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Integrated Simulation Environment for Heterogeneous Unmanned Vehicle

using ROS and Pixhawk
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ABSTRACT

Cooperative systems among various unmanned vehicles are widely used in various field
and emerging. Unmanned vehicles are able to operate various missions without operator
onboard and they are highly stable. Collaborative work of multiple unmanned vehicles is
emphasized due to the difficulty of recent missions such as SEAD (Suppression of the
Enemy Air Defenses)) MUSIC (Manned Unmanned Systems Integration Capability), golden-
time in the rescue mission. In this study, ROS and Pixhawk were proposed as a method of
construction of a collaboration system and framework for an integrated simulation
environment for heterogeneous unmanned vehicles is proposed. Totally 5 unmanned vehicles
were set for the simulation for the observation of illegal fishing boats. This paper shows the
feasibility of the cooperative system using ROS and Pixhawk through the simulation and the
experiment.
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Table 1. Boat specification

List Specification
Length 1,000 mm
Width 350 mm
Height 320 mm
Weight 13 kg
Motor 450 w BLDC motor
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Fig. 1. USV system configuration
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Fig. 2. USV system diagram
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<launch>

<!-- vim: set ft=xml noet : -

<!- example launch script for ArduPilot based
FCU’s —>

<arg name="fcu_url" default="/Hev Aty ACMO0:57600"
Vs

<arg name="gcs_url" default="" 4

<arg name="tgt_system" default="1" /A

<arg name="tgt_component" default="1" /A

<arg name="log_output" default="screen"

<arg name="fcu_protocol" default="v2.0" A

<arg name="respawn_mavros" default="false" /A

<include file="$(find

mavros)launch fhode.launch">

<arg name="pluginlists_yaml" value="$(find
mavros)launch Apm_pluginlists.yaml" /A
<arg name="config yaml" value="$(find
mavros)launch aApm_config.yaml" />

<arg name="fcu_url" value="$(arg fcu_url)" /A

<arg name="gcs_url" value="$(arg ges_url)" A
<arg name="tgt_system" value="$(arg tgt_system)"
P

<arg name="tgt_component" value="$(arg
tgt_component)" 4

<arg name="log output" value="$(arg log output)"
F

<arg name="fcu_protocol" value="$(arg
fcu_protocol)" /&

<arg name="respawn_mavros" default="$(arg
respawn_mavros)" /

</include>

<Jaunch>

Fig. 3. Script contents of the launch file for
ROS communication in the USV
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22 2ol AlaH <arg name="verbose" value="$(arg

_ o o= verbose)" />
221 AlZdlold Z=O8E ol st <arg name="paused" value="$(arg
Fol7| AladH M paused)" &

</nclude>
25 d% ROS ¥ Gazebogs AHW3H7] W& <l- UAV1 —>

of dA 43 Aol & AEH o]/\:1 st & <group ns="uavl">
£ 7FsAel EH?‘& HFol 7besitt. Hxsde <l- MAVROS and vehicle configs >
HHFH B8, dnt 1A FUVl, EF <arg name="ID" value="1"/>
VTOL, Tailsitter VTOL, Rover < A9% % <arg name="fcu_url"
glom B AToME WEHIEH 2 pdo default="udp://14541@localhost:14581" />
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<?xml version="1.0"?>
<launch>
<!-- MAVROS posix SITL environment
launch script -->
<!-- launches Gazebo environment and 2x:
MAVROS, PX4 SITL, and spawns vehicle —>
<!-- vehicle model and world —>
<arg name="est" default="ekf2"/
<arg name="vehicle" default="iris" />
<arg name="world" default="$(find
mavlink_sitl_gazebo) fvorlds gmpty.world" />
<!-- gazebo configs —>
<arg name="gui" default="true" />
<arg name="debug" default="false"/
<arg name="verbose" default="false" >
<arg name="paused" default="false"/>
<l-- Gazebo sim >
<include file="$(find
gazebo_ros) launch #mpty_world.launch">
<arg name="gui" value="$(arg gui)"
<arg name="world_name" value="$(arg
world)" /&
<arg name="debug" value="$(arg
debug)" &

<!- PX4 SITL and vehicle spawn —>
<include file="$(find
px4)launch single_vehicle_spawn.launch">
<arg name="x" value="0"/
<arg name="y" value="0"/
<arg name="z" value="0"/
<arg name="R" value="0"/
<arg name="P" value="0"/
<arg name="Y" value="0"/
<arg name="vehicle" value="$(arg
vehicle)" &>
<arg name="mavlink_udp_port"
value="14561" />
<arg name="mavlink_tcp_port"
value="4561" &
<arg name="ID" value="$(arg ID)" /5
</include>
<!- MAVROS —>
<include file="$(find
mavros) launch fpx4.launch">
<arg name="fcu_url" value="$(arg
feu_url)" &
<arg name="gcs_url" value=""/
<arg name="tgt system" value="$(eval
1+ arg(ID'))" >
<arg name="tgt_component"

value="1"/
</include>
</group>
Fig. 4. Part of UAV launch file script
Fig. 49] I4& &3l Ao gs5d FUV
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Table 2. ROS components

Node Package
Minimum available Tools to run one or
unit more nodes
Message Topic

Variables set for A method of message
communication communication used in
between nodes ROS
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Table 3. Mission usage parameter

Parameter Contents Value
Mission_chk Target 0 or1
detection
The risk of
Target_risk detected 0~2
targets
Whether to
UAVx_help request for 0or 1
help from a
UAV
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Fig. 7. Construction of user defined topics
using MATLAB/SIMULINK
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Fig. 27. The trajectory in case of high-risk

missions
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Fig. 28. A graph of the risk between UAVs
when performing high-risk missions
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Fig. 29. A graph of the altitude between each
UAV and USV (case 4)

35

usv-uav1
usv-uav2 |
—#— usv-uav3
— — usv-uav4

Distance(m)

800

time(sec)

Fig. 30. A graph of the distance between
each UAV and USV (case 4)
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