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v" World Frame

= World Frame2 ZtHEA|0|A 7tE& 7|20 &= 7|& ZtEA(Reference Frame)

= A0 ZHEA(Fixed Coordinate System)
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Transformations(xtH HH=2H
tf2 AN
tf2
u tf 7IE 7H Lél map
Frame : Z}HE2|(Gll, map, odom, base_link, camera_link) — odom
Transform &t Z3|QU0AM CIE DY UOZ 9| tHEH 2H|(3| ™ + 0|5) | | base_link
| | — camera link
TF Tree : 04 Z2f|J0| ASHC= HEE X | | | lidar link
| | — wheel left
n tf '5_"" él 7| % [ tf tree Off ] | | | wheel right
TF E2EIHAE - BaY 7o Hets F7|H2E HEEIHAE map = odom &t : SLAMOILL LocalizationO|A 2£9] 2|X| &
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v Turtlesim O A|
1. 2 Of7|X[2f S5 Y= EX|

sudo apt-get install ros-humble-rviz2 ros-humble-turtle-tf2-py
ros-humble-tf2-ros ros-humble-tf2-tools ros-humble-turtlesim
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v Turtlesim Of|H|
7. HO'2HA L EEO A

ros2 launch turtle_tf2_py turtle_tf2_demo.launch.py
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v Turtlesim O A|

3. EHIY B{0|98 0 teleopkeyS ASHA|7{ HE
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ros2 run turtlesim turtle_teleop_ key



Turtlesim 0| &

tf2 2t0|E2{2|2 AR50 M| 7H9| ZE T 3|l (world frame, turtle1 frame, turtle2 frame)S A
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Turtlesim 0| X| - view frames

A

view_frames= ROSE Edl| tf27} E2EIJAESH= I8 9| CO|0{12H

fujo

Ct= B0 E 0|80t tf27} E2EINAEot= T2 Q| Cto|0 1S H4d

ros2 run tf2 tools view_ frames



Turtlesim ®|X|- view frames

MMEl “frames_2024-10-***** pdf” M G7|

frames_2024-10-21_20.00.28.pdF

view frames Result

Recorded at time: 1729508428.1987648

AT~
world

Broadcaster: default authority
Average rate: 62,695
Buffer length: 5.008
Most recent transform: 1729508428.19287
Oldest transform: 1729508423.184491

turtlel )

Broadcaster : S8 framef&t HHE puslishingot=s ==
Average rate : transform 0| broadcastzl= W £E(hz)
Buffer length : tf27} transform HI0|E{E QX|5t= 7|ZHX)
Most recent tf : 7t =20 242 transform 2| timestamp

Oldest transform : 7}& Q2 E transform2| timestamp

Broadcaster: default_authority

Average rate: 62.697
Buffer length: 5.008

Most recent transform: 1729508428.192771
Oldest transform: 1729508423.18453




Turtlesim 0| X|- view frames

3401 75

off e MY S Sofl tf20AM HEEINAESI= M| 712 T2
=  World frame: turtle12} turtle2 frame&| 22 frame
= view_framese 7I% @elE[10 7tE £ZQ| Iy HSt0| £AE A7[2 CIHA SXO 2 tf2 Ig|0|
tf20]] AA == S0 Ciet &H HEE Bilst

o

view frames Result

Recorded at time: 1729508428.1987648

Broadcaster: default authority Broadcaster: default authority
Average rate: 62.695 Average rate: 62.697
Buffer length: 5.008 Buffer length: 5.008
Most recent transform: 1729508428.19287 Most recent transform: 1729508428.192771
Oldest transform: 1729508423.184491 Oldest transform: 1729508423.18453

turtlel )




Turtlesim 0| X|- tf2_echo

tf2_echo= ROSE Sl EEEHAEE & I 719| H !

o

S HE0

ol

CI2 HBFOE 0|26}0] tf2_echo Aldl(turtle2 7| =22 turtle19] YX|EEE HHZ)

ros2 run tf2 ros tf2 _echo turtle2 turtlel



Turtlesim 0| X|- tf2_echo

Ct21 22 £ 2 Soll tf2_echo 2|AL7I ROS2E Sdlf broadcasting & T3S £A1& I transform0| B
MEE AE HE TS
o0
At time 418714435
Translation: [0.000, 0.000, 0.000] < (x,y,2) 2
Rotation: Quaternion [0.000, 0.000, .482, 0.876] € Quaternion EE(x, v, z, w)
Rotation: RPY (radian) [0.000, 0.000, .005] & RPY : Roll(x® Z4), Pitch(y= Z4l), Yaw(z= Z4))
Rotation: RPY (degree) [0.000, 0.000, .5771] € Yaw(zE 40| AL WML 5t £
Matrix:

.536 . 844 .000 .000 T
.844 .536 .000 .000
.000 .000 .000 .000
.000 .000 .000 .000

Timestamp
Turtle2 ZHHEAH 7|Z2Z turtle1 IX|(m TH2)

Turtle2 7|Z9Z turtle10] O &0 2 S|HME|0] YE=X]|




Turtlesim O A|- rviz
Rviz2 GA| tf2 TS Aot O] K5t A|Zst 412 A2 7S
= —d SNE AIE06IH M OIAUZ A|RSHH rviz2E AF25H0] HE0| TS 2=t Tts
10| MBS A& SX|3 MEHOIA CHE EID|SR0IM CHS HEOIS S5 rviz2 Ao
. N

ros2 run rviz2 rviz2 -d $(ros2 pkg prefix --share turtle_tf2_py)/rviz/turtle_rviz.rviz



Eile Panels Help

|_”j| Interact % Move Camera {_iSelect

# 2D Pose Estimate A 2D Goal Pose 9 Publish Pgint L =

Turtlesim 0| A|- rviz

> ”1“&:@:21 o
AO|E HIZ Soff tf20|A| broadcast som—
= frame= & /IS5, H=0|S L

v wcurld Transform OK
o o Show Names
Show Axes
XIO|D:| rVIZO‘”A-IE frameol II | Show Arrows
Marker Scale
L O =1 |_ Update Interval
: 7A = t xl- 7 |- Frame Timeout
~ Frames
All Enabled
turtlel
_ turtle2
[ AEI§6HE7| ] world
b Tree

Show Names : check box X3 > 0|EH7|
Marker Scale Zf HHHEZ| : 1 > b
Teleop_key 2Z!0|H RvizOIA turtle 2%/ 22517 |(WorldZEHE)

VA=
(Blue)




Turtlesim O A|- rviz

Default - rqt
File Plugins Running Perspectives Help
\Topic Monitor (2)

Topic Type Bandwidth Hz Value

= J/clicked_point geometry_msgs/msg/PointStamped not monitored

[ AlﬁoHijl ] b ;
=1=] /goal_pose geometry_msgs/msg/PoseStamped not monitored
_ _ finitialpose geometry_msgs/msg/PosewithCovarianceStamped not monitored
RQTY| poself|A] turtle1xt 22| ZtH &OIsHH 7| : /parameter_events rcl_interfaces/msg/ParameterEvent not monitored
' 2™ Jrosout rcl_interfaces/msg/Log not monitored
: p . JEF tF2_msgs/msg/TFMessage not monitored
ros2 tOpIC echo turtle1 /pOSG ; JEF_static tf2_msgs/msg/TFMessage not monitored

Jrurtle1/emd_vel geometry_msgs/msg/Twist not monitored

unknown
2.8083245754241943
9.235157012939453
1.5360000133514404
linear_velocity 0.0

Jopt/rosfhumble/sharefturtle_tf2_py/rviz/turtle_rviz.rviz* - RViz
File Panels Help

|“_ |Interact Move Camera i~ Focus Camera I Measure A 2D Pose Estimate A 2D Goal Pose 9 Publish Point L

Displays =
Global Options =
Fixed Frame world
Background Color [ 48; 48; 48
Frame Rate 30

" Global status: Ok

> Grid v
+~ TF v
v Status: Ok
Show Mames
Show Axes
Show Arrows

Add




URDF
URDF

= URDF(Universal Robot Description Format)= ROSOIA| 222| YWAtul 182 X|Hsl7| SIsh ot A

= 229 &3 (link), ZRE(joint), A, BFHO|E| S2| S2|H A S5S 250 22| 3D RES
A EH 0|5t LL MM 22 N A|2R0M AR = AUA =21

= FQ M QAE=CI20 S

BA(link) : 22| S2|HQ B2 LIELH, 2M =M Z olsie = As. 4 3=
2, B, O 54 S22 SHES IIA.
ZQE(joint) : 7+ A& HASIH 2X0| XY =+ U/ ot= HEH. 2| 230|Lt
x_lAI_-I _'8_%% gglg _¢_ QAI% 15t axis

. |
WE R AR 220l 2t YF0| MY YHOIL HAKE Folstol e A8

Pt avwow robotis.coinmd

OO M 7Ol == AUS
M 9l o4==0f|0|E : URDF It S =7
QA58 HoE + U8

2
2S SOLIDWORKS

r AUTODESK’
" FUSION 360"
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v ERO| NZE B BHE7)
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URDF
vEZRO AN 3 9IS 1
1. o2 B™OE 0|83+ urdf-tutorial & X
XX

sudo apt install ros-humble-urdf-tutorial

2. L=

0X

JOE 0|85t urdf ItE &

ros2 launch urdf_tutorial display.launch.py model:=urdf/01-myfirst.urdf

|la
>



URDF

/ERO| NZH Y o

Al
(—

0%t

L

File Panels Help

Move Camera

Displays
Global Opticns

#h, RobotModel
» TF

Add

r@ Views
ype: | Orbit (rviz_default_plugins)

~ Current View orbit (rviz)
Mear Clip Distance 0.01
Invert Z Axis
Target Frame <Fixed Frame=>
Distance 1.7
Focal Shape Size 0.05
Focal Shape Fixed Size v
Yaw 5.5
Pitch 0.33
» Focal Point 00,0

Remove Rename

—4

Jopt/ros/humble/share/urdf_tutorial/rviz/urdf.rviz* - RViz

Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel: Zoom. Shift: More options.



URDF
/BRI A BY 57| 1- A
. CH2 HHOIE 0|83}0] urdf THUol AC

000
cat /opt/ros/humble/share/urdf_ tutorial/urdf/@1-myfirst.urdf

I https://github.com/ros/urdf_tutorial/blob/ros2/urdf/01-myfirst.urdf

<?xml version="1.0"7?>
<robot name="myfirst">
<link name="base 1link">
<visual>
<geometry>
<cylinder length="0.6" radius="0.2"/>
</geometry>
</visual>
</ 1link>
</ robot>

ok

o

olr

|la
r|>


https://github.com/ros/urdf_tutorial/blob/ros2/urdf/01-myfirst.urdf
https://github.com/ros2/rclpy/blob/rolling/rclpy/rclpy/publisher.py

URDF
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/B2 A2 B¥ 8hE7| 1 - AE
- XML HT M
<?xml version="1.0"7?>

* Robot Ei: URDF LtE= A8 I 2EX= 72

Mok

P UAE 0l U
<robot name="myfirst">

- 23 M 39| 0|F M = geometry Ef 1 PHO| A cylinder ER1E ARESH Z0| 0.6m, EHA|
= 02me| A7|s& d 2

<link name="base_link">
<visual>
<geometry>
<cylinder length="0.6" radius="0.2"/>
</geometry>
</visual>
</1link>
</robot>



ros2 launch urdf_tutorial display.launch.py model:=urdf/02-multipleshapes.urdf
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2 Z0HRZ9| tf S22 RobotModelS2| MA LA M| =50 Mt Cha CHEA 28 == AU LT

2

“»Move Camera | ¢

1 pisplays
» # Global Options
v/ Global Status: Ok

S reid

»
» i, RobotModel
»

) TF

Add

@ Views
Type: | Orbit (rviz_default_plugins ~ Zero

~ Current View Orbit (rviz)
Near Clip Dista... 0.01
Invert Z Axis
Target Frame <Fixed Frame>
Distance 1.7
Focal Shape Size  0.05
Focal Shape Fix...
Yaw
Pitch
Focal Point

Save Remove Rename

Reset = Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel: Zoom. Shift: More options.
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= Crg B8O E 0|80t urdf of&2| ZE 2Ql(2 & SdHM T &2l 7ts)

cat /opt/ros/humble/share/urdf_tutorial/urdf/02-multipleshapes.urdf

<?xml version="1.0"7> m

<robot name="multipleshapes">
<link name="base link"s> https://github.com/ros/urdf_tutorial/tree/ros2/urdf
<visual>
<geometry> [3
<cylinder length="0.6" radius="0.2"/>
</geometry>
</visual>
</link>

01-myfirst.urdf
02-multipleshapes.urdf

<link name="right_leg"> 03-orlg|ns.urdf

<visual>
<geometry>
<box size="0.6 0.1 0.2"/> € FI7|™E(X=0.6, Y=0.1, Z=0.2)
</geometry>
</visual>
</1link>

04-materials.urdf
05-visual.urdf

06-flexible.urdf
<joint name="base_to_right_leg" type="fixed"> € Joint H9J
<parent link="base_link"/>
<child link="right_leg"/>
</joint>

07-physics.urdf

0O 0O 0 0 0 0 O

08-macroed.urdf.xacro
</robot>


https://github.com/ros/urdf_tutorial/blob/ros2/urdf/02-multipleshapes.urdf
https://github.com/ros/urdf_tutorial/tree/ros2/urdf
https://github.com/ros2/rclpy/blob/rolling/rclpy/rclpy/publisher.py

