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Objectives of the day

Overview of the field, conventions, classic problems and solutions

Pointers to go deeper

Hands-on experience
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Odometry - Generalities 

Odometry = use of data from motion sensors to estimate change in 
position over time.

Odometry is continuous but drifts over time => Can’t be the only 
localisation mechanism.

On wheeled robots, typically deduced from the speed of the wheels and 
the Inertial Measurement Unit (IMU).
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Odometry - Calculation on a differential 
wheeled robot

𝜔1 and 𝜔2 are the rotational speeds of the wheels, r is their radius

Inverse kinematics (used for control)

𝜔1 =
ሶ𝑥+ ሶ𝜃𝑑
𝑟

𝜔2 =
ሶ𝑥− ሶ𝜃𝑑
𝑟

Direct kinematics (used for odometry)

ሶ𝑥 = 𝑟𝜔1+𝑟𝜔2
2

ሶ𝜃 = 𝑟𝜔1−𝑟𝜔2
2𝑑
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Conventions - Coordinate frames

Naming conventions and semantic meaning for coordinate frames of 
mobile platforms used with ROS :

07/01/2020 6
Source: http://www.ros.org/reps/rep-0105.html

http://www.ros.org/reps/rep-0105.html
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Conventions - Coordinate frames

$ rosrun tf view_frames && evince frames.pdf

On your Turtlebot it should look like this:
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Conventions - Pose

Generic pose definition (position + orientation):

In our case (x, y, θ) is enough

07/01/2020 8
Source: http://docs.ros.org/lunar/api/geometry_msgs/html/msg/Pose.html

http://docs.ros.org/lunar/api/geometry_msgs/html/msg/Pose.html
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Localisation - Particle filter localization 
principle 

Given a map of the environment, the algorithm estimates the Pose of a 
robot using a particle filter.

Also known as Monte Carlo Localization (MCL).

Each particle represents a possible state

Odometry displacement is applied to all particles

Particles are resampled based on sensed data

07/01/2020 9Source: https://en.wikipedia.org/wiki/Monte_Carlo_localization

https://en.wikipedia.org/wiki/Monte_Carlo_localization
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Localisation - Particle filter localization 
principle 

07/01/2020 10Source: https://en.wikipedia.org/wiki/Monte_Carlo_localization

t=0

https://en.wikipedia.org/wiki/Monte_Carlo_localization
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Localisation - Particle filter localization 
principle 
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https://en.wikipedia.org/wiki/Monte_Carlo_localization


sur 50

Localisation - Particle filter localization 
principle 

07/01/2020 12Source: https://en.wikipedia.org/wiki/Monte_Carlo_localization

t=0

https://en.wikipedia.org/wiki/Monte_Carlo_localization


sur 50

Localisation - Particle filter localization 
principle 
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Localisation - Particle filter localization 
principle 
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Localisation - Particle filter localization 
principle 
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Localisation - Particle filter localization 
principle 

07/01/2020 16Source: https://en.wikipedia.org/wiki/Monte_Carlo_localization

t=2

https://en.wikipedia.org/wiki/Monte_Carlo_localization
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Localisation - Particle filter localization 
principle 
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https://en.wikipedia.org/wiki/Monte_Carlo_localization
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Localisation - Particle filter localization 
principle 
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https://en.wikipedia.org/wiki/Monte_Carlo_localization


sur 50

Localisation - AMCL on Turtlebot

07/01/2020 19

Initialisation state After ~1 rotation After some random 
movements
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Localisation - AMCL

Adaptive Monte Carlo Localization (AMCL).

Most used localisation algorithm in the @Home community.

Don’t start the localisation vs localization debate please.

07/01/2020 20Source: http://wiki.ros.org/amcl

http://wiki.ros.org/amcl
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Localisation - Limits of AMCL

Thoughts ?

07/01/2020 21
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Localisation - Limits of AMCL

Symmetries in the environment.

Initialisation state (especially on large maps).

Computational cost explodes with state dimensionality.

Given the particles, how to output a single Pose? Best score? Barycentre?

How to estimate the confidence in the localisation?

