
Preparations

Open https://control.ros.org/master/doc/roscon2023_workshop.html

Or https://control.ros.org docker pull bmagyar/roscon2023_workshop:latest

mkdir -p ws/src

cd ws/src

git clone 
https://github.com/ros-controls/roscon2023_control_workshop

vcs import --input 
roscon2023_control_workshop/roscon2023_control_workshop.repos 
.

https://control.ros.org/master/doc/roscon2023_workshop.html
https://control.ros.org


ros2_control 
on Steroids



$whoarewe

Bence Magyar     – [Bent’seh]
● PhD in Robotics
● Principal Software Engineer at Locus Robotics
● ros_control and ros2_control maintainer

Denis Štogl         – [Denis]
● PhD, Control Engineer and Roboticist
● Robotics Consultant at Stogl Robotics Consulting
● ros2_control maintainer



History

pr2_controller_manager

(pr2_mechanism)

2009

ros_control

2012/2017

ros2_control

2017/2023

https://control.ros.org/master/doc/supported_robots/supported_robots.html

https://control.ros.org/master/doc/supported_robots/supported_robots.html






Hardware 
components

● SystemComponent
● SensorComponent
● ActuatorComponent

Controllers
● joint_trajectory_controller
● diff_drive_controller
● forwarding controllers
● gripper_controllers
● *_steering_controller

Broadcasters
● joint_state_broadcaster
● imu_broadcaster
● force_torque_broadcaster



Outline   REMOVE IT EVENTUALLY

● Introduction and quick rundown [15 minutes]
● Hardware modularization [10 pres. + 10 + 10 minutes]
● Controller chaining [15 pres. + 60 minutes]
● BREAK [ 10 minutes ] — 2 hours mark
● Parameter injection [15 minutes]
● Multi-robot architectures [ 15 pres. + 45 minutes ] 
● Debugging of complex systems [ 45 minutes ]



Configuring standard controllers



URDF extension with 
<ros2_control>-tag



Hardware modularization – Arm + Sensor

git checkout hardware-modularization-ex5-start   (from the “src” folder run: rosdep install -y -i   
--from-paths .)
cb && s
ros2 launch ros2_control_demo_example_5 rrbot_system_with_external_sensor.launch.py

ros2 launch ros2_control_demo_example_5 test_forward_position_controller.launch.py



Hardware modularization – Arm + Sensor

git checkout hardware-modularization-ex5-start   (from the “src” folder 
run: rosdep install -y -i  --from-paths .)
cb && s
ros2 launch ros2_control_demo_example_5 
rrbot_system_with_external_sensor.launch.py

ros2 launch ros2_control_demo_example_5 
test_forward_position_controller.launch.py

Open 2 more terminals in tmux by using CTRL+B and " and CTRL+B and %.

You can navigate in tmux using CTRL+B and ARROW keys.



Task: Hardware modularization – Sensor in Arm

● Example 5 from ros2_control_demos repository
● Task:

○ Add sensor to be started together with the robot



Task: Hardware modularization – Sensor in Arm

● Example 5 from ros2_control_demos repository
● Task:

○ Add sensor to be started together with the robot
■ Check plugins exported in the package
■ Update URDF of the setup



Task: Hardware modularization – Sensor in Arm

● git checkout hardware-modularization-ex5-solution
● Check:

○ $(find 
ros2_control_demo_example_5)/description/urdf/rrbot_system_with_external_sensor.urdf.xac
ro

○ $(find 
ros2_control_demo_example_5)/ros2_control/external_rrbot_force_torque_sensor.ros2_contro
l.xacro



Hardware modularization – Sensor in Arm

git checkout rolling

ros2 launch ros2_control_demo_example_4 rrbot_system_with_sensor.launch.py

ros2 launch ros2_control_demo_example_4 test_forward_position_controller.launch.py



Task: Hardware modularization – Sensor in Arm

● Example 4 from ros2_control_demos repository
● Task:

○ Start Mock Hardware instead of the “real” hardware and use mocked sensor values 
○ Mock Sensor data:

■ Use: “ros2 control list_hardware_interfaces” CLI
■ Check rrbot_system_with_sensor.urdf.xacro <ros2_control> tag
■ Check launch file



Solution: Hardware modularization – Sensor in Arm

● git checkout hardware-modularization-ex4-solution

 Change rrbot_system_with_sensor.launch.py and set values use_mock_hardware and  
mock_sensor_commands to “true”

Check the updated controllers file.

Publish:

ros2 topic pub /mock_sensor_commands_forward_controller/command std_msgs/msg/Float64Array {0.7,  
3.4}



This can end-up pretty convoluted…



Controller chaining to the rescue!



