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Abstract – This study presents the systematic design, hardware integration, and real-time testing of a small-

scale quadrotor Unmanned Aerial Vehicle (UAV) based on the Pixhawk 2.4.8 flight controller and F450 

frame. The primary objective is to bridge the gap between theoretical modeling and physical 

implementation by utilizing the MATLAB/Simulink environment. The research details the selection and 

synchronization of core components, including brushless DC motors, electronic speed controllers (ESCs), 

and essential navigation sensors like GPS and MAVLink-based telemetry. A dedicated control and 

monitoring interface was developed using the "UAV Toolbox Support Package for PX4 Autopilots" within 

Simulink. By operating the system in "Connected IO" mode, a bi-directional real-time communication link 

was established between the PC and the UAV hardware. Experimental results demonstrate that all critical 

flight data (including IMU (accelerometer, gyroscope, magnetometer), vehicle attitude (Roll, Pitch, Yaw), 

GPS coordinates, and battery status) can be accurately monitored, while the actuators (BLDC motors) can 

be controlled with high precision through the Simulink interface. This integrated approach provides a robust 

and transparent framework for researchers to validate flight control algorithms and sensor fusion techniques 

on physical hardware before full autonomous deployment.   
 

Keywords – UAV, Quadrotor, Pixhawk, Simulink, Connected IO Mode. 

 

I. INTRODUCTION 

In recent years, while Unmanned Aerial Vehicles (UAVs) continue to serve critical roles in military 

applications, they have concurrently evolved into adaptable tools across numerous civilian domains, aided 

by their diverse classifications and expanding functional capabilities [1]. This transformation is supported 

by advancements in miniaturized sensors and autonomous systems, positioning small-scale drones as key 

instruments for scientific research and technological development [2]. Within specialized industries, UAVs 

are increasingly utilized for complex tasks; for instance, the construction sector leverages these platforms 

for precise monitoring and structural inspections, helping to address traditional safety and operational 

challenges [3]. Simultaneously, the exploration of UAV applications in manufacturing demonstrates their 

potential to enhance research practices and operational logistics [4]. Among the various aerodynamic 

configurations available, the quadrotor architecture has become a widely adopted platform in both academic 
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research and commercial sectors, owing to its reliable maneuverability, mechanical simplicity, and vertical 

take-off and landing (VTOL) capabilities [5]. 

 

The operational reliability of a UAV fundamentally depends on the appropriate selection and systematic 

integration of its physical components [6]. Achieving stable flight dynamics requires a calculated synergy 

among the core propulsion elements, namely the brushless motors, electronic speed controllers (ESCs), 

propellers, and the power source [7]. The practical importance of this hardware coherence is frequently 

emphasized in the literature through mission-specific designs, such as platforms engineered for agricultural 

seeding tasks [8] and custom testing rigs developed for experimental controller tuning [9]. Furthermore, 

the addition of specialized external payloads, such as meteorological data collection equipment, necessitates 

a robust mechanical and electrical architecture capable of maintaining both structural integrity and power 

efficiency [10]. Consequently, establishing a dependable hardware foundation serves as an essential 

prerequisite before the implementation of any advanced flight control algorithm. 

 

The development of autonomous flight capabilities fundamentally relies on the computational and sensory 

architecture of the flight controller [11]. Within this context, the Pixhawk ecosystem offers a robust 

unmanned aerial system (UAS) architecture, recognized for its capacity to integrate complex processes 

such as sensor fusion and onboard computer vision [12]. Surveys examining open-source flight control 

platforms indicate that these systems provide researchers with the flexibility to modify control algorithms 

and interface with custom hardware, effectively addressing the limitations of proprietary, closed-box 

alternatives [13]. Furthermore, comparative analyses of modern open-source controllers and flight 

simulators frequently identify the Pixhawk architecture as a reliable standard for academic environments 

[14]. Specifically, the Pixhawk 2.4.8 hardware variant has been successfully implemented in various 

experimental configurations, demonstrating its practical value in facilitating research on small-scale 

multirotor platforms [15]. 