Can converge on a wrong location and never recover.

07/01/2020 22
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Cartography - Naive approach

Use odometry to estimate the current position and draw a map with the 
sensors (LIDAR)

07/01/2020 23
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Cartography - Naive approach

Use odometry to estimate the current position and draw a map with the 
sensors (LIDAR)

07/01/2020 24

Map drawn using Turtlebot’s odometry as the only localisation  
mechanism (~40m long corridors)

Source: CATIE Robotics
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Cartography - Naive approach

NSFW

07/01/2020 25

Map drawn using Tiago’s odometry as the only localisation  mechanism 
(~40m long corridors)

Source: CATIE Robotics
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SLAM - Generalities

Simultaneous Localisation And Mapping (SLAM) = constructing a map of 
an unknown environment while keeping track of the robot’s Pose within it.

Chicken-and-egg problem:
If the map is known => Localisation is possible

If the localisation is known => Cartography is possible

Intensive research in the field, several open-source algorithms:
https://openslam-org.github.io/ 

We recommend using:
Cartographer1 (2016)

Gmapping2 (2008)

Karto

07/01/2020 26

1. Wolfgang Hess et al.,  Real-Time Loop Closure in 2D LIDAR SLAM
2. Giorgio Grisetti, Cyrill Stachniss, Wolfram Burgard, Improving Grid-based SLAM with Rao-Blackwellized Particle Filters 

by Adaptive Proposals and Selective Resampling
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SLAM - Experimental results

07/01/2020 27Source: CATIE Robotics

Map created with Cartographer using a 
Turtlebot3

Map drawn using Turtlebot’s odometry as the only
localisation  mechanism (~40m long corridors)

SLAM
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SLAM - Experimental results

07/01/2020 28Source: CATIE Robotics

SLAM

Map created with Cartographer using a TIAGo

Map drawn using Tiago’s odometry as the only localisation  
mechanism 

(~40m long corridors)
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SLAM - Experimental results

07/01/2020 29Source: CATIE Robotics

Map created with Cartographer 
using a Turtlebot3

Map created with Cartographer 
using a TIAGo
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Navigation - Pathfinding

Problem: given a map on a discrete grid, find the shortest route between 
2 points.

Pretty much a solved problem in “normal cases”

Dijkstra and A* are well known algorithms that output the optimal path 
(optimistic heuristic used in A*)

More efficient algorithms exist for given scenarios 

(D* Lite for example)

In ROS, this is handled by the global planner

07/01/2020 30

Source: 
https://en.wikipedia.org/wiki

/Dijkstra%27s_algorithm

https://en.wikipedia.org/wiki/Dijkstra's_algorithm
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Navigation - Global planner

Default planner: http://wiki.ros.org/navfn

Conventions: http://wiki.ros.org/nav_core

07/01/2020 31Source: CATIE Robotics

Global costmap and heatmap on a 
Turtlebot3

Test setup on a 
Turtlebot3

http://wiki.ros.org/navfn
http://wiki.ros.org/nav_core
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Navigation - Local planner

Problem: how to create realistic speed commands to follow the path 
created by the global planner?

A car analogy. GPS->global planner; car trajectory->local planner.

Harder on non-holonomic robots.

Classic approach: generate a bunch of possible paths at a given horizon 
and chose the best iteratively.

07/01/2020 32

Source: 
http://wiki.ros.org/dwa_local_planner

http://wiki.ros.org/dwa_local_planner
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Navigation - Local planner

Default planner: http://wiki.ros.org/dwa_local_planner

Conventions: http://wiki.ros.org/nav_core

07/01/2020 33Source: CATIE Robotics

Test setup on a 
Turtlebot3

Local costmap and heatmap on a 
Turtlebot3

http://wiki.ros.org/dwa_local_planner
http://wiki.ros.org/nav_core
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Navigation - Costmap

Occupancy grid = 2-D grid map, each cell represents the probability of 
occupancy

http://docs.ros.org/diamondback/api/nav_msgs/html/msg/OccupancyGrid.html

Used as costmaps in both the global and local planner
http://wiki.ros.org/costmap_2d

Used to incorporate dynamic obstacles on top of the static map.

