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INTRODUCTION 

This report outlines the work conducted during my internship focused on the development 

and simulation of an underwater Remotely Operated Vehicle (ROV) using PIXHAWK 

technology and AADL (Architecture Analysis & Design Language) modelling. The primary 

goal of the internship was to design, simulate, and integrate a modular software and hardware 

architecture for an underwater robotic system, combining real-time control principles with 

model-driven development and virtual testing environments such as Gazebo and 

QGroundControl. The internship offered a firsthand opportunity to bridge theoretical 

knowledge with practical applications in autonomous systems, embedded software, and 

robotics simulation. 
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1. PROBLEM STATEMENT AND 

CONTRIBUTIONS DURING INTERNSHIP 

1.1. PROBLEM STATEMENT 

The development and verification of cyber-physical systems, particularly in domains such 

as underwater robotics, presents significant challenges. These systems consist of complex 

interactions between software components, real-time control logic, and diverse physical 

hardware such as sensors, actuators, and embedded computers. Traditional development 

practices often result in late discovery of integration issues, especially when software and 

hardware are developed in parallel without a unified architectural model. 

In the context of Remotely Operated Vehicles (ROVs), ensuring reliable communication 

between onboard sensors, actuators, the flight controller (e.g., Pixhawk), and ground control 

stations like QGroundControl is critical. Furthermore, confirming the behaviour of these 

systems in simulation (e.g., using Gazebo or SITL) before deployment is essential for safe and 

efficient development. However, existing simulation workflows are often fragmented, with 

system architecture, controller logic, and hardware abstraction managed separately. 

There is a need for a modelling approach that can formally capture the structure, behaviour, and 

deployment properties of the system in a modular, analysable, and code-generatable form. 

AADL (Architecture Analysis & Design Language), combined with toolchains such as Ocarina, 

offers this capability but has limited adoption in underwater robotics and lacks reference 

implementations for integrating with platforms like ArduSub, PX4, and Gazebo. 

1.2. INTERN CONTRIBUTIONS  

During the internship, the following contributions were made to address the stated problem: 

Modelling of the Underwater ROV in AADL 

A complete AADL architecture model of a BlueROV2-like vehicle was developed. This 

included definitions for all major components such as sensors (IMU, GPS, pressure, 

temperature, magnetometer), actuators (six T200 thrusters), the Pixhawk flight controller, 

power modules, and onboard computers. 
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The architecture was modularized across multiple AADL files using proper subcomponents, 

connections, threads, processes, and device bindings, following best practices in model 

organization. 

Integration with Code Generation and Simulation Tools 

The AADL model was configured to support automatic C code generation using Ocarina, with 

custom property sets (e.g., Deployment, SEI, Ocarina_Config) to define platform-specific 

constraints and scheduling. 

A C++ wrapper was implemented to integrate the generated C code into a Gazebo plugin, 

enabling behaviour simulation of the AADL-defined logic within a physics-based underwater 

environment. 

Sensor and Actuator Simulation Fidelity 

Simulated sensor data streams (IMU, magnetometer, temperature, etc.) were integrated with 

Gazebo topics and linked to ArduSub SITL, ensuring that QGroundControl could interpret 

telemetry as if from a real vehicle. 

Joint effort was made to correct deadbands, thrust mappings, and coordinate frame 

transformations between ArduPilot and Gazebo (ENU to NED, body frame alignment). 

Automation and Debugging Infrastructure 

Startup scripts, SITL launch configurations, and environment variables (e.g., SITL_UDP, 

GZ_SIM_SYSTEM_PLUGIN_PATH) were customized to ensure reproducible integration of 

Gazebo Harmonic, ArduSub, and QGC. 

Several issues such as missing thruster command connections, battery errors, and broken 

simulation loops were found and resolved through system-level debugging and parameter 

tuning (e.g., SIM_BATT_VOLTAGE, BATT_MONITOR). 

Documentation and Reporting 

All modelling, configuration, and simulation steps were thoroughly documented, providing a 

reproducible pipeline for future developers. 

Detailed comparisons between hand-written and generated control logic were explored to assess 

the feasibility of AADL-based deployment on real-time hardware. 
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2. CHALLENGES AND SOLUTIONS 

The core challenge of this internship project was to replace underwater robotics hardware 

with a simulated yet realistic digital twin—without changing the fundamental system 

architecture. The system under development needed to behave identically whether deployed in 

simulation or on physical hardware, including correct timing, sensor-actuator communication, 

and autopilot behaviour. Achieving this required integrating a variety of tools—such as AADL, 

Ocarina, ArduSub SITL, Gazebo Harmonic, and QGroundControl—into a seamless co-

simulation pipeline. 

While PX4 SITL is widely used in aerial robotics and offers strong integration with Gazebo, it 

lacks native support for underwater vehicles (UUVs) and does not support vectored or vertical 

thruster arrangements used by vehicles like the BlueROV2. For this reason, ArduSub SITL (a 

variant of ArduPilot) was used instead, as it provides full support for submarine dynamics, 

ArduSub firmware, and QGC compatibility. 

2.1. LIST OF PROBLEMS WITH SHORT SUMMARY AND 

SOLUTION  

Replacement of Real Hardware with Simulation 

Challenge: Simulating physical components—including sensors (IMU, pressure, 

magnetometer), thrusters, and power modules—without losing architectural fidelity. 

Solution: The AADL model was designed to reflect the real system structure, and 

corresponding simulated components were implemented in Gazebo. Real-time sensor topics 

were streamed via Gazebo plugins and matched against AADL-defined ports. 

