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Course Structure

Course 1 Course 2 Course 3 Course 4 Course 5
Deadline for Ex. 2.

Deadline for Ex. 4.

Deadline for Ex. 3.

Lecture 3 Lecture 4 Case Study

Deadline for Ex. 1.
Lecture 1

Lecture 2
Exercise 1 Intro.

Exercise 5 Intro.

Exercise 2 Intro. Exercise 3 Intro. Exercise 4 Intro.

Exercise 1 Exercise 5

Exercise 2 Exercise 4

Deadline for Ex. 5.
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Overview Course 3

= TF Transformation System

= rqt 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

More info
http://wiki.ros.org/tf2
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TF Transformation System
Transform Tree

L{3SL

TF listeners use a buffer to listen to all broadcasted
transforms

Query for specific transforms from the transform tree

tf2 msqgs/TFMessage.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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/base_link

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

4
/head_frame

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

Broadcaster: /head_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

/kinect_frame
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TF Transformation System

Tools

Command line

Print information about the
current tranform tree

> rosrun tf tf _monitor

Print information about the
transform between two frames

> rosrun tf tf _echo
source_frame target frame

EYRSL
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View Frames

Creates a visual graph (PDF)
of the transform tree

> rosrun tf view 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

Broadcaster: /broadcaster_dynamic
Average rate: 10.204 Hz

Broadcaster: /broadcaster_fixed
Average rate: 10.204 Hz

RViz

3D visualization of the
transforms
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TF Transformation System
RViz Plugin

@ Interact | % Move Camera | _j Select <:V“:> Focus Camera ©m Measure _ 2D Pose Estimate  _# 2D Nav Goal 9 Publish Point
3 Displays x

v & Global Options
Fixed Frame odom «
Background Color [l 48; 48; 48

Frame Rate 30
» v Global Status: Ok
v ) TF ™~ uase\_\'aser
» v/ Status: Ok bas-cuwgw g
Show Names ™~
Show Axes @ front_ngnt
Show Arrows ~ froni-BURDRT -
Marker Scale 0.4
Update I.nterval 0 front_ieit %/Qlweel link
Frame Timeout 15 T T base_tdqtprint
» Frames
> Tree
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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::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::TransformListener tfListener(tfBuffer);

ros::Rate rate(10.90);
while (nodeHandle.ok()) {
geometry msgs::TransformStamped transformStamped;
try {
— transformStamped = tfBuffer.lookupTransform("base",
"odom", ros::Time(@));
} catch (tf2::TransformException &exception) {
ROS_WARN("%s", exception.what());
ros: :Duration(1.09).sleep();
continue;

tfBuffer.lookupTransform(target frame 1id,
source_frame_1id, time);

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

}

rate.sleep();

}

return 0;

};

More info

http://wiki.ros.org/tf2/Tutorials/Writing%20a%20tf2%20listener%20%28C %2B%2B %29
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rqt User Interface

demo - RosGui

File Plugins Running Perspectives Help

eb DCO O X Publisher DE@ O % Robot Steering DC@ 0 % Logger Level DCO ox
- H https//www.ros.org/wiki/rqt €| (@] Topic [cmd_vels | v Type [/Floatsz | v Freq. [5 |+ Hz [ (=] (@] [femd_vel Nodes Loggers  Levels
sSer Interrace base on = s e e ] g
ROS or About | Supp( | |topic v type rate  enabled expression /rqt_qui_cpp. ros.moveit_c¢ Info
° v femd_vel2 std_msgs/Float32 10.00  True = /rqt_gui_cpp, ros.roscpp | Warn
data  float32 cos(i/20)*20 ) /rviz_134392! ros.roscpp.ro |Error
. . v femd_vel3 std_msgs/Float32 5.00 True ros.roscpp.su | Fatal
= Custom interfaces can be setu p Documentation _Brov R e
rqt
. . . .
= Lots of existing plugins exist T ro e
| rat_plot | rqt pose view | rqt_publisher | rgt py common [ 1
rqt service caller | rqt tf tree | rqt topic | rt web =
- S . I t . t I . 1. Stack Summary
imple to write own plugins B —
€] € = T ) D
* Author: Maintained by Dirk Thomas — — —
e licanca: RSO - Stop Refresh | 5
Console DEC@O 0% Plot DCO ox
[Siload || Dsave || lPause |Displaying9 Messages Resize Columns |  Topic [/cmd_vel3/data | subscribe Topic | | Pause || RemoveAll |
Message Severity Node Time -
#9 Loa Info t_set ant 2 2 294
#8 Info 232
#7 Starting scene monitor Info /moveit_setup_assistant | 11:11:25.293 (2012-08-02) /rosout, /move e
#6 e e Info eit_se - e 1
11.6
. #4 Info ]
Run RQT with »s s 11121 a0 § =] i
—_— L 0
Exclude Rules: Messages matching ANY of these rules will NOT be displayed - \
5.8
g 0 Severity Filter: Debug Info Warning Error Fatal - 1
> rosrun rqt_gui rqt_gui =@ ]
-17.4 J
Highlight Rules: Message matching ANY of these rules will be highlighted 232
O r & Message Filter: | monitor ) Regex |= - Azs:
T T T T T T T T T 1
&d o 200 800 1.000