 

Prior to physical deployment, the operational behavior of a multirotor platform is typically analyzed 

through comprehensive mathematical and physical modeling [16]. These theoretical frameworks enable 

researchers to design, evaluate, and simulate flight control systems within robust computational 

environments such as MATLAB/Simulink [17]. Such simulation methodologies are particularly vital for 

developing and validating specific control strategies, including automatic altitude and speed regulation, 

under varying dynamic conditions [18]. By employing Simulink-based environments, engineers can 

rigorously evaluate the stability and responsiveness of the system architecture before proceeding with 

physical integration [19]. Ultimately, validating these six-degree-of-freedom (6-DOF) mathematical 

models in simulation ensures a safer and more efficient transition when implementing the synthesized 

control algorithms directly onto the autopilot hardware [20]. 

 

While existing literature frequently focuses on either the physical construction of autonomous multirotors 

[21] or the integration of advanced embedded computing systems for specific tasks [22], there is a notable 

need for transparent methodologies that effectively bridge hardware assembly with accessible software 

interfaces. To address this, the present study initially details the systematic hardware integration of a small-

scale quadrotor utilizing an F450 frame and a Pixhawk 2.4.8 flight controller. Building upon this physical 

foundation, the primary objective of this research is the development of an interactive control window 

within the MATLAB/Simulink environment. Through this interface, the study seeks to facilitate real-time 

data monitoring and operation, thereby providing a practical way to integrate the simulation environment 

with the hardware performance. 

II. MATERIALS AND METHOD 

The development of the quadrotor platform follows a structured hardware integration approach to ensure 

operational stability and precise control. As a primary reference for the system’s physical and logical 

organization, the comprehensive block diagram illustrating the interconnectivity between the Pixhawk 

flight controller, power management, and communication modules is presented in Figure 1. This 
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visualization clarifies the signal paths and power distribution, providing the architectural context for the 

individual component specifications detailed in the following subsections. 

 

 

Fig. 1 Logical system block diagram detailing signal and power flow. 

 

Pixhawk PX4 2.4.8 32-Bit Flight Controller: The flight controller (FC) acts as the central processing unit 

of the UAV, continuously stabilizing the aircraft by evaluating sensor data and regulating motor dynamics. 

For this hardware architecture, the Pixhawk PX4 2.4.8 was selected due to its high reliability, fortified by 

its redundant power supply capabilities, and its ability to seamlessly run powerful open-source flight control 

software, such as ArduPilot and PX4. Technically, the system is driven by a 32-bit ARM Cortex-M4 based 

STM32F427 processor. It is equipped with a comprehensive internal sensor suite, including redundant 

accelerometers, gyroscopes, a magnetometer, and a barometer for accurate attitude and altitude estimation. 

To facilitate extensive hardware integration, the controller is equipped with multiple communication 

interfaces, such as I2C, CAN, and SPI buses. Regarding system integration, pilot inputs are captured via a 

Radio Control (RC) receiver connected to the SBUS/RCIN port. Additionally, the Pixhawk utilizes specific 

UART ports to interface with the GPS module and the wireless telemetry system, while its dedicated Pulse 

Width Modulation (PWM) output channels are directly routed to the Electronic Speed Controllers (ESCs) 

to command precise motor thrust adjustments during flight. FC is shown in Figure 2. 
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Fig. 2 Pixhawk PX4 2.4.8 32-bit flight controller. 

A2212/10T 1400KV BLDC Motor: The propulsion system relies on four A2212/10T 1400KV brushless 

direct current (BLDC) outrunner motors, which are responsible for generating the necessary thrust and 

rotational torque to lift and maneuver the UAV. These specific motors were selected due to their proven 

reliability and optimal mechanical compatibility with 450 class multirotor frames. Academically, the 2212 

nomenclature denotes a stator diameter of 22 mm and a height of 12 mm, providing an optimal 

electromagnetic footprint for efficient torque generation. Furthermore, the 1400KV rating, dictating the 

theoretical revolutions per minute (RPM) per volt, offers an ideal balance between lifting capacity and rapid 

rotational speed when paired with the 3S 11.1V power supply of the system, ensuring sufficient thrust for 

agile trajectory tracking. Technically, the outrunner architecture provides higher torque compared to 

inrunner designs, facilitating the efficient spinning of 1045 (10x4.5 inch) propellers without excessive 

thermal buildup. Electrically, each motor is driven via a three-phase connection by a dedicated 20A ESC. 

This specific ESC rating ensures a robust operational safety margin, comfortably accommodating the peak 

current draw of the motors during dynamic flight maneuvers. The selected motor is illustrated in Figure 3. 