Obstacles are typically inflated by ~robot_radius to simplify collision 
calculation.

07/01/2020 34

http://docs.ros.org/diamondback/api/nav_msgs/html/msg/OccupancyGrid.html
http://wiki.ros.org/costmap_2d
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Navigation - Full stack

The holy grail: http://wiki.ros.org/move_base

Conventions: http://wiki.ros.org/nav_core

07/01/2020 35Source: http://wiki.ros.org/move_base

http://wiki.ros.org/move_base
http://wiki.ros.org/nav_core
http://wiki.ros.org/move_base
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Navigation stack – Full stack

Once the full stack is implemented the robot will:
Stream data (map, position, particles, sensors, etc) typically viewed through RViz. 

Localise itself on the static map.

Plan a path to a given position and autonomously drive to it.

Avoid obstacles.

07/01/2020 36

Source: http://robotics.catie.fr/

http://robotics.catie.fr/
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Navigation challenge

The objective is to achieve a robust and autonomous patrol robot in a 
known environment.

An arbitrary number of fixed positions will be drawn on the ground. These 
are called ‘check points’. Let’s assume there are 3 of them: A, B and C.

An arbitrary sequence is given to the team at the start of the test. For 
example B->A->B->C. The team has 1 minute to set that configuration 
into the robot and physically setup the robot on the first check point (in 
this case B).

The expected behaviour is that the robot patrols the same sequence 
endlessly (B->A->B->C-> B->A->B->C-> B->A->B->C).

Sadistic jury members might dynamically add obstacles to test the robot.

Collisions must be avoided. Robustness will be more rewarded than speed.
07/01/2020 37



sur 50

Extra challenges

How to quantify the quality of the localisation?

Use bumpers

SLAM during navigation

07/01/2020 38
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Organisation

At 16h30 all work must stop, teams gather to perform the tests.

Order: teamWaffle1, teamWaffle2, teamBurger1, etc. Unless mutual 
agreement between teams.

An RViz live visualisation should be made available on the external laptop 

In // of the test, the team explains in a very synthetic way (<5min, no ppt 
needed) their work during the workshop. The jury might ask a few 
questions.

07/01/2020 39



Keep in mind Murphy's law:

Anything that can go 
wrong, will go wrong

Good luck :)
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If you don’t have a real robot

Everything should work the same whether you have a real robot or a 
simulated robot.

To learn how to simulate the robot with Gazebo:
http://emanual.robotis.com/docs/en/platform/turtlebot3/simulation/#turtlebot3-simulation-
using-fake-node

07/01/2020 41

http://emanual.robotis.com/docs/en/platform/turtlebot3/simulation/#turtlebot3-simulation-using-fake-node
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Common aliases

Add the following aliases to your .bashrc:

alias sb="source ~/.bashrc"

alias frames="rosrun tf view_frames && evince frames.pdf"

alias cm="cd ~/catkin_ws && catkin_make"

Note: quite a lot of ROS related issues are solved by sourcing the correct 
environment. In doubt, execute sb.

07/01/2020 42
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Sanity check

This assumes that the network setup, the robots and the laptops are all 
working normally.

Yet, you’ll need a fast way to check it up. For example, ping both ways:

On the laptop:
$ ping burger1.local

On the raspberry:
$ ping laptopHostname.local

Check that the network configuration is as expected in both .bashrc

07/01/2020 43
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Sanity check

Always have a roscore running on the external laptop
$ roscore

Always have the bring up running on the raspberry:
$ roslaunch turtlebot3_bringup turtlebot3_robot.launch

Check that the Rviz visualisation is ok:
$ roslaunch turtlebot3_bringup turtlebot3_remote.launch

$ rosrun rviz rviz -d `rospack find turtlebot3_description`/rviz/model.rviz

Check that you can control the robot movement:
$ roslaunch turtlebot3_teleop turtlebot3_teleop_key.launch

Detailed guide at:
http://emanual.robotis.com/docs/en/platform/turtlebot3/bringup/#bringup

