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Introduction to
Simulation

Robotics simulation allows us to test robots in a
safe and repeatable virtual environment before
working with real hardware.

Benefits:
* Prevents hardware damage during early testing
e Scales easily to multiple robots and scenarios

e Saves costs by reducing trial-and-error on physical
robots

gine Server Plugin

World S¢
Magneti eld
o\ Wwsphere
v dyste
) Snager nair
£ Yhveics Solver
) WaAVITY
» . Enctity Tree

A ground plane
2, Sky cam
s r0S_symbol

S y Sun

‘- ~ 5am_bot

L 2igBoxedle




Introduction to
Simulation

Prevents hardware damage

— Imagine testing a new driving code on your robot,
but instead of moving smoothly, it slams into a wall. In
real life, that could break your sensors or wheels. In
simulation, nothing gets damaged—you just restart.

gine Server Plugin

World S¢
Magneti eld
o\ Wwsphere
v Syste
] snder Enagir
& Physics Solver
] WaAVITY
[ . Enctity Tree

A ground plane
2, Sky cam
s r0S_symbol

e y Sun

‘- ~ 5am_bot

L 2igBoxedle




Introduction to
Simulation

Scales easily

— With real robots, you'd need to buy 5 robots to test
team coordination. In simulation, you just copy-paste
the robot model and suddenly you have 5 robots

running together.
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Introduction to
Simulation
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— Every crash, broken part, or drained battery costs ‘ A\ ros_symbol
money and time. By testing in simulation first, you find N i

mistakes early. When you finally move to the real robot, | | e
things work better and you spend less fixing problems. i N




- Why Use Gazebo?

Gazebo is an open-source, high-fidelity robotics simulator.

e Supports advanced physics engines: ODE, Bullet, DART

. Ideal for testing: SLAM, navigation, manipulation, multi-robot systei

* Integrates directly with ROS 2 nodes bar](d topics, bridging real and sin
robots



‘Why Use Gazebo?

DDE (Open Dynamics Engine)

e Focuses on rigid body dynamics (collisions, contacts, joints).

* | ightweight, stable for general robotics simulation.

e Commonly used for wheeled robots and simple articulated
systems.

https://classic.gazebosim.org/tutonals?tut=physics params


https://classic.gazebosim.org/tutorials?tut=physics_params

‘Why Use Gazebo?

Bullet Physics

¢ Known for real-ime simulation and gaming use.

e Handles ngid and soft bodies (cloth, deformables).

* Better at handling complex contact dynamics and high-speed
collisions.



"Why Use Gazebo?

JART (Dynamic Animation and Robotics Toolkit)

. e Amodem physics engine integrated in Gazebo Ignition/Fortress.

* Provides accurate rigid body dynamics and articulated robot simulation.

¢ Stroné:j in handling complex kinematics, constraint solving, and gradient= o
based optimization (useful for control and planning research).

* Often chosen when you need higher accuracy than ODE and Bullet,
especially for humanoids or manipulators.


https://dartsim.github.io/

Define geometry, sensors,
actuators, and ciynamics

e Build the robot’s shape (links, joints, collisions, visuals).
e Attach sensors (LIDAR, camera, IMU) for perception.
e Add actuators (motors, servos) for motion.

e Specify dynamics (mass, inertia, friction) for realistic
behavior.



Supports LIDAR Sensors,
Cameras, Motors

e Simulate LIDAR scans for mapping & obstacle detection.
e Use cameras for vision-based tasks.
e Test motors/actuators for movement control.

e Extend with IMUs, GPS, force/torque sensors, and
others.



ROS 2 Integration

e Simulation publishes data on ROS 2 topics (e.g., /scan,
/[camera).

e Robots can be controlled via ROS 2 nodes as if they
were real.

e Bridges the gap between simulation and real-world
deployment.




Why Fortress?

Long-Term Support (LTS) for stability till
2027

Advanced physics & rendering for realism
Rich sensor support out of the box
Designed for ROS 2 Humble integration

Supports multi-robot scalability




Gazebo versions
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Robots in Gazebo

Robots in Gazebo are
described using SDF
(Simulation Description
Format).




URDF vs SDF (Robot
Descriptions)

URDF (Unified Robot Description Format):
Defines robot structure only




URDF vs SDF (Robot
Descriptions)

SDF (Simulation Description Fornmat): Defines robots
+ environments

<model =



Difference intransformation
representation

URDF defines transformation de the joint element, while
SDF splits them between theparent and child links. We'll see

an example in the next slide.



