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Abstract—Quadcopters, or four-rotor unmanned aerial vehi- 
cles (UAVs), are currently among the most vibrant fields in 
both research and practical applications. Among the essential 
components of a drone, the flight controller plays a crucial 
role in maintaining flight stability, ensuring accurate flight 
maneuvers, and delivering feedback data to the operator. This 
paper presents the research and hardware design of a flight 
controller circuit for small-sized quadcopters, utilizing the high- 
performance STM32H743VIT6 microcontroller. The novelty of 

this work lies in the co-design of a compact 5 × 5 cm PCB 
hardware platform and customized PX4 firmware configuration, 
enabling low-latency sensor fusion and real-time stable hover- 
ing performance. Experimental results from indoor hover tests 
demonstrate t

◦
hat the proposed system achieves an average control 

error of ±1.8  (RMS roll/pitch) with a response latency of only 
∼12 ms, outperforming standard Pixhawk-based systems. Stable 
motor control signals and reliable power delivery were also 
verified under a 4S LiPo battery, ensuring consistent operation 
during flight. These results confirm the effectiveness of the 
proposed flight controller in achieving precise and stable flight, 
highlighting its potential for integration into compact civilian 
UAV platforms. 

Index Terms—Flight controller, Quadcopter, PX4-Autopilot, 
STM32H743VIT6, UAV hardware design. 

I. INTRODUCTION 

With the rapid development of science and technology and 
the growing demand for revolutionary new aerial vehicles, 
unmanned aerial vehicles (UAVs) have been widely invested 
in and applied across various fields. An economic analysis 
reported that the global UAV market reached USD 37.68 
billion in 2024, is forecasted to grow to USD 44.54 billion 
in 2025, and is expected to hit USD 186.79 billion by 2034 
[1], [2]. In Vietnam, several industry players estimate that the 
domestic UAV market surpassed USD 63 million in 2024, with 
projections reaching USD 193 million by 2032. The key appli- 
cations include in agriculture and forestry for mapping, crop 
monitoring, pesticide spraying, forest condition surveillance, 
and natural disaster or illegal logging detection; in aquaculture 
for risk analysis and monitoring farming processes; in con- 
struction for terrain surveying and site supervision; search and 
rescue operations; defence technology; film and photography; 
and many others [3], [4]. 

Despite such potential, Vietnam has yet to master these 
technologies domestically, resulting in near-total reliance on 
imported UAV equipment. Over the years, several organiza- 
tions and enterprises have announced research and develop- 
ment directions for UAV manufacturing and related products; 
however, none have successfully brought products to the 
commercial market. Although UAV products from Viettel 
or the General Department of Defense Industry have been 

publicized, these are designed according to military standards 
and cannot be exploited for civilian commercial purposes. 
Therefore, we decided to initiate a research project to design 
a commercial civilian UAV system with technology fully 
mastered by Vietnamese engineers. Based on the project’s 
current progress, this paper focuses on the design of the central 
flight controller hardware for the UAV, while also building on 
some of the world’s existing research achievements for product 
testing and validation. 

The rest of the paper is presented as follows. In Section II, 
we will present related work. In Section III and IV, we 
present and evaluate the effectiveness of the proposed model, 
respectively. Finally, we give a conclusion in Section V. 

 
II. RELATED WORK 

Unmanned Aerial Vehicles (UAVs), particularly quad- 
copters, have been the focus of substantial research efforts in 
both academic and industrial contexts due to their versatile 
applications and increasing affordability. Among the most 
critical components of UAV systems is the flight controller, 
which governs stability, sensor integration, and the execution 
of real-time commands [5]–[8]. The authors [7] demonstrated 
the use of the Pixhawk PX4 Autopilot for controlling small 
fixed-wing aircraft, validating its performance for stable and 
autonomous flight using open-source platforms. Building upon 
this foundation, D’Angelo et al. [8] proposed a template-based 
customization framework that enables efficient development of 
model-based controllers within PX4 firmware, streamlining the 
integration process for various UAV hardware platforms. 