URDF
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v BHEO| A|ZHY pel OlEy| 2 - A C

= right leg @3 : 39| 0| MY £ geometry Ef 1 GOl A box E§IE ALY x, y, o 27|17} 242
0.6, 0.1, 0.2¢2! EfA 410

L =1 —

<link name="right_leg">
<visual>
<geometry>
<box size="0.6 0.1 0.2" />
</geometry>
</visual>
</ 1link>

rignt_leg



|la
>

URDF

/20| NZHH B BHE7| 2 - AC
E

= basel} right_legE AHZA5I= ZRQE: XQE O|F M2 F type="fixed"E Soll 173 ZQUELZ A
= Parent link&} child link& &35l O{= @37 FE0[11 O{= 37 A4S M

-« Parent link(22 &3): £ jointE 7|[E2=E &0 |IX[St= EAE, Joint7l HEE[= FAX
30|, jointe| =X 0| Lt child linkE M O{ot ALt X| &
- Child link(XtA 213) : EH jointE 7|=2 2 oI2/0 IXIste 23 Z, Parent link2EE 593}
C

(@)
&! %I’%I:E XI_EI:I-E

-

<joint name="base_to_right_leg" type="fixed">
<parent link="base link" />
<child link="right_leg" />
<origin xyz="0 -0.22 0.25"/>

</joint>
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ros2 launch urdf_tutorial display.launch.py model:=urdf/03-origins.urdf



URDF

VEXOAMOH BE UST] 3
A O| A

2l AIH2IZF2| tf S22 RobotModelS2| M AEA M| 770 W) B B EA EY = JAS LT

L pisplays
= Links
Link Tree Style Links in Alphabetic Order
Expand Link Details
All Links Enabled
» & base_link
v & right_leg
> TF
v Status: Ok
Show Names -
Show Axes v 1 r
show Arrows v rlg I[ Ieg
Marker Scale 1 w——
Update Interval 0

P

Show Names
whether or not names should be shown next to the frames.

base linkK

Add

vl Views

Type:  Orbit (rviz_default_plugins)

* Current View Orbit (rviz)
Near Clip Distance 0.01
Invert Z Axis
Target Frame <Fixed Frame>
Distance 1.31648
Focal Shape Size 0.05
Focal Shape Fixed Size v
Yaw 0.0768166
Pitch 0.335
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cat /opt/ros/humble/share/urdf_tutorial/urdf/03-origins.urdf

) Joptfros/humblefsharefurdf_tutorial/rviz/urdf.rviz* - RViz
<?xml version="1.0"?7>

<robot name="origins">

File Panels Help

<link name="base_link"> FMoeCamem |+ =
<visual> ] Displays
» Mass Properties
<geometry>
. . Update Interval 0
<cylinder length="0.6" radius="0.2"/> Alpha 0.8
eometrv> Description Source Topic

</. g y + Description Topic /robot_description

VVISua1> TF Prefix

</1link> « Links
Link Tree Style Links in Alphabetic Order
Expand Link Details

o w_ - n - e
<link name="right leg"> All Links Enabled
<visual> » & base_link rlg Ieg

<geometry> 'JL;F/r@MJq
<box size="0.6 0.1 0.2"/> S \\\
</ geometry>

<origin rpy="0 1.57075 0" xyz="0 0 -0.3"/>

_——'------

- l.

Svisuat> base .nk
ink> ~ —

B Views

<joint name="base_to_right leg" type="fixed"> SISO TATCI LD

<parent link="base_ link" /> vamMﬂhw Orbit (rviz)
- . _n: " Near Clip Distance 0.01
<child link="right_leg" /> Invert Z Axis
<0rj_gin xyz:"@ -0.22 0.25" /> Target Frame <Fixed Frame>
oo Distance 1.14182
</ joint> Focal Shape Size 0.05

Focal Shape Fixed Size v
5.86501
</ robot> i 0.295001


https://github.com/ros/urdf_tutorial/blob/ros2/urdf/03-origins.urdf
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URDF
/20| NZHH B 95| 3- AC

- Origin =7t : 7|& @30 origin2 Sdfl sile 20| SZtE0IA OC|of XSt EA ZHEN U=
X2 Mo

= !

<link name="right leg">

<visual> 1. link0IA 2] origin
<geometry>
<box size=“0.6 0.1 0.2"/> = IO XHHEAE 7IECE AN QA(HIA FHE{Q| C2|)Q] K|t XtMIE M|
S (A - 230| HEA= B 30| HEANM XOES E5] Yo/

<origin rpy="0 1.57075 0" xyz="0 0 -0.3"/>

</visual>yzoz 905(1.57rad) & ZI:CI)I-§>9 —0.3ut=2 0l 2. joint®M<| origin :

link>
< = XA &3 (child link)Q| ZEA7t 22 39| ZEA MM O{EA HHX|==X] F2
<joint name="base_to_right_leg" type="fixed">

<parent link="base_link" />

<child link="right leg" />

<origin xyz="0 -0.22 0.25"/>
</joint>

g BaseZtEH 7|Z0=

YRISIO 2 -0.22(21%), ZHaoZ 0.25 P2 0|s



URDF
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StOf U &Y urdf If &3 2X0| M 2ot LEX Lh2|§ F7tet ot

ros2 launch urdf_tutorial display.launch.py model:=urdf/04-materials.urdf

v’ Global Status: Ok
< Grid

L pisplays
»
»
»

#h, RobotModel
v 3 TF

» v Status: Ok
Show Names
Show Axes
Show Arrows
Marker Scale
Update Interval
Frame Timeout
Frames
Tree

Add

»® Views
Type: | Orbit (rviz_default_plugins)

~ Current View Orbit (rviz)
Near Clip Distance 0.01
Invert Z Axis
Target Frame <Fixed Frame>
Distance 1.31648
Focal Shape Size 0.05
Focal Shape Fixed Size v
Yaw 5.49001
Pitch 0.430204




o AKRIFQ| tf 22 RobotModels2| M AEA K| FF0 M2t Cia CHEA EY == AFL|CH

# Global Options
v/ Global Status: Ok
<@ Grid

i, RobotModel

)> TF

Add

@ Views

Type: | Orbit (rviz_default_plugins)

~ Current View Orbit (rviz)
Near Clip Distance 0.01
Invert Z Axis
Target Frame <Fixed Frame>
Distance 1.7
Focal Shape Size 0.05
Focal Shape Fixed Size v
Yaw 5.5
Pitch 0.33
» Focal Point 0;0;0

Save Remove Rename




cat /opt/ros/humble/share/urdf_tutorial/urdf/04-materials.urdf

<?xml version="1.0"?>
<robot name="materials">

<material name="blue">
<color rgha="0 0 0.8 1" />
</material>

<material name="white">
<color rgha="111 1"/
</material>

<link name="base_link">
<visual>
<geometry>
<cylinder length="0.6" radius="0.2"/>
</ geometry>
<material name="blue" />
</visual>
</1link>

base link

|la
r|>


https://github.com/ros/urdf_tutorial/blob/ros2/urdf/04-materials.urdf

URDF

|la
>

vERO ALY BE AEJ| 4 -3

=
T

- M E(material) 2| : LfEtAd | E A W7EM THE M A F2 rgba2 WL, ==

Z|0f U=

ozt Efe 202 LY

/

<material name="blue">
<color rgha="0 0 0.8 1" /> <0:EH 1:2EH
</material>

<material name="white">
<color rgha="1 11 1"/>
</material>



v 229| AlZt

—
. 9% o==x
<link name="left leg">»
<visual>
<{geometry>
<box size="0.6 0.1 0.2"/>
</geometry>
<origin rpy="0 1.57075 @" xyz="0 @ -0.3"/>
<material name="white"/>
<f/visual>
</link>

<joint name="base to left leg" type="fixed">
<parent link="base link"/>
<child link="left leg"/>
<origin xyz="© 0.22 0.25"/>

</joint>
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» Base_link(28) HZ0 = 742 Ctel(right_leg, left_leg)7t 1 ¥ E
= Right_lege 22%(-0.22, 0.25), left_lege 21%(0.22, 0.25)0f &X|
» S OEE YE 718 90=(1.57rad) 3|H™ot0] 71 MO| ZE2 HiZtHEA &

<link name="right leg">
<visual>
<{geometry>
<box size="0.6 0.1 0.2"/>
</geometry>
<origin rpy="0 1.57075 0" xyz="06 @ -0.3"/>
<material name="white" />
</visual>
<f1link>

<joint name="base to right leg" type="fixed">
<parent link="base link"/>»
<child link="right leg"/>
<origin xyz="0 -0.22 @.25"/>

<fjoint>
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ros2 launch urdf_tutorial display.launch.py model:=urdf/05-visual.urdf
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» ¥ Global Options

» v Global Status: Ok
» @ Grid

» #h, RobotModel

» 3> TF

Add

@ Views
Type: | Orbit (rviz_default_plugins)

~ Current View Orbit (rviz)
Near Clip Distance 0.01
Invert Z Axis
Target Frame <Fixed Frame>
Distance 1.7
Focal Shape Size 0.05
Focal Shape Fixed Size v
Yaw S
Pitch 0.33
» Focal Point 0;0;0

Save Remove Rename

Reset Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel: Zoom. Shift: More options.
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cat /opt/ros/humble/share/urdf_tutorial/urdf/@05-visual.urdf

<?xml version="1.0"?>
<robot name="materials">

<material name="blue">

* base link
<color rgha="0 0 0.8 1"/> - gripper_pole
</material> » left_gripper
v right_gripper
) ) * head
<material name="white"> box
<color rgha="111 1"/ T letle
</mater'1a1> lgft_Frent_wheel

left_back wheel
* right_leg
* right_base

= —Li C_ _ L .. ._L _



https://github.com/ros/urdf_tutorial/blob/ros2/urdf/05-visual.urdf
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<link name="right gripper">
<visual>
<origin rpy="-3.1415 0 0" xyz="0 0 Q0" />
<mesh filename="package://urdf_tutorial/meshes/1_finger.dae" />
dA ol &

S/

DAEIIA(COLLADA)
Digital Asset Exchange. 3D 2 & I}
AZEQ0ZHHIOIE W

<geometry>
OHL|DHO[ S&= et

PN
=2, L-0O,

= XMLY¥ACZ MEE0 3D
Jlotetd HH 9 IHE, X3
URDF2t &7H AFEotH oot AIZIRES HH

</ geometry>

</visual>
</ link>
<link name="head"> "
<visual> "
<geometry> = COLLAborative Design Activity
<sphere radius="0.2"/> STLI(STereoLithography)
</geometry> = 3D Z2IE U CADEZIHOA Ha| AFRElS I &4l
<material name="white" /> = XHRL AHAL OHLIOHOA RE= 91T QX 7|518M XEOr ol2
</visual> = 3DIIEIOA JFA TH0| AFRE|T COLLADAIIUELH CrAst
»  GazeboO|A A2

</1ink>
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Export SlA| AL8%t

ROS & |X| ZE|Xt= o]t 7| X[ S RX| 225X RoB2 = YoM = CHEX| S
Crak, of2lf @33 &=olH O XMt EE S + AS

https://docs.ros.org/en/humble/Tutorials/Intermediate/URDF/Exporting-an-URDF-File.html

=X =xmz 7 STL DAE
EE BT |} 31X FreeCAD. Fusion360 Blender Blender
FreeCAD
Saot D BIAXTIK| He Blender Fusion360 R,
_ \VEWE!
TR ZHR Doz TinkerCAD(STLZH g orks 3ds Max
ThinkerCAD
7152 oY X2 B SketchUp MeshLab e



https://docs.ros.org/en/humble/Tutorials/Intermediate/URDF/Exporting-an-URDF-File.html
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Joint State Publisher —

Randomize

Center

right_front_wheel_joint

C—

right_back_wheel_joint

left_front_wheel_joint

————

left_back_wheel_joint

Com———)

gripper_extension

. __ _ _____ __ __ ___|

left_gripper_joint

right_gripper_joint




ros2 launch urdf_tutorial display.launch.py model:=urdf/06-flexible.urdf
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> Move Camera P

3 pisplays
# Global Options
v" Global Status: Ok
<€ Grid :
i, RobotModel Randomize
)= TF

Joint State Publisher — O X

Center

right_front_wheel_joint

right_back_wheel_joint

e

left_front_wheel_joint

=

left_back_wheel_joint

Add

@ Views E gripper_extension 0.000
Type: | Orbit (rviz_default_plugins) S ——

~ Current View Orbit (rviz)
Near Clip Distance 0.01 left_gripper_joint 0.000
Invert Z Axis
Target Frame <Fixed Frame>
Distance 2.67498
Focal Shape Size 0.05 right_gripper_joint
Focal Shape Fixed Size v
Yaw 5.53
Pitch 0.28
» Focal Point -0.19521;-0.1901; 0.043087

Save Remove Rename

Reset Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel: Zoom. Shift: More options.
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cat /opt/ros/humble/share/urdf_tutorial/urdf/06-flexible.urdf

<?xml version="1.0"7?>
<robot name="visual">

<material name="blue">
<color rgha="0 0 0.8 1"/>
</material>
<material name="black">
<color rgha="0 0 0 1" />
</material>
<material name="white">
<color rgha="111 1"/
</material>

|la
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https://github.com/ros/urdf_tutorial/blob/ros2/urdf/06-flexible.urdf

