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OVERVIEW

» TF Transformation System b R OS
.0rg

» rqt User Interface
» Robot models (URDF)

Simulation descriptions (SDF




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

-—
Listen/Broadcast
W,
-4— Listen/Broadcast [tf
V.
' Listen/Broadcast
) Details at: http://wiki.ros.org/tf2
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» TF listeners use a buffer to listen to all broadcasted transforms

» Query for specific transforms from the transform tree

tf2 _msgs/TFMessage.msg

geometry_msgs/TransformStamped[ ] transforms
std_msgs/Header header

uint3Z2 seqgtime stamp

string frame_1id

string child_frame_1id

geometry_msgs/Transform transform
geometry_msgs/Vector3 translation
geometry_msgs/Quaternion rotation

Details at: http://docs.ros.orgljade/apiltf2_msgs/html/msg/TFMessage.html

/base_1l1ink

Broadcaster: /base_to_head

Average rate: 10.013 Hz

Most recent transform: -0.021 sec old
Buffer length: 5.107 sec

/head_frame

Broadcaster: /HeadMotorHandler
Average rate: 50.324 Hz

Most recent transform: 0.14 sec old
Buffer length: 4.975 sec

<:::ZEEE§;_normal_axiS:;EEEE:::D

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

Buffer length: 4.355 sec

Broadcaster: /head_to_arm

Average rate: 10.196 Hz

Most recent transform: -0.013 sec old
Buffer length: 4.913 sec
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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_msgs/TFMessage.msg

geometry_msgs/TransformStamped[] transforms

std_msgs/Header header

uint3Z2 seqgtime stamp

string frame_1id
string child_frame_1id
geometry_msgs/Transform transform
geometry_msgs/Vector3 translation
geometry_msgs/Quaternion rotation

Partial link tree from HSR B, torso

v ¢ torso_lift_link
» Details
v & head_pan_link
» Details
v & head_tilt_link
» Details
v & head_center_camera_frame
» Details
v 4/ head _center_camera_gazebo frame
» Details
v &* head_|_stereo_camera_link
» Details
v 4 head_|_stereo_camera_gazebo_frame
» Details
v ¢ head r_stereo_camera_link
» Details
v 4 head_r_stereo_camera_gazebo_frame
» Details
v & head_rgbd_sensor_link
v Details
Alpha
Show Trail
Show Axes
v Position
X
Y
Z
v Orientation
X
Y
Z
w
v & head rgbd sensor_gazebo frame
» Details

J0o~

-0.059954; 0.022008; 0.99209
-0.0599536

0.0220083

0.992095

-0.49975; 0.49977, -0.50025; 0.50023
-0.499747

0.499769

-0.500253

0.500231
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Terminal

Get information about the current transform tree

~$rosrun tf tf _monitor

Get information about the transform between two frames

~$rosrun tf tf_echo source _frame target_frame

RViz
3D visualization of the
transforms

View frames

Visual graph of the transform tree

/base_1l1ink

Broadcaster: /HeadMotorHandler

Average rate: 50.324 Hz
Most recent transform: 0.14 sec old

Buffer length: 4.975 sec

(:::Zggzgg_normal_axis:;;;%E:::>

Average rate: 10.104 Hz

/arm_frame

Broadcaster: /base_to_head

Average rate: 10.013 Hz

Most recent transform: -0.021 sec old
Buffer length: 5.107 sec

/head_frame
Broadcaster: /head_to_arm

Average rate: 10.196 Hz
Most recent transform: -0.013 sec old

Buffer length: 4.913 sec

Broadcaster: /xtion_normal_axis_to_xtion

Most recent transform: -0.014 sec old

Buffer length: 4.355 sec



(™ Interact | *$* Move Camera  [_J

B Displays
v & Global Options
Fixed Frame
Background Color
Frame Rate
Default Light
v v Global Status: Ok
v’ Fixed Frame
» € Grid
» F. Map
» 2 Map
v i, RobotModel
» v Status: Ok
Visual Enabled
Collision Enabled
Update Interval
Alpha
Robot Description
TF Prefix
v Links
Link Tree Style
Expand Link Details
All Links Enabled
v ¢ arm_flex_link
Alpha
Show Trail
Show Axes
» Position
» Orientation
v ¢ arm_lift_link
Alpha
Show Trail
Show Axes
» Position
» Orientation
v ¢ arm_roll_link
Alpha
Show Trail
Show Axes
» Position
» Orientation
v ¢ base b bumper link
Alpha
Show Trail
Show Axes
» Position
» Orientation
v /2 hase F humner link

Add

© Time

ROS Time: |280.27

Select Focus Camera 3 Measure # 2D Pose Estimate # 2D Nav Goal

ROS Elapsed:

map

H 48; 48; 48
30

™M

OK

M
M

0
1
robot_description

Links in Alphabetic Order
™

™

™

1

M
0.14091, 0.077817, 0.38997
5.7811e-05; 0.15136; -0.00...

