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OVERVIEW

‣ TF2 Transformation System	

‣ rqt Graphical User Interface	

‣ Markers	

‣ Robot models (URDF)	

‣ Simulation descriptions (SDF, USD) 
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TF2 TRANSFORMATION SYSTEM 
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Details at: TF2

‣ Tool for keeping track of coordinate frames over time	

‣ Maintains relationship between coordinate frames in a 
tree structure buffered in time 	

‣ Allows points, vectors, poses, etc. to be transformed 
between coordinate frames at a desired time	

‣ Transform information is exchanged using: /t and /
tf_static 

Node 1

Node 2

Node 3 Listen/Broadcast

Listen/Broadcast

Listen/Broadcast
/tf

/tf_static

https://docs.ros.org/en/humble/Concepts/Intermediate/About-Tf2.html


TF2 TRANSFORMATION SYSTEM — TRANSFORM TREE
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Details at: TF2 messages

‣ TF2 listeners use a buffer to store received transforms	

‣ Query the buffer for transforms between specific coordinate frames	

‣ Transforms form a tree of coordinate frames	

‣ Each transform defines a parent frame → child frame relationship

tf2_msgs/TFMessage
└── geometry_msgs/TransformStamped[] transforms
    ├── std_msgs/Header header
    │   ├── builtin_interfaces/Time stamp
    │   └── string frame_id
    ├── string child_frame_id
    └── geometry_msgs/Transform transform
        ├── geometry_msgs/Vector3 translation
        └── geometry_msgs/Quaternion rotation

tf2_msgs/TFMessage.msg 

/base_link

/head_frame

Broadcaster: /base_to_head
Average rate: 10.013 Hz
Most recent transform: -0.021 sec old
Buffer length: 5.107 sec

/arm_frame

Broadcaster: /head_to_arm
Average rate: 10.196 Hz
Most recent transform: -0.013 sec old
Buffer length: 4.913 sec

/xtion_frame

Broadcaster: /HeadMotorHandler
Average rate: 50.324 Hz
Most recent transform: 0.14 sec old
Buffer length: 4.975 sec

/xtion_normal_axis_frame

Broadcaster: /xtion_normal_axis_to_xtion
Average rate: 10.104 Hz
Most recent transform: -0.014 sec old
Buffer length: 4.355 sec

https://docs.ros.org/en/noetic/api/tf2_msgs/html/msg/TFMessage.html


TF2 TRANSFORMATION SYSTEM — TRANSFORM TREE
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view_frames Result

