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Overview Course 3

= TF Transformation System

= rqgt User Interface

= Robot models (URDF)

= Simulation descriptions (SDF)
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TF Transformation System

= Tool for keeping track of coordinate frames over time

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

= Lets the user transform points, vectors, etc. between
coordinate frames at desired time

= Implemented as publisher/subscriber model on the
topics /tf and /tf_static

tf

More info
http://wiki.ros.org/tf2
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http://wiki.ros.org/tf2

TF Transformation System
Transform Tree

= TF listeners use a buffer to listen to all broadcasted
transforms

= Query for specific transforms from the transform tree

tf2 msqs/TEFMessage.msq

geometry msgs/TransformStamped[] transforms

std _msgs/Header header
uint32 seqtime stamp
string frame_id

string child_frame_id

geometry msgs/Transform transform
geometry msgs/Vector3 translation
geometry msgs/Quaternion rotation
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fbase_link

Broadcaster: /base_to_head
Average rate: 10.190 Hz
Most recent transform: -0.027 sec old
Buffer length: 4.907 sec

Y

fhead frame

Broadcaster: /HeadMotorHandler
Average rate: 50.201 Hz
Most recent transform: 0.015 sec old
Buffer length: 4.960 sec

Broadcaster: fhead to_arm
Average rate: 10.196 Hz
Most recent transform: -0.014 sec old
Buffer length: 4.806 sec

/kinect_normal_axis_frame

Broadcaster: /kinect_normal_axis_to_kinect
Average rate: 10.190 Hz
Most recent transform: -0.072 sec old
Buffer length: 4.907 sec

Y
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http://docs.ros.org/jade/api/tf2_msgs/html/msg/TFMessage.html

TF Transformation System
Tools

Command line View Frames RViz

Print information about the Creates a visual graph (PDF) 3D visualization of the
current transform tree of the transform tree transforms

> rosrun tf tf _monitor > rosrun tf view_frames

Print information about the
transform between two frames

Broadcaster: /broadcaster1 Broadcaster: /broadcaster2
Average rate: 55.028 Hz Average rate: 55.028 Hz

Most recent transform: 0.011 sec old  \Most recent transform: 0.011 sec old

Buffer length: 4.961 sec Buffer length: 4.961 sec

> rosrun tf tf echo
source_frame target frame

Broadcaster: /broadcaster_fixed
Average rate: 10.204 Hz

Broadcaster: /broadcaster_dynamic
Average rate: 10.204 Hz
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TF Transformation System
RViz Plugin
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TF Transformation System
Transform Listener C++ API

Create a TF listener to fill up a buffer

#include <ros/ros.h>
#include <tf2_ros/transform_listener.h>
#include <geometry_msgs/TransformStamped.h>

int main(int argc, char** argv) {
ros::init(argc, argv, "tf2 listener");
ros: :NodeHandle nodeHandle;

tf2 ros::Buffer tfBuffer;
tf2_ros::TransformListener tfListener(tfBuffer);

= Make sure, that the 1istener does not run out of
scope!

= To lookup transformations, use

geometry msgs::TransformStamped transformStamped =

tf2 ros::Buffer tfBuffer;
tf2_ros::TransformListener tfListener(tfBuffer);

ros::Rate rate(10.0);
while (nodeHandle.ok()) {

geometry msgs::TransformStamped transformStamped;

try {

— transformStamped = tfBuffer.lookupTransform("base",
"odom", ros::Time(0));

} catch (tf2::TransformException &exception) {
ROS_WARN("%s", exception.what());
ros::Duration(1.09).sleep();
continue;

tfBuffer.lookupTransform(target frame 1id,
source_frame_id, time);

= For time, use ros::Time(0) to get the latest
available transform

}

rate.sleep();

}

return 0;