Use of ArduSub SITL over PX4 SITL 

Challenge: PX4 SITL does not support underwater frames or ArduSub firmware out of the box, 

making it incompatible with the BlueROV2 configuration. 

Solution: The ArduSub SITL from the ArduPilot project was adopted instead. This enabled 

vectored thruster layouts, depth-hold modes, and QGC communication. In future work, PX4 

SITL should be extended to support full submarine dynamics for broader compatibility. 
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Timing Synchronization between AADL and Gazebo 

Challenge: Ensuring AADL-specified thread periods, execution times, and deadlines are 

honoured in the simulation loop. 

Solution: lock_step mode was enabled in the ArduPilotPlugin, and Gazebo's simulation speed 

was kept at real-time (SIM_SPEEDUP=1). Timing parameters in AADL were aligned with 

sensor update rates (e.g., 1000Hz for IMU). 

Correct Port Mapping and Function Binding 

Challenge: Mapping AADL ports to generated C functions and ensuring correct endpoint 

behaviour in Gazebo. 

Solution: Each sensor and actuator were linked through clearly defined ports and subprograms 

in the AADL model. The generated C code was wrapped in C++ plugins and connected to 

proper Gazebo topics (e.g., /model/bluerov2/joint/thrusterX_joint/cmd_thrust). 

Avoiding Runtime Failures and Segmentation Faults 

Challenge: Crashes occurred due to undefined files, uninitialized ports, or misconfigured 

plugin parameters. 

Solution: All references in AADL were confirmed and unused components removed. More 

error-checking was added in wrappers, and missing configuration files were created or stubbed 

to satisfy plugin expectations. 

Correct Coordinate Frame Transformations 

Challenge: ArduSub and Gazebo use different coordinate systems (NED vs ENU). 

Solution: All plugin transformations were carefully defined using 

<modelXYZToAirplaneXForwardZDown> and <gazeboXYZToNED> tags. IMU sensor 

orientation and plugin outputs were transformed to ensure consistent navigation and control 

behaviour. 

Verifying Full System Functionality 

Challenge: QGroundControl should behave as if it’s connected to a real ROV. 
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Solution: MAVLink communication was confirmed using mavproxy.py, and QGC correctly 

displayed GPS, battery, and sensor data. The system responded to manual control, mission 

uploads, and telemetry queries. 

2.2. ROV OVERVIEW AND HARDWARE SPECIFICATIONS 

The ROV system developed within this project is based on modern, commercially 

available components selected for their reliability, extensive documentation, and compatibility 

with open-source control platforms such as ArduSub. 

The key hardware components include: 

 Pixhawk 6X flight controller, responsible for managing sensors, actuators, system 

stabilization, and communication with the surface station. It features multiple IMUs 

(BMI088, ICM42688-P), magnetometers (IST8310), barometers (BMP388), and GPS 

support. 

 

Figure 1: PixHawk 6x 

 

 ARK-1551-S6A1 industrial computer, used for onboard processing, communication, and 

system monitoring. It is powered by an Intel Core i5 processor and runs Ubuntu 20.04 LTS. 
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Figure 2: ARK computer 

 

 Power supply is provided by two Bosch PowerTube 625 batteries, communicating over 

CAN-BUS for status reporting and control. More components include voltage regulators 

(PM03D, PM02D) and a waterproof DC-DC converter (IP68). 

 

Figure 3: Bosch PowerTube 625 battery 

 

 Propulsion system consists of three Blue Robotics T200 thrusters and two Diamonde 

Dynamics TDS7 motors. The T200 thrusters are fully submersible and water-cooled, while 

the ESCs support advanced PWM protocols such as DSHOT1200. 
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Figure 4: BlueRobotics T200 thruster 

 

Figure 5: Diamonde Dynamics TDS7 motor 

 Sensor suite includes: 

o BAR02 and BAR30 pressure/depth sensors (rated up to 300 meters) 
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Figure 6: Depth sensor (2bar) 

 

Figure 7: Depth sensor (30bar) 

o Celsius temperature sensor 

 

 

Figure 8: Temperature sensor 
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o Ping Sonar for obstacle distance measurement 

 

 

Figure 9: Sonar 

 Vision system includes a DFM 37UX290-ML high-resolution camera (Full HD at 143 FPS) 

and six LUMEN-R2 underwater lights. 

 

Figure 10: DFM 37UX290-ML Camera 
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Figure 11: LUMEN-R2 Light 

This hardware configuration offers complete underwater operational capability, enabling 

precise navigation, data acquisition, and mission control in both simulated and real-world 

environments. 

The general ROV diagram can be seen in Figure 12 underneath: 

 

 

Figure 12: ROV diagram 
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3. IMPLEMENTATION OF SOLUTIONS 

3.1. INTRODUCTION TO AADL MODELS AND MODELLING 

The Architecture Analysis & Design Language (AADL) is a standardized modelling 

language developed to describe both the hardware and software architecture of embedded real-

time systems. Originating from the aerospace and avionics industries, AADL provides a 

rigorous and formal framework for modelling system components, their interactions, and non-

functional properties such as timing, memory usage, and execution behaviour. 

AADL supports hierarchical system decomposition and helps the early validation of system 

designs through simulation, analysis, and automatic code generation. One of its key strengths 

lies in its ability to model both logical and physical aspects of a system, enabling developers to 

analyse performance, safety, and reliability characteristics before implementation. 