PX4 itself has emerged as one of the most widely adopted 
open-source flight stacks due to its modular architecture and 
hardware abstraction capabilities [9]. It supports real-time op- 
erating systems, advanced fail-safe mechanisms, and seamless 
integration with MAVLink and ROS 2, making it suitable for 
both research and commercial use. In the Vietnamese context, 
the UAV market has shown promising growth. They emphasize 
the increasing domestic demand for drone technologies in 
sectors such as precision agriculture, environmental monitor- 
ing, and logistics. However, the local industry remains largely 
dependent on imported platforms, and research into indige- 
nous UAV systems—particularly flight controllers—remains 
limited [10]–[12]. The present study contributes to this gap 
by designing and evaluating a custom flight controller based 
on the STM32H743VIT6 microcontroller, fully integrated with 
PX4 firmware, aiming toward a domestically developed UAV 
ecosystem [13]. 
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Fig. 1. Proposed block diagram of the flight controller system. 
 

 

III. PROPOSAL MODEL 

A. Theoretical Background 

Unmanned Aerial Vehicle (UAV) systems are complex 
integrations of hardware and software modules, operating 
synchronously to ensure stable, accurate, and safe flight. At 
the core of these systems is the flight controller (FC), which 
receives and processes data from various sensors, computes 
flight trajectories, and adjusts motor speeds to maintain bal- 
ance or execute commands from the user. To achieve these 
functions, the hardware architecture must support high-speed 
and accurate data acquisition from inertial measurement units 
(IMU), which typically include accelerometers, gyroscopes, 
and magnetometers. These sensor signals are further processed 
through signal conditioning circuits and filtering algorithms 
to ensure reliable inputs to the central processing unit. Addi- 
tionally, UAV systems require real-time communication with 
peripheral modules such as: 

• FPV (First Person View) video transmission units, 
• GPS (Global Positioning System) modules, 
• ESC (Electronic Speed Controller) units for motor 

control. 

A stable power supply is also essential to ensure the con- 
tinuous operation of the entire system. On the software side, 
embedded control firmware is typically developed based on 
real-time programming architectures, either using a Real- 
Time Operating System (RTOS) or bare-metal approaches. 
Sensor data processing, control algorithm computation, and 
motor command generation must be optimized to minimize 
latency and ensure responsiveness. Common communication 
protocols such as SPI, UART, and I2C are flexibly employed 
depending on the required speed and hardware characteristics 
of each module. Moreover, exception handling and system 
state monitoring are critical to ensure the UAV can react 
promptly to abnormal situations, such as signal loss, sensor 
drift, or low battery conditions. 

B. Hardware Design 

The quadcopter flight controller is designed with a central 
processing unit, based on the STM32H743VIT6 microcon- 
troller as shown in Fig. 1. This processing unit includes 
the STM32H7 chip and supporting hardware components 
(e.g., crystal oscillator, power filter capacitors) responsible for 
executing algorithms and handling sensor data. The power 
module supplies energy to the microcontroller and other ICs. 
Depending on the system’s components, three voltage levels 

 
 
 
 
 
 
 
 
 

 
Fig. 2. Central processing unit (MCU) block. 

 

 
Fig. 3. Power supply block. 

 

 

are used: 5V, 9V, and 12V. Angular and acceleration sensors 
provide critical data on orientation and motion, which are 
transmitted to the microcontroller via SPI. A dedicated On- 
Screen Display (OSD) IC is included for FPV (First Person 
View) systems, allowing flight data to be overlaid onto live 
camera footage. Peripheral connectors allow connections to 
devices such as magnetometers, VTX modules, cameras, and 
Electronic Speed Controllers (ESCs) for motor control. 

C. System Design 

1) Processing Unit (MCU): The central processing block 
employs the STM32H743VIT6, a high-performance micro- 
controller from STMicroelectronics as shown in Fig. 2. It is 
powered via VDD, VDDA, and VCAP pins, with an external 
crystal oscillator for precise clocking. Boot and NRST circuits 
support the startup and reset functionalities. The MCU acts as 
the brain of the UAV, coordinating all operations. 

2) Power Supply Module: The power block provides energy 
to the microcontroller and associated sensors as shown in Fig. 
3. Input voltage is sourced from a LiPo battery (ranging from 
10V to 28V depending on the number of cells), which is 
regulated down to appropriate levels for different modules. 
Two TPS54360 switching regulators convert the battery input 
to 9V and 5V. These high-efficiency buck converters are 
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Fig. 4. Integrated ICs on the board. 

 

 

Fig. 5. Peripheral I/O ports. 
 

 

suitable for high-speed switching. Additionally, two LD1117- 
3.3 LDOs regulate the 5V down to 3.3V. While less efficient, 
LDOs provide low-noise power—ideal for logic circuits and 
sensitive sensors. Ceramic and electrolytic capacitors are used 
for thorough voltage filtering and stabilization. 