}s

More info

http://wiki.ros.org/tf2/Tutorials/\Writing%20a%?20tf2%?20listener%20%28C%2B%2B%29
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http://wiki.ros.org/tf2/Tutorials/Writing a tf2 listener (C++)

rqt User Interface

= User interface based on Qt

= Custom interfaces can be setup

= Lots of plugins exist
=  Simple to write own plugins

Run RQT with

> rosrun rqgqt_gui rqt_gui
or

> rqt

X
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demo - RosGui

File Plugins Running Perspectives Help

web DC@® O % Publisher DCE@® O % Robot Steering DC@® O Logger Level DCO ox%x
NEtp://wurw.ros.org/wikifrat ] | @ | Topic [cmd_vels | « | Type [fFloat32 | + | Freq.[5 [+ |z [dp |[=|[@ | [/cmd_vel Nodes Loggers Levels
A~ - - L — Jrosout ros Debug
ROS orq About | Supp topic v type rate enabled expression 2| 100 Jrat_gui_cpp. ros.moveit_c( Info
° v fcmd_vel2 std_msgs/Float32 10.00  True I e /rqt_gui_cpp, |ros.roscpp | Warn
data  float32 cos(i/20)*20 =) Jrviz_134392! |ros.roscpp.ro| Error
. v fcmd_vel3 std_msgs/Float32 5.00 True - ros.roscpp.su| Fatal
Documentation dia roats an(20)+10 |
rqt -
rqt: rgt console | rat dep [ rat graph [ rat qui | rgt qui cop || i
[ rqt plot| rgt pose view | rqt publisher | rgt py common |1 -
rat service caller [ rqt if tree [ rqt topic [ rat web .
1. Stack Summary o
Integration of the ROS package system and ROS-specific pl
* Author: Maintained by Dirk Thomas —
5 | Refresh. | ——— D
Console DECO 0% Plot DE@ ox
| [Siroad || Qsave || [HlPause |pisplaying s Messages | Resize Columns | Topic [ /cmd_vel3/data | subscribe Topic | | Pause || RemoveAll |
Message Severity Node
#9 | Loading Setup Assistant Complete Info moveit_setup_assistant 2 nove 29 -]
#8 Listening to ‘'moveit_plan S e Info 2 (2012-08-02) | /rosout, /move =04
#7 Starting scene monitor Info 11:11:25.293 (2012-08-02) /rosout, /move
#6 Config g kinematics solvers Info 7
#4 Robot semantic model successfully loaded. |Info

t Seman... |Info mos

Exclude Rules: Messages matching ANY of these rules will NOT be displayed

Severity Filter: |Debug Info Warning Error Fatal

Highlight Rules: Message matching ANY of these rules will be highlighted
Message Filter: | monitor

==l

VY

) Regex

\

|5 0 200

400 600
— femd_vel2/data — fcmd_vel3/data

1
1.000

More info

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

rqt User Interface
rqt_image_view

Default - RosGui

File Plugins Running Perspectives Help
Image View DE@ ox

/kinect_head/rgb[image_color 3 7@ @ | O |10.00m |

= Visualizing images

Run rqt_graph with

> rosrun rqt_image view rqt_image view

More info
http://wiki.ros.org/rgt image view
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http://wiki.ros.org/rqt_image_view

rqt User Interface
rgt_multiplot

= Visualizing numeric
values in 2D plots

Run rgt_multiplot with

> rosrun rqt_multiplot rqt multiplot

LA XSL

Robotic Systems Lab

MultiplotPlugin - rqt

EmMultiplot - [file:///home/sam/git/rat_multiplot_plugin/rqt_multiplot/config/example.xml] D@ -0
Configuration: | file:///home/sam/fgit/rgt_multiplot_plugin/rgt_multiplot/configfexample.xml v |2 b ] |
Plot Table: 2 x| 1 | cColors . Link Scale B Cursor  Track & Points | CeaE®

LF Actuator Modes & Contact State g o
W HAA = HFE KFE ® Contact State = Load Factor

L B / 1 )
, Run all plots/
¢ Pause all plots 3
5 E
Clear all plots 4
9 Export all plots / Import bag file 3
2
' ) | | | i \ B3
o] - . \

T T T T T

736 T36.5 737 7375 738 7385

m HAA Desired  m HFE Desired  ® KFE Desired  ® HAA Measured HFE Measured

—
736

LF Joint Positions

.........

