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I Overview Course 3

* ROS Time

* ROS Bags

* TF2 Transformation System
* rgt User Interface

* Robot models (URDF)

* Simulation descriptions (SDF)
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ENST2
ROS Time @ o rams

* Normally, ROS uses the PC's system * To take advantage of the simulated
clock as its time source : wall time time, you should always use the ROS
*  For simulations or playback of logged Time APIs everywhere in your code:
data, it is convenient to work with a ros: :Time
H H _ ros::Time begin = ros::Time::now() ;
simulated time (pause, slow-down, Soubie soce 2 begin tosen)
etc.) .
ros: :Duration
® TO Work W|th d SimUIated CIOCk ros: :Duration duration(0.5); // 0.5s

-  Setthe /use_sim_time parameter

ros: :Rate
> rosparam set use_sim_time true ros::Rate rate(10); // 10Hz

- One « clock server » should publish - If only wall time is required, use

the time on the topic /clock, can be: , ,
ros::WallTime, ros: :WallDuration, and

* Gazebo (enabled by default) ros: :WallRate.

* ROS bag (use the --ciock option) Reference -

https://wiki.ros.org/Clock
https://wiki.ros.org/roscpp/Overview/Time
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ENST2
ROS Time @ o rams

* The returned value of ros: :time: :now() depends on whether the use_sim_time
parameter is set:
1) If use_sim time == false, ros::time::now() returns the system time
(seconds since 1970-01-01 0:00, so something like 1738912345.123456).

2) If use_sim _time == true, and you play a rosbag, ros::time::now() returns the

time when the rosbag was recorded (probably also something like
1738912345.123456).

3) If use_sim _time == true, and you are running a simulator like Gazebo,
ros::time: :now () returns the time from when the simulation was started,

starting from zero (so probably something like 63.123 if the simulator has been running
for 63.123 seconds).

* Insimulation time (cases 2 and 3), ros::Duration is constant, regardless of
whether the rosbag (or the simulation) is running at 0.1x, 1.0x or 10.0x real time.

* Insimulation time, ros:time::now() returns time 0 until the first message is

received on /clock, so 0 = « client does not know clock time yet ». Idea: it may be
useful to loop over now() until non-zero is returned.
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I ROS Bags W 1P PARIS

ENSTA

A bag is a format for storing message * Show information about a bag:
data.

Suitable for logging and recording

datase.ts for later visualization and + Playback options can be defined
analysis. e.q.

Record all topics in a bag:

> rosbag play —-—-rate=0.5 bag_name.bag

- rosbag record ——all - —rate—tactor Publish the rate

> rosbag record —-all

Record given topics: factor

> rosbag record topicl topic2 topic3 - —-clock Publish the clock

time (set the use_sim_time parameter to

Stop recording with Ctrl + C true)
Bags are saved with start date and time - —-loop Loop playback
as file name in the current folder, e.g. Reference :

https://wiki.ros.org/rosbag/

2023-02-10-14-27-13.bag.
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I ROS Bags - rqt_bag & one

'w rxbag - full_run_2009-11-06.bag

Wwpmwmw e @ Q| @
Nov 06 2009 11:57:57.23

:0:00 :1:00 :2:00 :3:00 14:00 :5:00 16:00 17:00
base_scan

laser_tilt_controller/iaser_scanner_signal BILHIT Il

narrow_stereo/left/camera_info

narrow_stereo/left/image_raw

narrow_stereo/right/camera_info
narrow_stereo/right/image_raw
prosilicafcam_info

.‘.V p ’l l' | ‘ ‘
prosilica/image_throttled 3"1" ‘

tf
tilt_scan ‘
wide_stereo/left/camera_info

. &

wide_stereo/left/image_raw

wide_stereo/right/camera_info

wide_stereo/right/image_raw
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E!“STE
I TF2 Transformation System *"

* Tool for keeping track of coordinate frames

over time (such as a world frame, base frame, gripper
frame, head frame, etc.).

* TF maintains the relationship between
coordinate frames in a temporally buffered
tree structure.