URDF
/ENY 4+ Y= 28 2Y HEY| - AE

- joint type: CFS1t 20| joint2l type= X|HoliF0{0F &t
<joint name="base_to_right_leg" type="fixed">

<joint name="right_base_joint" type="fixed">

:joint name="right_front_wheel_joint" type="continuous">
:joint name="right_back_wheel_joint" type="continuous">
:joint name="base_to_left_leg" type="fixed">

Zjoint name="left _base_joint" type="fixed">

:joint name="left_front_wheel_joint" type="continuous">
zjoint name="left_back_wheel_joint" type="continuous">

<jolnt name="gripper_extension" type="prismatic">

|la
r|>
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<joint name="head_swivel" type="continuous">
<parent link="base 1link" />
<child link="head" />
<axis xyz="0 0 1"/>
<origin xyz="0 0 0.3" />
</joint>

continuous joint

T
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. Jam
- 2|9 AL 3™ EQE(revolute joint) 2 2 Z E(limit7t Y-S

- ZQIEQ| Ed(effort), StoHlower), &SHupper) 12|10 £|T] & & (velocity) 52 Holg

<joint name="left_gripper_joint" type="revolute">
<axis xyz="0 0 1" />
<limit effort=“1000.0" lower=“0.0" upper=“0.548" velocity="0.5"/>
<origin rpy=“0 0 0" xyz="0.2 0.01 0" />
<parent link=“gripper_pole” />
<child link=%1left_gripper” />
</3joint>

revolute joint
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<joint name="gripper_extension" type="prismatic">

<parent link="base_ link" />

<child link="gripper_pole" />
<limit effort="1000.0" |lower="-0.38" | upper="0" velocity="0.5"/>

<origin rpy="0 0 0" xyz="0.19 0 0.2" /> € 0.38m OHE(IIO|L{A HIENOZ SOIIEE A1

-
&

prismatic joint
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(=) AL | -
v = QA=s=22 o 0l
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Randomize

GUI £2i0|H: GUI =2[0|H& Ctadl &2 ez S& = e
GUIZl URDFE & =4otd DH™HE[X| F2 = ZQEQ} Ko (limit)2 &S
right_front_wheel_joint
S2l0|E ol 4+2 AFE S ‘'sensor_msgs/msg/JointState’ HA|X| S EH —
ERL L PNPNES robot_state_publlsher o 7| X|of e|sf A E|E:.|(—|I' ZHEZN e 25 right_back_wheel_joint
o EafiAZ AAh

H3t E 2 (transform tree)E AI25I0 RvizOAM 229 D= OIEE A|ZAHOZ HA left_front_wheel_joint

CE——

left_back_wheel_joint

|

gripper_extension

left_gripper_joint

right_gripper_joint
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TE Joint State Publisher Robot state Publisher
At 22| B & #HE(Joint) ZEH(IX])E Publishing /joint_states& ®O[A| YA S Ato|2| Xt HEHTF)E Al 46 Al Publishing
Zt Joint2| Position#tS B2 HAIX| & ddstn Zd | /tf > SE0o|= Ha e
LAlSI= EH /joint_states tf/ static > D™ E AJ7ZHHSE
Sensor_msgs/msg/JointState Tf2_msgs/msg/TFMessage
AESI= ED [/joint_states

Robot_description

robot_description It2tH|E{(joint O, EtR, MITHE
210{ A{(URDF) &2t0|C{(gui) ‘4°d

/joint_states&
TF Al

Hk 1 UDRFZ 1 Link-Joint +Z(Tree)E Parsing
4F 2 [tf Publishing

7|E}

Sensor_msgs/msg/JointState
Header : A|Zt,
Name : ZQE

Position : Zt ZQIE 9| &ix|| 2| X|

b, frame_id
=2| 0| &

Velocity :
Effort : &

robot_state_publisher& robot_description parameter(URDF &1 &= X}
¥)E A=2link-joint tree X%
/joint states ET T 5(ZF QU E Q| ©xf 2IX| Z})
OlE 7I-° 7|_=,<_o§ 3D_I_|x|g|. ul-ot(TF)j.“Al-
Z} P 30j CHoll /tf E= 2A

X 3F2F mobile robot X & base_link 7t =

joint_state_publisher m robot_state_publisher m

/joint_state

SE|oICHR?

RViz,
I

/tf_static =22 3d , 2XIQ A|Zts}

- Robot_state_publisher= base_link 2t 22|, Localization(map) ==& Odometry(odom)Z} TFE publishing &
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cat /opt/ros/humble/share/urdf_tutorial/urdf/07-physics.urdf

<?xml version="1.0"7>
<robot name="visual">

<material name="blue">
<color rgha="0 0 0.8 1" />
</material>
<material name="black">
<color rgba="0 0 0 1"/>
</material>
<material name="white">
<color rgha="111 1"/
</material>
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https://github.com/ros/urdf_tutorial/blob/ros2/urdf/07-physics.urdf

= geometry: 39
- cylender: ¥7|S HEf AHE
= inertia: 2 HIME

- mass: 22 kg)

N
=

XX, iyy, izz Xy, z5S SH2E o= 2H

= (product of inertia)2 2, 37} 2 0|2|9| =0 CHl O{E A 2 ™M=
| 2| 25 B A S ZdEst= O ALEE.

Mg
© Xy, IXzZ, 1IyZ :
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>
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1 E
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o
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rot
i
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N oM
o
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=X

HMSE22M AlZ2 0 d0A Ea29| 2™

K name="base_ link">

2 xlolQ|

i ==

Aoz

= 1 |

rot
H
rot
Mot

A Ol©S
T AR O

<1li

>3

<collision>
<geometry>
<cylinder length="0.6" radius="0.2"/>
</geometry>
</collision>
<inertial>
<mass value="10"/>

<inertia ixx="le-3" ixy="0.0" 1xz="0.0" iyy="le-3" 1yz="0.0" i1zz="le-3"/>
</inertial>

X & LIEH(CHE =
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= XACRO (XML Macros)= URDFJITO'2 O @880z 2dd = AT EoF= XML 7[8te| I3 = 10

* 0|= Sof =":°I == %oma FAErdS &E

= Xacro, URDF, SRDF &0t 7|
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v Using Xacro

= MM A= XacroE 0| &SI ZEE ChEast= HHS

Xacro= Ct&1t €2 EE= 7t
AR SHAH: ZEE QAE T ZE HO|EH0] 02| RO|AM RHALE 7t
V54 e ool R E O Y=SHA TH=0] O[5St | ¢ =
T B 80| . HE AFSE of XO|AM =735t H Ao HFEE 2= 2E| 7 He

N

—

o
Mok

F

of

X~
o

Xacro= Lh& 830= 2%| 7Is(tiF=2 8% 0/0] X[/

sudo apt-get install ros-humble-xacro

%2 7H540| &)
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v Using Xacro

Xacro= XMLE DHELE 1O
oo x

S
-1 O T
URDF
Universal Robot Description Format

2RO SoX Ax(ZE) F2

SRDF

Semantic Robot Description Format

XACRO

XML Macro

g3, X0IE, #Y, &=

S

ZRO| oJUIEXN(RSEH) FH F9

Ho

URDFY| & HM(ZE XHALRY S71)

o O O

£3t 18, 58

St 18, 55 &1 4%, A= OfE 47

URDF

Gazebo, Rviz, Moveit!

Moveit!

Gazebo, Rviz, Moveit!

) URDFE 7|60 2 Moveit!e 93t ]
BEEO| I1XE XNOo|5t= 7| I URDFE 4 Mol= =+
O|0|EX MH™E FII5k= Y
Xacrolll Y2 URDFZ HH&t5H{o}
URDF URDFZ SRDFZ Hat 2715, =2
Gazebo, Rviz, Movtit!SO|M AI27ts
URDF A|23|0|M2 7}sSIXITt ZEAH & 8271 | MoveitlZ22 42

HE =7 AH8d2{H SRDFER

XacroE URDFE MAsi=e =4

% 0Oll, SolidWorksS CAD AZE

% OHY HSETA

AZEQO EEEH 4/ > Xacro (H
xacro > urdf H&0f

Hu
_E_I
me
rE
fot
N

oIr
Ot
.',I.

2h > URDF (%Y

St HEH yrdf > xacro 5 H3 7}

A MEEE 2REAMAS O

ti5h > SRDF

OII'

[
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v"Using Xacro - Constants
= 2 MMO|AME XacroWlM MA+E
= O|F R2D2 O M| 0| M= Ct=31t &
H S

oT =

Y7 LR X
Asle{ 0 CH2 siLtE 20| BIZs
. WEtN 2Zo| AES By

I-Ol.E 0:"I-I
10| S=0| Y0l H(ex: cylinder?| A0|2} HHX|SS & B X2 O|2{et 8% otLte| =
| i =0{0F &

Sto &= A2 Ste £d8 X80t LER T EQF 40| HES= A0 FE2
<xacro:property name="width" value="0.2" />
<xacro:property name="bodylen" value="0.6"

<link name="base_link"> <link name="base_l1ink">
P <visual>
<geometrv> SIS
<cylinder length="0.6" radius="0.2"/>
</ geometry>
<material name="blue" />
</visual>
<collision>
<geometry>

<cylinder length="0.6" radius="0.2"/>
</ geometry>

</collision>
</ 1link>

<cylinder radius="${width}"
length="${bodylen}" />
</ geometry>
<material name="blue" />
</visual>
<collision>
<geometry>
length="${bodylen}" />

<cylinder radius="${width}"
</ geometry>
</collision>
</link>

/>
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v"Using Xacro - Constants

= 0N O =FO0ME AE TOIL 20| 2| 7ts

= ool ER2 Mg F =0 XEEH, o] 4= Aol &2
 MSEr5(70l BT olo| 442 NolYE YACR A TS
<xacro:property name="width" value="0.2" />
<xacro:property name="bodylen" value="0.6"
<1ink name="base_11nk"> <-|.1n|; I:lame;:baSE_llnl(">
. visua
<visual> <geometry>
<geome:try> . <ry'|'indpr' radj_us::"${wj_dth}"
<cylinder length="0.6" radius="0.2"/> length="${bodylen}" />
</ geometry> </ geometrys
<material name="blue" /> <material name="blue" />
</visual> </visual>
<collision> <collision>
<geometry> <geometry> : " . "
<cylinder length="0.6" radius="0.2"/> 1ength="${bo§§£;??e/i SR, (AT,
</geometr'y> </ gEUMetTy>
</collision>

</collision>
</1link>

</1ink>

|Ia
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v"Using Xacro - Constants
« 2 MA0M = XacrodM == ChE= 2HE ooty &otE oS

AMe
= XacroO|AM= 7|2 AMXIGIAL HS HEA (unary minus), %*§(parenthesis)%% NS

<cylinder radius="${wheeldiam/2}" length="0.1"/> - HIX|Z = Al2IGo| = /2
<origin xyz="${reflect*(width+.02)} 0 0.25" />
= xyz& X reflect * (width + 0.02)
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v"Using Xacro - Macros

2 MM M= Xacro 12 E CHF = 20| Cfsto] ot= o

Xacro i3 2= ‘<xacro:macro>' E{1E AMESI0] Hol&|, £ 7|2 s=Hst=
SiE ZEE MALEO| 7tsStESR St= A

% 3 2= python?| =2} H|X3H A2 oIt 2 5= AUS

C

crof Df3 29| OffAl:

1. OS HSE A2 The%t Xacro lHA 2 2, default_originO|2tE 0|52 7t% A2 E Foltt

dE

20z 1@y

_|

A.