 

 

Fig. 3 A2212/10T 1400KV BLDC motor. 

 

20A Electronic Speed Controller: The motor control architecture utilizes four 20A Electronic Speed 

Controllers (ESCs) to regulate the rotational dynamics of the brushless propulsion system. The primary 

function of the ESC is to act as a crucial power intermediary, translating the low voltage control signals 

originating from the flight controller into the high current three-phase electrical power required for motor 

actuation. These specific ESCs were selected for their high efficiency and reliable throttle response, which 

are essential for stable flight operations. Technically, the unit is natively compatible with 2S to 3S lithium 

polymer battery configurations, providing a continuous current capacity of 20A and accommodating peak 

bursts of up to 40A for a 10-second duration. Unlike opto-isolated variants, this model features an integrated 

1A/5V linear Battery Eliminator Circuit (BEC). Regarding system integration, the ESC receives incoming 

Pulse Width Modulation (PWM) commands directly from the Pixhawk controller. Concurrently, it draws 

direct current from the central power distribution board and outputs electronically commutated three-phase 

current to the respective A2212 motors. The hardware is illustrated in Figure 4. 

 

 

Fig. 4 20A ESC. 
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11.1V 2200mAh 30C Lithium Polymer Battery: The primary energy reservoir for the UAV is an 11.1V 

2200mAh Lithium Polymer (LiPo) battery, which provides the high current discharge required for flight 

operations. This specific power source was selected for its high energy density and its 30C continuous 

discharge rating, ensuring that the propulsion system receives consistent power during high-demand 

maneuvers. Technically, the 3S configuration, consisting of three cells in series, provides a nominal voltage 

of 11.1V, which is essential for achieving the required revolutions per minute from the 1400KV brushless 

motors. Regarding system integration, the battery is connected to the central power distribution board 

through a high current connector. From this point, the electrical energy is routed to the electronic speed 

controllers for motor actuation and to the Pixhawk flight controller via a dedicated power module for 

voltage regulation and monitoring. The battery unit is illustrated in Figure 5. 

 

 

Fig. 5 11.1V 2200mAh 30C 3S Lithium Polymer (LiPo) battery. 

 

F450 Quadcopter Frame Kit with Integrated PCB: The F450 quadcopter frame serves as the 

foundational structural backbone of the UAV, providing a rigid platform to securely house all mechanical 

and electronic components. This specific frame was selected due to its symmetrical X configuration, which 

offers balanced aerodynamic stability, and its distinct red and white arm coloration, which significantly 

aids in visual orientation during line-of-sight flight operations. Academically, the 450 designation indicates 

a diagonal motor to motor wheelbase of 450 millimeters. Structurally, the central plates are constructed 

from durable aluminum, ensuring a robust core, with the bottom plate featuring an integrated Printed Circuit 

Board (PCB) that functions as the primary power distribution network. Furthermore, the frame arms are 

manufactured from rigid and durable plastic, offering an optimal balance between mechanical strength and 

overall weight reduction. Regarding system integration, the frame dictates the physical topology of the 

UAV. The integrated PCB routes electrical power from the central battery directly to the four ESCs. The 

propulsion motors are mechanically secured to the extremities of the plastic arms, while the flight controller 

is strategically mounted at the geometric center of the top aluminum plate to align precisely with the center 

of gravity of the aircraft, ensuring accurate sensor readings. The frame kit is illustrated in Figure 6. 

 

 

Fig. 6 F450 quadcopter frame kit with integrated power distribution board. 
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1045 Propeller: The aerodynamic propulsion of the UAV is achieved through four 1045 propellers, which 

serve the critical function of converting the rotational torque generated by the motors into vertical thrust 

and directional control forces. These specific propellers were selected due to their optimal aerodynamic 

efficiency when paired with the A2212/10T 1400KV motors and the 3S 11.1V battery configuration on a 

450-class multirotor frame. Academically, the 1045 nomenclature defines the physical dimensions of the 

blade, indicating a total diameter of 10 inches and an aerodynamic pitch of 4.5 inches. The pitch value 

represents the theoretical forward distance the propeller would advance during a single complete revolution 

in a solid medium. Technically, they are manufactured from a high strength polymer material, which 

provides the necessary stiffness to prevent blade deflection under heavy aerodynamic load while remaining 

lightweight. Regarding system integration, the propellers are mechanically fastened to the threaded shafts 

of the brushless motors. To neutralize the reactive yaw torque and maintain rotational stability during flight, 

the propulsion system employs a counter rotating configuration. Specifically, two propellers are designed 

to rotate in a clockwise direction, while the remaining two rotate in a counterclockwise direction. The 

propeller set is illustrated in Figure 7. 