- Maximize/restore plot

—r 77—
7365 73T 7375 T8 T38.5

739

More info
http://wiki.ros.org/rat multiplot
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http://wiki.ros.org/rqt_multiplot

rqt User Interface
rgt_graph

Default - RosGui

File Plugins Running Perspectives Help

= Visualizing the ROS ROs Graph DC@ ox

@ | | Nodes/Topics (all) =Rl / B B E| =

Com pUtatlon g raph namespaces actions dead sinks leaf topics Hide Debug Highlight Fit @

Run rqt_graph with [
- mmmmm)—;lw

> rosrun rqt_graph rqt_graph J— m;_:l_-_.“_

_/move_group | Jmove_group/display_planned_path

=

move_group

More info
http://wiki.ros.org/rat graph
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http://wiki.ros.org/rqt_graph

rqt User Interface
rqt_console

Default - RosGui

File Plugins Running Perspectives Help
Console
i Load ® save [l Pause | Displaying 39 messages

Message
#12 @ The input topic'/narrow_stereo/left/image_raw' is not yet advertised
#10 @ The input topic '/narrow_stereo/right/image_raw' is not yet advertised
#11 @ The input topic'/narrow_stereo/right/camera_info" is not yet advertised
#8 @ The input topic'/narrow_stereoleft/image_raw' is not yet advertised
#9 @ The input topic '/narrow_stereo/left/camera_info' is not yet advertised
#7 @ Holding arms
#18 @ The input topic'/wide_stereo/right/camera_info' is not yet advertised
#16 @ The input topic'/wide_stereo/left/camera_info' is not yet advertised
#17 @ The input topic'/wide_stereo/right/image_raw' is not yet advertised
#6 @ The input topic'/wide_stereo/left/image_raw' is not yet advertised
#5 Q Moving torso up

= Displaying and filtering
ROS messages

Run rqgt_console with

> rosrun rqt_console rqt_console

Severity

Warn
Warn
Warn
Warn
Wwarn
Info

Wwarn
Warn
Warn
Warn
Info

Exclude Rules:

Highlight Rules:
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Node

/narrow_stereo_textured/...
/narrow_stereo/narrow_st...
/narrow_stereo/narrow_st...
/narrow_stereo/narrow_st...
/narrow_stereo/narrow_st...

Jarm_holder

Jwide_stereo/wide_skereo...
/wide_stereo/wide_stereo...
/wide_stereo/wide_stereo...
Jwide_stereo/wide_skereo...

Jarm_holder

DECE ox
Clear Resize Columns
Time
21:39:04.833 (2013-05-06) [rc
21:39:02.337 (2013-05-06) [rc
21:39:02.337 (201 3-05-06) frc
21:39:02.336 (2013-05-06) [rc
21:39:02.336 (2013-05-06) Jrc
21:39:01.402 (2013-05-06) Jtc
21:39:01.086 (2013-05-06) fra
21:39:01.085 (2013-05-06) /r
21:39:01.085 (2013-05-06) Jr
21:39:01.085 (2013-05-06) Jra-
21:38:56.400 (2013-05-06) ,?'l'.'::v
R St .
s
-3
s
More info

http://wiki.ros.org/rgt console
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http://wiki.ros.org/rqt_console

rqt User Interface
rqt_logger_level

= Configuring the logger level
Of ROS nodes Logger Level DE@ o
MNodes Loggers Levels
. Debug
Run rqt_logger_level with /rgt_gui_py_node 7714 rOS.roscpp Info
/rat_gui_py node 7787 ros.roscpp.roscpp_internal Warn
: . deb E
> rosrun rqt_logger level rOsTOSCPP-SUpEraEnta el
rqt_logger_level
Refresh
More info
http://wiki.ros.org/rat_logger_level
k‘ Robotic Systems Lab
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http://wiki.ros.org/rqt_logger_level