)
3

™

-0.0001456; -7.4902e-05; 0...

0; 0; -0.00038194; 1
C
1

v

0.24892; 0.077735; 0.71767
-0.10693; 0.10712; -0.6988...
v

3

™

-0.00014461; 0.0012251;0
0; 0; 1, 0.00038194

A

56.06 wall Time:

1599487395.75

§ Publish Point

wall Elapsed: |234.66

Reset Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options.

Experimental

9 fps



<ros/ros.h>
<tf2 ros/transform listener.h>
<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 tflListener(tfBuffer);

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

geometry msgs::TransformStamped transformStamped;

{

transformStamped = ("base”,"odom", ros::Time(0));

}
{

(tf2::TransformException &exception)

ROS WARN("%s", exception.what());
0s::Duration(1.0).sleep();

’

}

rate.sleep();

}
0;

Create a TF listener to fill up a buffer

tf2 ros::Buffer tfBuffer;

tf2 ros::TransformListener tflListener(tfBuffer);

Beware of scope!

Lookup transformations use this:

geometry msgs::TransformStamped transformStamped =
tfBuffer.lookupTransform(target frame id,

source frame id, time);

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

Details at:
http://wiki.ros.orgltf2/Tutorials/Writing%20a%20tf2%20listener%20(C++)
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M S pefault -rqt

User interface based on Qt A () B G

M)

. . FJO'““’@JQCWW controller DC@® - 0 X :iRobot Monitor DO -oX
Custom interfaces possible -
controller manager ns controller
/hsrb/controller manager > |arm_trajectory controller

Use existing plugins

Create your own plugins

arm_Flex joint

-0.71
! Warned Devic Message
I arm_lift_joint 0.00
arm_roll_joint 0.34
Run RQT
wrist_Flex joint 0.00
~$rosrun rgqt_gul rqt_gui | wrist_rolljoint oo
|
All devices Message
Alternative
~$rqt
speed scaling
50% <-oldlo messages receivenew —>
§ Pause

Details at: http://wiki.ros.org/rqt/Plugins
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» Visualizing images

Run rqt_image view

~$rosrun rqt_image_view rqt_image_view

Details at: http://wiki.ros.org/rgt_image_view

.

HIimage View
Jusb cam/image raw

3ge _raw_mouse left

rqt_image_view__

ImageView - rqt

= -
- ¢ 0

Red —

Smooth scaling 9 0° | €

il LD N

Gray

10.00m

w»

DY

- O

|0
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RQT USER INTERFACE RQT_MULTIPLOT

» Visualizing numeric values in 2D plots
EmMultiplot - [File:///home/sam/qit/rqt_multiplot_plugin/rqt_multiplot/config/example.xml] D@ -0
Configuration: file:///home/sam/git/rqt_multiplot_plugin/rqt_multiplot/config/example.xml _v| G A
PlotTable: 2 . x[1 : colors| [ uink O Scale @& Cursor Track @& Points | v 0@ae

RU N I"qt_m U Iti P I Ot LF Actuator Modes & Contact State

® HAA = HFE = KFE ® ContactState » Load Factor
I l 'y 1 3\ 'y | I ' 4 I . 4 I 'y ' l 1 4 I ' l 3\ 4 'y 4 l 'y 4 '

~$rosrun rqt_multiplot rgt_multiplot 3

7 Run all plots

: Pause all plots

. Clear all plots

3 Export all plots / Import bag file

2

g | | LT

- ‘7316' o '7316.5' o ‘73l7' o '7317.5' o ‘7;8' o '7318.5' o '7;9' S

LF Joint Positions Ha®qo 9

® HAA Desired wm HFE Desired w KFE Desired m HAA Measured » HFE Measured = KFE Measureg

T
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RQT USER INTERFACE RQT_GRAPH

» Visualizing the ROS computation graph FNode Graph 0@ -0
_©@ || Nodes/Topics (active) : ||/ Il | & ) (=) -]
Group: [Z; Namespaces @& Actions @& tf & Images & Highlight & Fit | (7)

Hide: & Deadsinks & Leaftopics & Debug [ | tf @ Unreachable & Params

Run rqt_graph (_Moor.to_odom

~$rosrun rqt_graph rqt_graph __ base_footprint_to_baselink

D,

@m_m_m_mb_mmo

G\
@on_lhk_to_dcpﬂt_ﬁum \ Ioolllslon_uwlroan
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RQT USER INTERFACE RQT_CONSOLE