2. '<xacro:default_origin />'& & Al ‘<origin xyz="0 0 0" rpy="0 0 0"/>'7} SliT 2{X|0f & =

<xacro:macro name="default _origin">
<origin xyz="0 0 Q0" rpy="0 0 0" />

</ xacro:macro>

<xacro:default_origin />

H Hd O

—_
[=)
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v"Using Xacro - Macros

= O LOp7t Oi3 =0 mi2t0|HE @A 2 8% Cadt
=3

1. H2t0[EE AFEStRAr & U 32 O|F Fl0f ‘params'E F7t 7ts

2. 0] A2 <xacro:default_inertial mass="10"/>&

<xacro:macro name="default_inertial" params="mass">
<lnertial>
<mass value="${mass}" />
<lnertia 1xx="1e-3" 1xy="0.0" 1xz="0.0"
1yy="1le-3" 1yz="0.0"
1zz="1e-3" />
</inertial>
</ xacro:macro>

_l_x

e

= T8 A8 7ts

Al oS X0 LEF A=t

<inertial>

it
o
Ot

<mass value="10"
<lnertia 1xx="1le-3"
iyy="1e-3" 1yz="0.0"
1zz="1e-3"

</1inertial>

/>

/S

|la
r|>

ixy="0.0" ixz="0.0"
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=  ERO| ZEQ XOE MEfE 7|HICZ TF EZ|E X152 2 450 LfE ROS2 =E=0| &€ = JUEE
= ROS20|AM EEZ Al=20| M5t TFEZ|E #8352 H =
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URDF

v"Using URDF with robot_state_publisher

1. 22 od=2|E d85H= URDF 22 A4
2. SAS A B 0| MBI JointStateQt HEHS AA|St= & XY
3. robot_state_publisher& AFE5I0 TN 22 HEHE /tf20] AHA|

Alttoh St TF 2 e 2 HE2[Ale

X QSO : urdf_revolution.zip

urdf_revolution.zipS 251} 20| CIHEZ| 0| XZELD SAL >

(@]
robot_state_publisher: URDF It 22 A28t 229| ME{f(ES| =E

JENE HEE[Aots LE2, 2RO Zf RRIE HEjet 3 ¢

|la
>

MMOAME 2 228 REEISHT AEIE tf2 A X2 AHA|SED, RvizOAM A|SHO|ME 2t&Ete oA
H o o
- | 3

& cd urdf_tutorial_

L— demo.launch.py
LICENSE
package.xml

L— urdf_ tutorial r2d2
setup.cfg
setup.py

— test_copyright.py
— test flakeB8.py
— test_pep257.py

— r2d2.rviz
— r2d2.urdf.xml

— __init__ .py
t:: __init__.cpython-310.pyc

state publisher.cpython-310.pyc
— state publisher.py

irectories, 15 files

4"
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v"Using URDF with robot_state_publisher

1. 20 48 = src 20 A0|AM TH7|X] 45
XX

mkdir -p second _ros2 ws/src
cd second ros2 ws/src

ros2 pkg create --build-type ament python --license Apache-2.0
urdf_revolution --dependenciles rclpy
cd urdf_revolution

2. URDF L& d-d(wget 7|2 P37} HF £0] g=or7| 0jd{+ 8 B NsE2 ItE S 0|8di A}
o00

mkdir -p urdf
cd urdf

wget https://docs.ros.org/en/humble/_downloads/872802005223ffdb75blab7b25ad445b/r2d2.urdf.xml
wget https://docs.ros.org/en/humble/_downloads/96d68aef72c4f27f32af5961ef48c475/r2d2.rviz

% urdf_revolution.zip2 ros2_ws/srcOt2f S0 &f5S EUCHH 0] 2PH2 M4=Fst1 colcon build2t ZIgY5HH &
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v"Using URDF with robot_state_publisher

3.

src/urdf_revolution/urdf_revolution/state_publisherpy Tt 0 CtS

from
impo
from
from
from
from
from

clas

math import sin, cos, pi
rt rclpy

rclpy.node import Node

rclpy.qos import QoSProfile

geometry _msgs.msg import Quaternion

sensor_msgs.msg import JointState

tf2_ros import TransformBroadcaster, TransformStamped

s StatePublisher(Node):
def __init_ (self):
rclpy.init()
super().__init__ ('state_publisher"')

qos_profile = QoSProfile(depth=10)
self.joint_pub = self.create_publisher(JointState,

self.nodeName = self.get_name()

self.get_logger().info("{0} started".format(self.nodeName))

degree = pi / 180.0
loop_rate = self.create_rate(30)

# robot state
tilt = 8.
tinc = degree
swivel = 0.

angle = 0.
height = 0.
hinc = 0.005

# message declarations
odom_trans = TransformStamped()
odom_trans.header.frame_id = 'odom' “odom
odom_trans.child_frame_id = 'axis'

joint_state = JointState()

=X ?IXIE EY

s AL

HEZ O|SoIE=E x, vy =

'joint_states', qos_profile)
self.broadcaster = TransformBroadcaster(self, gos=qos_profile)

yaw(2|H2l) 2tS HELIgICZ

NS
=1’

AES GH0IE >

[
X% tilt, height, swivel, angle ZtZt &
try:
while rclpy.ok():

Al
=]

il}e

]

2| & buildsiA S&t

J?c
for

FQIGHE 7]

]

rclpy.spin_once(self)

# update joint_state

now = self.get_clock().now()
joint_state.header.stamp = now.to_msg()
joint_state.name = ['swivel', 'tilt', 'periscope']
joint_state.position = [swivel, tilt, height]

# update transform

# (moving in a circle with radius=2)
odom_trans.header.stamp = now.to_msg()
odom_trans.transform.translation.x = cos(angle)*2
odom_trans.transform.translation.y = sin(angle)*2
odom_trans.transform.translation.z 0.7
odom_trans.transform.rotation = \

n

2 B3t > euler_to_quaternion(@, @, angle + pi/2) # roll,pitch,yaw
—_

# send the joint state and transform
self.joint_pub.publish(joint_state)
self.broadcaster.sendTransform(odom trans)
< joint_state, ZtEHE ME HEZ|A|
# Create new robot state
Ll += tinc
if tilt < -0.5 or tilt > 0.0:

tinc *= -1 &< Tilt: %!'QE {,}0|h I:II-E EII-
height += hinc
if height > 0.2 or height < 0.0: < Sphere é,""—r_l' §0| %f%

hinc *= -1 . o
swivel += degree < Swivel : sphere KHA| 2174
a 35 = d t 4 .
angle = dogres/ < Angle : sphereZt odom7|& 3%
# This will adjust as needed per iteration
loop_rate.sleep()

except KeyboardInterrupt:
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3. src/urdf_revolution/urdf_revolution/state_publisher.py Lt 0f| Ct& ZE 2

def euler_to_quaternion(roll, pitch, yaw):

gx = sin(roll/2) * cos(pitch/2) * cos(yaw/2) - cos(roll/2) * sin(pitch/2) * sin(yaw/2)
qy = cos(roll/2) * sin(pitch/2) * cos(yaw/2) + sin(roll/2) * cos(pitch/2) * sin(yaw/2)
qz = cos(roll/2) * cos(pitch/2) * sin(yaw/2) - sin(roll/2) * sin(pitch/2) * cos(yaw/2)
gw = cos(roll/2) * cos(pitch/2) * cos(yaw/2) + sin(roll/2) * sin(pitch/2) * sin(yaw/2)

return Quaternion(x=qx, y=qy, z=qz, w=qw)

def main():
node = StatePublisher()

if name_ = '_mailn__':
main()
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4.

src/urdf_revolution/launch/demo.launch.py Tt 0f| Ct& ZE

import os
from ament_index_python.packages import get_package_share_directory
from launch import LaunchDescription

from launch.actions import DeclarelLaunchArgument
from launch.substitutions import LaunchConfiguration
from launch_ros.actions import Node

def generate_launch_description():

xHy

use_sim_time = LaunchConfiguration('use_sim_time', default='false')

urdf_file_name = 'r2d2.urdf.xml'’
urdf = os.path.join(
get_package_share_directory('urdf_tutorial_r2d2'),

urdf_file_name)

with open(urdf, 'r') as infp:

robot desc = infp.read()

return LaunchDescription([

D)

DeclarelLaunchArgument(
‘use_sim_time',
default _value='false',

description="Use simulation (Gazebo) clock if true'),

Node(
package="robot_state_publisher’,
executable='robot_state_publisher"',
name="'robot_state_publisher',
output='screen',
parameters=[{'use_sim_time': use_sim_time,
arguments=[urdf]),

Node(
package="urdf_tutorial_r2d2’',
executable="state_publisher',
name='state_publisher',
output="'screen'),

'robot_description': robot_desc}],

X o7|X| 48
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v"Using URDF with robot_state_publisher
5. setup.pyl| ER23t & 7IM27|
import os
from glob import glob

from setuptools import setup
from setuptools import find_packages

6. data_filesO|| Ctg [E 7t
data_files=[

(os.path.join('share', package name, 'launch'), glob(os.path.join('launch', 'xlaunch.[pxy]llymalx'))),
(os.path.join('share', package_name), glob('urdf/x')),

1,

7. console_scriptsOi| LS ZE F7}

'console_scripts': [
'state_publisher = urdf_revolution.state_publisher:main’
1,
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8. O{Z[X| AX|

cd second _ros2_ws
colcon build --symlink-install --packages-select urdf_revolution

9. 278 Wtg 71H L7
XX

source install/setup.bash

ros2 topic echo /tf | grep -A 10 "child_frame_id: body"

|la
>
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>
o[>

ing URDF with robot_state_publisher

\IHY Al
sparkx@sparkx-550XDA:~/ros2_ws$
sparkx@sparkx-550XDA:~/ros2_ws$
sparkx@sparkx-550XDA:~/ros2_ws$
sparkx@sparkx-550XDA:~/ros2_ws$
sparkx@sparkx-550XDA:~/ros2_ws$
sparkx@sparkx-550XDA:~/ros2_ws$
sparkx@sparkx-550XDA:~/ros2_ws$| rviz2 -d install/urdf_revolution/share/urdf_revolution/r2d2.rviz
Warning: Ignoring XDG_SESSION TrPE=WEyT3ﬁU'Uﬁ'Gﬁ6ME"U§E'QT'UPF'PtFTFURMEWEVTEHU'!G‘TUH‘UH‘WEVTEHd anyway.
[INFO] [1745412798. 088146912] [rviz2]: Stereo is NOT SUPPORTED
[INFO] [1745412798.088205580] [rviz2]: OpenGl version: 4.6 (GLSL 4.6)
INFO] [1745412798.099312007] [rviz2]: Stereo is NOT SUPPORTED

E0] rviz &2 (7O LIRE D& E2= AEAOIL} EE = ALY

"

ROS2 humble is activated!

sparkx@sparkx-550XDA:~/ros2_ws i sh

sparkx@sparkx-550XDA:~/ros2_ws$ ros2 launch urdf_revolution demo.launch.py

[INFO] [launch]: All log files i 5-04-23-21-52-30-209062-sparkx-550XDA-18623
[INFO] [launch]: Default logging verbosity is set to INFO

[INFO] [robot_state_publisher-1]: process started with pid [18624]

[INFO] [state_publisher-2]: process started with pid [18626]

[robot_state_publisher-1] [INFO] [1745412750.295378052] [robot_state_publisher]: got segment axis
[robot_state_publisher-1] [INFO] [1745412750.295466420] [robot_state_publisher]: got segment body
[robot_state_publisher-1] [INFO] [1745412750.295471758] [robot_state_publisher]: got segment box
[robot_state_publisher-1] [INFO] [1745412750.295475206] [robot_state_publisher]: got segment head
[robot_state_publisher-1] [INFO] [1745412750.295478467] [robot_state_publisher]: got segment legl
[robot_state_publisher-1] [INFO] [1745412750.295481722] [robot_state_publisher]: got segment leg2
[robot_state_publisher-1] [INFO] [1745412750.295484668] [robot_state_publisher]: got segment rod
state_publisher-2] [INFO] [1745412750.558259521] [state_publisher]: state_publisher started
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Mg A7)

installfurdf_tutorial_r2d2/sharefurdf_tutorial_r2d2/r2d2.rviz* - RViz

File Panels Help

™Interact tove Camera e i»Focus Camera  =oMeasure 2DPose Estimate . 2D Goal Pose § Publish Paint 4

7] Displays ] e Views
¢ Global Options
Fixed Frame odom
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Frame Rate 30 Near Clip ... 0.01
¥’ Global status: Ok Invert Z Axis
v Fixed Frame OK Target Fra... <Fixed Frame>
- Distance 6.81472
j_ g:d :: Focal Shap... 0.05
Focal Shap... v
+ v Status: Ok : Yaw 4.61858
Show Names Pitch 0.459797
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Show Arrows
Marker Scale
Update Interval
Frame Timeout
» Frames
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~ i, RobotModel
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Visual Enabled
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File Panels Help

|_”:| Interact Mowve Camera S - Focus Camera o Measure ~ 2D Pose Estimate # 2D Goal Pose @ Publish Point

Displays @ Views
Global Options —
T : | Orbit defal ~ Z
Fixed Frame base_link e Oxhlbuzadata €ro
Background Color [ 48; 48; 48 ~ Current View  Orbit (rviz)
Frame Rate 30 Near Clip... 0.01

~ + Global Status: Ok Invert Z Axis .
v Fixed Frame OK Target Fra... <Fixed Frame=

. Distance 1.46974
» @ Grid v

- Focal Shap... 0.05
~ jh, RobotModel v Focal Shap... v

b+ Status: Ok Yaw 2.0104
Visual Enabled v Pitch 0.250399
Collision Enabled + Focal Point  0;0;0

» Mass Properties
Update Interval 0
Alpha 1
Description Sou... Topic
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Depth 5
History Policy Keep Last
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TF Prefix
v Links
» ) TF v

Description Topic
Topic where filepath to urdF is published.

