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ABSTRACT

This paper introduces an innovative open-source software subsystem that extends
OGroundControl to facilitate simultaneous connection and coordinated control of multiple
unmanned aerial vehicles (UAVs) using the MAVLink protocol. Key enhancements include a
comprehensive Vietnamese-language localization of the user interface, enhancing accessibility
for non-English speakers, and a dedicated graphical swarm-management module for streamlined
operations. The system ensures full compatibility with PX4 and ArduPilot flight stacks, offering
scalable, map-based tools for multi-vehicle mission planning and execution. Furthermore, it
supports seamless integration with ArduPilot SITL and Gazebo for robust pre-deployment
simulation. Validation in a Software-in-the-Loop environment demonstrates reliable operation
with three or more virtual UAVs, including group commands and synchronized mission execution
without telemetry conflicts. The resulting cross-platform application (Windows and Linux) is
released as open-source software, paving the way for broader adoption in Vietnam's growing
UAV ecosystem.
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1. INTRODUCTION

In recent years, unmanned aerial vehicle (UAV) swarms have garnered significant attention
due to their transformative potential in diverse applications, from precision agriculture and
infrastructure inspection to search-and-rescue and disaster response operations. By enabling
coordinated operation of multiple UAVs, these systems provide enhanced coverage, redundancy,
and efficiency compared to single-vehicle deployments. Several open-source ground control
station (GCS) platforms offer varying levels of multi-vehicle support, including QGroundControl
(cross-platform, compatible with PX4 and ArduPilot), Mission Planner (Windows-focused for
ArduPilot), MAVProxy (command-line interface), and Paparazzi UAV. Notable advancements
include automated mission planning extensions for QGroundControl [1] and experimental leader-
follower capabilities in Mission Planner [2]. However, many existing solutions predominantly
feature English-language interfaces and often require scripting or command-line interactions for
swarm-level functions, limiting accessibility in non-English speaking regions. This study
addresses these gaps by extending the QGroundControl framework with full Vietnamese
localization and a graphical swarm-management module. Leveraging the native
MultiVehicleManager class and MAVLink system IDs, the subsystem simplifies coordinated
multi-UAV operations, while also laying the groundwork for future integrations with emerging
technologies like Al-driven swarm intelligence.

2. PROBLEM

2.1. Theoretical

A typical UAV system (figure 1) comprises a ground control station (GCS), telemetry link, flight
controller, sensors (such as GPS and IMU), and optionally, an onboard companion computer. This
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architecture forms the backbone for scalable swarm operations, where efficient communication
protocols like MAVLink are crucial for real-time data exchange and command synchronization.
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Figure 1. A typical UAV system.
2.2. Proposed system architecture

The proposed architecture (figure 2) supports both simulated and real-world swarm
deployments under centralized control, while remaining extensible to decentralized algorithms. To
enhance robustness, the design incorporates modular components for telemetry routing and
conflict resolution, ensuring low-latency performance in multi-UAV scenarios.
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Figure 2. Proposed drone swarm system architecture.
3. RESULTS AND DISCUSSION

3.1. Implemented system and key features

The ground control station was developed by extending QGroundControl v4.2+ using Qt 6 and
C++/QML. The development process unfolded in four phases: (1) requirements analysis, (2)
complete Vietnamese localization of approximately 4,500 Ul strings, (3) compatibility verification
with PX4 v1.14 and ArduPilot 4.5, and (4) integration of a custom swarm-management plugin.

Key enhancements include: Group command broadcasting (Arm All, Takeoff All, Return All,
Land All) via the MultiVehicleManager class. A dedicated Fly View widget enabling simultaneous
waypoint and survey-grid assignment across multiple selected vehicles. Advanced error-handling
mechanisms to prevent MAVLink message collisions, ensuring system reliability during high-
traffic operations.

3.2. Simulation results and comments

The modified ground control station was rigorously evaluated in a Software-in-the-Loop
(SITL) environment, utilizing multiple instances of PX4 and ArduPilot SITL integrated with the
Gazebo 11 physics simulator (figure 3).