EXAMPLE OF
URDF s
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-fvisual>
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< /geometry>
<fcollision>

<inexrtial>

'he <origin> inside the _

<finertial>

the transform between </Link>
the parent and Chlld <joint r.=|u==_11h-=1_:|-_|1r.- t_.-|:-==r_.11_11=,-|:1_

<origin xyz="-1_25 @ 8.1" rpy="0 @ @"/>

-_.=|-__r|1— llrl II:=|-__ 1 FIL::";"“‘

||r]l(55. ﬁ_hll link="glider link" />

<limit 1 wer="0" upper="2" ve
<fjointz




cimertial>
cmasa=d<  masas

cinertias

EXAMPLE OF _
SDF

cenlligion name="collision's
sexl @ ©.919 B -8 B</posex

<radius»8_ B75</radius>
<length>8.838</length>
<feylinders
< /geomaetry>
<fcollision>

e Each <link> has its gwn <pose>
element, so the link’s transform
IS expressed relative to its
parent (or the model frame,
depending on

<child>wrist Z< child>

use_parent_model_frame). cpazerturise_ac/parents

i=model: //urle/meshes/baze.

e The <joint> itself in SDF doesn’t | 1F
carry the transform — it just ._ 1
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links.




Difference in transformation representation

<!-- URDF -->
<joint name="slider_joint" type="prismatic">
<parent link="base_link"/>
<child link="slider_ link"/>
<0rigin xyz="-1.25 0 0.1" rpy="0 0 @"/>
<fjoint>

<l-- 3DF -->

<link name="base_link">
<pose>0 0 0 @ 0 O</posex>

<flink>

<link name="slider_ link">
<posersome values here</posex
<flink>

<joint name="slider_joint" type="prismatic">
<parent>base_link</parent>
<child>»slider link</child>

<fjoint>




Installing Gazebo Fortress

Installing Gazebo Fortress

sudo apt update
sudo apt install lsb-release gnupg



Installing Gazebo Fortress

Step 2 - Add OSRF repo & key

sudo curl https://packages.osrfoundation.org/gazebo.gpg \
-—-output Jusr/share/keyrings/pkgs-osrf-archive-keyring.gpg

echo "deb [arch=%(dpkg --print-architecture) signed-by=/usr/share/keyrings/pkgs-osrf-archive-
keyring.gpg] \

http://packages.osrfoundation.org/gazebo/ubuntu-stable $(Isb_release -cs) main" | \

sudo tee /etc/apt/sources.list.d/gazebo-stable.list > /dev/null




Installing Gazebo Fortress

Step 3 — Update & Install

apt update



Installing Gazebo Fortress
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Gazebeo gquick start

2 GAZEBO
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eo of Simulation in Action

EXPLORER i) READMEmd X

~ GAZEBO_FORTRESS ROBOT D READMEmd > [ # Install package dependendies > ) ## Usage Instructions > 5] ### Basic SLAM Operation
7 /GOdo it Install package dependencles
> wscode ## Usage Instructions
s #iit Basic SLAM Operation
2 images L
> install 582 L. **ctart Simulation™®

nstall/local setup.bash

Moving around: h_sim. launch.py
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8.657087333] [ros gz bridge]: Creating GZ-»R0OS Bridge: [/scan (ignition.msgs.LaserScan) -» fscan (sensor msgs

+~ [ W - L e

8.672554403] [ros_gz bridge]: Creating GZ->R0O5 Bridge: [/world/cones/model/ppp bot/link/base link/sensor/came
1d/cones/model /ppp_bot/link/base_link/sensor/camera/image (sensor_msgs/msg/Image)] (Lazy @)
8.676794683] [ros_gz bridge]: Creating GZ->R0OS Bridge: [/world/cones/model/ppp_bot/link/base link/sensor/came

ra/camera_info (ignition.msgs.Cameralnfo) -> /world/cones/model/ppp bot/link/base link/sensor/camera/camera info (sensor msgs/msg/Cameralnfo)] (Laz

y @)

[parameter bridge-4] [INFO] [1755753568.5684896623] [ros gz bridge]: Creating GZ-»>ROS Bridge: [/world/cones/clock (ignition.msgs.Clock) -> /world/co

nes/clock (rosgraph msgs/msg/Clock)] (Lazy @)

[async slam toolbox node-8] [INFO] [1755753568.784216583] [slam toolbox]: Using solver plugin solver plugins::CeresSolver
[async_slam toolbox node-8] [INFO] [1755753568.711215553] [slam_toolbox]: CeresSolver: Using SCHUR JACOBI preconditioner.

2 TIR N [ign gazebo-1] Q5tandardPaths: wrong permissions on runtime directory /runfuser/iee8/, @755 instead of 6768
> TIMELINE |l 1
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https://roboticsdojo.substack.com/p/getting-started-
with-gazebo-fortress

https://roboticsdojo.substack.com/p/understanding-
urdf-building-the-blueprint

https://roboticsdojo.substack.com/p/introduction-to-
worlds-in-robotics

https://roboticsdojo.substack.com/p/introduction-to-
simultaneous-localization

https://github.com/FionaMich/gazebo ignition fortre

SS
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