Robot Models
Unified Robot Description Format (URDF)

= Defines an XML format for representing a
robot model

= Kinematic and dynamic description
= Visual representation
= Collision model

= URDF generation can be be scripted
with XACRO

Mesh for visuals Primitives for collision

More info
http://wiki.ros.org/urdf
http://wiki.ros.org/xacro
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http://wiki.ros.org/urdf
http://wiki.ros.org/xacro

Robot Models
Unified Robot Description Format (URDF)

<link name="Llink_name">

<visual>
<geometry>
= Description consists of a set of link elements </;";§;2tfyl>le”a’"e‘ EBERET/>
and a set of joint elements </visual>
. ) <collision>
= Joints connect the links together <geometry>
<cylinder length="0.6" radius="0.2"/>
robot.urdf e
</collision>
<robot name="robot"> <inertial>
<link> ... </link> <mass value="10"/>
~ <link> ... </link> <inertia ixx="0.4" ixy="0.0" ../>
<link> ... </1link> </inertial>
</link>

<joint> .... </joint>
N <joint> .... </joint>
<joint> .... </joint>

<joint name="joint_name" type="revolute">

<axis xyz="@ @ 1"/>
S/OBOE> \\\\\\ <limit effort="1000.0" upper="0.548" .. />
<origin rpy="0 0 0" xyz="0.2 0.01 0"/>
More info <parent link="parent_Link_name" />
http://wiki.ros.org/urdf/XML/model <child link="child Link_name"/>
</joint>
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http://wiki.ros.org/urdf/XML/model

Robot Models
Usage in ROS

spawn_husky.launch

= The robot description (URDF) is stored on e P

the parameter server (typlcally) under husky description)/launch/description.launch” >
. . <arg name="robot_namespace" value="$(arg robot_namespace)"/>
/F‘ObOt_dESCT‘lpthﬂ <arg name="laser enabled" default="$(arg laser_enabled)"/>

<arg name="kinect_enabled" default="$(arg kinect_enabled)"/>

- YOU can \ilSUB.'IZG the rObOt m_Odel In Rviz <arg name="urdf extras" default="$(arg urdf extras)"/>
with the i RobotModel plugin </include>

description.launch

<param name="robot description” command="¢$(find xacro)/xacro
'$(find husky description)/urdf/husky.urdf.xacro’
--inorder
robot_namespace:=$(arg robot_namespace)
laser_enabled:=$(arg laser_enabled)
kinect enabled:=$(arg kinect enabled)
urdf_extras:=$(arg urdf_extras)" />
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Simulation Descriptions
Simulation Description Format (SDF)

=  Defines an XML format to describe
Environments (lighting, gravity etc.)
Objects (static and dynamic)

Sensors

Robots

= SDF is the standard format for Gazebo

= Gazebho converts a URDF to SDF
automatically

More info
http://sdformat.org
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http://sdformat.org/

Further References

= ROS WiIKI
= http://wiki.ros.orqg/

= |nstallation
= http://wiki.ros.org/ROS/Installation

= Tutorials
= http://wiki.ros.org/ROS/Tutorials

= Available packages
= http://www.ros.org/browse/

LA XSL
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ROS Cheat Sheet

= https://www.clearpathrobotics.com/ros-robot-
operating-system-cheat-sheet/

= https://kapeli.com/cheat sheets/ROS.docset/
Contents/Resources/Documents/index

ROS Best Practices

= https://github.com/leggedrobotics/
ros best practices/wiki

ROS Package Template

= https://github.com/leggedrobotics/ros best
practices/tree/master/ros package template
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