In the context of this internship, AADL was used to design and verify the architecture of an 

underwater ROV system. The modelling process included the definition of threads, processes, 

devices, and data ports, allowing for a modular and scalable design that could be deployed on 

real-time platforms such as PX4 and integrated into simulation environments using tools like 

Ocarina and Gazebo. 

3.2. AADL MODEL OF ROV 

The ROV system is modeled using a modular and hierarchical AADL (Architecture 

Analysis & Design Language) structure. The entire architecture is divided across multiple 

AADL packages, each encapsulating a specific functional domain—such as sensors.aadl, 

actuators.aadl, autopilot.aadl, and others. This modularity improves reusability, clarity, and 

allows separate development and validation of individual system components. 

All sensor and actuator units are modeled as thread components instead of device types. This 

approach intentionally decouples the software architecture from specific hardware constraints, 

allowing the same model to be used for both Hardware-in-the-Loop (HITL) and Software-in-

the-Loop (SITL) simulations. By abstracting physical devices into threads, the system remains 

portable and compatible with simulation environments like Gazebo. 

Data Port connections are used to exchange information between components, and all data types 

are formally defined in a central data_types.aadl package. This provides a consistent and 
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strongly typed interface for communication between system elements and ensures correctness 

when compiling with Ocarina. 

The ROV AADL model can be seen underneath in Figure 13: 

 

Figure 13: AADL model of the ROV 

For example, the AADL code used for the central control unit can be seen underneath in 

Appendix 1: 

package central_control_unit 

public 

  with deployment; 

  with common; 

 

------------------------- 

-- Hardware components -- 

------------------------- 

 

data camera_data 

end camera_data; 
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data implementation camera_data.impl 

end camera_data.impl; 

  

device camera_device 

features 

  video_input: in data port camera_data; 

  video_output: out data port camera_data; 

end camera_device; 

 

data gps_data 

end gps_data; 

 

data implementation gps_data.impl 

end gps_data.impl; 

  

device gps_device 

features 

  location_input: in data port gps_data; 

  location_output: out data port gps_data; 

end gps_device; 

 

----------------- 

-- Subprograms -- 

----------------- 

 

subprogram camera_spg 

properties 

  source_language => (C); 

  source_name     => "camera_spg"; 

  source_text     => ("camera.c"); 

end camera_spg; 

 



15 
 

subprogram gps_spg 

properties 

  source_language => (C); 

  source_name     => "gps_spg"; 

  source_text     => ("gps.c"); 

end gps_spg; 

 

------------- 

-- Threads -- 

------------- 

 

thread camera_thread extends common::periodic_thread 

end camera_thread; 

 

thread gps_thread extends common::periodic_thread 

end gps_thread; 

 

 

thread implementation camera_thread.impl 

calls 

 c : { 

  s : subprogram camera_spg; 

}; 

properties 

  Period => 1 sec; 

  Priority => 100; 

end camera_thread.impl; 

 

thread implementation gps_thread.impl 

calls 

 c : { 

  s : subprogram gps_spg; 

}; 
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properties 

  Period => 1 sec; 

  Priority => 200; 

end gps_thread.impl; 

 

--------------- 

-- Processor -- 

--------------- 

 

processor cpu 

properties 

  Deployment::Execution_Platform => native; 

end cpu; 

 

processor implementation cpu.impl 

properties 

   Scheduling_Protocol => (Posix_1003_Highest_Priority_First_Protocol); 

end cpu.impl; 

 

--------------- 

-- Processes -- 

--------------- 

 

process central_software 

end central_software; 

 

process implementation central_software.impl 

subcomponents 

  camera : thread camera_thread.impl; 

  gps : thread gps_thread.impl; 

end central_software.impl; 

 

------------ 
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-- System -- 

------------ 

 

system central 

end central; 

 

system implementation central.impl 

subcomponents 

  software : process central_software.impl; 

  ark  : processor cpu.impl; 

properties 

  Actual_Processor_Binding => (reference (ark)) applies to software; 

end central.impl; 

 

 

end central_control_unit; 

Appendix 1: Central control unit code 

3.3. SIMULATING THE ROV 

The simulation of the underwater Remotely Operated Vehicle (ROV) was carried out using a 

combination of Gazebo Harmonic, ArduSub SITL, and QGroundControl (QGC), integrated into 

a coordinated workflow that mirrors real-world operation. This simulation environment enabled 

the validation of the system model defined in AADL (Architecture Analysis & Design 

Language) and its interaction with software-in-the-loop (SITL) autopilot logic, without the need 

for physical hardware. 

The Gazebo environment can be seen underneath in Figure 14: 
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Figure 14: Gazebo environment 

3.3.1. SIMULATION ENVIRONMENT SETUP 

The Gazebo Harmonic simulator was chosen due to its advanced hydrodynamic support, plugin 

modularity, and compatibility with the ArduPilot ecosystem. A custom world 

(bluerov2_underwater.world) was developed, including realistic environmental parameters 

such as fluid density, buoyancy, drag, and underwater lighting. The BlueROV2 model, complete 

with six vectored T200 thrusters and sensors (IMU, pressure, and magnetometer), was inserted 

into the world using a dedicated SDF (Simulation Description Format) model. 

To enable control via ArduPilot, the ArduPilotPlugin was configured to act as the bridge 

between Gazebo and the SITL instance. All necessary thruster control channels were exposed 

through cmd_thrust topics, and sensor topics were matched with those expected by the SITL 

firmware. The simulation was run with real-time synchronization (lock_step) to ensure that data 

exchange between Gazebo and ArduSub occurred deterministically. 