Experiments involved configurations of three to five virtual UAVs, each with a unique
MAVLink system ID (1-5). The software maintained stable connections at a telemetry update rate
of 10 Hz per vehicle across all tests. Key scenarios included:
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Simultaneous arming and synchronized takeoff of the entire swarm (time deviation < 0.8 s
between vehicles).

Coordinated waypoint navigation along individual and overlapping trajectories.
Group execution of Return-to-Launch (RTL) and emergency land commands.

No MAVLink message loss or command conflicts were observed in over 50 mission runs,
totaling more than 4 hours of simulated flight time. Compared to the stock QGroundControl
release, the custom swarm-management module reduced the number of user actions required for
multi-vehicle mission setup by approximately 70% (from script-based or sequential individual
uploads to single map-based planning). These findings validate the effective utilization of
QGroundControl’s MultiVehicleManager class and MAVLink system/topic routing for scalable
multi-UAV coordination. Moreover, the results highlight the subsystem's potential for real-time
applications, where reduced setup time can significantly improve operational efficiency in time-
sensitive missions like disaster response.
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Figure 3. The Sofiware-In-The-Loop (SITL) simulation environment, showing QGroundControl
(left) managing three virtual UAVs running in the Gazebo simulator (top-right) and the
underlying flight stack terminal (bottom-right).

This work introduces the following enhancements to the open-source QGroundControl
framework:

Full Vietnamese localization of the user interface.

A dedicated graphical swarm-management module that enables group commands and map-
centric multi-vehicle mission design using the existing MultiVehicleManager class and MAVLink
system IDs. The resulting software is cross-platform, open-source, and has been validated in
simulation with three or more UAVs running either PX4 or ArduPilot firmware.

4. CONCLUSIONS

This research has successfully developed and released an extended version of QGroundControl
as open-source software. The subsystem enables simultaneous MA VLink-based control of multiple
UAVs equipped with PX4 or ArduPilot firmware, incorporates complete Vietnamese-language
localization, and features a graphical swarm-management module for coordinated mission planning
and execution. Comprehensive Software-in-the-Loop validation using ArduPilot/PX4 SITL and
Gazebo confirms reliable performance with three or more vehicles. Overall, this platform serves as
a robust foundation for advancing decentralized swarm coordination, collision avoidance, and real-
world deployments, particularly in Vietnam, where it can accelerate the adoption of UAV
technology in national defense, agriculture, and emergency services.
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TOM TAT

Nghién ctru thiét ké phan hé két ndi va diéu khién nhiéu phwong tién bay khong nguoi lai
dong thoi qua giao thirc MAVLink

Nghién ciru thiét ké phdn hé két néi va diéu khién nhiéu phwong tién bay khong nguoi
ldi dong thoi qua giao thirc Mavlink. Bai bao trinh bay nghién ciiu thiét ké va phat trién
phdn hé phan mém ma nguon mé cho phép két néi va diéu khién dong thoi nhiéu phwong
tien bay khong nguoi lai (UAV) thong qua giao thirc MAVLink. Muc tiéu chinh la xdy dung
mot tram dzeu khién mat dat ( GCS) manh mé vdi giao dién hoan toan bang tiéng Viét, dap
vng nhu cau ngay cang cao vé iing dung bay dan UAV tai Viét Nam. Nghién ciru bao gom
phan tich chuyén siu giao thirc MAVLink, khdo sat cic nén ting GCS hién c6
(OGroundControl, Mission Planner), va danh gid cdc co ché diéu khién bay dan. Gidi phdp
dé xudt mé réng OGroundControl dé phat trién mé-dun quadn Iy bay dan chuyén dung, twong
thich cd véi PX4 va ArduPilot. Hé thong duwoc thiét ke mo rong, tich hop cong cu mé phong
ArduPilot SITL va Gazebo dé kiém thir truée khi trlen khai thue té. San pham la phan mém
diéu khién dong thoi it nhat 03 UAV, ¢é giao dién tiéng Viét than thién, ho tro thiét ké duong
bay tw dong da phwong tién va hoat dong trén ca Windows va Linux. Nghién ciru dat nén
méng viing chdc cho viéc lam chii cong nghé bay dan UAV tai Viét Nam, voi tiém ndng vmg
dung rong rdi trong cdc linh vuc quoc phong va dan su.
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