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Turtlebot’s Tree Structure
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Turtlebot’s URDF

<!-- Joint between the block and chasis-->
<joint name="bloque_to_armazon" type="fixed">
<parent link="bloque"/>
<child link="armazon_link" /=
<origin xyz="0 0 0" />
<axis xyz="6 @ 8" /=

Urdf structure for bloque to chassis joint




Turtlebot’s URDF

<!-- Chasis of the robot -->
<link name="armazon_link"=>
<visuals=
<origin rpy="0 0 0" xyz="0 © 0" />
<geometry=
<mesh filename="package://proyecto/
meshes/armazon.STL" />
</geometry=
<material name="black _metal"-
<color rgba="90.1 6.1 6.1 1" />
</material=
</visual=>

<ipertial=
<origin
xyz="-0.00020681 -5.8482E-09 0.84814"
rpy="0 @ 8" />
<mass
value="9.9968" /=

Description of robot’s chassis

<inertia
ixx="8.18286"
ixy="-8.1444E-09"
ixz="-0.00095615"
iyy="0.18195"
iyz="-4.5751E-09"
izz="®.14187" />
</inertial=

<collision>
<origin
xyz="0 @ 0"
rpy="8 & &" />
<geometry=
<mesh
filename="package://proyecto/meshes/
armazon.STL" />
</geometry=>
</collision>

</link=>
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Turtlebot’s URDF

<!-- Gazebo reference of the left wheel -->
<gazebo reference="left wheel">

<mul value="1.0"/>

<mu2 value="1.0"/>

<kp value="10000000.0"/>

<kd value="1.0"/>

<fdirl value="1 0 @"/>

<material>Gazebo/Black</materials

<turnGravityoff=false</turnGravityoff>
</gazebo>

Gazebo reference for traction wheel and PID
controller la
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Turtlebot’s URDF

<!-- Transmission is important to link the
joints and the controller Transmission for the
left wheel-->
<transmission
name="armazon_to left wheel trans"=
<type=transmission_interface/
SimpleTransmissions</type=
<joint name="armazon_ to left wheel"/>
<actuator
name="armazon to left wheel motor"=
<hardwareInterface=EffortJointInterface</
hardwareInterface>
<mechanicalReduction>1</
mechanicalReduction>
<factuator=
<ftransmission=

Gazebo reference for transmission and motor of g q
left wheel it4 lO]
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Turtlebot’s Launch

<launch> : i " <I-- Starting robot state publish which
<!-- Including Empty world files from will publish tf -->
gazebo --> <node name="robot state publisher”

<include file="S$(find gazebo ros)/

launch/empty_world.launch" /= pkg="robot_state_publisher

type="robot state publisher"/>

<arg name="model" /> i 4 ’ .
<1-- Parsing xacro and setting <!-- Launch visualization in Gazebo --=>
robot description parameter --3| <node name="spawn_model"
<param name="robot_description” pkg="gazebo_ros" type="spawn_model" args="-file
textfile="$(find proyecto)/urdf/proyecto.urdf" / $(find proyecto)/urdf/proyecto.urdf -urdf -
> model proyecto" output="screen" (>
<!-- Setting gui parameter to true for <param name="publish_frequency"
display joint slider --> type="double" value="58.8" />
<param name="use_guil" value="true"/> <!-- Launch visualization in rviz --=
<!-- Starting Joint state publisher <node name="rviz" pkg="rviz"
node which will publish the joint values --»> type="rviz" args="-d $(find proyecto)/

<node name="joint_state_publisher"
pka="joint_state publisher"
type="joint_state_publisher" /=

urdf.rviz" reguired="true" f>
</launch>

Launch file of the turtlebot a
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Robot models

Rviz and Gazebo Simulation
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Mapping using SLAM

<launch>

<arg name="scan_topic”™ default="scan" [>

<node pkg="gmapping” type="slam gmapping” name="slam gmapping”
output="screen”>»

<param
<param
<param
<param
<param
<param
<param
<param
<param

o = F S

name="
names="
names="
names="
name="
name="
name="
name="
name="

PSR

base frame" value="bloque" />

odom frame” value="odom" />

map_update_interval” value="5.8"/>

maxUrange" value="6.0"/>

maxRange” value="8.0"/>

sigma” value="6.85"/>

kernelsize” value="1"/>

lstep” value="6.85"/>

astep” value="06.05"/>
b

itaratd ans® wuasluaunt
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gmapping.launch parameters lg]
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Mapping using SLAM

<node pkg="move_base" type="move_base" respawn="false"

name="move_base” output="screen">

<rosparam file="S(find proyecto)/param/costmap_common_params.yanl”
command="1oad" ns="global_costmap” />

