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Figure 1 Information exchange between ROS, PX4,
and Gazebo
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Figure 2 Multi-rotary-wing UAV individual and

formation 3D-model
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Figure 3 Flight control information exchange among drones
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Figure 4 Transmission of pose information between receiving

and processing modules
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Figure 5 Communication script optimization logic
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Figure 9 Illustration of targets and actual positions before and

after drone formation flight
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Figure 12 Comparison of Dijkstra and A* algorithms for pathfinding

13 ETeRttENBEITEM

Figure 13 Autonomous flight navigation based on global map
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Table 2 Dominant navigation experiment results

Hbfiars B EAR/m FEBRALE AR /m T R AT /m o B AT % /m
1 (3.5,4,1) (3.455083,4.321 457,0.917 043) 5.32 0.335 004
2 (3.5,8,1) (3.376 038,7.255 361,1.267 812) 9.32 0.513 196
3 (5,9,1) (4.503 481,9.331 964,0.827 435) 11.05 0.827 949
4 (3,6,1) (2.502 856,6.342 934,0.829 316) 14.79 0.829 532
5 (3,9,1) (2.502 680,9.365 054,0.833 430) 17.79 0.832 552
6 (2,12,1) (1.942 875,12.825011,1.325 381) 20.95 0.884 961
7 (4,11,1) (4.302 737,11.348 236,0.960 427) 23.19 0.960 230
8 (9,13,1) (8.186 833,13.675 290, 1.191 437) 28.58 0.977 177
9 (6,10,1) (5.791 630,10.293 263,1.877 684) 32.82 1.017 770

10 (6,15,1) (4.581 583,14.006 248,0.978 429) 37.82 1.432 636
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Figure 14 Comparison graph of the desired and actual

two-dimensional routes to the target point
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Figure 15  Scatter plot of accumulated flight distance and

accumulated error with a fitted line
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Simulation research on cooperative flight model of UAV
formation based on ROS and PX4

LU Mengyuan', WANG Tianyi" ?*, CHEN Xinchang®, ZHANG Yuzhuo',
GONG Zeqi*, ZHANG Xingshan'

(1. College of Engineering, China Agricultural University, Beijing 100083, China;
2. College of Agricultural Unmanned System, China Agricultural University, Beijing 100193, China;
3. College of Mechanical & Electrical Engineering, Henan Agricultural University, Zhengzhou 450053, China;
4. Aerospace Information research Institute, Chinese Academy of Sciences, Beijing 100094, China)

Abstract: With the continuous development of information and intelligent manufacturing technology, agriculture has entered
the era of intelligent and automated production. Unmanned smart farms, as an important direction of modern agricultural
development, are facing opportunities and challenges. As one of the key supporting technologies for unmanned farms,
unmanned aerial vehicle (UAV) swarm flight control technology provides crucial technical support for agricultural production
in fields such as field inspection, livestock management, and irrigation control. This study aimed to analyze the data
interaction methods of various components in UAV swarm simulation flight control, establish and optimize a multi-rotor UAV
swarm flight simulation environment to meet the application requirements of UAV swarm flight control in unmanned smart
farms. In this paper, by analyzing the interaction logic among the ROS system, PX4 flight controller, MAVROS
communication module, and Gazebo simulation environment in UAV swarm simulation flight control, we built a multi-rotor
UAYV swarm flight simulation environment based on the open-source XTDone simulation platform. We also realized model
construction and flight control of UAV swarm based on the ROS system, PX4 flight controller, and Gazebo. Furthermore,
using a laser radar to collect environmental information, we optimized software algorithms in the ROS distributed framework,
achieving simultaneous localization and mapping (SLAM) based on scan matching algorithm and navigation based on optimal
path planning algorithm. Theoretical simulation and experimental results demonstrated that the platform had advantages such
as open-source, low cost, scalability, and modularity. The constructed simulation environment can achieve UAV swarm
flight control, construction of 2D maps in enclosed environments, and autonomous navigation flight. Analysis revealed that
the unit flight accuracy of the UAV swarm under this simulation platform was approximately 76 %, and the regression model
constructed from cumulative flight distance and flight error had an R* of 0.830 9. The research results demonstrated the
feasibility of using UAV formation collaborative flight operations to meet the common agricultural operation needs in
unmanned smart farms, demonstrated the application effect and advantages of UAV formation in unmanned smart farms, and
provided technical ideas for deep optimization of simulation flight environments and expansion of modern agricultural
production application scenarios. It also showed certain reference value and reference value in research and practice in related
fields.

Keywords: unmanned farm; drone formation; data exchange; flight control; laser SLAM ; navigation