> rqt

SL
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A

400 600
~ Jemd_vel2/data — fcmd_vel3/data

More info

http://wiki.ros.org/rqt/Plugins
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rqt User Interface
rqt image_view

Default - RosGui

File Plugins Running Perspectives Help
Image View DC@ ox

/kinect_head/rgb/image_color | f( 9 | ) [10.00m _

= Visualizing images

Run rqt_graph with

> rosrun rgt_image view rqt_image view

More info
http://wiki.ros.org/rgt image view
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rqt User Interface
rqt_multiplot

MultiplotPlugin - rqt

E@Multiplot - [file:///home/sam/qgit/rqt_multiplot_plugin/rqt_multiplot/config/example.xml] D@ -0
Configuration: | file:///home/sam/git/rqt_multiplot_plugin/rqt_multiplot/config/example.xm!| G PeEd
Plot Table: 2 - X|1 Colors . Link Scale @& Cursor Track & Points | vHa®

= Visualizing numeric e /7/)//
values in 2D plots : Run all pmts// '

Pause all plots
P Clear all plots

Run rgt_multiplot with % Export all plots / Import bag file

2
14 D ——————1 -
3 . I | ]
> rosrun rgt_multiplot rgt _multiplot od_ , ] E— , ‘
- - 736 7365 37 7375 738 7385 739
LF Joint Positions
® HAA Desired  m HFE Desired  w KFE Desired  w HAA Measured HFE Measured KFE Measur
4 . 1 1 T S —— 1 PRI EEE—-— Ay &Y &V &Y A
- - J o Y/ un/pause plo /-
o] S~ /—‘ S— ) learptot?, ’
7 e Export plot// /L7
-0.5 4 -
Configure plot
I x y Maximize/restore plot” | b
15
7‘}6 T 73‘6.5 ' o 7;7 T 7375 S 7;9 ' o 73‘3.5 T 739 '

More info
http://wiki.ros.org/rgt multiplot
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rqt User Interface
rqt_graph

= Visualizing the ROS
computation graph

Run rqt_graph with
> rosrun rqt_graph rqt_graph

EYRSL
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Default - RosGui

File Plugins Running Perspectives Help
ROS Graph DC® ox

7@' Nodes/Topics (all) <1/ / & | B B =

[ namespaces [ actions [ deadsinks [ leaftopics [ Hide Debug [ Highlight & Fit | (9

[omt] [ e

_[move, _group__— /move_group/display_planned_path

e

fjoint_state_publisher

More info
http://wiki.ros.org/rqt graph
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rqt User Interface
rqt_console

Default - RosGui

File Plugins Running Perspectives Help
Console DECEE ox
i Load @ save [l Pause | Displaying 39 messages Clear Resize Columns
m D 1 pl y g d f It 1 g Message Severity Node Time B -
I S a I n a n I e rl n #12 @ The input topic '/narrow_stereo/left/image_raw' is not yet advertised warn /narrow_stereo_textured/... 21:39:04.833 (2013-05-06) /rc
#10 @ The input topic '/narrow_stereo/right/image_raw' is not yet advertised  Warn /narrow_stereo/narrow_st... 21:39:02.337 (2013-05-06) /rc
RO S m essa g eS #11 @ The input topic '/narrow_stereo/right/camera_info' is not yet advertised Warn /narrow_stereo/narrow_st... 21:39:02.337 (2013-05-06)  /rc
#8 @ The input topic '/narrow_stereo/left/image_raw' is not yet advertised warn /narrow_stereo/narrow_st... 21:39:02.336 (2013-05-06)  /rc
#9 @ The input topic'/narrow_stereo/left/camera_info' is not yet advertised  Warn /narrow_stereo/narrow_st... 21:39:02.336 (2013-05-06)  /rc
#7 @ Holding arms Info /arm_holder 21:39:01.402 (2013-05-06)  /tc
. #18 @ The input topic '/wide_stereo/right/camera_info' is not yet advertised warn /wide_stereo/wide_stereo... 21:39:01.086 (2013-05-06) /rc~
Ru N rqt ConSOle W|th #16 @ The input topic '/wide_stereo/left/camera_info' is not yet advertised warn /wide_stereo/wide_stereo... 21:39:01.085 (2013-05-06)  /r ’
—_ #17 @ The input topic '/wide_stereo/right/image_raw' is not yet advertised warn /wide_stereo/wide_stereo... 21:39:01.085 (2013-05-06)  /rc |
#6 8 The input topic '/wide_stereo/left/image_raw' is not yet advertised warn /wide_stereo/wide_stereo... 21:39:01.085 (2013-05-06)  /rc-
#5 Moving torso up Info /arm_holder 21:38:56.400 (2013-05-06)  /tc_
> rosrun rqt_console rqgt_console o Sht U e
Exclude Rules:
s
Highlight Rules:
=
9P
More info