<rosparam file="5(find proyecto)/param/costmap_common_params.yanml”
command="1oad" ns="local costmap” />

<rosparam file="S(find proyecto)/param/local_costmap_params.yaml"
command="1oad" />

<rosparam file="S(find proyecto)/param/global_costmap_params.yaml”
command="1load" />

<rosparam file="$(find proyecto)/param/
base_local_planner_params.yaml™ command="1load" />

<rosparam file="S(find proyecto)/param/
dwa _local_planner_params.yaml" command="load" />

<rosparam file="S$(find proyecto)/param/move_base_params.yaml
command="1load"” [>

Local and global costmap o lg]
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Environment to map. la
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Mapping process S lq
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Mapping using SLAM
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Saved map




«<i-« MAp SECVEr -=»

<arg nenes="nap_file® default="$({find proyecto)/maps/test.ysnl™ />

<hode names"nap_server” pkg
wgE="S5(arg map file)” /=

<arg nare="LAlTLAl_pose =
Allow's map in simulation --

=arg name="inltlal_pose_y~
Allew's map in simulation -«

=arg namg="initlal_pose a”

sinclude files"S{find proyecto)/Llavnch)includesfancl. Lavnch. xml

<afg names"initlal_pose_x
<afg name="Laltial_pode y
<arg name="inltlal_pose a

thas
=arg name="initial_pose_x
<arg name=“initial_pose_vy
warg name=“initial_pose_a

-

< ine Lude=

=ipclude Tlle="5{find proye
wyve Base, lawnch, Al f=

nap_server” types"map_server”

default="8.8"f> <0-- Uze 17.8 Tor
=
default="0
=
default="8.8"»

M7 2fe- Use 17.8 for

walue="8" /=
walie="8" />
walue="8" />

value="5{arg initlal_pose_x)" />
value="5{arg inltlal_pose y)"f»
valuen"5{arg inltlal_pose _a}"f»

cto)fLavnch) includes

I
<arg nanes="use_nap_toplc
<arg names"scan_toplc”

cnode pkge®ancl® types“amcl® name

cparam name="use_map toplc”
e_map_toplc)®f=

!
i
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Autonomous Localization using
AMCL

default="Ffalse" />
default="scan" />
<arg nam@s"inltial_pose x* default="0.8"/>
<arg name="inltlal_pose_y" default
carg name="initial_pose_a™ default

£

value="5{arg

<l-- Publish scans from best pose at a max of 18 Hz --=

<param nang="odom_nmodel type”
=paran nane="odom_alphas®
wparam nane="gul_publish_rate”
<paran name="laser_max_beans
<paran nane="laser _max_range’
=paranm nd:e-'nln_p4-tﬁcleL
<paran nane="nax_particles
cparam nape="kld_srr”

<paran nane="kld_z"

<paran nane="odom_alphal”
<paran nane="odom_alphai®

<i-- tramslation std dev, m -->
<paran nane="odom_alpha3i®
<param name="odom_alphad”
=paran name="laser z hit"

amcl.launch file

valuee"diff" f=

value="8,1" />
valuee A" .
value="66" />

value="12.8" /=
value="508" >

valuee™ 200" =
value="8.085" >

value="0.9%" /=
values"8.2" =
value="8,2" f»
valuee"8.2" f»
value="@.2" >
value="8.5" f»
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Autonomous Localization using
AMCL

# Trajectory Scoring Parameters

path_distance_bias: 0.8 % 32.9
goal_distance_bias: 0.6 # 24.0
occdist_scale: 6.5 # 0.01

forward_point_distance: 0.325 # 0.3
stop_time_buffer: 0.2 # 0.2
scaling_speed: 0.25 # 0.2
max_scaling_factor: 0.2 # 0.2

25

L

Trajectory parameters
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Autonomous Localization using
AMCL

+ + Global Status: Ok
% Grid

* g RobotModel
k ~. LaserScan

» F2 Map

» 2 Map

» P2 Map

» ~ Path

» ~ Path

» ~ Path

» * Pose

feeRREEeEE




The Jetson TK1
nvidia's board is

used as the cpu
of the turtlebot.
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Jetson’s requirements for the

BN~

turtiebot

L4T (Linux for Tegra) 21.3
GRINCH KERNEL 21.3.4
ROS Indigo

Turtlebot and kobuki ROS
dependencies
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Jetson’s configuration

Download and install the las version of Jetpack TK1
(21.3).

Reinstall the system with Ubuntu 14.04.

Update repositories

$ sudo apt-get update y $sudo apt-get upgrade.