07/01/2020 44

http://emanual.robotis.com/docs/en/platform/turtlebot3/bringup/#bringup
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Sanity check

Check that the frames published look fine (when the full navigation stack 
is used)

$ frames

07/01/2020 45
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Sanity check

If you have timing related issues follow these instructions:

http://wiki.ros.org/turtlebot/Tutorials/indigo/Network%20Configuration

07/01/2020 46

http://wiki.ros.org/turtlebot/Tutorials/indigo/Network%20Configuration
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Basic monitoring

Follow the Topic Monitor tutorial:
http://emanual.robotis.com/docs/en/platform/turtlebot3/topic_monitor/#topic-monitor

Play around with the tool. For example, get the voltage of the battery.

07/01/2020 47

http://emanual.robotis.com/docs/en/platform/turtlebot3/topic_monitor/#topic-monitor
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Keyboard teleoperation

Check that you can teleoperate the robot with:
$ roslaunch turtlebot3_teleop turtlebot3_teleop_key.launch

Exercise: modify the code that handles the teleoperation to adapt it to 
your keyboard. To find the appropriate file you can:

Check the file “turtlebot3_teleop_key.launch”

$ grep “Control Your Turtlebot3!” –irn

There are other ways to teleop the robot:
http://emanual.robotis.com/docs/en/platform/turtlebot3/teleoperation/#teleoperation

07/01/2020 48

http://emanual.robotis.com/docs/en/platform/turtlebot3/teleoperation/#teleoperation
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Creating a map using SLAM

Follow the guide at:
http://emanual.robotis.com/docs/en/platform/turtlebot3/slam/#slam

We recommend using gmapping by default

Save the map and share it with the jury before the end of the day

Note: another way of doing it is to record all the useful topics during the 
robot motion and create the map offline.

Check: http://wiki.ros.org/rosbag/Commandline

Recording everything with “rosbag record –a” is the lazy way

Find how to run the SLAM node on a rosbag

The SLAM parameter tuning can now be done offline ☺

07/01/2020 49

http://emanual.robotis.com/docs/en/platform/turtlebot3/slam/#slam
http://wiki.ros.org/rosbag/Commandline
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Navigation stack

Follow the guide at:
http://emanual.robotis.com/docs/en/platform/turtlebot3/navigation/#run-navigation-nodes

There is one magic line:
$ roslaunch turtlebot3_navigation turtlebot3_navigation.launch map_file:=$HOME/map.yaml

Explore the ‘turtlebot3_navigation.launch’ file until it doesn’t feel so magic
Is move_base used? What is the name of the local planner? The global planner?

Where are their respective configuration files? Play around with them.

Why does the ‘default’ keyword do? ‘remap’? ‘param’ vs ‘rosparam’?

Panic because you spent all your remaining time doing so.

07/01/2020 50
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Taking control by code

Clone the following repositories in catkin_ws/src/

An interface to control the goal position sent to the robot:
https://gitlab.com/catie_robotics/slam/tiago/simple_navigation_goals

An interface to control the localisation particles: 
https://gitlab.com/catie_robotics/slam/tiago/catie_particle_handler

Compile and source (cm and sb)

07/01/2020 51

https://gitlab.com/workshop-athome-catie/simple_navigation_goals
https://gitlab.com/workshop-athome-catie/catie_particle_handler
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Taking control by code

Clone the following repository in catkin_ws/src/

An example code that uses both interfaces:
https://gitlab.com/catie_robotics/slam/tiago/catie_test_scenario

Compile and source (cm and sb)

07/01/2020 52

https://gitlab.com/workshop-athome-catie/catie_test_scenario
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For those that NEED a state machine

You can check Smash:
http://wiki.ros.org/smach

http://wiki.ros.org/smach/Tutorials

07/01/2020 53

http://wiki.ros.org/smach
http://wiki.ros.org/smach/Tutorials


How wrong did it go?
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Exemple d’obstacle complexe : une 
table

LIDAR : 2D, très précis, longue portée

Camera RGB-D : 3D, précision et portée moyenne

Fusion de capteurs complémentaires vitale pour assurer la sécurité
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