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What is AEROSTACK

A t k2 ? A Software Framework for Aerial Robotic Systems
erostack2”
'MYZ\  Vversion5.0 @ ! I

Libeccio Distribution : gt
a2 POLITECNICA

Aerostack2 is an open-source software
framework that helps developers design
and build multirobot aerial robotic
systems. It is designed with ROS 2 and
its part of their ecosystem.

It is an evolution of the former
Aerostack [1] framework developed and
used succesfully in the CVAR Group
since 2016.

[1]1J.L. Sanchez-Lopez, M. Molina, H. Bavle, C. Sampedro, R. A. Suarez-Fernandez, P. Campoy. (2017).
A Multi-Layered Component-Based Approach for the Development of Aerial Robotic Systems: The Aerostack Framework.
Journal of Intelligent & Robotic Systems, 88, 683—-709.



What is our mission?

Ease the development of autonomous aerial robot systems

Develop a suitable framework for academic and industrial

applications

Create ROS 2 community that enhances the development of a
common framework

Lt & aerial P ICA
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Which were our requirements?

Modularity and flexibility

Support a variety of platforms
Handle multiple drones

Easy to create new missions
Allows a safe system development

o Uk wh e

Support indoor & outdoor flights operations



Aerostack? architecture
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Sensor actuator interface

aerial_platform

* Platform agnostic e[| )

platform/list_control_modes

* Easy Sim 2 Real deployment
p|atform.'oﬂ-'board ............... i Aerial Platform | _ _ ] Hardware - - _}i i
* Heterogeneous swarms 1

actuator_command/pose

h 4

[ Sta n d a rd i Ze d S e n S O r actuator_command/twist

actuator_command/thrust

Communication in ROS 2 .

A J
T sensor_measurements/™

h 4 h 4 Y

sensor_drivers

’,
tf
D ROS2 | __ Hardware
s‘.fensor_measuremems.f Interface Comunication
<
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Supported platforms

Ryze Tello

PX4 based platforms

VR e W [1] https://github.com/gazebosim [2] https://github.com/uzh-rpg/flightmare



Basic robotic functions

Basic Robotics Functions

1]
controller/info 1
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motion_controller

.

A collection of software components that
perform fundamental robotic functions in
aerial robotics:

motion_reference/* actuator_command/*

L.
¥

1. Motion controller

platform/set_mode
L LLI T T T PP RSP PP, }

controller/set_mode

2. State estimator

A

tf self_localization/®

They are designed to be general and reusable
with alternative algorithms (Plugins). self_localization/”

tf

-

Sensor_measurements/®

state_estimator
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Motion controller

* Load multiples plugins and select the output of one

 Satisfy the motion command requirements constrained by the platform available control modes

* Adapt frames of references and output commands

controllerfset_mode

controller/set_plugin

motion_reference/pose

motion_referenceftwist

motion_referenceftrajecton

A rcsic
)

NN
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motion_controller
platform/list_control_modes
} ........................................... }
platform/set_mode
Controller Manager »
ceefe P platform/info
€
i
T Plugins state 1 Plugin Selection
1 v actuator_command/pose
r o Plugin Loader >
Input Referencs Actuation Plugin Actuation | Output actuator_command/twist
» Reference = = - N | selector [~ | Actuation >
y [Adaptation Adaptation | | .o ator_commandithrust
> : >
if controller/info



State estimator

earth
» Select the plugin using the sensor input data available to generate "map" and = nap_2
"odom" localization \ \
e Use ground truth data or GPS origin to generate "earth" localization °“T1 °“T2
* Manage a common origin with others agents | |
base linkl base link2
State_esti mator https://www.ros.org/reps/rep-0105.html
state estimator/set_origin / \
........................................... }
state_estimator/get_origin
.......................................... ..} State Estlmator hﬂanager tf_static
state_estimator/set_plugin —>
.......................................... ..}
1‘ Plugins state | Plugin selection
1 A 4 self_localization/pose
Plugin Loader »
/ Localization : Localization self_localization/twist
sensor_measurements, / Odometry / ________ '_-_d_'__. S';||L;?:Itr;r ______ > OUT.DU'[ >
ground_truth/* i / Gmundj’ruth / e ;CEEE?EEI’[?C?H self_localization/odom S
- tf
\ External Localization / >
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Behaviors