Install the custom kernel, in this case the grinch kernel

$ sudo apt-get install git

$ git clone https://github.com/jetsonhacks/installGrinch.git
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Jetson’s configuration

Follow the tutorial on
https://github.com/jetsonhacks/postFlash to improve the
efficiency of the card

Install ROS Indigo

$ qit clone https://github.com/jetsonhacks/installROS.qit

Install essentials

$ sudo apt-get install build-essential
Install g++

$ sudo apt-get install g++



https://github.com/jetsonhacks/installROS.git
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Network configuration

Turilshat - PC Configuration
ROS Master s runming in TwrileBot
ROS_MASTER_LIRI=

et acalhear 11311

ROS HOSTHAME=
<TURTLEBOT B kkk.n
ROS_MASTER_LIRI=

hatp < TURTLEBOT |P=
193511
ROE_HOSTHAME=<FC_IP=

Network configuration between the Host PC and the
turtlebot, after this, it is necessary to do the deb
installation and the source installation respectively <€D lg]
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Configuration of turtlebot’s bringup

obuki_dashboard__KobukiDashboard - Ro

E » i » IR

"‘5'@0 O Console

Warned Device Message

[ 3 e PowerSystem 0K

essage recern i new —>
IIIIIIIIIIIIIIIIIIIIIII[IIIIIi e

This step is
necessary to bring
up or start the
turtlebot  software
and get connected
to the turtlebot from
the host PC




Enable 3D visualization

roslaunch turtlebot bringup 3dsensor.launch

Most of the visualization
launchers can be found
in the

turtlebot rviz_launchers
package. This is useful
to allow the call of
launchers to visualize
the turtle and its data
streams.

S e S Rt b v 1 B SRVt B Sim, B s




name
turtieod_Eeieap/keyhoird trisap

O Fallowe
g Mavngatian e

-
i Keyboard Teleop

4 I
"\or N % q'

il = [ o — 5]
F T 1
: @)

oard Telaor. 1A
[ 3 A )
HIE
L i Universided
de Occidente




Gmapping

« Bring up the robot

malaunch ta

TTlebot_kringup minimsl.launch

« Run the gmapping dema app

roslaunch turtleDol NAVIQATION gmapping demo.launch

www.uao.edu.co
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:Move Camera. | i nteract

[ Displays
> @ Global Options

Selet 7 2DPoseEstimate 7 20NavGosl  emMessure @ PublshPoint

-

» ® Grid @
» #h, RobotModel 4

» % LaserScan [

0.436 -resanpleThreshold 0.5 » % Bumper Hit &
delta 0.05 -particles 89 » F2 map [
Initialization complete » [@ Global Map E

v & Local Map

% Interactions Chooser

Follower

:_rviz._|

_teleop_navigation.launch

Navigation

/p
display name: Make A Map
description: Qt Make
namespace: / Make A Map
Chirp max:-1

process[turtlebot_teleop_keyboard-1]: started with pid [7409]
process[rviz-2]: started with pid [7414]

3D Sensing remappings: ]
parameters: Control Your Turtlebot!

Keyboard Teleop Moving around

Listener

SkeAsie increase/decrease only linear speed by 16
increase/decrease only angular speed by 10%
Qt Joystick Teleop space key, k : force stop

anything else : stop smoothly

[CTRL-C to quit

currently: speed 0.2 turn 1
[ INFO] [1426660158.759882622]: rviz version 1.11.7
[ INFO] [14266661 94580
compiled agalnst OGRE version 1.8.1 (Byatis)
[ INFO] [1426660159.580612024]:

s NOT SUPPORTED
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/kobuki_sa

231 sbakibi

% Interactions Chooser

Follower

Navigation

Chirp

3D Sensing

Keyboard Teleop

Listener

Make A Map

Qt Joystick Teleop

|8 Move camera

# Global Options
v~ Global status: Ok
® Grid

#, RobotModel
W TF

~ LaserScan

Global Map
Local Map
» P2 Costmap

¥ # Planner
> v Status:Ok
Topic [move base/DWAPla...
Add || Remove

| fynteract  [Iselect . 2D Pose Estimate

emMeasure @ PublishPoint =
Fa @ Views

Type: | TopDownOrtho |

Near Clip ... 0.01

Scale 20.6755

Angle -6.72003

x 28.9317

v 898205
save Remove

Stop Interactions

Back

Zero
v Current View  TopDownOrtho ...

TargetFra... <Fixed Frame>

Rename
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30fps
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TurtleBot 2 Autonomous
Navigation and
Obstacle-avoidance

https://www.youtube.com/watch?v=0eDFSXPnh2|



https://www.youtube.com/watch?v=0eDFSXPnh2I