http://wiki.ros.org/rgqt console
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rqt User Interface
rqt_logger_level

= Configuring the logger level

of ROS nodes Logger Level DE@ o
Nodes Loggers Levels
. ros Debug
Run rqt_logger_level with /rqt_gui_py_node 7714 r0S.roscpp Info
/rqt_qgui_py_node_7787 ros.roscpp.roscpp_internal warn
> rosrun rqt_logger_level ros.roscpp.superdebug Error

Fatal

rqt_logger level

Refresh

More info
http://wiki.ros.org/rqt logger level
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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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Robot Models
Unified Robot Description Format (URDF)

<link name="Llink_name" >

<visual>
<geometry>
= Description consists of a set of link elements . é@iﬂJj}ename: (e
and a set of joint elements </visual>
i . <collision>
= Joints connect the links together <geometry>
<cylinder length="0.6" radius="0.2"/>
robot.urdf /Ezeme i
</collision>
<robot name="robot"> <inertial>
<link> ... </link> <mass value="10"/>
~N <link> ... </link> <inertia ixx="0.4" ixy="0.0" ../>
<link> ... </link> </inertial>
</1link>
<joint> .... </joint>
™~ <1°%”t> T </J°%”t> <joint name="joint_name" type="revolute">
<joint> .... </joint> caxis xyz="0 @ 1"/>
Sjrelonie \ <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 </;(C)fi1ii<: link="child_Link_name" />
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Robot Models
Usage in ROS

husky empty world.launch

= The robot description (URDF) is stored on

the parameter server (typlcally) under :include file="$(find husky gazebo)/launch/spawn_husky.launch">
. . <arg name="laser_enabled" value="$(arg laser_enabled)"/>
/I"ObOt_dESCF‘lpthﬂ <arg name="ur5 enabled" value="$(arg ur5 enabled)"/>
<arg name="kinect_enabled" value="$(arg kinect_enabled)"/>

= You can visualize the robot model in Rviz
with the ., RobotModel plugin

</include>

spawn_husky.launch

<param name="robot_description" command="$(find xacro)/xacro.py
"$(arg husky gazebo_description)’

laser_enabled:=$(arg laser_enabled)

ur5_enabled:=$(arg ur5_enabled)

kinect _enabled:=$(arg kinect_enabled)" />
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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

= (Gazebo converts a URDF to SDF
automatically

More info
http://sdformat.org
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Further References

= ROS Wiki = ROS Cheat Sheet

= http://wiki.ros.orq/ = https://github.com/ros/cheatsheet/releases/dow
= |nstallation nload/0.0.1/ROScheatsheet_catkin.pdf

= http://wiki.ros.org/ROS/Installation = ROS Best Practices
= Tutorials = https://github.com/ethz-

asl/ros best practices/wiki

= ROS Package Template

= https://github.com/ethz-
asl/ros best practices/tree/master/ros packaqg
e template

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

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

ETH Zurich Lecturers

Robotic Systems Lab Péter Fankhauser (pfankhauser@ethz.ch)
Prof. Dr. Marco Hutter Dominic Jud

LEE J 225 Martin Wermelinger

Leonhardstrasse 21

8092 Zurich Course website:

Switzerland http://www.rsl.ethz.ch/education-

students/lectures/ros.html

http://www.rsl.ethz.ch

>‘<ﬂ Péter Fankhauser | 24.02.2017 | 20

Robotic Systems Lab