* Allow the user to transform points, vectors,
etc. between coordinate frames at any
desired point in time.

* Implemented as a publisher/subscriber
model on the topics /tfand /tf_static.
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TF2 Transformation System :5,>'¢
Transform Tree

 TF listeners use a buffer to listen to
all broadcasted transforms

Query for specific transforms from veroge rate 10100 1

Most recent transform: -0.027 sec old

L Buffer length: 4.907 sec
the transform tree '

/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

tf2 _msqgs/TFMessage.msq

/kinect_normal_axis_frame

geometry_msgs/TransformStamped[] transforms Broadcaster: /kinect_normal_axis_to_kinect
Average rate: 10.190 Hz
std_msgs/Header header Most recent transform: -0.072 sec old
o o Buffer | th: 4.907
uint32 segtime stamp \ Hreriens s
string frame_id (:EEEE§E:>
string child_frame_id

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

Command line

* Printinformation
about the current
transform tree

> rosrun tf tf monitor

* Print information
about the
transformation
between two frames

> rosrun tf tf echo

source_frame target_frame

07/02/2025

View Frames

* Creates a visual graph
(PDF) of the
transformation tree

> rosrun tf view_ frames

view_frames Result

Recorded at time: 1254266776.683

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_fixed Broadcaster: /broadcaster_dynamic
Average rate: 10.204 Hz Average rate: 10.204 Hz

Most recent transform: 0.072 sec old |\ Most recent transform: 0.070 sec old

Buffer length: 4.900 sec Buffer length: 4.900 sec
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Rviz
3D visualization of the
transformations
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B3 Displays

v & Global Options
Fixed Frame
Background Color
Frame Rate
Default Light

|

v Global Status: Ok

v Fixed Frame

4 ¥ ¥

< Grid
i, RobotModel
1 TF

» v Status: Ok
Show Names
Show Axes
Show Arrows
Marker Scale
Update Interval
Frame Timeout

¥ Frames

¥y ¥ ¥ vyz

I

All Enabled
base footprint
base link
caster wheel
left_ wheel
odom

right wheel

k Tree
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N2 1P PARIS

TF2: Transform Listener
C++ API

Create a TF listener to fill up
a buffer. It will start
listening immediately:.

Make sure, that the listener
does not run out of scope!

To look up transformations,
use:

For time, use ros: : Time (0)
to get the last available
transform
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TF2 Transformation System :5,>'¢
Conventions

* base_link : rigidly attached to the robot base.
 odom:
- odom is a world-fixed frame, but starts from the robot’s initial position
- The pose can drift over time, without any limits.
- Pose is guaranteed to be continuous, and accurate for a short period of
time
- Itis computed based on an odometry source, such as wheel odometry,
visual odometry or an inertial measurement unit.
- High frequency and low latency
° map:
- map is a world-fixed frame.
- Map frame is not continuous, can change in discrete jumps at any time.

- Typically, a localization component constantly re-computes the robot pose
in the map frame based on sensor observations

- Low frequency and high latency
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2. IP PARIS

TF2 Transformation System
Conventions

REP-105 Intuitive

Published by Localization Node
(using knowledge of odom-to-base_link)

Published by Localization Node Published by odometry node

*—

 «— Published by odometry node
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TF2 Transformation System :°*
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Conventions
o
\%,
X%
‘%
\ \';5
NN
\
\
\
| % \ Odom frame
12 The robot doesn't know it, but !
12 when it tried to go straight, it “\ \
IS drifted further to the left. %/\ \
=] ©
| %\l
| 1
\
1
Odom frame Odom frame Map Frame
& Map Frame & Map Frame
Try go straight - After precise localisation with
Start o
only odom frame GPS -> correction in map frame
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Qt based user interface