Robot behaviors

4 0\
take_off
start
. g . oo Emmr » L Y,
* Each behavior corresponds to a specific stop. >
. 4 )
robot skill related pause > motion_reference/* »
. land
e Each behavior encapsulates the control ~ ..... resume. . controllerset.mode....»
and execution monitoring ofitstask ... modify 5 & y
 They are implemented extending ROS 2 toedback
actions to provide additional capabilities Cormrrrrre et
< self localization/*
generate_trajectory

AR emergency/* 11
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Plan execution control

O A: TakeOff
TakeOff

[IN] height
[IN] speed

A: GoToGps
GoToGps

* Orchestrates and monitorizes the activation

ST ) i s%Root @ e uce
and deactivation of the different behaviors [N fongtude
' ' [IN] max_speed
* Different ways: T —
» AS2 Python AP ——
* Behavior Trees [3] nN]spZZZd

e AS2 Mission plan interpreter

import rclpy

’ DEpendmg on the appllcatlon a Local from as2_python_api.drone_interface import Dronelnterface

Planner can be designed for modifying the

plan rclpy.init()
drone = Dronelnterface(drone_id="droneQ")

drone.takeoff(height=1.0, speed=0.5)
drone.go _to.go to point([1.0, 1.0, 2.0], speed=0.5, frame_id="earth")

drone.land(speed=0.5)
[3] https://github.com/BehaviorTree/BehaviorTree.CPP

FCSIC drone.shutdown()
@ A 1 rclpy.shutdown()

AN
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Mission specification

Different ways for generating a plan:

« Use of Web GUI (for outdoor missions) [ ’
Mission Plan
. o[ . . — —_
* Design of an specific mission planner Planner Interpreter
) User .\
e Defined by the user manually -
JSON
@ A #CSIC
, AR LY 13
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Tt o

Planner

Set Height (m) _i

e et = T
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Path T

Area

Land point G

UAV Picker
P T PR I T4
d v?* M200
| M300 -
ST R A TER 1T
Confirm mission

& aerial
robotics i@

B ora Layers
& mz00

% m3o0

Bo

Web GUI

UAVs Monitoring

» Draw Info

Set street
space (m)

Set waypoint
space (m)
T
UAV Picker

LandPoint 3 +
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Multi-robot PV plant inspection
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Multi-robot PV plant inspection
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Mission planning example

Mission Plan
{

"target": "drone0Q",
"plan": [

- {

"behavior": "takeoff",

Target ,
"args": { "height": 1.0, "speed": 0.5}},

Approach = {

"behavior": "go_to",
"args":{" _x":0.0,"_y":0.0,"_z":20.0, "frame_id": "earth" }},

Mission Specification =
Mission "behavior": "go_to",
{ "args":{"_x":10.0,"_y":0.0,"_z": 0.0, "frame_id": "wind_turbine" }},
"blade_length": 15.0, Planner {
"inspection distance": 10.0, "behavior": "follow_reference",
"vertical o;er‘lap" - 9.2 Blades "args":{" x":10.0," y":0.0," z": 0.0, "frame_id": "wind_turbine" }},
0.2,
nz= g - n . - {
inspection_angles": [©0], Inspection "behavior": "follow_reference",
"security height": 10.0, "args": {"_x":10.0, "_y": 0.0, "_z": 2.26, "frame_id": "wind_turbine" }},

"security distance": 10.0 {

} =

"behavior": "follow_reference",
"args":{" x":10.0," _y":0.0,"_z": 13.55, "frame_id": "wind_turbine" }},

"behavior": "go_to",
Return "args":{" x":0.0,"_y":0.0,"_z":20.0, "frame_id": "earth" }},
Home 1 f _
"behavior": "land",
"args": { "speed": 0.5 }}]
}

@ AA #CSIC L
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Windmill inspection

Simulation inspection Augmented reality inspection




Multi-robot robust area coverage
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How to get started?