The ROV inside the Gazebo editor can be seen underneath in Figure 15: 
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Figure 15: BlueROV2 model inside Gazebo editor 

3.3.2. ARDUSUB SITL INTEGRATION 

ArduSub, a firmware variant of ArduPilot tailored for underwater vehicles, was selected over 

PX4 SITL due to its native support for submarine dynamics, depth-hold modes, vectored thrust 

control, and QGC compatibility. The SITL instance was launched with configuration 

parameters that matched the ROV model, including frame type (BLUEROV1), firmware 

parameters (sub.parm), and MAVLink UDP endpoints. 

The autopilot software received simulated sensor data from Gazebo, processed control logic 

(e.g., depth control, stabilization), and published thruster commands accordingly. These 

commands were converted to joint velocities by Gazebo’s thruster system plugin, producing 

realistic motion in the underwater environment. 

3.3.3. CONTROL AND VISUALIZATION 

QGroundControl was used as the operator interface. It connected to the ArduSub SITL via 

MAVLink and allowed live visualization of the vehicle's orientation, depth, GPS data, and 

battery status. Missions could be uploaded, joystick control was assessed, and telemetry logs 

were analysed. The simulated ROV responded to commands in real time, verifying full loop 

closure from operator to actuator. 
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Figure 16: QGroundControl interface (without ROV) 

To complement this, MAVProxy was used for debugging, parameter tuning, and issuing low-

level commands directly to the SITL instance. It also confirmed the reception of heartbeat 

messages, arm/disarm state, and command acknowledgments.  

If the user plans on evaluating the ROV via direct input commands over MAVProxy, that is 

done in the console window which can be seen underneath in Figure 17. The MAVProxy 

console is limited in its usage, it cannot plan missions and receive audio/video signals. It can 

also only list sensor outputs via direct commands. Some commands can be seen underneath in 

Table 1: 

Table 1: MAVProxy commands 

st

at

us 

Overview of autopilot state, including armed status, flight mode, battery, etc. 

pa

ra

m 

sh

o

w 

ba

 

Show all battery-related parameters. 
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tt

_* 

pa

ra

m 

sh

o

w 

si

m

_* 

List all simulated sensor parameters. 

pa

ra

m 

sh

o

w 

gp

s_

* 

 

List GPS-related parameters. 
 

pa

ra

m 

sh

o

w 

ba

ro

_* 

 

List barometer-related parameters. 
 

pa

ra

m 

sh

 

List IMU (inertial) sensor parameters. 
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o

w 

in

s_

* 

rc 

st

at

us 

 

Shows current RC input values per channel. 
 

rc 

X 

va

lu

e 

Gives PWM signal to specified RC channel (rc 3 1600) 

m

es

sa

ge

s 

 

Lists incoming MAVLink messages. 
 

m

od

ul

e 

lis

t 

 

Lists loaded modules. 
 

 

Usage of those same commands can be seen underneath in Figure 17: 
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Figure 17: MAVProxy console 

3.3.4. SENSOR AND ACTUATOR SIMULATION 

Each sensor on the ROV was represented by a dedicated plugin or sensor tag in the SDF file. 

These included: 

 An IMU sensor publishing acceleration and angular velocity, 

 A barometric pressure sensor estimating depth, 

 A magnetometer for yaw and orientation reference. 

Actuator simulation was realized using six revolute joints driven by the Thruster System Plugin, 

which converted input thrust values to joint velocities. The mapping between ArduSub RC 

channels and Gazebo thruster topics was carefully configured in the ArduPilotPlugin to ensure 

correct force application. 

The simulation of the ROV includes multiple virtual sensors that mirror the real-world 

components used for checking the submarine's status and surroundings. Each sensor was 

implemented as a standalone C program, standing for an AADL device with a corresponding 

subprogram. These modules were designed to simulate real sensor readings and send data over 

UDP sockets to the simulated ArduSub environment, enabling realistic control logic execution 

within the Gazebo environment. 
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For example, the temperature sensor usually sends readings from a DS18B20 sensor. It 

reads temperature values from a device file and sends them to the control system over a UDP 

socket. But since this is only a simulation usage, it sends randomly generated data back to our 

Gazebo plugin. Below is a snippet from temperature.c that shows the core functionality: 

… 

#define SIMULATION_USAGE 1  // 0 = real sensor, 1 = simulated 

… 

// Real sensor mode (HITL) 

        FILE *tempfile = fopen("/sys/bus/w1/devices/28-

0000027a4334/w1_slave", "r"); 

        if (!tempfile) { 

            perror("Sensor read error"); 

            return; 

        } 

… 

// Simulated mode (SITL) 

        srand((unsigned int) time(NULL)); 

        float temperature = 10.0f + ((float)(rand() % 2000) / 

100.0f); // 10.0 to 30.0 

        printf("[Simulated Temperature Sensor] Temperature: 

%.2f C\n", temperature); 

        snprintf(temperatureStr, sizeof(temperatureStr), 

"%.2f", temperature); 

… 

Appendix 2: Temperature sensor C code 

 

 The magnetometer sensor provides orientation data by reading magnetic field values 

from three axes (X, Y, Z). In hardware mode, the system communicates over I2C with the 

HMC5883L chip, retrieving raw data and sending it over UDP to the Pixhawk or another 

consumer. For simulation, the code generates random values to mimic realistic magnetometer 

readings. Below is a key part of the implementation in Appendix 3: 

… 
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#define SIMULATION_USAGE 1  // Set to 0 for real sensor, 1 for 

simulation 

 

#define SERVER_IP "192.168.0.100" 