Add Remove Rename

(9 Time
ROS Time: |1743774094.25 ROS Elapsed: |39.53 wall Time: |1743774094.28 Wall Elapsed: 39.53 Experimental

Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel: Zoom. Shift: More options. 27 fps
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URDF

v URDF T{|7|X| £75}7|

victor@victor-virtualBox: 5

victor@victor-virtualBox}

Activities
%) File Edit Selection
@ EXPLORER
“ ROSZ_WS

p > build

» install

> log

v srC

> my_Ffirst_package

@\701—'3

~ my_urdf
o ~ launch
E:I @ robot_1.launch.py
> my_urdf
A » resource
» test
~ relf

& robot_1.xacro
& package.xml
% setun cfa
% setup.py
» urdf_tutorial_r2d2

®
{18‘)\ > OUTLINE
1

> TIMELINE
O @oA0

*J visual Studio Code

View Go

BERLS

W W

[=1]

W e~

i el
W =@

[
£

[t L =l )
W e~ ol

20
21
22

24
25
26
27
28
29

S ros2 pkg create --build-type a

487 12:11 0
0 08

— 2 ros2_ws

@ robot_1.launch.py X

src » my_urdf > launch > % robot_1.launch.py > ...

import os

from ament index python.packages import get package share directory
from launch import LaunchDescription

from launch.substitutions import LaunchConfiguration

from launch.actions import DeclareLaunchArgument

from launch res.actions import Node

import xacro

N —

def generate launch description():
use_sim time = LaunchConfiguration("use sim time")

=

pkg _path = os.path.join(get package share directory("'my urdf"}))

xacro_file = os.path.join(pkg path, "urdf", "robot I.xacro™)

robot description = xacro.process file(xacro file)

params = {"robot description": robot description.toxml(), "use sim time": use sim time}

return LaunchDescription(
[
DeclareLaunchArgument (

"use sim time", default value="false", description="use sim time"
3

I

Node (
package="robot state publisher",
executable="robot state publisher",
output="screen",
parameters=[params],

Ln1,Col1 Spaces:4 WUTF8 LF ({} Python

ment _python my urdf

A DR
M - | X
>~ O -

robot_1.launch.py : 2 ! I}
Robot_1.xacro 2A517|

setup.py +=Ha}7|

&8 31012 0

ol Ot

=

|la
r|>

.

=2
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@ setup.py X

src » my_urdf > & setup.py > ...

1

L9 [ <y N I 8

(=]

w00 ~J

i fd pd fd
o TR R

I i
=] ©On Ln

I
O 00

20
21
22
23
24
25
Fds]
27
28
29

import os
from glob import glob
from setuptools import find packages, setup

package name = 'my urdf’

setup|
name=package name,
version='0.0.0",
packages=find packages(exclude=['test']),
data files=[
('share/ament_index/resource index/packages',
['resource/' + package name]),
('share/' + packaae_name, ['packaae.xml'l),
(os.path.join('share', package name, 'launch'), glob('launch/*.launch.py')),
(os.path.join('share', package name, 'urdf'), glob('urdf/*.xacro')),
1.
install requires=['setuptools'],
zip safe=True,
maintainer='victor’',
maintainer email='victor@todo.todo',
description="TODO: Package description’,
license='TODO: License declaration',
tests require=['pytest'],
entry points={
'console scripts': [
1,
}.

|la
r|>
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= sparkx@sparkx-550XDA: ~/ros2_ws/src/my_urdf/urdf 116x16
sparkx@sparkx-550XDA:~/ros2_ws/src/my_urdf/urdf$ 11

total 12

drwxrwxr-x 2 sparkx sparkx 4096 Apr 7 11:57 ./

drwxrwxr-x 7 sparkx sparkx 4096 Apr 7 11:56 ../

-rw-rw-r-- 1 sparkx sparkx 2266 Apr 7 11 57 robet_l.xacco

sparkx@sparkx-550XDA: 2 f/urdf ros2 run robot_state_publisher robot_state publisher robot_1.xacro
[WARN] [1745473223. 015427139] [robot state publlsnerj NO robot_description paramecer, bUt command- LLné argument ava
ilable. Assuming argument is name of URDF file. This backwards compatibility fallback will be removed in the futur
e.

[INFO] [1745473223.046102560] [robot_state_publisher]: got segment base_link g
[INFO] [1745473223.046157008] [robot_state publisher]: got segment head ==
[INFO] [1745473223.046162850] [robot_state publisher]: got segment left_arm
[INFO] [1745473223.046168725] [robot_state publisher]: got segment left_leg
[INFO] [1745473223.046174716] [robot_state_publisher]: got segment right_arm
[INFO] [1745473223.046180554] [robot_state_publisher]: got segment right_leg , 2

* 2D Goal Pose ¥ Publish Point

ROSZ hunble is act1vated‘

sparkx@sparkx-550XDA: ~/ros2 Ws/src urdf/urdf 116x6

§ ros2 run joint_state_publisher joint_state publisher
[INFO] [1745473279 486279193] [joint_state publiSher]: Walting Tor robot _descripcion to be published on the robot_de
scription topic..

parkx@sparkx-550XDA: ~/ros2 my urdf/urdf 116x8

ROSZ humble 15 acttvated‘
8 ros2 run rviz2 rviz2
Narnlng Ignorlng XDG SESSION _TYPE=wayland on Gnome.—Use QT QPAPLCATFORM=wayland to run on Wayland anyway.
[INFO] [1745473296.046943632] [rviz2]: Stereo is NOT SUPPORTED
[INFO] [1745473296.046999887] [rviz2]: OpenGl version: 4.6 (GLSL 4.6)
%INFO] [1745473296.063831807] [rviz2]: Stereo is NOT SUPPORTED

H73419.51 wall Elapsed: [123.30

Shift: More options.
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File Panels Help
@ Interact FE Move Camera -<§:§3=-F0cu5 Camera ™ Measure A 2D Pose Estimate A 2D Goal Pose ¥ Publish Poink

J pisplays 0] rvizz @ Views (-]
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|1e
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Displays a visual representation of a robot in the correct pose (as
defined by the current TF transforms). More Information.

Display Name
Fixed Frame
Frame into which all data is transformed before RobotModel
being displayed.

© cancel | Qok |
Remove Rename
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File Panels Help
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Remove Rename
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& robot_T.xacro X

src » my_urdf * urdf > & robot_1.xacro
1 =7xml version="1.0"7=

2 <robot xmlns:xacro="http://ros.org/wiki/xacro" name="urdf test" =

3

4 =l-- T= --=

5 <link name="base link"=

3] <visual=

7 <geometry=

8 <box size="0.2 0.2 8.4"/>

g </geometry=

16 =material name="blue"=

11 =color rgba="0 ©® 1 1"/>

12 </material= victor@victor-VirtualBox: ~/ros2 ws 140x19

13 </visual> Qrwxrw§f53 5 xﬁctor victor 4096 f?ﬂ =4 1"11 v

14 </link> victor@victor-vVirtualBox: 4 colcon build --packages-select my_urdf

Starting ==> my_urdf

15 Finished <<< my urdf [0.62s]

16 <!-- Mgl --=

17 =link name="head"> Summary: 1 package finished [0.80s]

18 e y?§tcr??7;tcr-f7rtualscx: b | install/setup.bash

victor@victor-vVirtualBox: )
19 <geometry= . victor@victor-VirtualBox: 4 ros2 launch my urdf robot_1.launch.py
20 <sphere radius="0.1"/> [INFO] [launch]: All log files can be found DelowW /home/victor/.ros/Llog/2025-04-07-12-18-30-836698-victor-vVirtualBox-7898
21 </geometry= [INFO] [launch]: Default logging verbosity is set to INFO
29 <material name="white"= [INFO] [robot_state publisher-1]: process started with pid [7859]
23 <color rgba="1 1 1 1"/> [robot state publisher-1] [INFO] [1743995910.908508232] [robot state publisher]: got segment base link
. 9 [robot_state_publisher-1] [INFO] [1743995910.908638178] [robot_state_publisher]: got segment head
24 ¢{mater1al> [robot_state_publisher-1] [INFO] [17439959160.908656127] [robot_state_publisher]: got segment left_arm
25 </visual= [robot state publisher-1] [INFO] [1743995910.508661861] [robot state publisher]: got segment left leg
26 </link=> [robot_state_publisher-1] [INFO] [1743995910.908666618] [robot_state_publisher]: got segment right_arm
27 hrobot_state_publisher-1] [INFO] [1743995910.908671420] [robot_state_publisher]: got segment right_leg
28 =joint name="neck" type="fixed"=
29 <parent link="base link"/= ut victor@victor-VirtualBox: ~/ros2_ws 140x19
30 <child link="head“;> victor@victor-VirtualBox:~/ros2_ws$
31 <origin xyz="6 8 8.25"/> victor@victor-vVirtualBox:~/ros2_wsy rviz2
e g yz= . Warning: Ignoring XDG_SESSION_TYPE=Wwdytamd on Gnome. Use QT_QPA_PLATFORM=wayland to run on Wayland anyway.

32 </joint> [INFO] [1743995922.401024813] [rviz2]: Stereo is NOT SUPPORTED
33 [INFO] [1743995922.4081129946] [rviz2]: OpenGl version: 4.5 (GLSL 4.5)
34 <l-- 2/ o . [INFO] [1743995922.452293441] [rviz2]: Stereo is NOT SUPPORTED

35

=1link name="left arm">
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@ robot_1.launch.py X

my_urdf > launch > # robot_1.launch.py > ...

6 from launch_ros.actioné import Node
7  import xacro

Al
= H

8

9 def generate launch_description():

10 use_sim_time = LaunchConfiguration(“use sim time")

11

12 pkg path = os.path.join(get package share directory("my urdf"))
13 xacro_file = 0§.path.join(pkg_path, "urdf", "robot 1.xacro")

| 14 robot description = xacro.process file(xacro file)

15 params = {"robot description": robot description.toxml(), "use sim time": use_sim time}
16

17 return LaunchDescription(

18 [

19 DeclareLaunchArgument (

20 | "use sim time", default value="false", description="use sim time"
21 ),

22 Node(
23 package="robot state publisher",

24 executable="robot state publisher",
25 output="screen",
26 parameters=[params],

27 ¥
28 Node(

29 package="joint state publisher",
30 executable="joint state publisher",
31 output="screen",
32 parameters=[params],
33 ),
34 Node(
35 package="rviz2",
36 executable="rviz2",
37 output="screen”,
38 parameters=[params],

39 ),
40 ]
41
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= ROS2 Humblel} 2H| AI23= Gazebo H
= Gazebo AX|

# Gazebo &£X
sudo apt update
sudo apt install ros-humble-gazebo-ros-pkgs

# Gazebo &% =0l
gazebo

sudo apt install ros-humble-

-~

[

2 Gazebo-Ignition

90
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- ROS29 S815HH MH| 22 S1EY0] QOIS LIS 258 AIAIS WY, HAE, ]t

2 5 A= T A=Y 0|4 #ES S

Physics Engine Gazebo Version Availability

= Gazebo® I $_R I% Open Dynamics Engine ODE 1.9+ Binary,Source
1 =4 o x| 1 ODE B " DART Bullet Real-Time Physics Simulation  Bullet 3.0+ Source
- B8
- = I '_ '_ I ( uflet, ) Simbody: Multibody Physics APl Simbody 3.0+ Source
2. MM Al=8|0|M XYDART DART 3.0+ Source
3. 3DaHE

4, =22 D4 A|S0|M
= ROS22} Gazebo E¢t I}7|X]|

= (Gazebo_ros_pkgs CAZEBO

:ROS



https://classic.gazebosim.org/#videos
https://www.ode.org/
https://pybullet.org/wordpress/
https://simtk.org/projects/simbody
https://dartsim.github.io/
https://www.youtube.com/watch?v=_RBZ-9_rz9Y

ROS2 A|=2{|0|M
Gazebo Z0]| = world 25| £ 7|

Overview

Motion Data ) Reference Motion Policy (Simulation)
Motion Motion

Retargeting g

AR

— Imitation

Motion Retargeting

Robot

Bullet Real-Time Physics Simulation


https://www.youtube.com/watch?v=lKYh6uuCwRY
https://pybullet.org/wordpress/

ROS2 A|=d{|0]4M
Gazebo

= ROS22} Gazebo A& HIAE

[ Gazebo —verbose &M ]
e 20 L E MEff HEE EO|'20f| EH|F= SM0|H

o
7]

30

=

nrr

gazebo --verbose /opt/ros/humble/share/gazebo_plugins/worlds/gazebo_ros_diff_drive_demo.world

# BHOIE 2: 22 WA
ros2 topic pub /demo/cmd_demo geometry_msgs/msg/Twist "{linear: {x: 0.1, y: 0, z:

angular: {x: 0, y: 0, z: 0.1}}" -r 10

vee ) o :~5| gazebo --vert
- imul ator, Vv

# HOIE 3: =X X &2 o 012 ¢

ros2 topic echo /demo/odom_demo he Apache 2

im.org

A8H(gazebo)dt H| m3{A{ HEI E0]| A 0{®H Uo| YoiLtn
XNE YL+ URTE 2o FE M 1K OHY =7

88



ROS2 Al=d{|0]/d
Gazebo

1. ZIHES AlZolH BAIHT /U= MY

94




ROS2 A|l=2{|0|M
Gazebo ZHK|| =7}

Gazebo= Gazeboll| ZIMIE 71517 ¢

ey L ERA

]

ol

F 7K HAUS S HS

ool LY IEE

2E A 220 A= B

95



ROS2 A|=2{|0]44

Gazebo

7t

s gcol %

=

96



ROS2 Al=d{|0]/d
Gazebo

4. Z& GIO|HH|O| A0M 2= =7t

Insert 22 Ci|O|E{H| O] A0 Hot2H A% oH ZA2[0 U=

EH
=

97




ROS2 A|=d{|0]4M
Gazebo

5. 020 E= MAIZ &gt File HiwE Soff A%
X2 HFE MEH FileSt, Save World As A It O|E&
U5t Y
my_world.sdf 2= ot =0lS 5

6. M&E worlde BHENAM 2=
gazebo my_world.sdf

SDF(Simulation Description Format)

AZH0|M world2t 222| 22[M EY, 2/, & 5= Holol=0 MEE= H&E =

URDF= 22 XtHIE SMCE HOlot= BHH, SDF= world MA|, MA{, E2/79Q1, ZHS O B2 24 T3
World, model, link, joint, sensor, pluging<|
Odom - base_link : et : 229 x| S4 &E

URDFE GazeboOilM AFBEHT B1310] TR SHX|St SDFE X%

x2 247U

>.