* Custom interfaces can
be created,

* Many plugins available

* Easy to write your own
plugins

> rosrun rqgt_gui rgt_gui

or

> rqgt

07/02/2025

rqt User Interface

demo - RosGui

File Plugins Running Perspectives Help
ey DE@ ox
http://www.ros.org/wiki/rqt @]
*00

coe '
#ROS.org s

Documentation Bro

rat qui| rqt qui cpp ||
view | rgt publisher [ rat py co
r [ rqt if tree | rgt topic | rgt web

rqt

/1

| rat_piot | rat p

1. Stack Summary

Integration of the ROS package system and ROS-specific pl
* Author: Maintained by Dirk Thomas

e licenca: RSN, ~
Console
| [Soad || @save || [Pause |Displaying9 Messages
Message Severity
#9 | Loadin s omplet Info
#8 Liste 0 ._pl _scene Info
#7 starting scene monitor Info
#6 n m s _ Info
#a e " fi Info

#5 Se g Param Se t Sema Info

& severity Filter: Debug Info Warning Error Fatal

<oy,

2. IP PARIS

Publisher

DE@ o % Robot Steering DE@ o % Logger Level DE@ ox
| @ | Topic [cmd_vels | = | Type [fFloat3z | v | Freq. [5 |+ |Hz (g | [=|[@ | [/emd_vel Nodes Loggers Levels
: = g = frosout ros Debug
topic v type rate enabled expression i Jrqt_gui_cpp. |ros.moveit_c¢ Info
v Jumd_velz std_msgs/Float32 10.00  True - - Jrat_gui_cpp, |ros.roscpp warn
. I _Qui_cpp.
data  float32 cos(if20)*20 i Jrviz_134392! |ros.roscpp.ro| | Error
v jemd_vel3 std_msgs/Float32 5.00 True - - ros.roscpp.su | Fatal
data  float32 sin(i/20)*10 |
N N T (-
b = & =D
| stop | (WRefreshi| s
DEC@ o % Plot DCY ox
| Resize Columns | topic |/cmd_vel3/data | subscribe Topic | Pause || RemoveAll |
Node Time -
29 4
232
/moveit_setup_assistant 11:11:25.293 (2012-08-02) /rosout, /move b
1.

Exclude Rules: Messages matching ANY of these rules will NOT be displayed g \
5.8
(=] ]
— ‘E' 1.6
-17.4

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

& Message Filter: | monitor
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rqt User Interface:
rqt_image_view
* Visualizing images

HMimage View

fmain_camera/image_raw =R B0 |- 10.00m [ | B

B |/main_camerafimage_raw_mouse_left smooth scaling o o &
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rqt User Interface:
rqt_multiplot

* Visualizing numeric
values in 2D plots

MultiplotPlugin - rqt
/fhomefishadijcks/plots/ankle_positions.xml

> rosrun rqgt_mul

F=IMultiplot - [untitled]

@ Configuration: il

Plot Table: 10 x 2 colors [l Link Scale B cursor Track  Points

= Desired ® Actual ® Error
Lo e e e e e e ey L

m Actual m Error m Desired

16:36

D® -0

FREEY

00 x

) - L 3
2 012 3
]
= # E
| .
5
2 014
0,1 M r =3
£ 5 ]
8 B L = |
= feah v g
g IS
g 2 0,08 -|
= 0,08 r E
£
] 3
2 0,06 L > 0,06 |
| L = E
2
] 2
1 £
£ 0,04 - 0,04 |
i, 3 1562769361.00, 0.0326394
? 4 r ; -
£ 5
4 8
¢ 0,02 - r = 002
3 g
a L £
Z
s
g 04 L
o
4
¥
)
80,021 r 2
E' £ 0,02
5 L '
= I
= = B

T T T T T T T
1,56277e+09 1,56277e+09 1,56277e+09 1,56277e+09 1,56277e+09 1,56277e+09 1,56277e+09

/march/controller/trajectory/state/receipt_time

T T
1,56277e+09 1,56277e+09
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ENSTE
rqt User Interface: rqt_graph®"™

* Visualizing the ROS

computation graph

““Node Graph D@ -0
& | Nodes/Topics (all) -/ / ENEIEIN

Group: |4 || MNamespaces V| Actions v/ tf v!Images [ V| Highlight ¥/ Fit | (7]