» Displaying and filtering ROS messages

rqt_console__Console - rqt

“glConsole D@ -0
& | & || U | pisplaying 9 messages | & || Fit Columns |
= Message Severity Node Stamp Topics Location
Ru n r'(:It_C() NSO I S #9 © wating connections... Info /hsrb/hsrb/... 15:31:14.0... /hsrb/hsrb/... /tmp/build...
#8 ‘0 Wating connections... .Info | /hsrb/hsrb/... ‘15:31:03.0... ./hsrb/hsrb/... | Jtmp/build...
~ s rosrun rq t_C onso 1 e rq t_C onso 18 #7 .0 Wating connections... | Info | /hsrb/hsrb/... | 15:30:53.0... | /hsrb/hsrb/... | Jtmp/build...
#6 ‘0 Wating connections... .Info ’/hsrb/hsrb/... ‘15:30:42.0... ./hsrb/hsrb/... ’/tmp/build...
#5 .0 Wating connections... 'lnfo ~/hsrb/hsrb/... | 15:30:31.0... '/hsrb/hsrb/... Q/tmp/build...
#4 ‘0 Wating connections... .Info | /hsrb/hsrb/... ‘15:30:21.0... ./hsrb/hsrb/... | Jtmp/build...
#3 .0 Wating connections... 'lnfo ~/hsrb/hsrb/... | 15:30:10.0... | /hsrb/hsrb/... Q/tmp/build...
#2 ‘0 Wating connections... .Info ’/hsrb/hsrb/... ‘15:29:59.0... ./hsrb/hsrb/... ’/tmp/build...
#1 .0 Wating connections... 'lnfo ~/hsrb/hsrb/... | 15:29:49.0... '/hsrb/hsrb/... ~/tmp/build...
Exclude Messages...

& ...with severities:

Debug Info Warn Error Fatal

Highlight Messages...

& ...containing: [
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RQT USER INTERFACE RQT_LOGGER_LEVEL

» Configuring the logger level of ROS

=Logger Level D@ -0
NO d es Nodes Loggers Levels
/hsrb_mock_hardware - ros Debug
/hsrb_planner ros.rosconsole_bridge.class_loader.class_loader_ 'Info
/hsrb_timeopt _Filter ros.roscpp warn
/hsrb_timeopt_Filter_node ros.roscpp.roscpp_internal Error
Run rqt_IOgge r_level /joint_state_pub ros.roscpp.roscpp_internal.connections Fatal

/move_base_sim
/robot_state pub
~$rosrun rqt_Llogger_level rqt_logger_level Jrosout
/rqt_gui_cpp_node_16799
/rqt_qgui_cpp_node_18639
/rqt_gui_cpp_node_20577
/rqt_gui_cpp_node_21790

/rqt_qui iy node 24833

/trajectory Filter
/xtion_link_to_depth_frame

/xtion_link_to_rgb_frame

| Refresh

ros.roscpp.superdebug
ros.rviz
ros.rviz.load_resource
ros.rviz.pluginlib.ClassLoader
ros.urdf
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» Unified Robot Description Format (URDF)
» Defines robot model in XML format
» Kinematic description
» Dynamic description
» Visual representation (left figure of HSR)
» Collision model (right figure of HSR)
» URDF generation can be scripted using XACRO

Details at:
http://wiki.ros.orglurdf, http://wiki.ros.org/xacro

|5
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» Description consists of a set of link

elements and a set of joint elements

» Joints connect the link elements

together

Link 2

Details at:

http:/Iwiki.ros.orglurdfI XML/model

<robot name="hsr">

<link> ...
<link> ...
<link> ...

<joint>

<joint>

<joint>
</robot>

</link>
</link>
</1link>

</joint>
</joint>
</joint>

<link name="my link">
<inertial>
<origin xyz="0 0 0.5" rpy="0 0 0"/>
<mass value="1"/>
<inertia ixx="100" 1ixy="0" 1ixz="0" iyy="100"
iyz="0" izz="100" />
</inertial>

<visual>
<origin xyz="0 0 0" rpy=
<geometry>
<box size="11 1" />

</geometry>
<material name="Cyan">
<color rgba="0 1.0 1.0
</material>
</visual>

<collision>
<origin xyz="0 0 0" rpy="0 0 0"/>
<geometry>
<cylinder radius="1" length="0.5"/>
</geometry>
</collision>
</link>

|6
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» The robot description (URDF) is stored on
the parameter server (typically) under /
robot description