1S 7t

olr

98



ROS2 A|=dj|0|M
Gazebo ZC0]| = world 26| H 7|

File Edit Camera View Window Help

Insert Layers

Gazebo - O X

victor@victor-VirtualBox: ~

victor@victor-VirtualBox: ~ 80x8

victor@victor-VirtualBox: ~ 80x6

victor@victor-VirtualBox: ~ 80x10

topic list

p

S| ros2 topic echo | Jfodom_demo




ROS2 A|l=d{|0]/d

Gazebo ZCH0|

File Panels Help

Ol= world 2E!lol| 5 7]
RViz*

@ Interact == Move Camera i_JiSelect Focus Camera = Measure ~ 2D Pose Estimate # 2D Goal Pose 9‘ Publish Point

LI pisplays

.

Frame Rate
=~ v Global status: Ok
v" Fixed Frame
* < Grid
» v Status: Ok
Reference Frame
Plane Cell Count
Normal Cell Co...
Cell size
Line Style
Color
Alpha
Plane
+ Offset
)3 TF
» v Status: Ok
Show Names
show Axes
Show Arrows
Marker Scale

Fixed Frame

Frame into which all data is transformed before

being displayed.

Add

odom_demo

A

i

OK

<Fixed Frame>
10

0 right _wheel
1

Lines

[ 160; 160; 164
0.5 ofcin ‘aema
XY
0;,0;0
W

left_ fheel

v
v
v
1

v Views =
Type: | Orbit (rviz_defal = Zero

~ Current View Orbit (rviz)
MNear Clip... 0.01
Invert Z Axis
Target Fra... <Fixed Frame>
Distance 4.37722
Focal Shap... 0.05
Focal Shap... v
Yaw 1.0704
Pitch 0.835398
* Focal Point -0.41174:0.2084...

Save Remove Rename



ROS22t =X Al=¢2i|0]4

EX MEg0]4
= 25 AIS0|M

HTE S0l 7Hd2| 2HES 0185t
EX9| &, AN E1I0|Ei 23S st HAESH=E 7=

Gazebo
ROS2E £

S0|M
S0z}

225 4 QI 2% NS
3D §

M-
TS X2

| -

G$
olr

] QI-I
- HIE WY 2R D2EEIS HASPLL HAESK: HIg B GAZERBO
- QFEA : AKZIO|LE B0 THE AT I3 B
- W ES 0l o] 2EE HAESAL U5 58 57t
- Q9N YN, XY, HOIS 5

Creh AlLte]|2



. Sa10|AM O] IAQ A e
Gazebo AlE¢|0|M2| F1EQA World NEH0|M B2 HolsHs T
StE9| X[, 2H, =2| ATl 4F 50| ZetE
220
=3170| ] )
= GazeboOllA| HIZ3H= 25 MO APIE 0]83 4 U
(World Plugin, Model Plugin, Sensor Plugin, System Plugin)
GAZEBO
launch.py GazeboS E313t 012 T4 QAS S0 35I| 5
F2 launchItg S Solf Z2HES Ao1l Mgt




= Turtlebot3

2 sixnls

Fulfillment Center Doosan Robot Simulation &&



Gazebo Simulationt SLAM

SLAM
Al F=H A XN dd0[2t= X

= SLAMZ...
Simultaneous Localization and Mapping?| 2XtZ2 SA|H 2|X

= M8 V=
= Localization : EX0| ¢IXlf /X|E FHol= 2
=  Mapping : FH 2tZ0|| CHolf X|=Z 4-d5t= 2t
Sensor Fusion : 2{0|Ct, ZtH|2t, IMU AlA, GPS, MM, =30t MM S Ciet MA H[0|HE Setot HEEE =0l= 7|&
\ / Position sensors \

Raw data
*
& - ®

Perception sensors
Sensor Fusion ~ /

X [meters]

\ Mapping

Localization /

\_




SLAM

Simultaneous Localization : 22| XIM|(position + orientation)E &55t= A
= Mapping: 2EHE(XL)E &Sot= A
. 2ROl RM(QRI WENS BHXIES SAlD| HSolE 7|8 ) S 8 A
= SLAMO|M= OFFAE FOX|X| L= |
e A1

= 22O XM X|=Landmark?| YX| 25 XS WA &

= 2XE HEAE EFoli7tBEM 22| XM|2t BHETZES B5 YelotA Lot= A

Localization
= Localization0|A= 2HEHE (K| )7t F0{%0F &t
= FOZ XL QoA 220] ‘OC|of XI5t O ek S Hi2tE Y Q=
= XE=2REH 2S5E MM HZH0[HE 0|80t0 2AE EHol7IHA 229

Mapping

Chicken and Egg Problem



Gazebo Simulationt SLAM

= Loop Closure
= 2R2 A% SE0|HA Qi EE
= O &7 o Mo Ste
= Om 1 HAZ

2OtEX| 2ol X = HY

WALt AMO| X=S

Y42 LA £[S0FA =0
O 2&77t HY

Z(geot= =Y

\ estimated pose

/
/

,’ loop closure correction

real pose

09| 0|0|X|2t EFHS MEotH RA=It =2 H

RXIE HHol¢ %

oot =X & gel

=il

Z2 X0zt

St

0

- S A A e - e . W A i A e e e G S

= Kidnapped Robot Problem

Z2£20]|

Why?

- 225 0|5(8Y
- MM 22

- ZiC} 7S [f

- 034 +7+0| Hj2 5t

XN=E A

Ol
rlo
P

7|
- A 7Y

* Loop closure % submap I}2t0]E

- PRt ES

UEAEA OE

fIXIZ HXIOIS)EUS W XHalQ] /XIS

TorsH| R5Hs Al

What is

kidnapped

robot
oI AIRERI 01F) [

715'3_

—

A&t M= kidnapped problemO| &AIGHK| U E 2 FO|E 7|S0{0F &

> CartographerE ol 3A 2=
X Z=g}) = Sensor Fusion(LiDAR + IMU + Odom)

27| IR £

X

4O,

Global localization Trigger

YHOR IR QA UK Y Bl FY 1



LAMZ O{EA| ofi&?

» Localization : HX FH 8tZ0f {3t IEE 200} &

-)

g4 RS I%EHM ofi&

= Mapping : HX| X 22| 2|x|<} Wk Cist HEE 0t0f x| XK= SAH " 2 FH6IHA HH O HEkolA TS0 A
SLAME| YHIX01 oljE 4|
1. =7|8HInitialization) : 220| 219|9| 2|X|H|A A|ZEt M| O|O|E(LIDAR, 7tH2}) $=E!
2. SAl FH(Simultaneous Estimation) : S M H[O|EE 7|BC 2 X}7| X £H SAI0 =H X|= HH0|E
3. 2O 2= %(Loop Closing) : M0 &2t YIX|E CHA| Y26FH 2hAQ| K=o SRS X8 HEoH LEE =Y
4, R0 =2 Q5 NS FHol= s HA
5. %|XM3KGraph Optimization) : A|Zt0f| 2} 401 X|2t M HIO|EE JeiX Y2 DAZSHY T2 £ NS Soff X2t MS SAI0 A

7t



Gazebo Simulationt SLAM

NAV

NAVE...

= Navigation2 SLAMZ &&5}0 222 ¥ol=

- M8 =

= Path Planning : =

= Trajectory Tracking : A|&l=

( |l'¥ G?'

\. PathPlanning  /

Path : 0{L|S X|LHZX|E 28 B2

O X|ADR| 2|&o| AR
= Behavior Tree : EEOI SiZ2 EL| dE|=2

I

I_
—

FARNK ItSL2 2 =FoAH 0ot

rr
A

2 &= 7
= X
ol RSHELZ |5t H0ol= Yi12[E

d=E it =228 H|0ol= 7=

\_

Behavior Tree

pm Pa(ts)

~

r

\_ [rajectory Tracking /

Trajectory : {C|E

A, 0 SE2 X|LHEX| 2H S22

.'ll:"I-I



Gazebo Simulationa} SLAM

SLAM & NAV

SLAM Nav2
(Simultaneous Localization & Mapping) (Navigation)
A S MdotH 229 YXIE FH 0|0] Zx{ot= YoM =5 Al2lotl 0|S
2124 0|0 E MA HE(LIDAR, IMUS) H, 2X ?X, =2 #IX|
=3 2y 2D, EX 2IX|(/map, /tf) 0|5 42, £ FH(/cmd_vel)
Al AIE HO| gl= SHE0M == BM0| AL 0| ZH|E O|= ZH XHERZ 0|58 I A
CHE O§7|X| slam_toolbox, cartographer, gmapping nav2_bringup, bt_navigator, planner_server




Gazebo Smulation2t SLAM : 7= 0|2

|SLAM : Visual

= 720 ¥=2 2D, 3D O|0|X] H|O|EZE ArZotH 2tE9| 1Ret SE™= FSol= SLAM
S2ES U2 T Y(0[0|X|)0f|M ThA| ZOtLH L, O

({1
T 0
El
=O£
HU
I
10
02
=
ikl
o
E
({1
X
e

= H 2T E MH|E AAR 6 TS

Al XY, 714, HAKE BHOA HEE 24

[
_OID

=~



https://www.youtube.com/watch?v=yi-y8qTgtiw

Gazebo Smulation2t SLAM : 7= 0|2

| S LAM . Ll DAR Light Detection and Ranging : 2|0|X 22 #A| S/|0]| HIAL]|0] S0t2= AlZHTime of Flight)2 S85HA H2l(depth)S Al

Ol'
rir
=
R

—tO|Ct0A 2| IO|EE Salf 3D & 15, point cloudS d-dot= SLAM

(@)

OII

O] oyt ol Zef Yol E2 HRIE S2FRE G|O|H S H|ulot0,
=9 JUHA XL 2E XS SAI0f AlLt

= I OE2 2E0M Yelot AelE =3
= oA HIZ0| &1l 2F LO[=0f 2t

oo
o
N
O
.
ol
2
)
O
C
aQ
&

AN T HH(+Y I= 2) 25 3 2T 5 DR0A He| 5™
SEEA ot 7He| HIO| X7t ™ot ZtE= 2D WHE A | 0 742 &[0 X7} ChfFer ZIE0| N SZh=S A7HGH0{ 3DH|O0|E -
£ ©0|Hf Mol W 2t MEE TEst 2DEQIE(QD ) e, & N Y= Eafet 30 HOIE S22E(3DH)
HIAIX| EfY, BT sensor_msgs/LaserScan, /scan sensor_msgs/PointCloud2, /points or /velodyne_points
W Zm ~ 2Am(25 360° 5 AZH) Am ~ $8m(30°~120° 4% + 360°4)
HEZ0} AU X238, SLAM, SS4X| He| AEF A EE S0AM 2 32t 214
HE At AU, MU 2&, 7HHSE SLAM, Hedt &oiE 3|1 STt Z7F 014 e, FS 3DH, FXE Q14



https://www.youtube.com/watch?v=34n1tF5OtQU

Gazebo Smulation2t SLAM : 7= 0|2

|SLAM : LIDAR

= LiDAR SLAMZS] % 0| M&0|A= Cartographers At 0 H
"= EXx GMapping Cartographer
Eg 5314 =2 ROST ROST & ROS2 B 53t
\ oh 5174 2D, staticBt A=0]| F2 2D &3D
S AL Odometry 220 Izt Q20| CHaH HI & 2451 HEtst
2243}0[H0|A Ch2s=Ql 9Ix| £ of Hatst x| XX
Mg F0F/ 28 KA StEQI0] / Hot AU &+F VY WOl HRst Sfet =tE / FE X
MRt OpenSLAM Googleo] 3t AAIZE SLAM
a5 712801 = F0M S2 STofdl HE2 SEUMT S

L HE2|(Odometry)

= 2X0| HA o[BS 7[2to= Xl9] Ol A2t

» =2 HH 9 3™ M (Wheel EncodenE 7|22
» 2Z HIFQ QLEZR HIF Q| 0|52l E H|w > &M,

= HiF 2| 0|12 HO0|L 229| 21F @RKDrift) S22 2ol &+

= GPSE AU0IA 27} IMUS| B2 RAlE &= 555
Ol A=
2 IMUS

ol

= U= AE OeE. St el

= Odometrye= 2% HtE 3™

IMU, SLAM2} £t
g 0| X7| x| =& > Kalman Filter2 4 X2s}

I:I

2™ MO._|7<| At

L—y 11—

X2t szim B2

Q. Kalman Filter= H|MS Al

X% Kalman Filter

1. Prediction(0{|= ©H|) : O|HAENZ EE I MEHE OIS

(H=7t 0] B=U7t XIZE

UAS A 2L

Of 2{x|0of

2. Correction(YH[0|E &) : &K MMZ SHE S HIEHOE (S EY

el
=
H
|.|-|
i
rfo

_&%Q\? |


https://www.youtube.com/watch?v=zzHcsJDV3_o
https://www.youtube.com/watch?v=NHsurJbnQYg

