ASSIGNMENT 4

SLAM USING MOBILE MANIPULATOR
USING ROS-2

NAVIGATION, SLAM and Teleoperation using ROS2

CS498 — Mobile Robotics - Prof Girish Chowdhary — Fall 2025

Course TA: Kulbir Singh
Course website: https://kulbir-singh-ahluwalia.com/cs498gc/fa25/
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=G : ros2 topic pub --once /cmd_vel geomet

ry_msgs/msg/Twist "{ linear: { x: -1.0, y: 0.0, z:
0.0 }, angular: { x: 0.0, y: 0.0, z: 0.0 } }"HH
publisher: beginning loop

publishing #1: geometry_msgs.msg.Twist(linear=geom
etry_msgs.msg.Vector3(x=-1.0, y=0.0, z=0.0), angul

ar=geometry_msgs.msg.Vector3(x=0.0, y=0.0, z=0.0))

:$ ros2 topic pub ——once /cmd_vel geomet
ry_msgs/msg/Twist "{ linear: { x: 1.0, y: 0.0, z:
0.0 }, angular: { x: 0.0, y: 0.0, z: 0.0 } }"
publisher: beginning loop
publishing #1: geometry_msgs.msg.Twist(linear=geom
etry_msgs.msg.Vector3(x=1.0, y=0.0, z=0.0), angula
r=geometry_msgs.msg.Vector3(x=0.0, y=0.0, z=0.0))

:$ ros2 topic pub —-once /cmd_vel geomet
ry_msgs/msg/Twist "{ linear: { x: 0.0, y: 0.0, z:
0.0 }, angular: { x: 0.0, y: 0.0, z: 0.0 } }"
publisher: beginning loop
publishing #1: geometry_msgs.msg.Twist(linear=geom
etry_msgs.msg.Vector3(x=0.0, y=0.0, z=0.0), angula
r=geometry_msgs.msg.Vector3(x=0.0, y=0.0, z=0.0))
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ripper closed (Arter Actuation
— Initial state of gripper - Picture credit — Mirielle Tan
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0.0 }, angular: { x: 0.0, y: 0.0, z: 0.0 } }"
publisher: beginning loop

publishing #1: geometry_msgs.msg.Twist(linear=geom
etry_msgs.msg.Vector3(x=1.0, y=0.0, z=0.0), angula
r=geometry_msgs.msg.Vector3(x=0.0, y=0.0, z=0.0))

:$ ros2 topic pub --once /cmd_vel geomet
ry_msgs/msg/Twist "{ linear: { x: 0.0, y: 0.0, z:
0.0 }, angular: { x: 0.0, y: 0.0, z: 0.0 } }"
publisher: beginning loop
publishing #1: geometry_msgs.msg.Twist(linear=geom
etry_msgs.msg.Vector3(x=0.0, y=0.0, z=0.0), angula
r=geometry_msgs.msg.Vector3(x=0.0, y=0.0, z=0.0))

: $ ros2 topic pub --once /rh_pl2_rn_posi
tion/command std_msgs/msg/Float6dMultiArray "{ dat
a: [0.6] }"
publisher: beginning loop
publishing #1: std_msgs.msg.Float6dMultiArray(layo
ut=std_msgs.msg.MultiArraylLayout(dim=[], data_offs
et=0), data=[0.6])

~L[A : $ ros2 topic pub --once /rh_pl2_rn_
position/command std_msgs/msg/Float64MultiArray "{
data: [0.f] }"
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STAY CALM and READ PINNED POSTS!!

Kulbir Singh Ahluwalia © posted a note 7 days ago (edited)

®, Vvisibleto: Everyone v

MASTER "PINNED POST" - REFERRAL PINNED POST!!

General

Dear students,

ASS4PART1-PDF-WITH-INSTRUCTIONS:

« assignment4_extra_credit_guide%20copy%202.pdf

QUIZ2, QUIZ 3 EXTRA-CREDIT- PDF:

e quiz2_quiz3_extra_credit_submission_guide_fa25_cs498gc_mobile_robotics%20copy.pdf

ASS4PART2-PDE-WITH-INSTRUCTIONS:

o <STAY-TUNED>



Read CAMPUSWIRE POSTS :

#9 - ROS 2 HUMBLE INSTALLATION GUIDE

#10 - ASSIGNMENT 4 - PART 1 - MOBILE MANIPULATOR SETUP

#64 - CODING EXERCISE 1 HINTS

#69 - BASH SCRIPTS FOR CONSISTENT TERMINAL START, ENV PATHS, VARIABLES SOURCING, CONSISTENCY

#76 - MOBILE ROBOTICS BOOK PDFs

#63 - RVIZ2 VISUALIZATION COMPLETE CHEAT SHEET AND LINKS

#61 - GPS - DEBUG HINTS

#32 - ASSIGNMENT 4 - 0S OPTIONS AND GUIDANCE

#60 - ODOMETRY - DEGUG HINTS

#85- CE1, ASSIGNMENT 4 HINTS

#102 - ASSIGNMENT 4 PART 1 POST

#120- __CODING EXERCISE 2 - STARTER CODE CORRECTION __

#122 - ASSIGNMENT 4 DEMO - LIVE SESSION - PDF FOR OCT DEMO !' LIVE DEMO RECORDING FOR ASSIGNMENT 4 LINK HERE!
141 - QUIZ 2 LOGISTICS

#142 - TA SUPPORT AND RESOURCES: LINKS AND CLARIFICATIONS

#148 - ASSIGNMENT 4 UPDATES + LOGISTICS

#149 - ASSIGNMENT 4 UPDATES + MORE RESOURCES COMING UO NEXT WEEK

#151 - | | Assignment 4 Timeline

#159 - $1,000 USD - Claude Code Promotion - TAKE ADVANTAGE!