» You can visualize the robot model in RViz
with the RobotModel plugin

husky.urdf.xacro

name="husky" xmlns:xacro="http://ros.org/wiki/xacro">

name="laser enabled" default="false" />
name="laser xyz" default="$(optenv HUSKY LMS1XX XYZ 0.2206 0.0 0.00635)" />
name="laser rpy" default="$(optenv HUSKY LMS1XX RPY 0.0 0.0 0.0)" />

name="kinect enabled" default="false" />
name="kinect xyz" default="$(optenv HUSKY KINECT XYZ ©0 0 0)" />
name="kinect rpy" default="$(optenv HUSKY KINECT RPY 0 0.18 3.14)" />

name="realsense enabled" default="false" />

name="realsense xyz" default="$(optenv HUSKY REALSENSE XYZ 0 © 0)" />

name="realsense rpy" default="$(optenv HUSKY REALSENSE RPY 0 © 0)" />

name="realsense mount” default="$(optenv HUSKY REALSENSE MOUNT FRAME
sensor arch mount link)" />

< name="husky front bumper extend" value="$(optenv
HUSKY FRONT BUMPER EXTEND 0)" />
name="husky rear bumper extend" value="$(optenv HUSKY REAR BUMPER EXTEND

<
)" />

< name="robot namespace" default="/" />
< name="urdf extras" default="empty.urdf" />

spawn__husky.launch

>

name="multimaster" default="false"/>
name="robot namespace" default="/"/>

name="x" default="0.0"/>
name="y" default="0.0"/>
name="z" default="0.0"/>
name="yaw" default="0.0"/>

name="laser enabled" default="$(optenv HUSKY LMS1XX ENABLED false)"/>
name="kinect enabled" default="$(optenv HUSKY KINECT ENABLED false)"/>
name="realsense enabled" default="$(optenv HUSKY REALSENSE ENABLED false)"/>
name="urdf extras" default="$(optenv HUSKY URDF EXTRAS)"/>

ns="$(arg robot namespace)">

if="$(arg multimaster)">

file="$(find husky description)/launch/description.launch” >
name="robot namespace"” value="$(arg robot namespace)"/>
name="laser enabled" default="$(arg laser enabled)"/>
name="kinect enabled" default="$(arg kinect enabled)"/>
name="realsense enabled" default="$(arg realsense enabled)"/>
name="urdf extras" default="$(arg urdf extras)"/>

</ >

file="$(find multimaster launch)/launch/multimaster gazebo robot.launch">
< name="gazebo interface" value="$(find husky control)/config/
gazebo interface.yaml"” />
name="robot namespace" value="$(arg robot namespace)"/

command="1load" file="$(find husky control)/config/control.yaml"” />

|7



“) Gazebo

» Defines the following in XML syntax wid et wpOHe s OB ndROIE

P shelf3_basket3
» shelf3 artbook_chagall
b shelf3_artbook _german

» Environments (incl. gravity, lights etc) b

elf3book3 v2
elf3book3 h1
elf3book3 h2
elf3_plant32

5
|§|
k!

» Objects (both static and dynamic)

5
§

elf3 book3_v4
elf3 book3 v5

4
4
4
4
4
4
4
4
v

§9999993

3

» Sensors

Vl

0
g
<

v v
_ e
S3ETED
glg 2
=
[+]

» Robots
» SDF is standard for Gazebo

» Gazebo converts a URDF file to SDF
automatically

)  Real Time Factor: : Real Time: Iterations:

<? version="1.0" 7>
< version="1.4">
< name="shelf3 book3 v4">
< name="body">
< >0 0 0 0 0 0</ >
>
> 0.001798 0.085315 0.005927 0 0 0</ >
>0.5</ >
>
>0.01</ >
>0</
>0</
>0.01</ >

. . >0</
Details at; >0.01</ = >

http.//sdformat.org/ >

name="collision">
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» ROS Wiki » ROS Cheat Sheet

»  http://wiki.ros.org/ » https://www.clearpathrobotics.com/ros-

robot-operating-system-cheat-sheet/

» Installation
» https://kapeli.com/cheat sheets/

» http://wiki.ros.org/ROS/Installation ROS.docset/Contents/Resources/

Documents/index

» Tutorials
» http://wiki.ros.org/ROS/Tutorials » ROS Best Practices
»  Packages » https://github.com/leggedrobotics/

ros_best practices/wiki

» https://www.ros.org/browse/list.php

» ROS Package Templates
» https://github.com/leggedrobotics/

ros best practices/tree/master/
ros package template

19
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