#define SERVER_PORT 5000 

#define I2C_ADDRESS 0x1E 

#define I2C_DEVICE "/dev/i2c-1" 

 

int mag_i2c_file; 

int mag_udp_socket; 

struct sockaddr_in mag_destAddr; 

 

void magnetometer_init(); 

void magnetometer_spg(); 

… 

// Socket setup 

    if ((mag_udp_socket = socket(AF_INET, SOCK_DGRAM, 0)) < 0) 

{ 

        perror("Socket creation failed"); 

        exit(1); 

    } 

 

    memset(&mag_destAddr, 0, sizeof(mag_destAddr)); 

    mag_destAddr.sin_family = AF_INET; 

    mag_destAddr.sin_port = htons(SERVER_PORT); 

    if (inet_pton(AF_INET, SERVER_IP, &mag_destAddr.sin_addr) 

<= 0) { 

        perror("Invalid IP address"); 

        exit(1); 

    } 

… 

// ====== SIMULATION MODE ====== 

 

void magnetometer_init() 
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{ 

    // No hardware init needed 

} 

 

void magnetometer_spg() 

{ 

    srand((unsigned int) time(NULL)); 

    int xMag = rand() % 201 - 100; 

    int yMag = rand() % 201 - 100; 

    int zMag = rand() % 201 - 100; 

 

    printf("[Simulated Magnetometer] X: %d, Y: %d, Z: %d\n", 

xMag, yMag, zMag); 

} 

Appendix 3: Magnetometer sensor code 

The tube sensor uses the DHT22 component to gather both temperature and humidity values. 

In real-world scenarios, it interfaces via GPIO and bit-level protocol, converting digital signals 

to usable metrics. In simulation, random values are generated in plausible environmental 

ranges. The extracted values are then sent over UDP. A simplified excerpt from tube_sensor.c 

is shown below in Appendix 4: 

… 

#define SERVER_IP "192.168.0.100" 

#define SERVER_PORT 5000 

#define SIMULATION_USAGE 1  // Set to 0 for real hardware, 1 

for simulated 

… 

// === SIMULATION MODE === 

 

void tube_sensor_spg() 

{ 

    srand((unsigned int) time(NULL)); 
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    float temperature = 15.0f + ((float)(rand() % 1000) / 

100.0f); // 15.0 - 25.0 °C 

    float humidity = 40.0f + ((float)(rand() % 500) / 

10.0f);      // 40.0 - 90.0 % 

 

    printf("[Simulated Tube Sensor] Temperature: %.1f C, 

Humidity: %.1f %%\n", temperature, humidity); 

} 

 

void tube_init() 

{ 

    // No hardware setup needed in simulation 

} 

… 

Appendix 4: Tube sensor code 

This pressure sensor estimates the ROV's depth by converting analog voltage levels into 

pressure readings. In the real sensor mode, analog values are read via GPIO and translated using 

linear scaling. In simulation, a plausible random pressure value is generated to emulate depth 

changes. The resulting data is formatted and sent via UDP. Relevant code from pressure.c is 

shown below in Appendix 5: 

… 

#define SERVER_PORT 1234 

#define SERVER_IP_ADDRESS "127.0.0.1" 

#define SIMULATION_USAGE 1  // Set to 0 for real hardware 

… 

 

// === REAL HARDWARE MODE === 

 

void pressure_spg() 

{ 

    pressure_init(); 

 

    int pressure = 0; 
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    // pressure = readPressure();  // Uncomment when analogRead 

is implemented 

 

    // Send dummy value if hardware reading isn't available 

    pressure = 123456;  

 

    char dataPacket[64]; 

    sprintf(dataPacket, "Pressure = %d", pressure); 

 

    if (send(pressure_udp_socket, dataPacket, 

strlen(dataPacket), 0) < 0) 

    { 

        perror("Error sending data to Pixhawk!"); 

        exit(1); 

    } 

 

    close(pressure_udp_socket); 

} 

… 

// === SIMULATED MODE === 

 

void pressure_spg() 

{ 

    srand((unsigned int) time(NULL)); 

    int pressure = 100000 + rand() % 50000; // Simulate 100kPa 

to 150kPa 

    printf("[Simulated Pressure] Pressure: %d Pa\n", pressure); 

} 

 

void pressure_init() { 

    // No real init required in simulation 

} 

… 

Appendix 5: Pressure sensor code 
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3.4. GENERATION OF C CODE USING OCARINA 

The Ocarina toolchain is used to automatically generate C source code from AADL models, 

transforming abstract system architecture into a concrete, executable software framework. This 

generation process is essential for simulation, integration, and deployment of real-time 

embedded systems such as the ROV's onboard control software. 

Generated Artifacts 

When executing Ocarina on the defined scenario.aadl model, the tool produces several 

important software artifacts: 

Makefile and C Code Directory Structure 

Ocarina outputs a structured set of folders and files organized to support modular compilation 

and integration with external code (e.g. sensor simulators, actuator control). This includes a 

Makefile for automated build and linking, as well as subdirectories for each AADL process. 

user_<thread>_entrypoint() Functions 

For every thread component defined in the AADL model, Ocarina generates a corresponding 

C function named user_<thread_name>_entrypoint(). These functions serve as hooks for the 

developer to insert user-defined behavior that will be periodically or event-driven executed 

based on the scheduling policy defined in the model. 

Basic Scheduler and Runtime Glue Code 

A simple round-robin or time-triggered scheduler is generated depending on the configuration 

of the model. This scheduler ensures correct timing and ordering of thread executions as 

defined in the AADL system implementation. The generated code also includes glue logic for 

task creation, message passing (if applicable), and thread activation. 