#160 - CE2 DEADLINE FIXED to Nov 11: SUBMIT again if you wanted to use your 2 late days for CE2!

#161 - SLAM-PRESENTATIONS-BEGIN-NOV21,FRIDAY

#165: Assignment 4: PART1 + PART2: More LINKS, TEASER-PAPER for Ass4Part2

#166 - Gripper: Prefer "Robotis" but "Robotiq" also works




ROS2 — Jazzy/ Humble - LINKS

* https://docs.ros.org/en/jazzy/index.html

* https://docs.clearpathrobotics.com/

* ROS2-JAZZY -
nttps://github.com/ros2/ros2_documentation/tree/jazzy

* ROS2-Humble -
https://github.com/ros2/ros2_documentation/tree/humble
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ROS 2 NAVIGATION

* https://docs.nav2.org/



https://docs.nav2.org/
https://docs.nav2.org/

CLEARPATH ROBOTICS — HUSKY -Links

* https://docs.clearpathrobotics.com/docs/ros/tutorials/navigatio
n_demos/overview/

* https://docs.clearpathrobotics.com/docs/ros/tutorials/navigatio
n_demos/slam

* Robot.yaml file: VIP:

o https://docs.clearpathrobotics.com/docs/ros/tutorials/navigation_dem
os/configuration

* https://docs.clearpathrobotics.com/docs/ros/tutorials/simulator

/overview
* https://docs.clearpathrobotics.com/docs/ros/tutorials/simulator

/install

* https://docs.clearpathrobotics.com/docs/ros/tutorials/simulator
/simulate
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https://docs.clearpathrobotics.com/docs/ros/tutorials/simulator/install

Clearpath Husk - HUSKY Base

@ Rorkwellon | Bercarearn Robots ~ Software  OutdoorNav  IndoorNav About  GitHub Store Home -jéj— s

e NOTE: Setting up
UTM/VMWare/ARM64 is doable using
the "ROS2-Humble-Ubuntu22" OR i
"ROS2-Jazzy-Ubuntu24" specific L
branches for: T g g/

* __CLEARPATH ROBOTICS __- Husky L L e
robot base - Look for ROS2-HUMBLE

branch: iﬁ s—)" r E

h tt . //g' t h b m / h kV/h kV/t / RIDGEBACK BOXER DINGO TURTLEBOT 4
D S e I u hd C O u S u S re e Large Indoor Omnidirectional Medium Indoor Differential Small Indoor Platform, Differential Classroom Indoor Differential

Platform Platform And Omnidirectional Platform
Configurations

Rockwell
("'O Automaltion CLEARPATH

Get Started

humble-devel
e Please READ for your ROS2 version
here:

https://docs.clearpathrobotics.com/d
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UR3 Arm - LINKS

* UNIVERSAL ROBOTICS - UR3 ARM -
https://github.com/UniversalRobots

* Search "universal robot arm github ros 2 code" for ROS2-Humble
or ROS2-Jazzy!


https://github.com/UniversalRobots

ROBOTIS! Gripper Link

« ROBOTIQ - GRIPPER - - google "robotiq gripper github ros 2 code”
to see first link of
"https://github.com/PickNikRobotics/ros2_robotig_gripper". LINK:
https://europe.naverlabs.com/research/publications/must3r-
multi-view-network-for-stereo-3d-reconstruction/
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Kulbir Singh Ahluwalia = posted a note 6 hours ago

- Visible to: Everyone «

)  Gripper: Prefer "Robotis" but "Robotiq" also works

Assignment 4: Simulation Project

The ROS1 Noetic Repository originally mentions "ROBOTIS", the company that is more into using servo motors as actuators for

arms or grippers.

Installation of dependencies for using gripper

robotis_controller_msgs install
git clone https://github.com/ROBOTIS-GIT/ROBOTIS-Framework-msgs.git

dynamixel_sdk install
git clone -b noetic-devel https://github.com/ROBOTIS-GIT/DynamixelSDK.git

robotis_controller install
git clone https://github.com/ROBOTIS-GIT/ROBOTIS-Framework.git

Robotis or Robotiq, as long as you get the gripper integrated with your arm, that is acceptable.

Thanks to Dominic for the question. #158

130 O0 © 41 22 18

Comments



THANK YOU!

* Attend OFFICE HOURS - SC4407
* FOR MORE INFO ON assignment 4!!



How to use the script for ARM64 based architectures
{Macbook M1/M2/M3/Nvidia Jetson ORIN/DGX
Sparks/Jetson THOR}

1. $cd <your_ros2_workspace>

2. # Run with software rendering (recommended for ARM64)
* ./run_demo_no_gpu.sh

3. For debugging: video driver issues:

* # For debugging: run headless mode
 ./master_launch.sh



Next steps:

1. Source ROS2: source /opt/ros/jazzy/setup.bash
2. Set up software rendering (add to ~/.bashrc):
export LIBGL_ALWAYS_SOFTWARE=1
export MESA_GL_VERSION_OVERRIDE=3.3
3. Build the workspace:
cd ros2_ws
colcon build --packages-select husky_ur3_simulation

4. Run the simulation:
Jrun_demo_no_gpu.sh # For software rendering




@ GCAZEBO FEATURES SHOWCASE DOCS COMMUNITY MORE ~ Release: | Jetty (LTS) ¥

lonic

Docs [ Gazebo Jetty | LTS

Supported Sep, 2025 to Sep, 2030 Harmonic (LTS)

:= On this pi
Step 1: Instge  Garden (EOL)

“ROS2-Jazzy” =» “Gazebo-Harmonic/ Jetty” Step 2: Run|  Fortress (LTS)

Step 3:Crez g jifice (EOL)
¢¢ ROSZ H bl_ 9 y . o Step 4: Expl
-Humble” =» “Gazebo-Harmonic/Fortress - Dome (EOL)
Citadel (EOL)
* LINK: https://sazebosim.org/home , MacOS is starting to get support!! Blueprint (EOL)
Acropolis (EOL)
Platform Gazebo Versions
Ubuntu 24.04 Noble (recommended), (recommended if using ROS 2 Jazzy) and
Ubuntu 22.04 Jammy (recommended) and (recommended if using ROS 2 Humble)

Mac Ventura (recommended) and
Mac Monterey (recommended) and

Windows Support via Conda-Forge is not fully functional, as there are known runtime issues



https://gazebosim.org/home
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ROS2 + Gazebo!

