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CONTACT INFO
Fred Livingston, PhD

Email: fjliving@ncsu.edu

Mobile: 919.795.4710

Web: https://livingston.wordpress.ncsu.edu/

Bitbucket: https://bitbucket.org/livingston_ai/
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SPRING 2023 WORKSHOP SERIES
oWS 001 – Introduction to Robot Programming using ROS2 [Feb 17th, 2023]

oWS 002 – Navigation [March 10th, 2023]

oWS 003 – Autonomous Navigation [TBD]
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ROBOT NAVIGATION
oReview of ROS2 

oF1TENTH Gym Setup

oDeveloping ROS Packages and Programs

oMapping and Localization
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ROS CLIENT LAYER (RCL)
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F1TENTH GYM
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https://github.com/f1tenth/f1tenth_gym_ros



F1TENTH GYM (CLONE REPO)
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$ git clone https://github.com/f1tenth/f1tenth_gym_ros



F1TENTH GYM (CONFIGURATION)
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Map_path: must contain full path name
Num_agent: 1 or 2



F1TENTH GYM (INSTALL DEPENDENCIES)
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$ cd ..
$ source /opt/ros/foxy/setup.bash
$ rosdep install -i –from-path src –rosdistro foxy -y



F1TENTH GYM (COMPILE SRC)
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$ colcon build



F1TENTH GYM (RUN SIMULATOR)
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$ ros2 launch f1tenth_gym_ros gym_bridge_launch.py



F1TENTH GYM (RUN SIMULATOR)
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F1TENTH GYM (TOPICS)
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$ ros2 topic list -t



TOPICS /TF
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NEU (North, East, Up) Coordinates Systems



TOPIC /INITIALPOSE 
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A useful function of the simulator is that you can instantly move the car without driving it to its 
new location. To do this, click the 2D Pose Estimate pose button at the top of the rViz window, 
and then click the desired location on the track to move the car there.



TOPIC /COMAND_VEL
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http://docs.ros.org/en/noetic/api/geometry_msgs/html/msg/Twist.html



F1TENTH GYM (TELEOP)
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$ ros2 run teleop_twist_keyboard teleop_twist_keyboard



F1TENTH GYM (TELEOP)
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$ ros2 topic echo /cmd_vel



TOPIC /DRIVE
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http://docs.ros.org/en/melodic/api/ackermann_msgs/html/msg/AckermannDriveStampe
d.html



DEVELOPING PROGRAMS
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ROS2 Demos
https://github.com/ros2/demos



PACKAGE.XML
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CREATE A NEW PACKAGE

© 2023 FRED LIVINGSTON. ALL RIGHTS  RESERVED. 243/10/2023

$ cd ~/sim_ws/src
$ ros2 pkg create my_robot_controller --build-type ament_python



SIMPLE PUBLISHER (TALKER.PY)
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https://github.com/ros2/demos/blob/rolling/demo_nodes_py/demo_nodes_py/topics/talker.py

Line 25:
super().__init__(‘NAME_OF_PROCESS’)

Line 27:
self.create_publisher(String, ‘chatter’, 10)

Line 29:
self.create_timer(1, self.time_call_back)



CREATE A PYTHON PROGRAM
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$ cd my_robot_controller/my_robot_controller/
$ touch move_robot.py
$ gedit move_robot.py



MOVE_ROBOT.PY
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$ cd my_robot_controller/my_robot_controller/
$ touch move_robot.py
$ gedit move_robot.py



MOVE_ROBOT.PY
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SETUP.PY
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BUILD AND EXCUTE ROBOT CONTROLLER
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$ colcon build
$ source install/setup.bash
$ ros2 run my_robot_controller move_robot



SLAM – SIMULTANEOUS LOCALIZATION & 
MAPPING

SLAM is a technique 
used to build up a map 
within an unknown 
environment or a known 
environment while at 
the same time keeping 
track of the current 
location.
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WHAT IS SLAM

oThe problem has 2 stages
• Mapping
• Localization

oThe paradox:
• In order to build a map, we must know our position
• To determine our position, we need a map!

oSLAM is like the chicken-egg problem

oSolution is to alternate between the two steps.
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SLALM – MULTIPLE PARTS

oLandmark extraction 
odata association 
oState estimation 
ostate update 
olandmark update

There are many ways to solve each of
the smaller parts
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THE GOAL OF THE PROCESS

The SLAM process consists of number of steps. 
oUse environment to update the position of the robot. 
Since the odometry of the robot is often erroneous we 
cannot rely directly on the odometry. 
oWe can use laser scans of the environment to correct the 
position of the robot. 
oThis is accomplished by extracting features from the 
environment and re observing when the robot moves 
around.
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EXTENDED KALMAN FILTER

An EKF (Extended Kalman Filter) is the heart of the 
SLAM process.
oIt is responsible for updating where the robot thinks it 
is based on the Landmarks (features). 

