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Alcune delle slide seguenti sono tratte da
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Introduction to Navigation using ROS

Giorgio Grisetti
Probabilistic Robotics Course
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Probabilistic Robotics Course
Multi-Pose Registration Graph-SLAM

Learn TurtleBot and ROS (http://learn.turtlebot.com/)
* Creatinga Map
* Autonomous Navigation



Mapping, localization, planning

SLAM

mapping localization
integrated
approaches
(SPLAM)
active
localization
exploration

path planning



Map

« A map is a representation of the environment

where the robot is operating. S
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o It should contain enough information to
accomplish a task of interest.
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Robot pose and path

« A metric map defines a R
reference frame

|
o To operateinamap, a |~\-l
robot should know its ﬂ l
position in that R N
reference frame [ \
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o A sequence of
waypoints or of actions
to reach a goal location
in the map is a path -
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Path planning

Determine (if it exists) a path to reach a given goal location given a
localized robot and a map of traversable regions
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Localization

Determining the current
position of a robot, given

1. The knowledge of
the map

2. All sensor
measurements up
to the current time




Mapping

Given

1. arobot that has a perfect ego-estimate of the position
2. a sequence of measurements

determine the map of the environment

* A perfect estimate of the robot pose is usually not available

* Usually we solve a more complex problem:
Simultaneous Localization and Mapping (SLAM)



Simultaneous Localization and Mapping

Estimate:
1. the map of the environment these quantities
2. the trajectory of a moving device L2re correlated
using a sequence of sensor measurements




SLAM

Determine the robot position AND the map,
based on the sensor measurements




Graph-based SLAM

Problem described as
a graph

Every node
corresponds to a robot
position and to a laser
measurement




Graph-based SLAM

An edge between two
nodes represents a
data-dependent
spatial constraint
between the nodes




Graph-based SLAM

Once we have the
graph we determin
the most likely maj
by “moving” the
nodes




Graph-based SLAM
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Then, we can render a
map based on the

known poses



Graph optimization

A general Graph-based SLAM
algorithm interleaves the two
steps

1. Graph construction ., pats
2. Graph optimization —

Nodes Positions

Graph
Construction

(Front-End)

Graph
Edges

Graph

», Optimization

(Back-Endq)




What Does the Graph Look Like?

Measurement from x,

Each node x; is a 2D or 3D transformation
representing the pose of the robot at time t,

There is a constraint e; between the node x; and

the node ; if

e either
the robot observed the same part of the
environment from both x; and x; and, via this
common observation, it constructs a “virtual
measurement” about the position of x;

* or
the positions are subsequent in time and there is
an odometry measurement between the two

O

&

|

Measurement
from X

\ 4

The edge represents the position of x,
seen from x,, based on the
observations



What Does the Graph Look Like?

Each node x; is a 2D or 3D transformation
representing the pose of the robot at time t,

There is a constraint e; between the node x; and & ®
the node ; if X,
e either X

(+1
the robot observed the same part of the :

environment from both x, and x; and, via this
b , , J " | The edge represents the
common observation, it constructs a “virtua odometry measurement
measurement” about the position of x;
e or
the positions are subsequent in time and there is
an odometry measurement between the two



Pose graph

" The input for the optimization procedure is a graph
annotated as follows:

_ (24, ;) ~— edge
observation | ——
of x; from x;|
e;;(X;,X;)
Q. ) —_— Q - error
Xz i, S i J
nodes
= Goal:

* Find the assignment of poses to the nodes of the graph
which minimizes the negative log likelihood of the
observations:

X = argmin Zeg;ﬂijeij
iJ

z; isa
measurement of
the robot pose |,
performed

from robot pose |

Q); is a matrix to
encode the
uncertainty of the
edge



Getting started - Navigation

To navigate a robot we need
1. Amap
2. A localization module
3. A path planning module

These components are sufficient if
v’ The map fully reflects the environment
v The environment is static
v There are no errors in the estimate




Getting started - Navigation

However
1. The environment changes (e.g. opening/closing doors)
2. It is dynamic (things might appear/disappear from the
perception range of the robot)
3. The estimate is “noisy”

Thus we need to complement our ideal design with other
components that address these issues, namely
1. Obstacle-Detection/Avoidance
2. Local Map Refinement, based on the most recent sensor
reading



ROS navigation stack

e Each moduleis a node

amcl ]

",I'Itf”

sensor transforms

Map provided by a “Map Server”

"move_base_simple/goal”
geometry_msgs/PoseStamped
|

tf/tfMessage

odometry source "odom"

move_base l

Planner has a layered architecture (local and global planner)
Obstacle sensing refined on-line by appropriate modules (local and global costmap)

Navigation Stack Setup

n!maplr

Y

-<—— global_costmap

/

global_planner

nav_msgs/GetMap ‘ map_server

sensor topics ‘ '

internal

nav_msgs/Path recovery_behaviors

N

- |

nav_msgs/Odometry

> local_planner <«—— local_costmap

"cmd_vel“lgeometry_msgsﬂwist

’ base controller

sensor_msgs/LaserScan | e s

sensor_msgs/PointCloud

provided node
optional provided node
platform specific node



Building the map in ROS

* ROS uses GMapping, which implements a particle filter to track the robot
trajectories

* To build a map you need to
1. Record a bag with /odom, /scan/ and /tf while driving the robot around in
the environment it is going to operate in
2. Play the bag and the gmapping-node (see the ros wiki), and then save it

* The map is an occupancy map and it is represented as
1. An image showing the blueprint of the environment
2. A configuration file (yaml) that gives meta information about the map
(origin, size of a pixel in real world)