* ROS2 JAZZY + GAZEBO JETTY:
* https://gazebosim.org/docs/all/getstarted/

* ROS2 JAZZY + GAZEBO HARMONIC:

* https://gazebosim.org/docs/harmonic/getstarted

* ROS2 Humble + GAZEBO HARMONIC:

e ROS2 Humble + GAZEBO Fortress:

Release:; | Jetty (LTS) ¥

:= On this pi
Step 1: Insta
Step 2: Run
Step 3: Crez
Step 4: Expl

macOS

lonic

Harmonic (LTS)
Garden (EOL)
Fortress (LTS)
Edifice (EOL)
Dome (EOL)
Citadel (EOL)
Blueprint (EOL)

Acropolis (EOL)
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UNIVERSAL ROBOTICS REPOS - ROS 2

* If (Ubuntu 24): ROS 2 Jazzy >
o If (ROS-2-JAZZY):.
o Repo from Universal Robotics: ROS 2 Jazzy
ROS 2 Humble
ROS 1 Noetic

* |If (Ubuntu 22):
o If (ROS-2-HUMBLE):
o Repo from Universal Robotics:



| O UniversalRobots / Universal_Robots_ROS2_Driver earch l@|6-]|[+-] \§\ \E\ \é.\'

<> Code (O lIssues (51) 11 Pullrequests (13) U Discussions (@ Actions [ Projects @ Secuity |~ Insights

I I E R 2 ‘! Z ZY @ Universal_Robots ROS2 Driver (%) e
(prm - ) ¥ oo : Goonne o)) BERED o

Universal Robots ROS2 driver supporting
CB3 and e-Series

‘ This branch is 65 ¢

180d4c - 4 days ago ) 665 Commits
kout from 4
E

R 8 ur_calibration

B ur_controllers

@ ur_dashboard_msgs

B ur_moveit_config

B ur_robot_driver

) .clang-format e e Releases (

[ dirlocals.el dd .dir- ting c - © 44.0
[

ROS2-Humble

[ CONTRIBUTING.md

[ LICENSE
3 README.md
0 Universal_Robots_ROS2_Driver jazzy.repos

O ci_status.md E nd ¢ 6 mont

iIn the GITHUB repo!! e T ——

Universal Robots ROS2 Driver

Universal Robots has become a dominant supplier of lightweight, robotic manipulators for industry, as well as for
scientific research and education.

COMMON sense right? :P
-pay attention in class demos!! Red posts!!

This is one of the very first ROS2 manipulator drivers. Some of the new features are enabled by ROS2 and include
decreased latency, improved security, and more flexibility regarding middleware configuration. The package contains
launch files to quickly get started using the driver as a standalone version or in combination with Movelt2




ur-arms-family-photo




UR3 - ROS 2 - Build statuses

ROS2
Distro

ur_ calibration ur_calibration ur_calibration ur_calibration

Jazzy

ur_controllers m ur_controllers m ur_controllers m ur_controllers m

Release
ur_dashboard_msgs m ur_dashboard_msgs m ur_dashboard_msgs m ur_dashboard_msgs m
status
ur_moveit_config m ur_moveit_config m ur_maovwelt_config m ur_moveit_config m
ur_robot_driver m ur_robot_driver m ur_robot_driver m ur_robot_driver m

The table above shows the build status for each package of this repo from the ROS buildfarm.




Resources about the ROS 2 Universal Robot
driver

* ROS 2 - JAZZY -
https://github.com/UniversalRobots/Universal_Robots_ ROS2_Dri

ver/blob/jazzy/ur_robot_driver/doc/resources/README.md
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Setting up a robot simulation (Gazebo)?

e Setting up a robot simulation (Gazebo)Z
o https://docs.ros.org/en/jazzy/Tutorials/Advanced/Simulators/Gazebo/Gaz

ebo.html#setting-up-a-robot-simulation-gazebo
o https://gazebosim.org/docs/harmonic/install/
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https://gazebosim.org/docs/jetty/install_ubun
tu/

* (base) kulbir-dgx-x1@spark-b3d4:~$ sudo apt-get install curl lsb-
release gnupg

* https://gazebosim.org/docs/jetty/install_ubuntu/
* GAZEBO HARMONIC TUTORIALS:

o https://gazebosim.org/docs/harmonic/tutorials/
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Q, Search ctri + K

FEATURES SHOWCASE DOCS COMMUNITY MORE ~

©

Docs / Gazebo Jetty | LTS Release:

Supported Sep, 2025 to Sep, 2030

M > Gazeho Jetty > Binary Installation on Ubuntu

Release Notes

Binary Installation on Ubuntu

Jetty binaries are provided for Ubuntu Noble (24.04). The Jetty binaries are hosted in the
Binary macOS Install repository. To install all of them, the metapackage gz-jetty can be installed.