odom

base_link

 Broadcaster: default_authority
Average rate: 50.485
Buffer length: 3.09

Most recent transform: 368.764992
Oldest transform: 365.674992

imu_link

 Broadcaster: default_authority
Average rate: 10000.0

Buffer length: 0.0
Most recent transform: 0.0

Oldest transform: 0.0

waist_yaw_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

left_thigh_pitch_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

right_thigh_pitch_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

head_pitch_link

camera_link

 Broadcaster: default_authority
Average rate: 10000.0

Buffer length: 0.0
Most recent transform: 0.0

Oldest transform: 0.0

rgbd_camera_link

 Broadcaster: default_authority
Average rate: 10000.0

Buffer length: 0.0
Most recent transform: 0.0

Oldest transform: 0.0

head_yaw_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

left_end_effector_link

left_dummy_hand_link

 Broadcaster: default_authority
Average rate: 10000.0

Buffer length: 0.0
Most recent transform: 0.0

Oldest transform: 0.0

left_hand_roll_link

 Broadcaster: default_authority
Average rate: 10000.0

Buffer length: 0.0
Most recent transform: 0.0

Oldest transform: 0.0

left_hand_pitch_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

torso_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

livox_mid360_link

 Broadcaster: default_authority
Average rate: 10000.0

Buffer length: 0.0
Most recent transform: 0.0

Oldest transform: 0.0

left_upper_arm_pitch_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

right_upper_arm_pitch_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

 Broadcaster: default_authority
Average rate: 10000.0

Buffer length: 0.0
Most recent transform: 0.0

Oldest transform: 0.0

rgbd_camera_color_frame

 Broadcaster: default_authority
Average rate: 10000.0

Buffer length: 0.0
Most recent transform: 0.0

Oldest transform: 0.0

rgbd_camera_color_optical_frame

 Broadcaster: default_authority
Average rate: 10000.0

Buffer length: 0.0
Most recent transform: 0.0

Oldest transform: 0.0

right_end_effector_link

right_dummy_hand_link

 Broadcaster: default_authority
Average rate: 10000.0

Buffer length: 0.0
Most recent transform: 0.0

Oldest transform: 0.0

right_hand_roll_link

 Broadcaster: default_authority
Average rate: 10000.0

Buffer length: 0.0
Most recent transform: 0.0

Oldest transform: 0.0

right_hand_pitch_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

left_shank_pitch_link

left_foot_pitch_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

left_foot_roll_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

left_thigh_yaw_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

left_upper_arm_yaw_link

left_lower_arm_pitch_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

left_hand_yaw_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

left_upper_arm_roll_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

left_thigh_roll_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

right_shank_pitch_link

right_foot_pitch_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

right_foot_roll_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

right_thigh_yaw_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

right_upper_arm_yaw_link

right_lower_arm_pitch_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

right_hand_yaw_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

right_upper_arm_roll_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

right_thigh_roll_link

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

 Broadcaster: default_authority
Average rate: 16.993
Buffer length: 3.06

Most recent transform: 368.764992
Oldest transform: 365.704992

Recorded at time: 1788446178.107988



TF2 TRANSFORMATION SYSTEM — TRANSFORM TREE
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Details at: https://docs.ros.org/en/humble/p/tf2_msgs/msg/TFMessage.html

‣ TF2 listeners use a buffer to store received transforms	

‣ Query the buffer for transforms between specific coordinate frames	

‣ Transforms form a tree of coordinate frames	

‣ Each transform defines a parent frame → child frame relationship

tf2_msgs/TFMessage
└── geometry_msgs/TransformStamped[] transforms
    ├── std_msgs/Header header
    │   ├── builtin_interfaces/Time stamp
    │   └── string frame_id
    ├── string child_frame_id
    └── geometry_msgs/Transform transform
        ├── geometry_msgs/Vector3 translation
        └── geometry_msgs/Quaternion rotation

tf2_msgs/TFMessage Partial link tree from HSRB, torso

https://docs.ros.org/en/humble/p/tf2_msgs/msg/TFMessage.html


TF2 TRANSFORMATION SYSTEM — TOOLS
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~$ros2 run tf2_ros tf2_monitor

Terminal

~$ros2 run tf2_ros tf2_echo source_frame target_frame

Get information about the current transform tree

Get information about the transform between two frames

View frames

Visual graph of the transform tree

/base_link

/head_frame

Broadcaster: /base_to_head
Average rate: 10.013 Hz
Most recent transform: -0.021 sec old
Buffer length: 5.107 sec

/arm_frame

Broadcaster: /head_to_arm
Average rate: 10.196 Hz
Most recent transform: -0.013 sec old
Buffer length: 4.913 sec

/xtion_frame

Broadcaster: /HeadMotorHandler
Average rate: 50.324 Hz
Most recent transform: 0.14 sec old
Buffer length: 4.975 sec

/xtion_normal_axis_frame

Broadcaster: /xtion_normal_axis_to_xtion
Average rate: 10.104 Hz
Most recent transform: -0.014 sec old
Buffer length: 4.355 sec

RViz2
3D visualization of the 
transforms

~$ros2 run tf2_tools view_frames

~$rviz2

https://docs.ros.org/en/humble/Tutorials/Intermediate/Tf2/Introduction-To-Tf2.html



TF TRANSFORMATION SYSTEM - TOOLS
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Terminal

~$ros2 run tf2_ros tf2_echo base_link head_rgbd_sensor_rgb_frame

Example

At time 489.133
- Translation: [-0.060, 0.022, 0.967]
- Rotation: in Quaternion [0.500, -0.500, 0.500, -0.500]
            in RPY (radian) [-1.571, -0.000, -1.571]
            in RPY (degree) [-90.000, -0.000, -90.000]
At time 490.133
- Translation: [-0.060, 0.022, 0.967]
- Rotation: in Quaternion [0.500, -0.500, 0.500, -0.500]
            in RPY (radian) [-1.571, -0.000, -1.571]
            in RPY (degree) [-90.000, -0.000, -90.000]
At time 491.133
- Translation: [-0.060, 0.022, 0.967]
- Rotation: in Quaternion [0.500, -0.500, 0.500, -0.500]
            in RPY (radian) [-1.571, -0.000, -1.571]
            in RPY (degree) [-90.000, -0.000, -90.000]
At time 492.133
- Translation: [-0.060, 0.022, 0.967]
- Rotation: in Quaternion [0.500, -0.500, 0.500, -0.500]
            in RPY (radian) [-1.571, -0.000, -1.571]
            in RPY (degree) [-90.000, -0.000, -90.000]



TF2 TRANSFORMATION SYSTEM — RVIZ2 TF DISPLAY
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TF2TRANSFORMATION SYSTEM — TRANSFORM LISTENER C++ API
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Details at: 
http://wiki.ros.org/tf2/Tutorials/Writing%20a%20tf2%20listener%20(C++)

‣ Create a TF2 buffer and listener 	
	

‣ Beware of scope!	

