Graph.

After the flight time FCB comes to stability(rest).The full
throttle graph in Betaflight configurator is a graphical
representation of the output signals that are sent from the
flight controller to the electronic speed controllers (ESCs)
when the throttle stick is at full throttle. The graph shows the
relationship between the throttle stick input and the motor
output.The full throttle graph typically displays a line for
each motor, with the X-axis representing the throttle stick
input and the Y-axis representing the motor output. The
graph can be useful for diagnosing issues with motor output,
such as if one motor is spinning slower or faster than the
others at full throttle.To use the full throttle graph, you'll
need to have your drone connected to Betaflight configurator
and be in the Motors tab. Make sure your drone is armed and
that you have propellers removed to prevent any accidents.

4.7. Final result Graph:-

Figure 4.7 Final result Graph.

This image depicts a linear increasing graph as we are
throttling and a sudden drop after coming to (rest) or
stability.stability is a critical feature of Betaflight and other
flight control software because it helps to ensure safe,
reliable, and precise drone flight.

5.  CONCLUSION:
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In conclusion, this paper presented a comprehensive
methodology for creating a high-performance drone using
F4v3s Plus flight controller, Betaflight Configurator, and 4
in 1 ESC. The methodology involved selecting the
appropriate components, assembling the drone, configuring
the Betaflight Configurator, testing the drone, fine-tuning the
drone, and repeating the testing and fine-tuning process until
the desired flight performance was achieved. Through this
methodology, we demonstrated that using advanced
components such as F4v3s Plus flight controller, Betaflight
Configurator, and 4 in 1 ESC, it is possible to create a high-
performance drone with improved flight performance and
stability. We also showed how the Betaflight Configurator
can be used to customize and optimize the drone's flight
settings, allowing drone enthusiasts, researchers, and
developers to create drones that meet their specific
requirements and objectives. Overall, this methodology can
serve as a valuable guide for anyone interested in creating
high-performance drones with advanced flight capabilities.

Technical analysis of the F4v3s flight controller and
its impact on enhanced drone control. We demonstrated that
the F4v3s controller is a high-performance flight controller
that provides advanced features such as fast processing
speed, low latency, and improved filtering capabilities,
which result in a smoother and more stable flight experience.
We also showed how the F4v3s controller can be used to
enhance drone control through improved PID tuning and
configuration settings. Through our technical analysis, we
provided evidence that the F4v3s controller offers significant
advantages over traditional flight controllers, such as better
control over the drone's orientation and more precise control
of its movements. Overall, this paper has highlighted the
importance of using advanced flight controllers, such as the
F4v3s, in improving drone control and enhancing the overall
flight experience. We believe that this technical analysis will
be useful to drone enthusiasts, researchers, and developers
who are interested in exploring advanced flight control
technologies and improving the performance of their drones.
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