Binary Windows Install
First install some necessary tools:
Ubuntu Source Install

macOS Source Install
sudo apt-get update

Wwindows Source Install sudo apt-get install curl lsb-release gnupg

Troubleshooting
R N Then install Gazebo Jetty:
Migration from Ignition

Feature C '

eature --omparison curl https://packages.osrfoundation.org/gazebo.gpg --output /usr/share/keyrings/pkgs-osrf-archive-Kke
"deb [arch=$(dpkg --print-architecture) signed-by=/usr/share/keyrings/pkgs-osrf-archive-keyring.gpg.
"deb [arch=$(dpkg --print-architecture) signed-by=/usr/share/keyrings/pkgs-osrf-archive-keyring.gpg:

ROS/Gazebo Installation apt-get update
apt-get install gz-jetty

Tutorials

Continuous Integration For Gazebo



MOVE-IT-

Movelt 10 Movelt 2 Binary Install

>

<« Binary Install

= Source Build: Linux We're thrilled you're ready to start using Movelt 2! Binary installation for Movelt 2
are available for the ROS 2 distributions Jazzy and Rolling on Ubuntu 24.04, and

Humble on Ubuntu 22.04. Select your preferred ROS 2 distribution below:

https://moveit.ai/install-moveit2/binary/

Source Build: Windows

Docker Install

i ROS2 ROS 2 ROS 2
@ Movelt 2.0 Humble Jazzy Rolling

Binary Install: Linux

Binary Install: Windows
Prereq: Install #ROS

oA Source Build: Linux

Follow all the instructions to install ROS 2 Jazzy.
Source Build: Windows

® Install on Ubuntu 24.04

ROS 2 Jazzy

sudo apt install ros-jazzy-moveit

Middleware

We recommend CycloneDDS as a middleware. Note: this makes all nodes started using this
RMW incompatible with any other nodes not using Cyclone DDS. sudo apt install ros-
$ROS_DISTRO-rmw-cyclonedds-cpp export RMW_IMPLEMENTATION=rmw_cyclonedds_cpp
You may want to add "export RMW_IMPLEMENTATION=rmw_cyclonedds_cpp” to your
~/.bashrc to source it automatically.
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Quick Start

Start planning in Rviz with:

Movelt 2 Getting Started Tutorial

ame

Other Setups

©) Source Build: Linux

See build instructions

Movelt Pro
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Getting Started
B Movelt Quickstart in RViz
Getting Started

Step 1: Launch the Demo and
Configure the Plugin

Step 2: Play with the Visualized Robots
Step 3: Interact with the Kinova Gen 3

Step 4: Use Motion Planning with the
Kinova Gen 3

Next Steps
Your First C++ Movelt Project
Visualizing In RViz
Planning Around Objects

Pick and Place with Movelt Task
Constructor

Examples
Concepts
How-To Guides

API Documentation

Contributing

A / Tutorials / Movelt Quickstart in RViz
0 Edit on GitHub

Movelt Quickstart in RViz

fhome [abake fws_kinova_rolling/install/kinova_gen3_7dof _rebotiq_2F_85_meveit_config/share kinova_gen3_Tdof_robotiq_2f_85_moveit_config/config/moveik.rviz* - RViz

Eile panels Help

Mnteract Mo Camera [Jselect
1 Displays o
+ « Status: ok 4
Move Group Namespace
Robat Deseription robot_description
Planning Scene Topic menitored_planning_scene
= Scene Geometry
Scene Name (noname}+
Show Scens Geometry v
Scene Alpha 1
Scene Color M s0; 230; 50
Add

+ MotionPlanning

|o|

Context | Planning | Joints | Scene Objects | Stored Scenes  Stored States  Statws  *

Commands Query Options
Plan Planning Group: Planning Time [s):  |5.0
manipulator = Flanning Attempts: | 10
Plan & Execute SLart stae: WVelodity Scaling: 0.10
<current= * Accel. scaling: LAL]
Goal State:
<current>

Use Cartesian Path
Callision-aware IK
Approx IK Solutions
External Comm.

Path Constraints
Replanning

Mone 3 sensor Pasitioning
v views o]
Type: | Orbit (rviz_default_plugins) - zaro
= Current View orbit (rviz_default_plugins)
Hear Clip Distance .01
Irwert 2 Axis
Target Frame world
Distance 201512
save Remove Rename.
Reset  Left=Click: Rotate. Middle=Click: Move X/, Right-Click/Mause Wheel: Zoom, Shift: More options, 3fps

This tutorial will teach you how to create motion plans in Movelt using RViz and the Movelt
Display plugin. Rviz is the primary visualizer in ROS and a very useful tool for debugging
robotics. The Movelt Display plugin allows you to setup virtual environments (planning
scenes), create start and goal states for the robot interactively, test various motion planners,
and visualize the output. Let’s get started!

Getting Started



"Edit on Github" ==> use claude code!!

* https://moveit.picknik.ai/main/doc/tutorials/quickstart_in_rviz/qui
ckstart_in_rviz_tutorial.html

* https://github.com/moveit/moveit2_tutorials/blob/main/doc/tutor
lals/quickstart_in_rviz/quickstart_in_rviz_tutorial.rst

* https://github.com/moveit/moveit2_tutorials/tree/main
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Movelt Tutorials

Live tutorials here

This is the primary documentation for the Movelt project.

Build Status

This repository is built and deployed automatically by GitHub Actions:

« Rolling (main): © ¢ [failing] ©) Format [BEEEIRG) ) website [BEESiHG)
« Humble: © ¢! [PESSiRg) () Format [Bassing] () Website failing

Contributing

We strongly encourage you to help improve Movelt's documentation. Please consider helping improve the
tutorials, port old ones from ROS 1, and write new tutorials. We recommend you read the quality standards
below as well as the How to Write a Movelt Tutorial page.

If you find an issue with the tutorials you are not able to fix yourself, please open an issue on GitHub or
open a PR with proposed changes.

Helping with Porting Tutorials to ROS 2

An issue has been created for each tutorial to be ported to ROS 2. At the top of each tutorial, there is a tag:
":moveit1:", remove the tag after the tutorial has been successfully updated.

Below are some links to help with the ports.

colcon

ament
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@A / Movelt 2 Documentation
© Edit on GitHub

Movelt 2 Documentation

Welcome to the unified Movelt documentation, which includes tutorials, how-to guides, core
concepts, and more.