‣ Lookup transformations use this:	

‣ For time: use tf2::TimePointZero to get latest 
available transform	

http://wiki.ros.org/tf2/Tutorials/Writing%20a%20tf2%20listener%20(C++)


TF2TRANSFORMATION SYSTEM — TRANSFORM LISTENER PYTHON API
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Details at: 
https://docs.ros.org/en/humble/Tutorials/Intermediate/Tf2/Writing-A-Tf2-Listener-Py.html

‣ Create a TF listener to fill a buffer 	
	

‣ Lookup transformations, rclpy.time.Time() for 	
latest frame

https://docs.ros.org/en/humble/Tutorials/Intermediate/Tf2/Writing-A-Tf2-Listener-Py.html


RQT USER INTERFACE
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Details at: http://wiki.ros.org/rqt/Plugins

‣ User interface based on Qt	

‣ Custom interfaces possible	

‣ Use existing plugins	

‣ Create your own plugins

~$rqt

Run RQT

http://wiki.ros.org/rqt/Plugins


RQT PLOT
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Details at: http://wiki.ros.org/rqt/Plugins

‣ Our GR-2 publishes 
standard sensor_msgs/
msg/JointState on /
joint_states	

‣ rqt_plot can plot an array 
element directly.

~$ros2 topic echo /joint_states --once

First check with echo 

robocanes@rc2:~/rc_workspace$ ros2 topic echo /joint_states --once
header:
  stamp:
    sec: 521
    nanosec: 404988345
  frame_id: ''
name:
- left_hip_pitch_joint
- left_hip_roll_joint  
. . .
position:
- -0.34530240297317505
- -0.05025877431035042
- -0.15378665924072266

‣ Then we start rqt_plot

~$ros2 run rqt_plot rqt_plot

http://wiki.ros.org/rqt/Plugins


RQT USER INTERFACE IMAGE VIEW
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Details at: http://wiki.ros.org/rqt_image_view

‣ Visualizing images	 ~$/usr/bin/python3 /opt/ros/humble/lib/rqt_image_view/rqt_image_view 

Run rqt_image_view

http://wiki.ros.org/rqt_image_view


RQT USER INTERFACE — RQT_CONSOLE
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Details at: https://docs.ros.org/en/humble/p/rqt_console/

‣ Displays ROS 2 log messages	

‣ Filter messages by severity	

‣ Filter by node/logger	

‣ Useful for debugging running ROS 2 systems	

~$ros2 run rqt_console rqt_console

Run rqt_console

https://docs.ros.org/en/humble/p/rqt_console/


ROS 2 VISUALIZATION MARKERS
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‣ Markers are messages used to display custom information in 
RViz2	

‣ Useful for:	

‣ points and trajectories	

‣ arrows and vectors	

‣ bounding boxes	

‣ text labels	

‣ detected objects	

‣ planned paths / goals	

‣ Published as visualization_msgs/msg/Marker	

‣ Multiple markers can be published as 
visualization_msgs/msg/MarkerArray	

Minimal structure

Details at: Markers

https://docs.ros.org/en/humble/Tutorials/Intermediate/RViz/Marker-Display-types/Marker-Display-types.html


ROS 2 VISUALIZATION MARKERS
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Details at: Markers

‣ RViz2 → Add → Marker → select marker topic	

‣ Marker pose is expressed relative to header.frame_id, 
so this links directly back to TF2

https://docs.ros.org/en/humble/Tutorials/Intermediate/RViz/Marker-Display-types/Marker-Display-types.html


ROS 2 VISUALIZATION MARKERS
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Details at: Markers

‣ Common Marker Types	

‣ Example: visualize a detected obstacle, target 
location, planned trajectory, or robot goal 
without modifying the URDF.

https://docs.ros.org/en/humble/Tutorials/Intermediate/RViz/Marker-Display-types/Marker-Display-types.html


ROBOT MODELS - URDF
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‣ Unified Robot Description Format (URDF)	

‣ XML format for describing a robot	

‣ Kinematic structure — links and joints	

‣ Inertial properties — mass and inertia	

‣ Visual geometry — appearance/meshes	

‣ Collision geometry — simplified geometry for collision 
checking	

‣ URDF descriptions can be generated using Xacro

Details at: 
URDF, Xacro

https://docs.ros.org/en/humble/Tutorials/Intermediate/URDF/Using-Xacro-to-Clean-Up-a-URDF-File.html
https://docs.ros.org/en/humble/Tutorials/Intermediate/URDF/Using-Xacro-to-Clean-Up-a-URDF-File.html


ROBOT MODELS - URDF
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‣ Unified Robot Description Format (URDF)	