CLI extra $ ros2 control view_controller_chains



Controller chaining task



Controller chaining task - warmup
● git checkout chaining
● cb && s

● ros2 launch tiago_chaining tiago_warmup.launch.xml
● ros2 control list_hardware_interfaces
● ros2 topic list
● ros2 node info /mobile_base_controller
● ros2 launch tiago_chaining rviz.launch.xml
● ros2 run key_teleop key_teleop key_vel:=/mobile_base_controller/cmd_vel_unstamped



Controller chaining task



Meet twist_relay_controller/RelayController



class DiffDriveController : public controller_interface::ControllerInterface



Meet the new diff_drive_controller



Meet the new diff_drive_controller



Controller chaining
● git checkout chaining
● cb && s

● ros2 launch tiago_chaining tiago_chaining.launch.xml
● ros2 control list_hardware_interfaces
● ros2 control list_controllers

What’s missing? Check:
● tiago_chaining/launch/tiago_chaining.launch.xml
● tiago_chaining/config/controllers.yaml
● twist_relay code for TODO notes

● ros2 launch tiago_chaining rviz.launch.xml
● ros2 run key_teleop key_teleop key_vel:=/cmd_vel -ros-args -p 

"twist_stamped_enabled:=True"



Happy?



Chainable Twist Relayer!
● ros2 launch tiago_chaining tiago_chaining.launch.xml
● ros2 control list_hardware_interfaces

Todo list:
● twist_relay_controller.hpp /.cpp / controller_plugins.xml

○ ControllerInterface -> ChainableControllerInterface
● Add / implement

○ update_reference_from_subscribers(...)
○ update_and_write_commands(...)
○ on_set_chained_mode(...)
○ on_export_reference_interfaces(...)



Multi-robot architectures
● git checkout 

multi-robot-architectures-begin

● Inspection of Hercules example:

● ros2 launch hercules_description 
hercules_sim_control.launch.py

● ros2 launch hercules_description 
test_hercules_controllers.launch.py



Two Hercules’ under 
one controller_manager

● What do we need?
○ Which Controllers?
○ What Hardware?
○ How to add this into the description?
○ Where to add controllers?



Multi-robot architectures – Solution

a. ros2 launch hercules_description multi_hercules_sim_control.launch.py

b. ros2 launch hercules_description test_multi_hercules_controllers.lau nch.py



Two Hercules’ under two controller_manager s

a. Where to duplicate?
b. What to duplicate?
c. What has to be unique in the system?
d. What can be duplicated?



Multi-robot architectures – Solution

a. ros2 launch hercules_description multi_cm_hercules_sim_control.launch.py

b. ros2 launch hercules_description test_multi_cm_hercules_controllers. launch.py



Summary: Debugging of complex systems
■ Good practices for controllers “~/controller_state topic”
■ Error handling
■ Logging for problem triage: what to add/watch for long-term deployments
■ Be aware for your <ros2_control>- tag in URDF → always search for “*.ros2_control.xacro”
■ Use “xacro”

Introduce tooling one can use for debugging
● All the different CLI, all CLI really list verbose controllers too
● controller_state topic + plotjuggler/foxglove

Additional possibilities:
● Error handling in read/write – Felix’s PR
● Set logging level through services





Getting involved

https://github.com/ros-controls
ros2_control 
Working Group 

● Every second Wednesday 
6PM UK time, 1PM Eastern 
Time

● Discourse announcements
● You are invited!

https://github.com/ros-controls
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Thank you!



BACKUP SLIDES START HERE



ros2_control CLI - Integrated with ROS2 CLI

$ ros2 control list_hardware_interfaces

command interfaces
       flange_gpios/digital_out_1 [available] [unclaimed]
       flange_gpios/digital_out_2 [available] [unclaimed]
       joint1/position [available] [claimed]
       joint1/velocity [available] [unclaimed]
       joint2/position [available] [claimed]
       joint2/velocity [available] [unclaimed]
state interfaces
       flange_gpios/digital_in_1
       flange_gpios/digital_in_2
       flange_gpios/digital_out_1
       flange_gpios/digital_out_2
       joint1/effort
       joint1/position
       joint1/velocity
       joint2/effort
       joint2/position
       joint2/velocity



ros2_control CLI - Integrated with ROS2 CLI

$ ros2 control list_controllers

joint_state_broadcaster[joint_state_broadcaster/JointStateBroadcaster] active      
forward_position_controller[forward_command_controller/ForwardCommandController] active     
joint_trajectory_controller[joint_trajectory_controller/JointTrajectoryController] inactive



ros2_control CLI - Integrated with ROS2 CLI

$ ros2 control list_controllers -v
…
forward_position_controller[forward_command_controller/ForwardCommandController] active     
       claimed interfaces:
               joint1/position
               joint2/position
       required command interfaces:
               joint1/position
               joint2/position
       required state interfaces:
       chained to interfaces:
       exported reference interfaces:

…



What config files and where?