Hide: | | Dead sinks Leaf topics v/ Debug V! tF Unreachable v| Params

fturtlel

@ Rurtiel/cmd_vel

lm.lm:llcnlor_mor

Murtlel/pose

/"
fturtlesim fturtle2

Murtle2/color_sensor

S

Rurtie2/pose

N\

Aurtie2/cmd_vel

07/02/2025 CSC_ 5R0O14_TA - Emmanuel Battesti 18724



ENSTA

W@ 1P PARIS

rqt User Interface:

rqt_console

* Displaying and filtering
ROS messages

Default - RosGui

> rosrun rqgt_console rqgt_console

07/02/2025

Plugins Running Perspectives Help
Console DI @ ox
i Load & save Ul Pause | Displaying 39 messages Clear Resize Columns
Message Severity Node Time =
#12 @ The input topic 'fnarrow_stereo/left/image_raw’ is not yet advertised Warn /narrow_stereo_textured/... 21:39:04.833 (2013-05-06) /frc
210 @ 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
#11 @ The input topic'/narrow_stereo/right/camera_info' is not yet advertised Warn /narrow_stereofnarrow_st... 21:39:02.337 (2013-05-06) | /rc
#8 @ The input topic '/narrow_stereo/left/image_raw’' is not yet advertised Warn /narrow_stereofnarrow_st... 21:39:02.336 (2013-05-06) | /re
#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 O Helding arms Info Jarm_holder 21:39:01.402 (2013-05-06) ftc
#18 @ The input topic 'fwide_stereo/right/camera_info' is not yet advertised warn /wide_stereo/wide_stereo... 21:39:01.086 (2013-05-06) [rc
#16 @ The input topic 'fwide_stereo/left/camera_info' is not yet advertised Warn /wide_stereo/wide_stereo... 21:39:01.085 (2013-05-06) /ra
#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) /ra
#6 @ The input topic 'fwide_stereofleftfimage_raw' is not yet advertised Warn Jwide_stereo/wide_stereo... 21:39:01.085 (2013-05-06)  /rc
#5 @ Moving torso up Info Jarm_holder 21:38:56.400 (2013-05-06) | ftc_
- I —— M - 1 I P P ——————— i
Exclude Rules:
I;:J
Highlight Rules:
=
r;"l
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E!“STZ
I Robot Models : URDF Fyo

* URDF = Unified Robot Description Format
* Defines an XML format for representing a robot model|

- Kinematic and dynamic description

- Visual representation
— Collision model

* URDF generation can be done by scripting with the
XACRO language

Mesh for visuals Primitives for collision
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ENST2

Robot Models : URDF L

* Description consists of a set of link
elements and a set of joint elements

* Joints connect the links together

Robot.urdf
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Robot Models: =heTa
Usage in ROS

* The robot description spawn husky.launch
(URDF) is stored on the

parameter server (typically)
under /robot_description

‘02: IP PARIS

* You can visualize the robot
model in RViz using the
RobotModel plugin

« In description.launch, we description.launch
use xacro. Xacro is a
simple scripting language
that makes it easy to create
a URDF file.

e Xacro allows you to use
constants, mathematical
functions or macros.
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ENSTA

Simulation Description
Format (SDF)

* Defines an XML format
for describing:
- Environments (lighting,
gravity etc.)
- Objects (static and
dynamic)
- Sensors
- Robots

 SDF is the default format
for Gazebo

* Gazebo will automatically
convert a URDF to SDF.

W@ 1P PARIS
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E!“STE
I Further References -

* Site du cours : https://perso.ensta-paris.fr/~battesti/website/teachings/rob314/
* ROS Wiki:
- https://wiki.ros.org/
* Installation:
—  https://wiki.ros.org/ROS/Installation
* Tutorials:
- https://wiki.ros.org/ROS/Tutorials
* Available packages:

- https://index.ros.org/packages/#melodic
* 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://qgithub.com/leggedrobotics/ros best practices/tree/master/ros package template
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