Integration with Sensor and Actuator Code 

One of the main advantages of using Ocarina in this project is its support for the integration of 

hand-written C code with generated AADL infrastructure. Each user_entrypoint() function is 

modified to call the corresponding sensor or actuator function. For example in Appendix 6: 

void user_temperature_thread_entrypoint(__po_hi_task_id self) 

{ 

    temperature_spg(); 
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} 

Appendix 6: User entrypoint code snippet 

This approach ensures that the high-level architectural model (AADL) is directly connected to 

the low-level simulation or hardware interface logic (e.g. temperature_spg(), thrusters_spg()), 

enabling traceability and clarity in the codebase. 

Simulated vs. Real Execution 

The generated code structure allows easy toggling between simulated and real hardware 

operation. By setting the SIMULATION_USAGE macro in sensor/actuator source files, the 

same generated framework can be reused without recompiling the core scheduler logic. 

This flexibility allows the ROV software to be tested in simulation environments such as 

Gazebo and SITL before deployment to actual hardware with HITL configurations. 

3.5. GENERATING A COMMON LIBRARY  

To integrate the system-level logic generated from AADL models with the Gazebo simulation 

environment, all C code—including both user-written sensor/actuator code and the code 

generated by Ocarina—is compiled into a shared library (.so). This library acts as the core 

executable unit for runtime behavior within the simulator. 

Two distinct CMakeLists.txt files are used in the build process: 

 Ocarina C Code Compilation (CMakeLists.txt) 

After Ocarina generates the C code from the AADL architecture, a dedicated 

CMakeLists.txt is used to compile this code. It includes entry points like 

user_<thread>_entrypoint() which correspond to logical threads in the AADL model. These 

functions call lower-level logic such as temperature_spg() or thrusters_spg(), depending on 

the device. 

 Shared Library Build for Gazebo Plugin (CMakeLists.txt) 

A separate CMake configuration is used to compile all necessary sources (generated + hand-

written C code) into a .so file. This file is dynamically loaded by a custom Gazebo plugin. 

This CMakeLists.txt links required Gazebo and GZ libraries (e.g., gz-sim8, gz-common) 

and handles include paths, dependencies, and target configuration. 

The resulting .so file is imported at runtime by a custom plugin written for Gazebo, which acts 

as a bridge between the simulation world and the system's internal logic. Inside the plugin, the 
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*_spg() functions (sensor/actuator subprograms) or user_<thread>_entrypoint() functions 

(from the Ocarina code) are explicitly called in their appropriate simulation update cycle, 

ensuring that each sensor and actuator behaves according to the system’s architectural design. 

This modular and layered approach allows for easy substitution between real and simulated 

components (via SIMULATION_USAGE flags), better debugging capabilities, and full 

compatibility with Gazebo's simulation loop and physics updates. 

3.6. INTEGRATION WITH GAZEBO SIMULATOR 

Integration of all moving parts can be seen underneath in Figure 18: 

 

Figure 18: Integration diagram 

Here is the explanation of the data flow in the graph: 

First the sensor data is generated by the simulated environment and passed to the wrapper. 

(Sensor data) 

Secondly the wrapper converts Gazebo sensor data into a format matching AADL port types 

expected by the Ocarina-generated C code. (Translated sensor data) 

Thirdly, the AADL system model, implemented as C code, computes control outputs which are 

passed back to the wrapper. (Control output) 
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After that the wrapper sends the control outputs (e.g., desired thrust values, position or velocity 

corrections) to ArduSub as overrides or direct control inputs. (Updated thruster state, 

position/velocity overrides) 

ArduSub sends low-level actuator commands to Gazebo's simulated vehicle, along with 

estimated state outputs (e.g., attitude, velocity) for visualization and synchronization. 

(Actuator commands, estimated state) 

ArduSub sends telemetry data (vehicle state, sensor readings, etc.) back to QGC for real-time 

monitoring and display. (Telemetry) 

At last, QGC sends user input or mission instructions to ArduSub, including manual joystick 

commands, pre-defined mission plans, or changes in flight mode. (Manual commands, 

mission uploads, mode switches). 

The C++ wrapper is explained in detail underneath in Figure 19: 

 

Figure 19: Wrapper diagram 

The explanation of the data flow in the graph is as follows: 

First, ArduSub sends estimated state and control-related sensor data (e.g., velocity, orientation) 

to the wrapper. (Sensors) 

Secondly, Gazebo provides simulated sensor data (e.g., GPS, IMU, pressure) to the wrapper. 

(Status) 

Then afterwards, the wrapper translates ArduSub and Gazebo data into AADL-typed inputs and 

passes them to the Ocarina-generated C code. (Data types) 

The Ocarina C code returns computed control outputs (e.g., thrust or setpoints) to the wrapper. 

(Control output) 
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At the end, the wrapper converts control outputs into simulation-compatible commands and 

sends them to Gazebo to actuate the simulated vehicle. (Commands) 

This flow ensures seamless integration between the simulation, the formal model, and the 

autopilot. 

3.7. DEPLOYMENT PROCESS 

The deployment process has a few simple steps, the most important step is launching the 

Gazebo environment first, if the environment is not launched first, then the ArduPilot has no 

entity to connect to (our ROV model) and if it has no entity to connect to QGroundControl 

malfunctions as well because it has no middleware through which it sends commands to the 

ROV inside of the Gazebo environment.  