Movelt 2 is the robotic manipulation platform for ROS 2 and incorporates the latest advances
in motion planning, manipulation, 3D perception, kinematics, control, and navigation. Movelt
2 was first released in 2019; for ROS 1 documentation, see Movelt 1 tutorials. For the
commercially supported version see Movelt Pro tutorials.

0o ED

How-To Use This Website

o Tutorials will walk you through creating your first project with Movelt.

e How-To Guides answers the question “How to do X with Movelt?”

¢ Concepts discusses the design of Movelt.

e Contributing is a place to learn about making changes to Movelt and this website.

o Examples contains other useful pages that have not been adapted to the new layout of
this site or are not yet ported from ROS 1.

¢ APl Documentation will redirect you to a reference API page.

Table Of Contents

o Tutorials

o Getting Started
o Movelt Quickstart in RViz
o Your First C++ Movelt Project
> Visualizing In RViz
Planning Around Objects
> Pick and Place with Movelt Task Constructor

¢ Examples



Unlike ROS 1 setup scripts, in ROS 2 the setup scripts do not attempt to switch what

Movelt

version of ROS you are using. This means that if you have previously sourced a different
version of ROS, including from within your .bashrc file, you will run into errors during the

building step. To fix this change what is sourced in your .bashrc and start a new terminal.

B Tutorials Install rosdep to install system dependencies :
B Getting Started

Install ROS 2 and colcon sudo apt install python3-rosdep

Create A Colcon Workspace and

Download Tutorials
Once you have ROS 2 installed, make sure you have the most up to date packages:

Download Source Code of Movelt and

the Tutorials

sudo rosdep init
rosdep update

Setup Your Colcon Workspace sudo apt update
sudo apt dist-upgrade

Build your Colcon Workspace

Next Step

Movelt Quickstart in RViz
Install Colcon the ROS 2 build system with mixin:
Your First C++ Movelt Project

htt S ://m Ove It L I C kn I k Visualizing In Rviz sudo apt install python3-colcon-common-extensions

,/ . /d / . l Planning Around Objects sudo apt install python3-colcon-mixin
I I l t t colcon mixin add default https://raw.githubusercontent.com/colcon/colcon-mixin-repository,
oA TITCAITI/NMANTI LATNTT 1A a I a I n OC u O rl a S Pick and Place with Movelt Task colcon mixin update default

Constructor

/getting_started/gettin m—
_Sta rted .htm l_ Concepts

How-To Guides

Install vestool :

sudo apt install python3-vcstool
API Documentation

(base) kulbir-d gXx- contribiine Create A Colcon Workspace and Download Tutorials
x1@spark-
b3d4:~/ws_moveit/src
$ git clone -b main
https://github.com/m
oveit/moveit2_tutorial
S

For tutorials you will need to have a colcon workspace setup.

mkdir -p ~/ws_moveit/src

Download Source Code of Movelt and the Tutorials

Move into your Colcon workspace and pull the Movelt tutorials source, where <branch> can

be e.g. humble for ROS Humble, or main for the latest version of the tutorials :

cd ~/ws_moveit/src
git clone -b <branch> https://github.com/moveit/moveit2_tutorials

Next we will download the source code for the rest of Movelt:
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Docs / Gazebo Jetty ' LTS Release: | Jetty (LTS) ¥

Supported Sep, 2025 to Sep, 2030

A > Gazebo Jetty > Binary Installation on Ubuntu

Binary Installation on Ubuntu

Jetty binaries are provided for Ubuntu Noble (24.04). The Jetty binaries are hosted in the repository. To install all

of them, the metapackage gz-jetty | can be installed.

First install some necessary tools:

sudo apt-get update
sudo apt-get install curl lsb-release gnupg

Then install Gazebo Jetty:

sudo curl https://packages.osrfoundation.org/gazebo.gpg --output /usr/share/keyrings/pkgs-osrf-archive-keyring.gpg
echo "deb [arch=$(dpkg --print-architecture) signed-by=/usr/share/keyrings/pkgs-osrf-archive-keyring.gpg] https://pack
echo "deb [arch=$(dpkg --print-architecture) signed-by=/usr/share/keyrings/pkgs-osrf-archive-keyring.gpg] https://pack
sudo apt-get update

sudo apt-get install gz-jetty




For the ARM64==aarch64 folks!

@ANVIDIA. Isaac Sim Documentation 510~ QOO Y OO0 @& m P

Quick Start # > Installation > ROS 2 Installation

i= On this page

» For macbook oo - ROS2Installation

Install Summary Steps

[l
T
<

M1/M2/M3/M4
/NVIDIA o | e
Jetson/Orin/Thor/N |

NVIDIA Isaac Sim provides a ROS 2 bridge for ROS system integration. The same set of common

Concepts components are used to define the types of data being published and received by the simulator.

VI D IA D GX S PA R KS o bt Ubuntu 24.04 Jazzy (recommended)
—_— " Ubuntu 22.04 Humble (recommended), Jazzy
o https://docs.isaacsi Windows 10
ic Lab b Windows 11 Humble

m.omniverse.nvidia . ;
.com/5.1.0/installat [
ion/install_ros.html Install Summary Steps

For the ROS 2 bridge, Isaac Sim is compatible with ROS 2 Humble and ROS 2 Jazzy.

VIC saac ROS This section identifies and guides you through the different ways the Isaac Sim ROS 2 bridge can be run

ence Architecture to match your ROS configuration. Each of the steps in this section refer to the detailed steps that are

included in the rest of this guide. Read the entire guide before proceeding to implement any steps.

cripting © Important

2 Isaac Sim is compatible with Python 3.11 only. Enabling and interfacing with the ROS 2 Bridge Containers
i has been updated.
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This is what $4Trillion

market cap can do!