* Aerostack2 can be used at different levels depending on the user needs

o o
dah dh
Mission Mission
especifications Plan

User
Interface

Mission
Planner

O AN
: A
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e
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Behavior
Activations

Plan
Interpreter

Execution
Monitor

Motion
References

Behaviors

Take-Off
Land

Go To

Follow Path

Actuator
Commands

Sensor-Actuator

Interface
Motion > Aerial Y S— )i
Controller -» Platform
N Hardware
State Additional Platf
Estimator Drivers atrorm
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Launching AS2

$ ros2 launch as2 platform ign gazebo ign gazebo launch.py
namespace:=cfl
use_sim time:=true

$ ros2 launch as2 state estimator state estimator launch.py
namespace:=cfl
use sim time:=true
plugin name:=ground truth

$ ros2 launch as2 motion controller controller launch.py
namespace:=cfl
use sim time:=true
plugin name:=pid speed controller

$ ros2 launch as2 behaviors motion motion behaviors launch.py <« Behaviors
namespace:=cfl
use sim time:=true
follow path plugin name:=follow path plugin position
go to plugin name:=go to plugin position
takeoff plugin name:=takeoff plugin position
land plugin name:=land plugin speed

S python3 mission.py

Aerial Platform

A

State Estimator

A

A

Motion Controller

Mission

A

@ A .C.:IC
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Going real

ros2 launch as2 platform crazyflie crazyflie swarm launch.py <

swarm config file:=swarm config file.yaml <«
ros2 launch asZ2 state estimator state estimator launch.py
namespace:=cfl
use_sim time:=false <
plugin name:=mocap pose <
ros2 launch asZ2 motion controller controller launch.py
namespace:=cfl
use sim time:=false
plugin name:=pid speed controller
ros2 launch asZ2 behaviors motion motion behaviors launch.py
namespace:=cfl
use sim time:=false
follow path plugin name:=follow path plugin position
go to plugin name:=go to plugin position
takeoff plugin name:=takeoff plugin position
land plugin name:=land plugin speed
python3 mission.py

csic

vision&as: rourcc ical
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Changes:
1. Select Aerial Platform node

# swarm config file.yaml

@il s
uri: radio://0/80/2M/ETETETET701

2. Disable use_sim_time
3. Change estimation plugin

22



Simulation

Running the experiments

Real

23




Furt

* Documentation:
https://aerostack2.github.io/

e Github:
https://github.com/aerostack?2/
aerostack2/

¢ Paper: (Preprint) M. Fernandez-

Cortizas, M. Molina, P. Arias-Perez, R.
Perez-Segui, D. Perez-Saura, and P.
Campoy, 2023, "Aerostack2: A
software framework for developing
multi-robot aerial systems", ArXiv DOI
2303.18237
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# Aerostack2

Getting started

2 Aerostack2 Concepts
Architecture

B Aerostack? Inter-process
Communication

Motion References
Actuator Commands
Sensor Measurements
Self Localization
Emergency
Aerial Platform
Motion Controller
State Estimator
Examples
Aerial Platforms
Robot Behaviors
AS2 Plugins
User Interfaces
Python API
ROS5 2 Common Interfaces

Development

Roadmaps

Citations

About and Contact

# / Aerostack? Concepts

Aerostack2 Inter-process

Communication

In the figure below, the communication channels are shown. In the robot
control loop, four modules can be distinguished: the platform, the motion
controller, the state estimator and the external agents. For communication

Aerostack?2 Inter-process Communication
€) Edit on GitHub

between them, the motion reference, actuator commands, sensor

measurement and self localization channels are used. In addition, there is an
extra channel that communicates all the modules of the robot, which is the

emergency channel.

Extemna
Logic

« Motion Reference: This channel is used to send the motion reference to

Emerpency Cramnel

Motian
References

| /| s
Localization

* ROBOT

Matien  ;
Controller

Siate
Estimalar

Actuasar
Commants

Sensors |

/ Measurement |

The objective of each channel is:

the motion controller.

Aerostack?2 Inter-process Communication Diagram

+ Actuator Commands: This channel is used to send the actuator

commands to the platform from the motion controller.
« Sensor Measurements: This channel is used to send the sensor

measurements to the state estimator.

PSR SR B Y e [ | SRR Bt
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https://aerostack2.github.io/
https://github.com/aerostack2/aerostack2/
https://github.com/aerostack2/aerostack2/

Our team

Main contributors:
- Miguel Fernandez-Cortizas
- Martin Molina
- Pedro Arias-Perez
- Rafael Perez-Segui
- David Perez-Saura
- Javier Melero-Deza
- Pascual Campoy

Funding:
/)

* ¥ %
* *
Plan de * 5
MINISTERIO Recuperacion, o
DE CIENCIA Transformacién
E INNOVACION ‘ y Resiliencia Financiado por GENCI

la Unién Europea ‘ég;ﬁfuf
NextGenerationEU INVESTIGACION
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Thanks for your attention!!!
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