 

 

Fig. 7 1045 aerodynamic propellers. 

 

MAVLink2 Wireless Telemetry Module: The wireless data communication between the Unmanned 

Aerial Vehicle (UAV) and the Ground Control Station (GCS) is facilitated by an ESP8266 based wireless 

telemetry module. This specific communication hardware was selected because it leverages standard 2.4 

GHz wireless networks to transmit high bandwidth telemetry data, offering a highly accessible alternative 

to traditional radio frequency links for short range flight operations. Academically, the module operates on 

the 802.11 wireless standard and is fully compatible with the MAVLink2 protocol. This compatibility is 

crucial, as MAVLink2 provides a highly efficient packet structure for bidirectional data exchange, enabling 

the seamless transmission of real time flight parameters, sensor diagnostics, and ground commands. 

Technically, the integrated planar antenna ensures a stable communication link within the operational line 

of sight. Regarding system integration, the module interfaces physically with the Pixhawk flight controller 

via a dedicated UART telemetry port, utilizing four essential pin connections: transmit, receive, power, and 

ground. Once initialized, it establishes a wireless access point, allowing ground control software, such as 

Mission Planner or QGroundControl, to connect wirelessly and monitor the aircraft dynamics in real time. 

The telemetry module is illustrated in Figure 8. 
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Fig. 8 ESP8266 based MAVLink2 wireless telemetry module. 

 

M8N GPS Module with Compass: The spatial navigation and positional holding capabilities of the UAV 

are governed by the M8N Global Positioning System (GPS) module. The primary function of this unit is to 

provide high precision real time geographical coordinates and directional heading data. This specific 

module was selected due to its advanced receiver architecture, which is capable of concurrently tracking 

multiple Global Navigation Satellite System (GNSS) constellations, including GPS, GLONASS, and 

Galileo. This multiple constellation support guarantees rapid satellite acquisition and superior positional 

accuracy. Technically, the module integrates a high gain ceramic patch antenna for optimal signal reception 

and an internal magnetometer to determine the exact magnetic heading of the aircraft. Regarding system 

integration, the M8N module connects directly to the Pixhawk flight controller via a dual cable 

configuration. The primary serial interface utilizes the UART protocol to transmit geographical positioning 

data, while a separate connection utilizes the I2C bus to communicate the magnetometer readings. To 

minimize electromagnetic interference generated by the power distribution network, the unit is securely 

mounted on an elevated mast above the top plate of the quadcopter frame. The module is illustrated in 

Figure 9. 

 

 

Fig. 9 M8N Global Positioning System (GPS) module with internal compass. 

 

Following the detailed specification of the individual hardware components and peripheral sensors, the 

complete physical and electrical integration of the quadrotor system is established. Figure 10 illustrates the 

comprehensive reference physical wiring diagram of the UAV based on the standard Pixhawk architecture 

[23]. This schematic demonstrates the central role of the Pixhawk 2.4.8 flight controller in managing the 

power distribution from the main power module to the electronic speed controllers, alongside the signal 

routing for the RC receiver, telemetry radio, and GPS module. The physical cabling is strategically 

organized to maintain signal integrity and ensure general system safety across the platform. 
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Fig. 10 Physical wiring diagram and hardware connection scheme of the UAV system. 

 

Complementing the physical wiring, the logical communication architecture governing the data exchange 

between the flight controller and its integrated peripherals is summarized in Table 1. This table outlines the 

specific port assignments on the Pixhawk hardware and identifies the corresponding communication 

protocols, such as I2C, UART, PWM, and SBUS, utilized by each functional subsystem. The proper 

configuration of these standardized interfaces forms the main communication backbone of the UAV. 

Establishing this reliable data transmission network is a fundamental prerequisite for the safe execution of 

flight algorithms and enables the real time telemetry monitoring required for the MATLAB Simulink 

control interface discussed in the subsequent sections. 

 

Table 1. Hardware Integration and Communication Interfaces. 