Gazebo Simulationt SLAM : 7 |=

Ol=

SLAM : LiDAR

D :
Step0. HA =7|5}
Step1. HIO|H =%
Step2. EYH F=
Step3. EAH i
Step4. K= HH0|E

ot A} of= IhH|2E 2HH0]| T2t 2t0[Cf Al S| TietnfE =7|st
[2to|Ct Mo =9 nfatO|E] - —

Velddyne Lidar
Angle parameters(Z )

= Angular Resolution : 8t A7H 3|HOM HEE F HOIE 7to] 2t 7Kfol(’”‘é =5 0 )
= Field of View(FOV) : AlOfZ}, LIDARZ} ZAHE &= U= HA| 3™ 2=(270°FOVE FI& 90°= £ =)
= Vertical Angle : £XI12t=. 3D LiDARS| A< 042{ 74| £=X] 30| &I0| Q1T £XIZHE HQ|E ZQ &t
Time parameters(*l”)
= Scam Rate : 1X0] 2 H ™A AMS +A5H=X|? 10Hz > 108//=TF
= Timestamp : Zt ZRIEL} AZHO| K| £HER=X] 7|15, B2]0l= 222 HXEHE ol S7|8t B
= Time of Flight : 20| SH|0f| BtAtE[0] SO0t=0| ZE A|IZh 0] 2= HE[E A4t
Range parameters(#2|)
*= Minimum Range, Maximum Range : ZX| 7t58t &4 2 Z|L§72]|(ex, 0.3m ~ 100m, +2cm)
= Accuracy / Precision : H2| 89| QX HULT} =S $2 QPHEQI O MM
= Noise, Signal Strength : M AH2|Lt O{F2 SH|0|M S STt ofgt &= U0 LO|=7t AHE = US

OUSTER

SLAMTEC



Gazebo Smulation2t SLAM : 7= 0|2

|SLAM : LIDAR

2t0|Ct MIMZ distance ME $=%
2D, 3D EQIE 2L HH= S0{3.
TopicC 2 HE2|A|E| 0 SLAM Node7t =&t

-
-
A .
o’ ':
u
~=r’ 5
L]

Step0. AN =7|5t

Step1. HIO|E =&

Step2. EAN ==
¥ LEE
Step3. SAE A

Step4. X|= YH0|E




Gazebo Smulation2t SLAM : 7= 0|2

|SLAM : LIDAR

(@)

-~ -
L .
LT RT LA

Step0. AN =7|5t

Step1. HI0|H =&

Step2. EN F&

Step3.

ST 0

Step4. X|= YH0|E

AKX

Ea I6|-I

—

MHE (Point Cloud)d| CHsH 2J0] /&=

= A ®E O A8 AL L7 B, 2E FHO| oJ0] Y= SEE g1 U= ES
= 282 o0 = XX FHEUH 2 ST dE=ols M

EXNME 3= W - 28 2M(Curvature)
= Edge Features : EA2|, AAM, 540t 1k HeP| Q= B&. &, 80| =2 4.
» Planar Features : @Eot HIE Y 5 FHELC 350| 43 A
lp; — Mean(p)l|
=
n
& C= O3 20| p; (SEHAXNO| CHet FH MS0| WA Zo| XIO[Z Aot

SHUA K<



Gazebo Smulation2t SLAM : 7= 0|2

SLAM : LiDAR

D :
Step0. MIA =73}
Step1. HIO|H =%
Step2. EYH F=
Step3. EZH O3
Stepd. A= &H[0|E

Point Cloud RegistrationZ} ICPZ 0|25}0{ EAM OfA
- SR Z2Qlo] SAMI OF Dol Qs SAE AN AHZE | K02 BH)

= 5 AMZ OEAHNM H2 ZOIE 2o4RE H|0[H 2He

= |ICP, NDTS & Y112|E A8
= 0] 2EE Soll 2R 3 2IXI(Pose)E Fotal TX| X|=5 HHE YUSHA HCI0|E =

ICP2t?(Iterative Closest Points)
= SR EQIE S2RLE 719 2IX| H KpMIE 25l
» 2}0|Ct7} O|SSHH &8t 0™ Point CloudE CHE Point Cloud?| 37t 2 Hetst= 1t

= QxP,+r > P,2 P,O2 H3(QL 3|H 3
» 0| Point to Point ICP2| AL Hut M AL0|Q] REZE HEE

= oM 1 & HQIE SetRETH SE0| 71K AL "ol a7t BT ALt B0

u
%]
1
50
gjo

% Loop Closure : 20| 0™ fIX|2 =SS0t RSM AE > &7| &5 Xt EH

3
b3
o h?" b
o e 0 o o 3 ﬁ';’: ®e
o 5 ° g
[ C 1.

97| QIoH BHROR J1Y TR M2 IHASH F| BB YBS AN HAGH= TS

Z|asfot=s Yo E HE AES M= A= 71 72X E12E

Blue at ¢t + 1
e

® b9
[ o D10 ® big
. °
® b2 b1 ° b17
® 0, %5
b4 bLS

19
L]
10
L]

e ® .

112 ® .
[}



Gazebo Smulation2t SLAM : 7= 0|2

|SLAM : LIDAR

= = HQIE Z22E H0[HS 2O R FX5I0 MIUMOR X5 Ay
'3’:: : FHE QXIZ 7|1ZC2 M2 MM HI0|EZE 7|1Z Mo £8
= e Ol X|=0] MZ|E=ZE =0|7| Y5 Occupancy Grid Mapping ¥12|52 AIR
Step0. M =7|3} Occupancy Grid Mapping
= 220| FH SAS 2DAKXKX|Z(Grid Map)EHZ F 38t I AR5t W
Step1. HIOJE| & = X|TE 49| cell THR|(2AFY HIE)Z RINAM 2+ Mol HQ S5 S ALt
Step2. EEH & " R B2 oY collz OIS0 HRIL AUS HES X5H0]
= MIA CIO|E{Qt 2RO 9IX|0f M2t A=
Step3. SEH 0HF = WO| Cf 2ME ™ cellof] X =l =20 M2} Occupied/Free2 AHE

Stepd. X|= HH|0|E

Occupancy Grid Mapping9| 37tX| 7|& 71’4
occupied <«<—— free 1. Cellg #Hot= YY2 Occupied0|7{Lt Free & & otLte| MEFZHS 71El(binary variable)
space SPACE 2. Cell2 HHOID] AIZH0| RILIE HISIA| 4

3. ZM2 =YNOR X2lg




Gazebo Smulation2t SLAM : 7= 0|2

SLAM : Sensor Fusion

= F}Uii2tet 210[Ct 2|7 T2 MAISC| HO|EIS SE5H0 A5 HAMOR SIAMS 43

e =E

[ MEXQI Sensor Fusion &4! ]
1. et 2Fy MM BHE YEHC 8eHETH MEE =2 1. 220 MIA FZ2|
2. UM 5HO| M7t QRUMGHE T2 MMZ et THS 2. 272l WM HIOIE SE =
3. Ciorst A 4F : QIR Wak A2l AT, SE| S 28t ML X2 3. Feature Fusion(58 22)
' N B = 4. 9% £ / K| ZH(SLAM)

- YH: XY s QR S0 O Y AIAY

—_

o
= S| : HIO|E| M2 7= HAIZE 78 2H(Z HMES O{EA S7|StAIZARII1?)

» CHEXMQI Y112|E - Kalman Filter, Particle Filter, Graph—-based Optimization, Deep Learning”/ |2t Fusion

In ut Hldden utput - A UER ST AP IS
p e s o1z eEnan
M layer layer layer SESUSOAY
S5 : a0l Ha| =X XHOHZ O|Al
- // Camera LiDAR V™Y e FH, Zoi=E QA
—
L2 Data Camera A, MSS, K 25
o .
‘ _ e IMU R XEM, EI% HE
$#:ROS IMU ) GPS GPS II_.lo_:! '?’lil
Data —
Map X ¢ MXMSS SetollA Qetot Xtk X[ 2 FH Q1A 3l
Pata og 20F: NBFY XY, 2O HBI|, MAS RR S

0, Tesla, Waymo, NViDIA DriveWorks, Baidu Apollo


https://terms.tta.or.kr/dictionary/dictionaryView.do?word_seq=191716-1

Initialize & Control Mandge Nodes

Nav2= ROS27|Eto| X} HH|AO|M B &
= O ATERN DU Behavior Tree
»  XI2F3(Autonomous navigation)= 7+s6tH oiE
X F8 7|5 371K

Ho o|x|= o} a g o — _____.---"'-__ i T~ -__-_"'---._-___ ——
- E*_l O:RH Tlxl = ]Il- - (LOCa|IZHtIOn) Monitor & Recover Update Path Request Plan Follow Path Smomh_Pth'“---—

2 QXX & £ = 2 E H & (Path Planning)
Recovery Server Planner Server Controlle [ Smoother Server

T M
= ] 4ZE M2t 223 AN E 22IQ(Path Execution / Control)

X FEQ AM QA
= LifeCycle Manager(+% 37| &2|)
« Nav29| BE L-EO| MEHZE H|0f

» Behavior TreeQ| LEE X7|slot1 22|

* Navigation Servers
* Recovery server : 42 JAHO|L} B[4 HE0M 22E S+¢
* Planner server : X|= HHE 7[HIOCE Z=2E M4
 Controller server : 220| Z2E M2} FHUSIEE HA|

* Smoother server : ZZ2| 225t 3510 [ 229 SZIQAUZ =|X{g}

= Behavior Tree

o
=
=

« M| navigation S2 XEot= L&

+ Nav29| Al H0j 2X0| THE HR(SE 4£41 > Z2 AE > 0[S)

= = = . . = [ =
- =2| SE2 EZ|YHZ 74351 Navigation server?t S4I5HH 012 XS K02t 7B =E

* amcl : Adaptive Monte Carlo Localization

« waypoint_follower : 02| X|HZ M2t7}t= WA9| A2 X



Gazebo Simulationt SLAM : 7| 0|2
|Navigation - Nav29| Behavior TreeE A|2t5}517|

= Behavior Tree= O{™ T2 HEHE HM|Olot= H112|FL 2 =2 H YA NPCE AEH2Z H|0{ot7| flofl A
= Step1 : Behavior Tree 2t Lt Ct2EHY

Of2H 23 0|A Nav2W|Al defaultE2 E2122= BT(behavior tree) O CH2(xml E4l)

https://aithub.com/ros—navigation/navigation2/blob/main/nav2_bt navigator/behavior trees/navigate to pose w replanning and recovery.xm|

Eny S =

Ot 23 0|A nav22| behavior treel| £82 MolaiF= xmlIItY CHR2

https://qithub.com/ros—navigation/navigation2/blob/main/nav2_behavior tree/nav2 tree nodes.xml

Sequence

‘ OpenDoor

Walk

-

CloseDoor

https://www.behaviortree.dev/

https://github.com/behaviortree/behaviortree. CPP

https://py—trees.readthedocs.io/en/devel/index.html

Mote..

https://github.com/splintered-reality

This is the type
hierarchy in UML

ConditioniNode
ActionMode


https://github.com/ros-navigation/navigation2/blob/main/nav2_bt_navigator/behavior_trees/navigate_to_pose_w_replanning_and_recovery.xml
https://github.com/ros-navigation/navigation2/blob/main/nav2_behavior_tree/nav2_tree_nodes.xml
https://www.behaviortree.dev/
https://py-trees.readthedocs.io/en/devel/index.html
https://github.com/splintered-reality

= Step? : Groot CH2EH7]

ojzy M|

sudo apt install gtbase5-dev libqt5svg5-dev libzmg3-dev libdw-dev

Groot

The fancy BehaviorTree Editor

GrootA x|
000

git clone https://github.com/BehaviorTree/Groot.git
cd Groot

Create/Load/Edit/Save your own BehaviorTree,

git submodule update --init --recursive
mkdir build

cd build

cmake ..

make




U OFX|9} = make YH E7| == Of=liet 20| L= = 3lH0| L=

victor@victor-VirtualBox: ~/Groot/build 126x34

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
i




cmake 913 & QlIE{7| SR=E| Of2H2t 20| 027 BAIE|H SE51H M%| B CrA| cmake XIg5tH &
_ victor@victor-VirtualBox: ~/Groot/build 126x34
: 5| cmake
The C compiler identification is GNU 11.4.0
The CXX compiler identification is GNU 11.4.0
Detecting C compiler ABI info
Detecting C compiler ABI info - done

T T T T - -
. . . . _ . a victor@victor-VirtualBox: ~/Groot/build 126x3:
Check for worklng C compller. fUSI’fblﬂ,"(( SleDed :~4 sudo apt-get install ros-humble-behaviortree-cpp-v3

Detecting C compile features Reading package lists... DME
Detecting C compile features - done Building dependency tree... Done
Detecting CXX CDMDT-LEF ABI info Reading state information... Done

. . . The following additional pack i1l be installed:
Detecting CXX compiler ABI info - done Tibncurces dey o packages W 2 TR F

Check for working CXX compiler: /usr/bin/c++ - skipped |suggested packages: sudo apt-get install ros-humble-behaviortree-cpp-v3
Detecting CXX compile features ncurses-doc

. . } The following NEW packages will be installed:
Detecting CXX compile features done libncurses-dev ros-humble-behaviortree-cpp-v3

Found Python3: /usr/bin/python3 (found version "3.10.12|0 upgraded, 2 newly installed, © to remove and 10 not upgraded.
Found ament_index_cpp: 1.4.0 (/opt/ros/humble/share/amefNeed to get 665 kB of archives.
After this operation, 3,690 kB of additional disk space will be used.
Do you want to continue? [Y/n] vy
Get:1 http://kr.archive.ubuntu.com/ubuntu jammy-updates/main amdé4 libncurses-dev amd64 6.3-2ubuntu®.1 [381 kB]
Get:2 http://packages.ros.org/ros2/ubuntu jammy/main amdé64 ros-humble-behaviortree-cpp-v3 amd64 3.8.7-1jammy.20250325.211251 [
284 kB]
Fetched 665 kB in 4s (156 kB/s)
Selecting previously unselected package libncurses-dev:amd64.
(Reading database ... 303135 files and directories currently installed.)
Preparing to unpack .../libncurses-dev 6.3-2ubuntu@.1 amdé64.deb ...
Unpacking libncurses-dev:amd64 (6.3-2ubuntu®.1) ...
Selecting previously unselected package ros-humble-behaviortree-cpp-v3.
Preparing to unpack .../ros-humble-behaviortree-cpp-v3_3.8.7-1jammy.20250325.211251 amd64.deb ...
Unpacking ros-humble-behaviortree-cpp-v3 (3.8.7-1jammy.20250325.211251) ...
Setting up libncurses-dev:amdé64 (6.3-2ubuntu®.1) ...
Setting up ros-humble-behaviortree-cpp-v3 (3.8.7-1jammy.20250325.211251) ...
Processing triggers for man-db (2.10.2-1) ...