Install Summary Steps

This section identifies and guides you through the different ways the Isaac Sim
ROS 2 bridge can be run to match your ROS configuration. Each of the steps in

this section refer to the detailed steps that are included in the rest of this guide.

Read the entire guide before proceeding to implement any steps.

© Important

Isaac Sim is compatible with Python 3.11 only. Enabling and interfacing
with the ROS 2 Bridge has been updated.

<ANVIDIA. Isaac Sim Documentation 5.1.0~

Concepts
Reference Architecture and Task
Groupings
Workflows
User Interface Reference
Keyboard Shortcuts Reference

Asset Structure

Base Applications
Isaac Lab

| ROS 2
| ROS 2 Installation

ROS 2 Tutorials (Linux and

Windows)

NVIDIA Isaac ROS

ROS 2 Reference Architecture
ROS 2 Navigation

ROS2 Joint Control: Extension
Python Scripting

Movelt 2

Running a Reinforcement

Learning Policy through ROS 2

and Isaac Sim
ROS2 Simulation Control
URDF Importer Extension

USD to URDF Exporter

Extension

ROS 2 Troub

eshooting
Synthetic Data Generation
Digital Twin

Application Template

Development Components
Development Tools

Python Scripting and
Tutorials

GUI Reference

Omnigraph

Robot and Sensor Simulation
Importers and Exporters
Robot Setup

Robot Simulation

oo

L

Ubuntu 22.04 Ubuntu 24.04 Windows

Jazzy

1. Download ROS 2 following the instructions on the official website:

ROS 2 Jazzy Ubuntu 24.04

2. (Optional) Run the command below to install the package on your
system. If you have built ROS 2 from source, clone the package and
include it in your ROS 2 installation workspace before re-building. If
you don’t need to run the vision_msgs publishers, you can skip this
step. Some message types (Detection2DArray and

Detection3DArray used for publishing bounding boxes) in the ROS 2
Bridge depend on the vision_msgs_package.

sudo apt install ros-jazzy-vision-msgs

w

. (Optional) Run the command below to install the package on your
system. If you have built ROS 2 from source, clone the package and
include it in your ROS 2 installation workspace before re-building. If
you don't need to run the ackermann_msgs publishers/subscribers,
you can skip this step. Some message types ( AckermannDriveStamped
used for publishing and subscribing to Ackermann steering
commands) in the ROS 2 Bridge depend on the
ackermann_msgs_package.

sudo apt install ros-jazzy-ackermann-msgs

4. Ensure that the ROS environment is sourced in the terminal or in your
~/.bashrc file. You must perform this step each time and before
using any ROS commands.

source /opt/ros/jazzy/setup.bash

© Note 4 Back to top

For Linux, you can not source this installation in the same terminal as
running Isaac Sim. Source with Isaac Sim internal ROS libraries, Python
3.11, before running Isaac Sim.

Q0O 0O Y o & @ P

i= On this page

ROS 2 Installation

nstall Summary Steps
Step 1: Setting up ROS
nterfaces and Packages
Step 2: Setting up ROS

Workspaces

Install ROS 2

Configuring Options and

Enabling Internal ROS Libraries
Recommended ROS 2 Distros
Enabling the ROS 2 Bridge
On Linux with Fast DDS

On Windows using the
Extension Ul

On Linux using Cyclone DDS

Disabling the ROS Bridge in

isaac-sim.sh
Setting Up Workspaces
Enabling | relpy , Custom ROS 2
Packages, and Workspaces with
Python 3.11
ncluded ROS 2 Packages
Running ROS in Docker

Containers



ASSIGNMENT 4 PART 2 - MUST3r

1.Run State-of-the-art open-source SLAM algorithm such

as

https://europe.naverlabs.com/publications/?p_asid=2&p __

asp_data=1&as

ear__2]=&aspflauthors_string__ 1]=&fil

ters_initial=1&filters _changed=0&qgtranslate lang=0&curre

nt_page id=151&asp_s=

sonce you get the Mobile Manipulator with gripper

working.

RGB frame I’

MUSt3R

Enc & Dec

Local Prediction X ; ;

NAVE R LABS RESEARCH PUBLICATIONS CODE & DATA NEWS BLOG CAREERS ABOUT US Q

Europe

< Publications home f X in ¥ =&

No tracking until you click to share

MUSt3R: Multi-view Network for Stereo 3D Reconstruction

Yohann Cabon, Lucas Stoffl, Leonid Antsfeld, Gabriela Csurka, Boris Chidlovskii, Jérome Revaud, Vincent Leroy

The IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR), Nashville, Tennessee, USA, 11-15 June, 2025

DUSt3R introduced a novel paradigm in geometric computer vision by proposing a model that can provide dense and unconstrained Stereo 3D
Reconstruction of arbitrary image coll 1s with no prior ion about camera calibration nor viewpoint poses. Under the hood, however,
DUSHt3R processes image pairs, regressing local 3D reconstructions that need to be aligned in a global coordinate system. The number of pairs,
growing quadratically, is an inherent limitation that becomes especially concerning for robust and fast optimization in the case of large image
collections. In this paper, we propose an extension of DUSt3R from pairs to multiple views, that addresses all aforementioned concerns. Indeed, we
propose a Multi-view Network for Stereo 3D Reconstruction, or MUSt3R, that modifies the DUSt3R architecture by making it symmetric and
extending it to directly predict 3D structure for all views in a common coordinate frame. Second, we entail the model with a multi-layer memory
mechanism which allows to reduce the computational complexity and to scale the reconstruction to large collections, inferring thousands of 3D
pointmaps at high frame-rates with limited added complexity. The framework is designed to perform 3D reconstruction both offline and online, and
hence can be seamlessly applied to SfM and visual SLAM scenarios showing state-of-the-art performance on various 3D downstream tasks,
including uncalibrated Visual Odometry, relative camera pose, scale and focal estimation, 3D reconstruction and multi-view depth estimation