Localizing the robot

ROS implements the Adaptive Monte Carlo Localization algorithm
1.AMCL uses a particle filter to track the position of the robot
2.Each pose is represented by a particle
3.Particles are

 Moved according to (relative) movement measured by the
odometry

» Suppressed/replicated based on how well the laser scan
fits the map, given the position of the particle



Creating a Map - turtlebot2 example

1. Create a folder for maps.

mkdir ~/turtlebot custom maps

2. Launch Gazebo world.

roslaunch turtlebot gazebo turtlebot world.launch

3. Start map building.

roslaunch turtlebot gazebo gmapping demo.launch

4, Use Ryviz to visualize the map building process.

roslaunch turtlebot rviz launchers view navigation.launch

Learn TurtleBot and ROS
original web page here



Creating a Map - turtlebot2 example

5. Change the option.

Local map -> Costmap -> Topic (choose /map from drop-down list). See on the picture:

navieation.rvkz* - RVIz
File Paneis Help

#Move Camera “Interact Select - 2D Pose Estimate - 20 Nav Goal -Measure + Publish Point

© Displays =Views
Bumper Hit Type: TopDownOi: Zero
rMap
- Current... To| =
= Global Map Near Cl... l]'c)l:‘lll:“r'mlI
T:E;’:i:::p : Target ... <Fixed Fra...
-°SLatu5'pErr0f s 50182
Top il_costmap/costmap - :ngla _E‘gggg:
Alpha 9. ¥ 2,04398
Color Scheme costmap '
Draw Behind
Resolution 0
Width a
Height 0
+ Position 0 0;0
Topic
nav mses:0ccupancvGrid topic to
Add Remo Rename Save Remove Rename
Reset 30 fps

6. Change the option.

Learn TurtleBot and ROS

Global map -> Costmap -> Topic (choose /map from drop-down list). original web page here



Creating a Map - turtlebot2 example

7. Launch teleop.

roslaunch turtlebot teleop keyboard teleop.launch

4

NOTE: If you want you can use other tools, for example interactive markers, find the information here.

B. Drive the TurtleBot around.

NOTE: The terminal with teleop launching has to be active all the time otherwise you won't be able to

operate the TurtleBot.

This is a picture of 360-degrees turn:

Fite Panels Help
oMove Cametg = Interact
eDisplays
co BUMp.. «
e Map
-aGlobal... «
-nCost... ¥
-« Stat...
Alpha 0,7
Color ... costmap
Draw . «
Resol... 0,05
Width 512
Height 512
- Position-13.8; -13..,
=Orien.. 0; 0;0; 1
Topic

nay msesn0ccupancy
|Add | Remove, ltepame:

Resst

AAviERtian T - i

‘Mear CL..0D01

Target ... <Flxed Fra...

Scale 95,2565
Angle -6, 72003
X -1,0442
14 0497718

Save| Remove Re_naam

201ps

Learn TurtleBot and ROS
original web page here



Creating a Map - turtlebot2 example

9. Save a map when your picture is good enough (like this).

AaviERtinmn Fule - Bie

File Panels Help

Target ... <Fixed Fra...
Scale 64,9146
Angle 5, 72003
X -1,75567
k) -1,42796

Alp... 0,7

Col... costmap
[Topic
nav_msessOccunancy ! - -
|Add | Bemowe: fiename Save| Remove  Rename,
Resst 30 4ps

—_

Magp

rosrun map server map saver -f /home/<user name=/turtlebot custom maps/tutoria :

; ' Learn TurtleBot and ROS
10. Interrupt processes and close the terminals. Original web page here



Navigation - turtlebot2 example

1. Launch Gazebo.

roslaunch turtlebot gazebo turtlebot world.launch

If you want to launch your own world run this command.

roslaunch turtlebot gazebo turtlebot world.launch world file:=<full path to the

]

2. Run the navigation demo.

roslaunch turtlebot gazebo amcl demo.launch

If you have launched your own world or you want to use the map which you created in the previous
lesson, specify a map file.

roslaunch turtlebot gazebo amcl demo.launch map file:=<full path te map yaml file Learn TurtleBot and ROS

original web page here



Navigation - turtlebot2 example

3. Launch Rviz.

roslaunch turtlebot rviz launchers view navigation.launch

You can see this picture.

. navieatian_rviz* - RViz
File -Panels Help
“Move Camera “lnteract [/Select -2D Pose Estimate - 2D Nav Goal -Measure +Publish Paint

_vﬁi%biays = Views
== Blohal Type: TopDownOi:- Zero
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-*TF Target ... <Fixed Fra...
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e, Angle  -6,72003
.._Mapp'" 3 X -1,04584
|-=Global... = ¥ -0,757081
-=local ... =

= Cost...

-~ Plann... =

-« Stat...

Topic  /move_ba..

Save Remove Rename
30 fps

Add Remove! Rerame
Reset

Location of the TurtieBot on the map is already known. You will see a collection of arrows which show

the position of the Turtlebot.

Learn TurtleBot and ROS

original web page here



Navigation - turtlebot2 example

4. Send a navigation goal. Click the 2D Nav Goal button.

5. Click on the map where you want the TurtleBot to drive and drag in the direction the Turtlebot should
be pointing at the end.

NOTE: If the path or goal is blocked it can fail.
NOTE: If you want to stop the TurtleBot before it reaches it's goal, send it a goal at it's current location.

6. Interrupt processes and close the terminals.

Learn TurtleBot and ROS
original web page here



Esercizi

1. Provare a creare una mappa dell’ambiente
cyber lab scaricabile da
https://qithub.com/dbloisi/cyber lab_gazebo

2. Utilizzare il turtlebot2 per navigare atonomamente nel
mondo cyber lab
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