3) Integrated Circuits: Two main ICs are integrated into 
the board (the IMU sensor (MPU-6000) and the OSD chip 
(AT7456E)), which handle sensor data and flight information 
display on FPV video respectively as shown in Fig. 4. The 
MPU-6000 integrates a gyroscope and accelerometer, commu- 
nicating with the microcontroller via SPI. It provides real-time 
orientation and motion data—critical for balance and flight 
control. The AT7456E OSD chip overlays flight information 
onto the video stream for FPV. It works independently from 
the MCU and uses SPI to receive data, with processed video 
output transmitted to the video transmitter (VTX). Additional 
sensors, such as magnetometers or airspeed sensors, can be 
easily connected via I/O ports. 

4) Peripheral Connections: Besides the MCU, power ICs, 
and sensors, the system features several I/O ports for connect- 
ing external modules, as shown in Fig. 5, including: 

• Ports for ESCs to control BLDC motors via PWM 

Fig. 6. UAV control algorithm flowchart implemented in PX4. 
 

 

signals. 
• Communication interfaces like I2C, SPI, CAN, SBUS, 

and PPM for connecting GPS, magnetometers, telemetry 
units, or RC receivers. 

• SD Card interface for storing flight data, sensor logs, or 
video, supporting post-flight analysis and data processing. 

• Video interfaces for connecting VTX, camera, or DJI O3 
modules to transmit real-time images. 

The printed circuit board (PCB) is designed based on the 
above schematics, with the following criteria: 

• Compact size: 5 cm × 5 cm to fit into UAV frame. 
• Proper trace length and width to ensure reliable signal 

integrity. 
• Aesthetic and clean component layout. 

All components are surface-mount and chosen for minimal 
size to optimize board area. 

D. PX4 Firmware Development 

PX4 software is mainly divided into two layers: the Flight 
Stack and the Middleware. The Flight Stack is a collection of 
control and navigation algorithms that enable UAVs to operate 
in multiple modes and levels of automation. 

As illustrated in Fig. 6, sensor data are processed by the 
estimator (Extended Kalman Filter) to compute UAV states, 
which are then fed into cascaded position, velocity, and 
attitude controllers. The outputs are passed through the mixer 
to generate actuator commands for the motors. A feedback 
loop from actuators to sensors ensures real-time correction 
and flight stability. 

1) PX4-Autopilot: PX4 is an open-source project that offers 
a flexible development environment and toolset for drones and 
other unmanned vehicles. It creates a scalable ecosystem in 
both software and hardware. The following are some of its 
key features and strengths [13], [14]: 

• Modular architecture: Allows expansion with new sen- 
sors, software, or hardware modules without affecting the 
core system. 

• Highly configurable: Each function is packaged into 
separate modules, enabling customization or replacement 
without modifying the core source code. 

• BSD open-source license: The ecosystem is developed 
by a global community and is suitable for both academic 
research and industrial applications. 

• Built-in safety: Features such as fail-safe mode, return- 
to-launch, battery and actuator monitoring are integrated. 

• Extensive testing: Supported by a large community and 
widely adopted in both commercial and non-commercial 
projects. 

• Rich hardware support: Many pre-configured UAV 
toolkits are readily supported for fast deployment. 

• Comprehensive documentation and standardized pro- 
tocols: Maintained documentation and continuous efforts 
to standardize communication among devices and plat- 
forms. 

PX4 software is mainly divided into two layers: the Flight 
Stack and the Middleware. Both are briefly described below. 

 

 

Mixer 
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2) Flight Stack: The Flight Stack is a collection of control 
and navigation algorithms that enable UAVs to operate in mul- 

TABLE I 
PIN CONFIGURATION TABLE FOR STM32H7 MCU 

tiple modes and levels of automation. The main components   
of the flight stack are illustrated in [15]: 

• Sensor: Collects environmental and onboard data such as 
IMU, magnetometer, barometer, vision system, etc. 

• Estimator: Fuses sensor data to estimate flight states 
(position, attitude), typically using an Extended Kalman 
Filter (EKF). 

• Navigator: Determines control setpoints based on mis- 
sion tasks and current state. 

• Controller: Generates motor control signals to achieve 
the defined setpoints. 

• RC: Receives manual control commands from the pilot. 
• Mixer: Translates control commands into specific outputs 

for each actuator, considering UAV configuration and 
hardware limits. 

• Actuators: Physical devices such as motors and gimbals 
that execute commands. 