Hardware Component Interface / Protocol Target Connection Primary Function in Network 

Pixhawk PX4 2.4.8 Central Hub Entire UAV System Flight dynamics processing and data fusion 

A2212/10T 1400KV Motor Three Wire Phase 20A ESC Aerodynamic thrust generation 

20A ESC PWM Pixhawk (MAIN OUT) Commanded motor speed regulation 

20A ESC Direct Current (DC) Integrated Frame PCB High current power intake 

11.1V 3S LiPo Battery XT60 / High Current Integrated Frame PCB Primary energy distribution 

MAVLink2 Telemetry UART Pixhawk (TELEM Port) Wireless ground station data link 

M8N GPS Module UART Pixhawk (GPS Port) Spatial coordinate acquisition 

Internal Compass I2C Pixhawk (I2C Port) Magnetic heading estimation 

RC Receiver SBUS / RCIN Pixhawk (RCIN Port) Pilot command input processing 

 

 

To measure the designed UAV sensors and control its actuators, the UAV Toolbox Support Package for 

PX4 Autopilots tool has been installed in MATLAB. Thanks to the function library included with this tool, 

measurement and control operations can be performed in real-time. The block diagram designed for testing 

sensors and actuators in the Simulink environment is presented in Figure 11. Here, accelerometer, 

gyroscope, and magnetometer information is read for the X, Y, and Z axes. Roll, Pitch, and Yaw values are 

read in Quaternion format using the Vehicle Attitude block. Position information is read separately as 

latitude, longitude, and altitude via the GPS block. Battery voltage and charge percentage can be read. The 

RC transmitter channel values connected to the UAV system (four channels are used here) can also be read 

separately. In this system, which has four BLDC motors (controlled by four separate ESCs) as actuators, 

the "Arm" command can be given for testing the motors, and the motors' PWM duty cycle can be adjusted 
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either collectively or individually. When this entire system is operated in "Connected IO" mode within the 

Simulink environment, real-time monitoring and control are possible. 

 

 

Fig. 11 Simulink block diagram for UAV sensors and actuators test. 

 

III. RESULTS 

An experimental setup was prepared for the designed UAV. The experimental setup is shown in Figure 

12. The setup consists of a Pixhawk-based F450 Quadrotor UAV, an RC transmitter, and a PC. To test the 

UAV system, the Pixhawk board was connected to the PC via a USB port. The test model, prepared in the 

Simulink environment, was run in "Connected IO" mode, and a real-time connection was established 

between the UAV and the PC. The accelerometer, gyroscope, magnetometer, vehicle attitude (Roll, Pitch, 

and Yaw rates), GPS information (latitude, longitude, and altitude), battery voltage and percentage, and RC 

transmitter channel information in the UAV system can be monitored. Simultaneously, the "Arm" 

command can be given to the BLDC motor block, and the PWM duty cycle rates to the ESCs can be 

adjusted. The system was tested, and the results are presented in Figure 13. The tests showed that all sensors 

could be read correctly and the motor system could be adjusted with high precision. 
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Fig. 12 UAV experimental setup. 

 

 

Fig. 13 Sensors and actuators test results. 
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IV. CONCLUSION 

In this study, a comprehensive methodology for the physical integration and real-time sensor-actuator 

testing of a Pixhawk-based quadrotor has been successfully implemented. The transition from a theoretical 

block diagram to a functional experimental setup was achieved through the systematic selection of 

compatible hardware and the utilization of the MATLAB/Simulink ecosystem. The main conclusions 

drawn from the experimental verification are as follows: 

 

• The use of Simulink's "Connected IO" mode provides an effective "Hardware-in-the-Loop" style 

interaction, allowing for the real-time observation of high-frequency sensor data and the direct 

command of propulsion systems without complex low-level coding. 

 

• The integration of the MAVLink2 protocol via an ESP8266 telemetry module ensures reliable short-

range wireless data exchange, which is essential for ground station monitoring and safety. 

 

• Experimental tests confirmed that the Pixhawk 2.4.8 architecture, when paired with the UAV 

Toolbox, offers a highly responsive platform for academic research, capable of executing precision 

PWM commands and providing accurate attitude estimations. 

 

Overall, the developed system serves as a versatile testbed for advanced flight control strategies. Future 

work will focus on implementing non-linear control algorithms, such as Sliding Mode Control or PID-

based autonomous navigation, and evaluating their performance under varying environmental disturbances 

using the established real-time interface. 
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