R, t.
Dense 3D points

Focal
Depth
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MUST3R - 3D Reconstruction Examples + Cam poses

CVPR 2025 - OPEN ACCESS LINK :
https://openaccess.thecvf.com/content/CVPR2025/html/Cabon_MUSt3R_Multi-

view_ Network_for_Stereo_3D_Reconstruction_CVPR_2025_paper.html
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MUSt3R Demo

: E kulbir-dgrx1 @sparkb3dd: ~/ws moveit 187x6
[ File b
no_overlap_6.jpg ; '
no_overlap_7.jpg P %
E3 #* MUSL3R setup efror 187x79

no_overlap_5.jpg
no_overlap_4.jpg T

no_overlap_l.png

@ Bash
no_overlap_3.jpg iox
no_overlap_2.jpg ¥ @ Write
no_overlap_8.jpg i ox 114 demo_gb10_fixed.py
Number of refinement iterations o v Mode

Define how to run MUSI3R

o @ 100

sequence: slam keyframes v
Maximum batch size
1 B Local context size o ¢
@\ FIX FOR GB10 ARCHITECTURE ERROR
o @ 16
subsample @ v
1 L _ 8 launch_nust3r_gb10_fixed.sh
deno_gb10_fixed.py
min conf keyframe sE e fix_gb10_cuda.sh
1 [ 2 3
Option 1: Use the Fixed Launcher (Recommended)
keyframe overlap thr oosfll ¢ e c s e
001 [ 03
overlap percentile 55. I Option 2: Use the Python Wrapper
10 k7] 100
Run
Option 3: Quick Fix for Current S

I Gradio Update 3 : . &> Connected

e JIT Compilation
CUDA Launch Blocking
Disable AMP
CPU Fallback
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ol kulbir-dgx-x1@spark-b3da: ~/Desktop/must3r

/home/kulbir-dgx-x1/Desktop/must3r
(base) : $  ./launch_must3r_gb10_fixed.sh
# MUSt3R Launcher for NVIDIA GB1O

3, Applying NVIDIA GB1@ architecture fixes...
M GB10 compatibility fixes applied

# Starting MUSt3R demo with GB10 fixes...
T Access at: http://localhost:7860

A Known Issues on GB10:
* CUDA JIT disabled (slower but stable)
+ Some operations run on CPU fallback
* First run may be slower due to no caching

Press Ctrl+C to stop

Warning, cannot find cuda-compiled version of RoPE2D, using @ slow pytorch version instead

usage: demo.py [-h] [--local_network | --server_name SERVER_NAME] [--image_size {512,384,224,336,448,768}] [--server_port SERVER_PORT] --weights WEIGHTS [--encoder ENCODER]

[--decoder DECODER] [--memory_mode {norm_y,kv,raw}] [--retrieval RETRIEVAL] [--device DEVICE] [--tmp_dir TMP_OIR] [-q] [--viser] [

[--allow_local_files] [--embed_viser]
demo.py: error: argument --amp: invalid choice: 'False' (choose from False, bf16, fp16)
(base) “ $  source -/anaconda3/etc/profile.d/conda.sh
conda activate must3r
source ./fix_gb16_cuda.sh # Apply environment fixes

-amp {False,bf16,fp16}]

python demo_gb16_fixed.py --weights checkpoints/MUSt3R_S512.pth --retrieval checkpoints/MUSt3R_512_retrieval_trainingfree.pth --image_size 512 --viser --embed_viser

--allow_local_files

\
% Applying NVIDIA GB16® (Grace Blackwell) fixes...
M Environment variables set for GB16 compatibility

@ workarounds applied:
* CUDA JIT compilation disabled
* Torch compile disabled
* NVRTC disabled
* Using CUDA launch blocking for stability

A\ Performance may be reduced but should work!
3, Applying NVIDIA GB1@ architecture fixes...

M Environment variables set

M PyTorch determinant function patched for GB1©
M Roma procrustes function patched for GB16

# Starting MUSt3R demo with GB1© patches...

Warning, cannot find cuda-compiled version of RoPE2D, using a slow pytorch version instead
A G816 Linmitations:

* Some CUDA operations fall back to CPU

* JIT compilation disabled (slower but stable)

¢ First run may be slower

image_size 512 -> 512
Parsed pos_embed: RoPE100, base size = 512
image_size 512 -> 512

Parsed pos_embed: RoPE108, base size = 512

Outputing stuff in /tmp/tmpa66qdz3_dust3r_gradio_demo
viser

HTTP http://127.0.6.1:8080
Websocket | ws://127.0.6.1:8080

* Running on local URL: http://127.6.0.1:7860

* To create a public link, set ‘share=True' in "launch()
(viser) Connection opened (0, 1 total), persistent messages
pointmaps_activation set to ActivationType.NORM_EXP