After starting the Gazebo simulator environment with command: 

GZ_SIM_SYSTEM_PLUGIN_PATH=/home/pc/ivan/bluerov2/bluerov2_gz/p

lugins GZ_LOG_LEVEL=debug gz sim -v 4 -r 

bluerov2_underwater.world.  

Verification of successful launch can be done through console output, as seen underneath in 

Listing X Gazebo was started and the proper plugins were initiated for out ROV model (entity 

[8] in this case).[Msg] Gazebo Sim GUI    v8.9.0 

[Dbg] [gz.cc:166] Subscribing to [/gazebo/starting_world]. 

[Dbg] [gz.cc:168] Waiting for a world to be set from the GUI... 

[Dbg] [Gui.cc:275] Waiting for subscribers to [/gazebo/starting_world]... 

[Msg] Received world [bluerov2_underwater.world] from the GUI. 

[Dbg] [gz.cc:172] Unsubscribing from [/gazebo/starting_world]. 

[Msg] Gazebo Sim Server v8.9.0 

[Msg] Loading SDF world 

file[/home/pc/ivan/bluerov2/bluerov2_gz/worlds/bluerov2_underwater.world]

. 

[Dbg] [Application.cc:96] Initializing application. 

[Dbg] [Application.cc:170] Qt using OpenGL graphics interface 

[GUI] [Dbg] [Application.cc:657] Create main window 

... 

[Dbg] [SystemManager.cc:80] Loaded system [rov::ROVPlugin] for entity [8] 

... 

[Dbg] [SystemManager.cc:80] Loaded system [ArduPilotPlugin] for entity [8] 

[Msg] Loaded level [default] 
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… 

Listing X: Console output when launching Gazebo simulation environment shows everything is loaded correctly 

After successfully launching Gazebo, the next step is deployment of ArduPilot. That can be 

done using the following command: 

./sim_vehicle.py -L RATBeach -v ArduSub -f vectored --model=JSON 

--out=udp:0.0.0.0:14550 –console 

If ArduPilot was launched correctly in its console window we should see MAV> instead of our 

directory from where it was launched. 

The MAV console can be seen underneath in Figure 20: 

 

Figure 20: ArduSub console (bottom right), MAV console (left) and MAVProxy viewer (upper right) 

The last step is launching QGroundControl if the user wants to send the ROV on a mission, if 

the goal is not to do missions, the ROV can be operated inside of the MavProxy console via 

direct commands. 

QGroundControl is launched from the folder it is in via command: 

./QGroundControl.AppImage 

After successfully launching all the necessary components the simulation environment is now 

ready to undertake a mission (inside QGC) or receive simple direct commands (via MavProxy). 
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This is what the QGroundControl launched next to a Gazebo simulation environment looks like, 

as seen in Figure 21: 

 

Figure 21: QGroundControl and Gazebo simulation environment 

 

3.8. EXPERIMENTS 

3.8.1. Sensor-to-Actuator Signal Flow Validation 

A critical experiment conducted during development involved confirming the full signal chain 

from simulated sensor inputs to thruster actuation. Using Gazebo, realistic environmental data 

such as IMU orientation and depth readings were generated and passed into the system through 

the plugin wrapper. These inputs were transformed into AADL-compatible types and fed into 

the Ocarina-generated C code, which executed control logic and returned actuation commands. 

The experiment verified that changes in simulated sensor readings triggered proper and timely 

updates to thrust values on all six thrusters, confirming the correctness of the entire control 

loop. 

3.8.2. ArduSub SITL Integration Testing 

To ensure compatibility between the AADL-based control architecture and ArduSub SITL, a 

series of integration experiments were performed. The setup evaluated MAVLink 

communication between the SITL instance and QGroundControl (QGC), focusing on telemetry 
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transmission, mode changes, and parameter synchronization. Successful connection 

establishment, heartbeat recognition, and execution of flight modes such as MANUAL, 

ALT_HOLD, and STABILIZE were verified. These tests demonstrated that ArduSub SITL 

could reliably interpret control signals from the plugin and simulate the behaviour of a real 

ROV in the mission loop. 

3.8.3. Thruster Command Output Experiments 

A set of targeted tests were conducted to ensure the correct mapping of control outputs to the 

six individual thruster joints defined in the Gazebo SDF model. RC overrides and mission 

commands were sent through MAVProxy and QGC, while the resulting cmd_thrust topics in 

Gazebo were watched. These experiments confirmed that all six thrusters received valid and 

dynamic actuation signals, and that they responded proportionally to the control inputs. This 

step was essential to confirm the port connections defined in the AADL model and the correct 

translation of high-level control outputs to low-level thrust commands. 

3.8.4. Timing and Scheduling Experiments 

Using timing parameters defined in the AADL model, such as thread periods, priorities, and 

execution times, experiments were performed to observe and optimize the runtime behaviour 

of the ROV software architecture. These experiments included adjusting thread parameters and 

running the system with different speedup values to simulate load conditions. Observations 

focused on the consistency and determinism of control loop execution, detection of missed 

deadlines, and thread pre-emption behaviour. These timing validations helped ensure that the 

simulation behaved predictably and could be scaled toward real-time or embedded deployment 

targets. 

3.8.5. Subsystem Failure Simulation 

To assess the robustness of the system under fault conditions, artificial sensor failures were 

introduced by disabling or corrupting data from components such as the IMU or pressure sensor. 