‣ XML format for describing a robot	

‣ Kinematic structure — links and joints	

‣ Inertial properties — mass and inertia	

‣ Visual geometry — appearance/meshes	

‣ Collision geometry — simplified geometry for collision 
checking	

‣ URDF descriptions can be generated using Xacro

Details at: 
URDF, Xacro

https://docs.ros.org/en/humble/Tutorials/Intermediate/URDF/Using-Xacro-to-Clean-Up-a-URDF-File.html
https://docs.ros.org/en/humble/Tutorials/Intermediate/URDF/Using-Xacro-to-Clean-Up-a-URDF-File.html


ROBOT MODELS - URDF
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‣ A robot description consists of a set of link elements and joint elements	

‣ Joints connect links and define their relative motion and transformation	

‣ Links can contain:	

‣ inertial properties	

‣ visual geometry	

‣ collision geometry

Details at: 
URDF model building

https://docs.ros.org/en/humble/Tutorials/Intermediate/URDF/Building-a-Visual-Robot-Model-with-URDF-from-Scratch.html


ROBOT MODELS — USAGE IN ROS 2
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‣ The robot description (URDF) is typically provided as the robot_description parameter of 
robot_state_publisher	

‣ robot_state_publisher uses the URDF and joint states to publish the robot's transforms to TF2	

‣ The robot model can be visualized in RViz2 using the RobotModel display	

‣ Xacro is commonly used to generate the URDF	

Launch example Example
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rsp_real.launch.pygr2_real.urdf.xacro
‣ The robot description 

(URDF) is typically 
provided as the 
robot_description 
parameter of 
robot_state_publisher	

‣ robot_state_publisher 
uses the URDF and joint 
states to publish the 
robot's transforms to TF2	

‣ The robot model can be 
visualized in RViz2 using 
the RobotModel display	

‣ Xacro is commonly used 
to generate the URDF	

ROBOT MODELS — USAGE IN ROS 2



UNIVERSAL SCENE DESCRIPTION  (USD)
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‣ OpenUSD is used to describe complex 3D scenes and simulation 
environments	

‣ In ROS 2 workflows, USD is especially relevant when using NVIDIA 
Isaac Sim / Isaac Lab	

‣ A USD scene can contain:	

‣ environments and world geometry	

‣ static and dynamic objects	

‣ robots	

‣ sensors	

‣ materials, lighting, and physics properties	

‣ Robot models described in URDF can be imported into Isaac Sim 
and converted to USD	

‣ ROS 2 nodes can interface with the simulated robot and sensors 
through the Isaac ROS / ROS 2 bridge	

‣ USD is the native scene description format used by Isaac Sim

Details at: 
https://openusd.org/release/index.html

https://openusd.org/release/index.html


UNIVERSAL SCENE DESCRIPTION (USD)
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‣ Encoding scalable, hierarchically organized, static and time-
sampled data	

‣ Rich, extensible scene-description framework	

‣ Environments (geometry, lighting, physics, etc.)	

‣ Objects (static and dynamic)	

‣ Sensors	

‣ Robots	

‣ USD is the native scene-description format used by Isaac Sim	

‣ Importers/converters to USD are available	

Details at: 
https://openusd.org/dev/intro.html

https://openusd.org/dev/intro.html


FURTHER REFERENCES
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‣ ROS 2 Documentation	

‣ https://docs.ros.org/en/humble/	

‣ Installation	

‣ https://docs.ros.org/en/humble/Installation.html	

‣ Tutorials	

‣ https://docs.ros.org/en/humble/Tutorials.html	

‣ Packages	

‣ https://index.ros.org/	

‣ tf2	

‣ https://docs.ros.org/en/humble/Concepts/
Intermediate/About-Tf2.html	

‣

‣ URDF / Xacro	

‣ https://docs.ros.org/en/humble/Tutorials/
Intermediate/URDF/URDF-Main.html	

‣ rqt	

‣ https://docs.ros.org/en/humble/Concepts/
Intermediate/About-RQt.html	

‣ Isaac Sim / USD	

‣ https://docs.isaacsim.omniverse.nvidia.com/	

‣ https://openusd.org/

https://docs.ros.org/en/humble/
https://docs.ros.org/en/humble/Installation.html
https://docs.ros.org/en/humble/Tutorials.html
https://index.ros.org/
https://docs.ros.org/en/humble/Concepts/Intermediate/About-Tf2.html
https://docs.ros.org/en/humble/Concepts/Intermediate/About-Tf2.html
https://docs.ros.org/en/humble/Tutorials/Intermediate/URDF/URDF-Main.html
https://docs.ros.org/en/humble/Tutorials/Intermediate/URDF/URDF-Main.html
https://docs.ros.org/en/humble/Concepts/Intermediate/About-RQt.html
https://docs.ros.org/en/humble/Concepts/Intermediate/About-RQt.html
https://docs.isaacsim.omniverse.nvidia.com/
https://openusd.org/
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