oThe EKF keeps track of an estimate of the uncertainty 
in the robots position and also the uncertainty in these 
landmarks it has seen in the environment.
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SLAM OVERVIEW
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Laser Scans

Odometry Change

EKF New 
Observations

EKF Re-observation

EKF Odometry update
Data Association

Landmark Extraction

robot

Landmarks

Laser scan



OVERVIEW
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Laser Scans

Odometry Change

EKF New 
Observations

EKF Re-observation

EKF Odometry update
Data Association

Landmark Extraction

Moved Robot 
(delta position)



OVERVIEW
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Laser Scans

Odometry Change

EKF New 
Observations

EKF Re-observation

EKF Odometry update
Data Association

Landmark Extraction

Updated laser-
scan @ new 
position



OVERVIEW
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Laser Scans

Odometry Change

EKF New 
Observations

EKF Re-observation

EKF Odometry update
Data Association

Landmark Extraction

Pose based on laser data
Pose based on using odometry, note that odometry 
uses velocity to compute delta position and is less 
accurate than laser



OVERVIEW
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Laser Scans

Odometry Change

EKF New 
Observations

EKF Re-observation

EKF Odometry update
Data Association

Landmark Extraction

EKF to estimate 
robot position 
using odometry 
and laser



LASER AND ODOMETRY DATA
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•Laser data is the reading obtained from the 
scan
•The goal of the odometry data is to provide 
an approximate position of the robot
•The difficult part about the odometry data 
and the laser data is to get the timing right.



REPRESENTATION
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•Grid maps or scans

[Lu & Milios, 97; Gutmann, 98: Thrun 98; Burgard, 99; Konolige & Gutmann, 00; Thrun, 00; Arras,
99; Haehnel, 01;…]

• Landmark-based

[Leonard et al., 98; Castelanos et al., 99: Dissanayake et al., 2001; Montemerlo et al., 2002;…



LANDMARKS
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Landmarks are features which can 
easily be re-observed and 
distinguished from the environment. 
These are used by the robot to find 
out where it is (to localize itself).



KEY POINTS ABOUT SUITABLE LANDMARKS
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oLandmarks should be easily re 
observable.
oIndividual landmarks should be 
distinguishable from each other.
oLandmarks should be plentiful in the 
environment.
oLandmarks should be stationary.



AUTONOMOUS 
NAVIGATION
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WORK IN-PROGRESS
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oWS 003 – Autonomous Navigation [TBD]



ROS NAV2
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https://navigation.ros.org/

It has tools to:
•Load, serve, and store maps (Map Server)
•Localize the robot on the map (AMCL)
•Plan a path from A to B around obstacles (Nav2 Planner)
•Control the robot as it follows the path (Nav2 Controller)
•Smooth path plans to be more continuous and feasible (Nav2 Smoother)
•Convert sensor data into a costmap representation of  the world (Nav2 Costmap 2D)
•Build complicated robot behaviors using behavior trees (Nav2 Behavior Trees and BT Navigator)
•Compute recovery behaviors in case of failure (Nav2 Recoveries)
•Follow sequential waypoints (Nav2 Waypoint Follower)
•Manage the lifecycle and watchdog for the servers (Nav2 Lifecycle Manager)
•Plugins to enable your own custom algorithms and behaviors (Nav2 Core)
•Monitor raw sensor data for imminent collision or dangerous situation (Collision Monitor)
•Python3 API to interact with Nav2 in a pythonic manner (Simple Commander)
•A smoother on output velocities to guarantee dynamic feasibility of commands (Velocity Smoother)



INSTALLATION

SLAM Toolbox

$ sudo apt install ros-foxy-slam-toolbox

ROS NAV2

$ sudo apt install ros-foxy-navigation2

$ sudo apt install ros-foxy-nav2-bringup

$ sudo apt install ros-foxy-twist-mux
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CONFIGURING SLAM TOOLBOX

/opt/ros/foxy/share/slam_toolbox
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CONFIGURING SLAM TOOLBOX [MAPPING]
$ sudo nano /opt/ros/foxy/share/slam_toolbox/config/mapper_params_online_async.yaml
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RUNING SLAM TOOLBOX [MAPPING]
$ cd ~/sim_ws

$ source install/setup.bash

$ ros2 launch slam_toolbox online_async_launch.py
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SLAM TOOLBOX PLUGIN
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SAVE MAP
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CONFIGURING SLAM TOOLBOX [LOCALIZATION]
$ sudo nano /opt/ros/foxy/share/slam_toolbox/config/mapper_params_online_async.yaml
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RUNING NAVIGATION
$ cd ~/sim_ws

$ source install/setup.bash

$ ros2 launch nav2_bringup navigation_launch.py
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END OF WORKSHOP
Fred Livingston (fjliving@ncsu.edu)
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