These scenarios were executed during runtime in Gazebo, and the system’s response was 

watched through QGC and MAVProxy. The AADL model’s behaviour during degraded sensor 

input was analysed to evaluate failover behaviour or stability loss. This experiment provided 

insight into the ROV system’s fault tolerance and showed future areas for improvement in 

redundancy and error handling logic. 
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3.8.6. Mode Transition and Mission Execution Tests 

Finally, to confirm the system’s operability in realistic mission scenarios, mode transitions and 

mission execution sequences were tested using QGroundControl. Sample missions were 

created, uploaded, and executed using AUTO mode, and transitions between MANUAL, 

ALT_HOLD, and AUTO were evaluated in both QGC and MAVProxy. These experiments 

validated that the entire system—from mission planning to real-time simulation, to control 

execution—functioned as expected, and that the simulation reliably mirrored behaviour typical 

of real-world underwater mission workflows. 

3.9. FUTURE WORK AND OPTIMIZATION 

In this project, simulation was essential for verifying the behaviour and performance of the 

ROV in realistic underwater missions. By combining AADL-based models, Ocarina-generated 

C code, ArduSub SITL, Gazebo, and QGroundControl, it was possible to confirm the system 

architecture without relying on physical hardware. This closed-loop setup ensured that control 

logic, sensor feedback, and actuator behaviour could be evaluated under dynamic conditions. 

Optimization focused on both internal aspects—like task scheduling, CPU use, and latency—

and external mission parameters such as energy efficiency, robustness, and trajectory accuracy. 

Using multi-objective evolutionary algorithms like NSGA-II or PAES, future developers can 

explore trade-offs across performance metrics, resulting in a Pareto set of optimized solutions 

rather than a single configuration. 

To support reproducibility and further research, simulation setups, logs, and mission files 

should be preserved. This enables fault injection testing, robustness analysis, and iterative 

design improvements. AADL’s formal structure supports such systematic evaluation and opens 

the door to automated design-space exploration in future work. 

Future work on this project should focus on expanding the realism and fidelity of the simulation, 

improving the modularity of the AADL architecture, and integrating more advanced control and 

mission planning capabilities. One immediate area for improvement is extending the sensor and 

actuator models within Gazebo to include more physical effects such as underwater currents, 

sensor noise profiles, and hardware-specific latencies. These additions would allow the system 

to be assessed in more challenging and realistic scenarios. 

Additionally, ongoing efforts should address the development of a more accurate ROV model 

(model.sdf) within Gazebo that reflects the true hydrodynamic characteristics of the vehicle. 
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This includes integrating a robust hydrodynamics plugin to simulate water resistance, buoyancy 

variation, and fluid drag in all six degrees of freedom. 

Further simulation accuracy could also be achieved by investigating and extending support for 

PX4 SITL (including submarine and underwater airframes) and enhancing the ArduSub SITL 

platform to improve SITL integration, mission fidelity, and compatibility with external control 

layers. 

Finally, future efforts should include porting the entire toolchain and simulation environment 

toward full automation and CI/CD pipelines, allowing rapid testing of model changes. These 

improvements would position the project as a solid foundation for continued academic research 

and real-world ROV system development. 

 

 

 

 

 

 

 

 

 

 

4. CONCLUSION 

This project successfully demonstrated a complete simulation pipeline for an underwater 

ROV system, starting from formal architectural modelling in AADL to functional validation in 

a virtual environment. The use of AADL enabled a modular and hierarchical description of the 

system, ensuring clarity, reusability, and well-defined interfaces between components such as 

sensors, actuators, and control units. 
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Ocarina served as a critical bridge between architecture and implementation by generating C 

code that respects timing and structural constraints defined in the AADL model. This allowed 

for consistent integration of custom subprograms within a predictable real-time execution 

framework. 

The integration with ArduSub SITL and Gazebo provided a realistic simulation of underwater 

dynamics and allowed for detailed testing of mission behaviour, actuator responses, and sensor 

feedback, all without the need for physical hardware. Combined with QGroundControl and 

MAVProxy, this setup formed a closed-loop environment suitable for prototyping, debugging, 

and future extensions. 

Altogether, the project validates a comprehensive model-based approach to the design and 

simulation of embedded control systems for ROVs, laying a solid foundation for further 

development, optimization, and eventual deployment on real-world platforms. 

 

 

 

 

 

 

 

 

 

 

5. TABLES 

Table 1: MAVProxy commands 
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6. FIGURES 

Figure 1: PixHawk 6x 

Figure 2: ARK computer 

Figure 3: Bosch PowerTube 625 battery 

Figure 4: BlueRobotics T200 thruster 
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Figure 5: Diamonde Dynamics TDS7 motor 

Figure 6: Depth sensor (2bar) 

Figure 7: Depth sensor (30bar) 

Figure 8: Temperature sensor 

Figure 9: Sonar 

Figure 10: DFM 37UX290-ML Camera 

Figure 11: LUMEN-R2 Light 

Figure 12: ROV diagram 

Figure 13: AADL model of the ROV 

Figure 14: Gazebo environment 

Figure 15: BlueROV2 model inside Gazebo editor 

Figure 16: QGroundControl interface (without ROV) 

Figure 17: MAVProxy console 

Figure 18: Integration diagram 

Figure 19: Wrapper diagram 

Figure 20: ArduSub console (bottom right), MAV console (left) and MAVProxy viewer (upper 

right) 

Figure 21: QGroundControl and Gazebo simulation environment 

 

7. CODE 

Appendix 1: Central control unit code 

Appendix 2: Temperature sensor C code 

Appendix 3: Magnetometer sensor code 

Appendix 4: Tube sensor code 
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Appendix 5: Pressure sensor code 

Appendix 6: User entrypoint code snippet 
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