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e Network control systems - Cloud-enabled remote
control

e Task 1 —UAV position control Coffee Break
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e Haptics — How to interface operator with aerial
manipulators
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Please follow the instructions and
download and run the bash script
files of the GitHub repository!

\

https://github.com/AERO-TRAIN/exercises_summer_school_hri_day
chmod +x run_gazebo.sh
./run_gazebo.sh

chmod +x run_controller.sh

./run_controller.sh
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Cloud-enabled Remote Control
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Motivation
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Image source: Boliden Monitoring
o Human Supervision &

Guidance

o Information Sharing &
: ”A case study on automation in mining”. Centralized applications.
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o Offloaded perception & autonomy
components.

o e.g., object detection and path
planning offloaded into the cloud.

Ref: Hoang, Viet Duong, et al. "Autonomous Overhead Powerline Recharging o Data logging.
for Uninterrupted Drone Operations." arXiv preprint arXiv:2403.06533 (2024).
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Architecture
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Challenges

Communication Delays

\
| \

Bounded Delays Unbounded Delays

\




at Lulea University of Technology

Challenges

Communication Delays

\
| \

Bounded Delays

ROBOTICS TEAM %% ERricssON g

\

Compensate delay effect
In robot's sensor data
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Overall Architecture
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Position Predictor
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PX4 Controller Example
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Teleoperation
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UDP Tunnels
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Simulation
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Docker container 2: Controller Docker container 1: Gazebo world
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Simulation

roct@achsel ~fcathkin_ws/src/summer_school_coentroller/src

5 cd ~fcatkin_ws/srcfexercises_summer_school_hri_day/tu

torials
: 5 ./run_controller.sh
access control disabled, clients can connect from any host
root@achsei: /# cd ~fcatkin_ws/src/summer_school_centroller/src/
rootidachsel:~/catkin_ws/src/summer_school_controller/src# 1s
root@achsei:~/catkin_ws/src/summer_school_controller/src#
docker contalner 1s
CONTAINER ID IMACGE
COMMAND CREATED STATUS PORTS
MAMES
i f4g084d16412 achilleas2942/aerotrain-hri-controller:latest
- . - | | 3

e entrypoint.
quirky_goldwas

docker exec -it quirky_goldwasser bash

root@achsei: /# rostopic list

femd_wvel

root@achsei: /#

S S
Docker container 2: Controller

Docker container 1: Gazebo world
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Gazebo World Container

Make the run_gazebo.shfile executable.
chmod +x run_gazebo.sh

Launch the Gazebo world.
./run_gazebo. sh

When the environmentis
built, the simulation shown in
the figure appears on your
screen.

NOTE! The Gazebo simulation is paused
by default.
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Controller Container

root@achsei: ~/catkin_ws/src/summer_scheol_controller/src

. 2 : s . . . :
Make the run_controller.shfile executable. e e e e et

access control disabled, clients can connect from any host
root@achsei: /# cd ~/catkin_ws/src/summer_school_controller/src/

C h mo d + X T‘ u n_C O n 't 1’ O -L -L e 'r . S h root@achseil:~/catkin_ws/src/summer_school_controller/src# ls

root@achsei:~/catkin_ws/src/summer_school_controller/src# 11
total 28
drwxr-xr-x 2 root root 4096 Jun 4 08:02 ./
. drwxr-xr-x 5 root root 4096 Jun 4 08:02 ../
Launch the controller environment. “rusr 31 1 foot oot 1139 dn 4 Ge:oz
-rwxr-xr-x 1 root root 1090 Jun 4 08:02
-rwxr-xr-x 1 root root 2327 Jun 4 08:02
-rwxr-xr-x 1 root root 1176 Jun 4 08:02

. / -ru n_C On-t -rO-L -Le-r o S h -rwxr-xr-x 1 root root 1839 Jun 4 08:02

root@achsei:~/catkin_ws/src/summer_school_controller/src#

docker container 1s
——————————————————————————————————— CONTAINER ID  IMAGE COMMAND CREATED STATUS PORTS NAMES

f48084d16412  achilleas2942/aerotrain-hri-controller:latest "/root/entrypoint.sh." 11 seconds ago Up 10 seconds quirky_goldwasser
docker exec -it quirky_goldwasser bash

Extra controller container terminals. ondaey/ rostoic st

/rosout_agg

docker container 1s foot@achest: /#

docker exec -1t <container> bash

For the exercise navigate to

cd ~/catkin _ws/src/summer_school controller/src
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The aim of thisworkshopis to design a basic teleoperation interface
to navigate a quadrotor UAV to a desired position.

The goalis to navigate the UAV through the three pipes to establish
smooth contact with the target.
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Task 1 — UAV Position Control
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Design a position controller for the UAV.

* Open the velocity_controller.py file with your preferred editor (gedit,
nano, vim).

* Underthe velocity_publisher() method in
the VelocityController class, please insertyour code to send
velocity inputs to track the position setpoints.

* You may publish waypoints on the /setpoints_positiontopic to test
the tracking performance of the controller.
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Task 1 — UAV Position Control (solution)

Indicative solutions can be found in the solutions branch

git checkout solutions

nano ~/catkin_ws/src/summer_school_controller/src/velocity_controller.py
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Task 2 — Teleoperation Interface

Enable a Teleoperation Interface.

* Please open the keyboard_teleoperation.pywith your preferred
editor (gedit, nano, vim).

* Underthe on_press()method inthe Droneleleoperatorclass, please
Insertyour code to read keyboard inputs and publish position
setpoints.

* Testitwith the velocity_controller.py to navigate the UAV to

different positions.
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Task 2 — Teleoperation Interface (solution)

Indicative solutions can be found in the solutions branch

git checkout solutions

nano ~/catkin_ws/src/summer_school_controller/src/keyboard_teleoperation.py
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Enable Delays
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Delete netem tc gdisc del dev lo root

Add a rootgdisc tc gdisc add dev lo root handle 1: htb default 10

Add a class tc class add dev lo parent 1: classid 1:1 htb rate 100mbit
Addadelay tc gdisc add dev lo parent 1:1 handle 10: netem delay 50ms

tc filter add dev lo protocol ip parent 1:0 prio 1 u32
Apply the netem match ip protocol 17 Oxff flowid 1:1

Changethe netem tc qdisc change dev lo parent 1:1 handle 10: netem delay
40ms oms



ROBOTICS TEAM <2 @
« ERICSSON AEROSTRAIN

at Lulea University of Technology

Task 3 — Delay Compensation
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Compensate for the Communication Delays.

* Please open the position_prediction.py with your preferred editor (gedit, nano, vim).

* Under the comment #estimate_delay comment in the PositionPredictor class, please

insert your code to estimate the average delay from the ROS messages.

* Under the #predict_position comment in the PositionPredictor class, please insert
your code to estimate the current position of the UAV from the available knowledge of

the delays.

* Test it with the velocity_controller.py and keyboard_teleoperation.py to navigate the
UAV through the pipes.
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Task 3 — Delay Compensation (solution)

Indicative solutions can be found in the solutions branch

git checkout solutions

nano ~/catkin_ws/src/summer_school_controller/src/position_prediction.py
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Available Material

Gazebo World Controller Environment
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