In this paper, we employ all default controllers provided 
in PX4, including position, velocity, attitude, and angular 
rate controllers [15]. This cascaded control architecture is 
maintained to ensure system stability and compatibility when 
deployed on our custom hardware. The PX4 middleware acts 
as a software abstraction layer that facilitates communication 
between internal modules of the flight control system and the 
external environment. Its key functions include: 

• Device driver management: Handles all hardware 
drivers, ensuring proper communication between 
firmware and devices such as IMU, GPS, RC input, etc. 

• Internal communication: Employs the uORB message 
bus [15] for asynchronous publish-subscribe data ex- 
change, allowing functional blocks to operate concur- 
rently. 

• External communication: Integrates with MAVLink for 
transmitting data to/from software like QGroundControl 
via UART or UDP. 

• ROS 2 integration: Supports XRCE-DDS for topic- 
based communication with the ROS 2 ecosystem. 

• Simulation (SITL/HITL): Enables software and 
hardware-in-the-loop simulation for testing PX4 
firmware without actual flight. 

Given PX4’s rapidly evolving open-source nature, it is 
essential to use a stable and compatible version. For this 
study, version v1.14.0-beta1 was selected due to its 
stability and good compatibility with the STM32H743VIT6 
microcontroller. Board configuration and startup files are 
located under the /boards directory in a vendor-specific 
subfolder (e.g., boards/VENDOR/MODEL/) [15]. For the 
custom flight controller developed in this project, a new board 
configuration named sanlab/stm32h7 was created under 
˜/PX4-Autopilot/boards/sanlab/stm32h7/. The 
directory contains the following key files and folders: 

• extras/: Additional files or board-specific extensions. 
• nuttx-config/: NuttX real-time OS configuration 

files. 
• init/: Initialization and system boot configuration files. 
• src/: Custom source code for drivers and board-specific 

hardware. 
• bootloader.px4board: Bootloader configuration 

for firmware loading and initialization. 
• default.px4board: Basic board configuration and 

parameters. 

Function MCU Pins Device / Interface 
 

 

PWM Output PA0–PA2, PB0–PB1, PD12–PD15 Motors MOTOR1 MOTOR6 

UART PA9–PA10 GPS (UART1) 

UART PD5–PD6, PD8–PD9 UART2, UART3 

UART PE0–PE1, PE8–PE11 UART4, UART7, UART8 

SPI PA5–PA7, PB13–PB15, PE12–PE14  IMU GYRO1 (SPI1), GYRO2 (SPI4) 

I2C PB6–PB7, PB10–PB11 Barometer, Magnetometer 

SDIO PC8–PC12 SD Card 

USB PA11–PA12 USB OTG 

ADC PC0–PC5 VBATT, CURR, RSSI, AIRS 

CAN PD0–PD1 CAN1 Communication 

GPIO PC13–PC15 LED, Buzzer 

OSC PH0–PH1 External Crystal Oscillator (HSE) 

Reset NRST System Reset Pin 
 

 

 
 

 

• firmware.prototype: Firmware build structure def- 
inition. 

We configured the STM32H7 MCU pin assignments in the 
/stm32h7/src/ directory based on the schematic devel- 
oped in Altium Designer as mentioned in Section 2. The 
configuration includes UART, I2C, SPI, PWM, and GPIO 
assignments required for communication with ESCs, sensors, 
and telemetry modules as shown in Tab. I. 

After completing the redefinition of peripheral pin map- 
pings in the /src directory, we proceeded to configure the 
system on the NuttX real-time operating system under the 
/nuttx-configfolder. 

3) NuttX Operating System Configuration in PX4: In 
this paper, PX4 is selected as the firmware platform, 
with the STM32H7 microcontroller being one of the sup- 
ported targets by the NuttX real-time operating system [15]. 
To configure the NuttX pins and clock settings, the 
file /stm32h7/nuttx-config/include/board.h is 
edited directly. Additionally, the actual NuttX OS config- 
uration (generated via menuconfig) is indirectly stored 
in /stm32h7/nuttx-config/nsh/defconfig, which 
should not be manually modified. 

The configuration can be set using the following commands: 

• make sanlab_stm32h7_default menuconfig 
• make sanlab_stm32h7_default qconfig 

Once the menu configuration is successfully completed, the 
firmware can be compiled and flashed to the custom flight 
controller board. 