loading images

- adding /tmp/gradio/6813e898c645d752a3c609a53cBef639e9f2735200963886a3Fa11f68030d818/00.png with resolution 779x520 --> 512x336
adding /tmp/gradio/7f1775e02c62d9a0f5b08326b30c3d6967efb2dfb25F3a6149F405b5983dc0e0/01.png with resolution 779x520 --> 512x336
- adding /tmp/gradio/14b286f3921037af5fceS00cch15895dfc11499fF27c7c81a15F4b87d3876883/02.png with resolution 779x520 --> 512x336
- adding /tmp/gradio/fa6673b2ddba5220771669384ddf3b8dd3d2892c44ed38bca309a998baBb3399/03.png with resolution 779x520 --> 512x336
- adding /tmp/gradio/71b115fd975f78461c5e8f2379f2cd3af5bo74d010406f71d3fc704bedbca61d/04.png with resolution 779x520 --> 512x336
adding /tmp/gradio/c3df3c65f4d004330b78f5cd03111deacd3al76c72f3accdd959d8bf6650dc78/05.png with resolution 779x526 --> 512x336
- adding /tmp/gradio/83085bd3a263764fd8becbdc9f7583cal7e98cd33b3d3de513add5a03af fleSe/06.png with resolution 779x520 --> 512x336
- adding /tmp/gradio/ec0f300a13220b768ebdc2de3d23ab031ceadadd96bc7b0286c5293a8de17bac/07.png with resolution 779x520 --> 512x336
adding /tmp/gradio/4c8b15de34cf5fasboebcfdd499386d0a2901ff2asef9de6fe2acef6fd6baden/08.png with resolution 779x520 --> 512x336
adding /tmp/gradio/eeadda853caaddfaBa4bbBcO6429b2aa3848bd17f12681c54d8976bcad7cc3e6/09.png with resolution 779x520 --> 512x336
- adding /tmp/gradio/456ca89168c26blee85fb74bed9c26e3aa560ae343af 7522e93927d4047a2ba/10.png with resolution 779x520 --> 512x336

- adding /tmp/gradio/cae8f5845478cb330ab51bd4e2e02b4896e3dc2e7bd60978a30dedd18f78d92f/11.png with resolution 779x520 --> 512x336
loaded in ©:00:00.156671

running inference
updating memory
0%|
/home/kulbir-dgx-x1/Desktop/must3r/demo_gb16_fixed.py:37: UserWarning: GB1@ architecture issue detected, falling back to CPU for determinant
warnings.warn(f"GB10 architecture issue detected, falling back to CPU for determinant calculation")
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° # ROS 2 Documentation: Humble
RVI Z : ! @ / Tutorials / Intermediate / RViz / RViz User Guide ©) Edit on GitHub

. . . ' You're reading the documentation for an older, but still supported, version of ROS 2. For information on the latest version, please
* Robotic Visualizer 2!

have a look at Kilted.

RViz User Guide -

Goal: Understanding RViz

* LINK:
https://docs.ros.org/e

Tutorial level: Intermediate

Installation

n/humble/Tutorials/In .

Time: 25 Minutes

termediate/RViz/RViz- ~mas

« Background

U ser- G u id e/ RViZ_ & Beginner: Client libraries « Install or build rviz

B Intermediate * Startup

U S e r_ G u i d e . ht m l Managing Dependencies with rosdep . DISpAIZZTng e ooy

Creating an action

o Display Properties
:’;’riting an action server and client (C+ o Display Status
o Built-in Display Types

Writing an action server and client

* https://github.com/ro P S

Writing a Composable Node (C:++) o Orbital Camera (default)

S 2/ rO S 2 d O C u m e n t at i Composing multiple nodes in a single FPS (first-person) Camera

process

o Top-down Orthographic

O n/ b I_O b/ h u m b le/S O u r Uit ke (e B T £ JR -

Class (C++)
o Third Person Follower

ce/Tutorials/Intermed | iessemmmnsc
late/RViz/RViz-User-

e o The Target Frame

Guide/RViz-User-
. URDF o Interact
G u I d e ° rSt B RViz o Move Camera
o Select
RViz User Guide
o Focus Camera
Building a Custom RViz Display 5 NVIEEITE
Building a Custom RViz Panel o 2D Pose Estimate
I o= [y =y s o 2D Nav Goal

[£) Advanced o Publish Point
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ARM64 FIXES

Solution

Step 1: Remove Foreigh AMD64 Architecture

sudo dpkg --remove-architecture amd64
sudo apt update

Step 2: Fix ROS Environment Variables

Edit ~/.bashrc to remove or comment out the incorrect ROS DISTRO export:

Then reload the environment:

unset ROS DISTRO
source /opt/ros/jazzy/setup.bash

Step 3: Install Colcon Mixin in Anaconda

pip install colcon-mixin
colcon mixin add default https://raw.githubusercontent.com/colcon/colcon-mixin-repository/master/index.yaml
colcon mixin update default

Step 4: Build Movelt from Source

cd ~/ws moveit

rosdep install -r --from-paths src --ignore-src --rosdistro jazzy -y
colcon build --mixin release

source install/setup.bash




SUMMARY

Verification

After applying the fixes:

1. APT update completes without 404 errors
2. ROS _DISTRO correctly shows "jazzy"

3. Colcon mixin commands work properly
4. Movelt builds successfully from source

Lessons Learned

For NVIDIA DGX Systems

1. Architecture Awareness: DGX systems use ARM64 architecture, not x86 64/AMD64
2. Repository Selection: Use appropriate repositories for ARM systems
3. No Cross-Architecture Packages: Avoid adding foreign architectures unless specifically needed

For ROS 2 Development

1. Environment Consistency: Ensure ROS DISTRO matches the installed ROS version
2. Python Environment: When using Anaconda, install Python tools via pip rather than APT
3. Build from Source: For latest features and compatibility, building from source is often preferable

Best Practices

1. Always verify system architecture before adding foreign architectures
2. Check for environment variable conflicts in shell initialization Files

3. Use virtual environments consistently (either all APT or all pip/conda)
4. Document system-specific configurations for team members



ROS 2 RECAP



Nodes — Topics and Services

~ Service

Service NODE

Request Message

Publisher

Response

Subscriber




ROS - Service — Single service client

Service

Request

Response




ROS - Service — Multiple service client

There can be many service clients using the same service. But
there can only be one service server for a service.

Service

Request

[

Response



ROS - Actions

Action Client

Goal Service Client
Feedback Subscriber

Result Service Client

NODE

Goal
Service

Request

Response

Feedback
Topic

Result
Service

Request

Response

NODE
Action Sever
Goal Service Server

Feedback Publisher

Result Service Server
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