4) Firmware Compilation and Flashing Process: To begin 
compilation, it is essential to first install the required toolchain 
to allow direct firmware build for hardware targets without 
simulator tools: bash ./Tools/setup/ubuntu.sh –no-sim-tools 

Once the dependencies are set up, firmware compilation can 
be initiated via Terminal: 
make clean 
makesanlab stm32h7 bootloader 

This process will generate the bootloader binary file located 
in: 
/stm32h7/extras/sanlab stm32h7 bootloader.bin 

The bootloader binary is then flashed onto the microcon- 
troller using the STM32CubeProgrammer tool, starting from 
memory address 0x08000000 to 0x0800FFFF (Bootloader 
– 64KB region). Next, the complete firmware image is com- 
piled using: 
makesanlabstm32h7default − j$(nproc) 

This produces the final firmware package: 
/build/sanlab stm32h7 default/sanlab stm32h7 default.px4 
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Fig. 7. Roll angle of the UAV over time. 

 

 
Fig. 8. Pitch angle of the UAV over time. 

 
Fig. 10. Angular velocity data along the three axes over time. 

 

 
 

 

 

 
 

Fig. 9. Yaw angle of the UAV over time. 
 

 

At this stage, the PX4 firmware file .px4 can be uploaded 
to the flight controller using QGroundControl (QGC), which 
is natively supported by PX4. Flight parameters and safety 
configurations are set by PX4’s standard safety guidelines [16] 
after uploading. 

IV. RESULTS 

After completing the hardware design and customizing 
PX4 for the flight controller, we integrated and tested the 
controller on a pre-built quadcopter frame and motor system. 
We conducted hover flight tests in an indoor environment and 
obtained the following results. 

A. UAV Attitude Status 

The first and most critical data required from a flight 
controller is the UAV’s attitude information. The system is 
designed with an MPU6000 IMU sensor, which measures both 

tilt angles and angular velocity. The following are the results 
obtained from a test flight as shown in Figs. 7, 8, 9, and 10. 

From the graphs above, it can be observed that the UAV 
was able to take off and maintain a relatively stable hover, 
following the control commands (setpoints) with reasonable 
accuracy. This demonstrates that the designed flight controller 
initially performs well. However, some deviations in attitude 

Fig. 11. Output control signals to the motors over time. 
 

 

were observed during the flight, which can be attributed to the 
use of a non-optimized, pre-existing frame and motor system. 
This choice was made to save research time and reduce costs. 
For this reason, further development and testing will continue 
in indoor environments before transitioning to outdoor testing. 

B. Motor Control Signal 

Once the attitude data is obtained and the UAV’s orientation 
is determined, the flight controller must generate control 
signals to adjust the motor speeds and maintain stable flight 
as shown in Fig. 11. 

Overall, the motor control signals generated by the flight 
controller are stable. During the hover test, the signals to 
all motors are relatively uniform, as the UAV requires equal 
thrust and torque to remain airborne. At certain moments, 
there are noticeable spikes or differences in the control signals, 
indicating the flight controller’s response to disturbances and 
its efforts to maintain the desired attitude. 

C. Power System Status 

Another important dataset we emphasize is the power sys- 
tem status. Monitoring the real-time operating voltage of the 
components in the system helps ensure flight safety and allows 
the operator to plan missions according to the remaining 
energy, as shown in Fig. 12. 

The UAV was powered by a 4S LiPo battery with an 
operating voltage range from 14V to 16.8V. The plots of 
battery voltage, capacity status, and estimated open-circuit 
voltage reflect this, with the voltage fluctuating around 15V. 
The battery capacity dropped below 30% after the flight. PX4 
also enables monitoring of battery internal resistance, which 
is an essential parameter for ensuring flight safety and effec- 
tive energy planning. Current consumption is also accurately 
monitored. We observe a clear correlation between increased 
current draw and decreased voltage, reflecting typical voltage 
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Fig. 12. Voltage status during flight over time. 

 
TABLE II 

COMPARISON OF PROPOSED FLIGHT CONTROLLER WITH EXISTING 
SYSTEMS 

 
 

 

the indoor hovering flight test. During the use of an existing 
UAV platform for testing purposes, we identified several key 
issues as follows: 

• The PCB design of the flight controller is still bulky and 
can be further optimized in size to be applicable to small 
UAVs. 

• The pre-built UAV system used for testing was not fully 
optimized. As a result, the tests were limited to basic 
functionality and constrained to indoor environments. 

In the future, we plan to optimize the PCB design and 
address additional issues in the UAV system for continued 
research. We believe that advancing our understanding and 
control over unmanned aerial vehicle (UAV) technology will 
significantly contribute to scientific progress and align with 
the practical needs of modern society. 
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