:~$ cd Groot/

: $ cd build/

s 11

total 52
drwxrwxr-x 6 victor victor 4096 43 13 22:25 ./
drwxrwxr-x 13 victor victor 4096 4% 13 22:25 ../

-- Configuring incomplete, errors occurred!
See also "/home/victor/Groot/build/CMakeFiles/CMakeOutput.log”.




CtAl cmake 2t make €& £ AE7| =28 Or2fet 20| build7t 2IdE

victor@victor-VirtualBox: ~/Groot/build 126x34

-rw-rw-r-- 1 victor victor 104 4& 13 22:25 CTestCustom.cmake
: S cmake ..
- Found ament_index cpp: 1.4.0 (/opt/ros/humble/share/ament index cpp/cmake)

- Found ZMQ: /usr/lib/x86_64-1inux-gnu/libzmg.so
- ZeroMQ found.
- Configuring done
-- Generating dc
- Build files have been written to: /home/victor/Groot/build
: S make

Built target QtNodeEditor autogen




= Step3 : Groot &3

Groot Alali(editor mode 41EH)

& victor@vicktor-VirtualBox: ~/Groot/build 126x34

cd ~/Groot/build
./Groot

Groot

The fancy BehaviorTree Editor

Create/Load/Edit/Save your own BehaviorTree.
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|Navigation - Nav29| Behavior TreeE A|Zt8}5}7
= Step3 : Groot & &t

LH2{27| HES +211 nav2_tree_nodes.xmlE ME

TreeNode Palette 5.1. @ BehaviorTree

Filter...

~ Action -
Alwaysrailure
AlwaysSuccess
SetBlackboard

Condition

= Control
Fallback
IfThenElse
ManualSelector
Parallel
ReactiveFallback
ReactiveSequence
Sequence
SequenceStar
Switch2
Switch3
Switch4
Switchs
Switche
WhileDoElse

~ Decorator
BlackboardCheckBool
BlackboardCheckDouble
BlackboardCheckint
BlackboardCheckString
Delay
ForceFailure
ForceSuccess
Inverter -




Gazebo Smulation2t SLAM : 7= 0|2

|Navigation - Nav22] Behavior TreeS A|Z2t5}5}7

= Step3 : Groot &3
Load TreeHEZ %211 navigate_to_pose ‘- and_recovery.xm| A1EH

Ny 23
-

File Tools Help
E TreeNode Palette =Lt

ILELRICEN | Filker..
,EI ~ Action
= | AlwaysFailure
AlwaysSuccess
Save Tree
SetBlackboard
Condition
= Control

Fallback




Gazebo Smulation2t SLAM : 7= 0|2

|Navigation — Nav22| Behavior TreeE& Al

_I_—l

= Step4 : Groot= BT
Nav29| BT= 3A| 2749 MEEZ|Z L=

2| 2290

X2
o 1=

A S—
RecoveryNode
MNavigateRecovery
(] number_of retries [N
L ~ J

-
PipelineSequence
NavigateWithReplanning
.

»
RecoveryNode
FollowPath

(] number_of_retries [N
.

.
RateController
RateContraller

-
A:PlannerSelector
Plannerselector
[iN] default_planner
(] tapic_name: lanner_selector

[oUT] selected_planner [FETTTETPIEe

-
A ControllerSelectar
Controllerselectore

[114] default_controller

[14] topic_name

[OUT) selected_cantraller

. . .
RecoveryNode A FollowPath »Sequence
ComputePathToPase FollowPath Sequence
[1N] controller_id

[114] number_of_retries [N .
[IN] goal_checker_id

[1N] path {path}
[IN] progress_checker_id
[IN] server_timeout

[IN] service_name.

[OUT] error_code_id

Wﬂulﬁ.ﬂ(ch[m“emxm?ryﬂé{
(O (Follow pach error

I
{ollow_path_eror_code

-
- A ClearEntireCostmap
* Sequence ClearLocalCostmap-Context
sequence [IN] server_timeout
.

4 [ LT o2 costmapyclear entirely local cos!

wouldAControllerRecoveryHelp

(OB (follow path error_code]

+

A: ComputePathToPose
ComputePathToPose

[IN] goal

[IN] planner_id

[IN] server_name

[IN] server_timesut

[IN] start

[ouT) error_ende_id

[ouT) path T

{elected_planner}

- -
A: ClearEntireCostmap
ClearClabalCostmap-Cantext
[IN] server_timeout |
[IN] service_name

WeuldAPlannerRecoveryHelp
OB (compute path erroc_code) |

lobal costmap/clear entirely global costmay [IN] service_name

LEX(=ST Eq :

Recoveryhode
MavigateRecovery

[104] number_of_retries [N

.
Itback

Fallback
.

: -
=¥ Sequence
wouldAControllerRecoveryHelp

[CPTIERTTY (Foliow path error code)

A CearEntireCostmap
ClearLocalCostmag-Context

.
A ClearEntireCostmap
ClearLocalCostmap Sublree

[IN] server_timeout

[ P (oo costmap)cear_entirel

wouldAPlannerRecoveryHelp

[(NELTREN {compute path error_code)

.
=>Sequence

A
Sx AL

Sequence
.

RecoveryFallback
»

Goalupdated
[iN] goal

) goats [

L ]
A spin

ClearingActions spin

local costmay

[N] server_name |
[in] server_timecut |
[IN] spin_gist 157

[IN] time_allcowance

[ouT] errar_code._id

3
A: ClearEntireCostmap
ClearGlebalCostmap Subtree

[IM] server_timeout

Al CHS)

»
RoundRobin
Recoveryhctions
.

[IN] server_name
[in] server_timeout [
[IN] wait_duration [HECHN

E T clobal_costmapyclear entirely_global_costrmap

.

A: BackUp

Backup

[IN] Backup_dist
] ackup_speed
[IN] server_name
[n] server_timeout | R
[IN] time_allowance

|
[ouT] error_code_id
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|Navigation - Nav29| Behavior TreeE A|Zt&}6}7|

= Step4 : GrootZ BT &4

S&Hc LS 2L

BT2| Node &S5+
Control node - 5l¢ =E9| flowZE H|Of

Sequence : 5l LEQ| ZEEZ &XIMO=Z
AlI5CiatE

(To Do List)

AlTHGIH falseS Hizt
e™M trueE dt2Plan A > B 2 C)

= Fallback : 51| LE9| =%!0]
9)01Lt A} 2H01(E)

=Rl %;EH% checkdto] true(}_?j OKE), false(E DHESIX| L2)S HIBHEONS/HIE 2|7t U=717)

| Falback |




Gazebo Smulation2t SLAM : 7= 0|2

|Navigation - Nav29| Behavior TreeE A|Zt&}6}7|

= Step4 : GrootZ BT &4

MainTree
HHIH0l4 felg Alsyst

a

PipelineSequence(2% AHER|) ReactiveFallback(2E2% MEEZ|)
(1) Controller2t Plannerg MEH (1) PipelineSequence$8 =& 2X|7} LHA5tH AlsH=
(2) Z=0{% Z 2O 2t A= ALHComputePathToPose) (2) ControllerLt PlannerQ| 277 LQStX| Tt
(3) ALt A2 E 2} 0|S(FollowPath) (WouldController/PlannerRecoveryHelper)
> MI§A| ZAE M2 Zx7|3KClearEntireCostMap) (3) Altof| 2t FAEM x7|35} Spin(3|1X), Wair(th7|), Backup(EZ)g 3




Gazebo Smulation2t SLAM : 7= 0|2

|Navigation — Nav29| £ AH
= Nav29| £ XgiE +¥oh= 47HX| Mt

Planner Server : Dijkstralt A*(42 M 2112|15)SS AI25I0 22 XA SE X|H-7KX|Q £|H AZ AHAt

Controller Server : DWA ¢112|52 A6t AZ2E [M2t7t7] &It local planninga F+&H(cmd_vel 44)
UHO = B0, 28 FH otH HMHE LIEHL= costmaps 7|8IC2 Q=8 O REEE A HE

=  Smoother Server : Planner/| 2ot A2 E ¢l
=  Recovery Server : HH|A0| ATIH Al clear costmapO|L} &M, X 52| E41 &= Al
Dijkstra(CIJAEZ}) > CHS pagelll A*Qt &1 AN ZAZ MM S ZAZ BXY S A2 =X S X0 5|
- AT FE B YIRS
Plan = Controller > Smoother - Recovery
» QISP GPS AZEQN SOIAM 7HE HO| ALEE
» EXSH5ILIO HHOA CHE B E MAHOR Jt= 2Tt A2 E AB{FTE B A13|S

Costmap
= Map0i| HI&= HAlotH robot0| 0|5 g M &S 4= UA| 4ot A
= JIH|E : XS} 7P

02 9IS, NIREH SHL 4 s H
o

0

= KNH|E:

oA

DWA(Dynamic Window Approach) = C}S page &Y
= 2RO S Hf(EL, 7IEE)S 125t 2Z0M
2|Xo| £ HHS MEiot= Y12F

= o= =

= Z2X0| ZAZICZE Z=6U0]
A O
ES

S
o

=]
Lot 24|

St

% cost function : O A[ARO|L} 2RO S=0| FHt 0Lt X107t U=K| X H2 =2 LEH=

- &= MSE, MAE, Binary Cross Entropy, Categorical Cross Entropy)

> 229 45 7IE, stg YEs 2Tol= 7IE, o50| MU= =11 A=X| Hirot= X|E
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|Navigation — Nav29| = At

= Planner Server : A*

A*(A-star)= 2 SXHNM SE ZXEMNK| B=E 27| 2o 2

1A

f(x) =gx) + h(x)

« g(x)  SEFHUNM AT XL 42|
© h(x) RAMECUM SHXITEX|Q] 0 72|

A*SBRE M Al f(x)7t BlASIElE WSIOR AR S MBI,
= SXX| WHORO| EMS QMAGHH, 12 QI5) BE B2 MG

Ozl &30 7k =N A2 A0t 7 |(M&3HE7|)
https://qiao.github.io/PathFinding.js/visual/

o Ref. KNN ¥12|&

A*

=

Dijkstra0i| H[of HtE ds= EHOILCt.

SelecAt*Alg"rithm D ij kst ra

Heuristic

© Manhattan

® Euclidean

® Ociile

@ Chebyshev
Options

~ Allow Diagonal

® Bi-directional

B Don't Cross Comers

Weight

. IDA*
Breadth-First-Search
Best-First-Search
Dijkstra
Jump Point Search
Orthogonal Jump Point
Search
Trace

A* vs Dijkstra

Select Algorithm



https://qiao.github.io/PathFinding.js/visual/

Gazebo Smulation2t SLAM : 7= 0|2

|Navigation — Nav29| = At

= Controller server : DWA(Dynamic Window Approach)

DWA= 2D B9 2X= H|0{ot] ZAIZIC = HO== 2|Totil SHX|0| =Eot= LilE|E
ZX0| 71 == U= Z|HO| MEE(v)2 Z[0Q| 25 (w)E 0|85t T3 time step7HX| 0|5 Y &= A= FAS TS

0] 992 dynamic windowzt1 &

O] 3 LM 4
(1) 20| Wats ST Wit 2|2 YXAPZ|2
(2) ZOES1} 2HS|K| &1 velocities blocked
L . by cbstacles
(3) Z|CHO| £ =2 23Hst 4 QI 2EE X admissible velodities
[ 3H 7Hd ]
1. & ME2: 229 M ZIA0f|M 7Hstt S ME2(Dynamic Window) D
2. 2N ABHO|M : 2t B& £ el0f ti3h AISHOIM(OCIZ SXI0[=X| 0%) /
3. I} B ¢ 2E A|SH0|M HES TSI KA} o | current velocity
4-- = aT - M= (s S o |:| /.' —1 \

CE|N HIA ME 7L E2 HE U2 HHY MSE(v), ZEE(w)E 220 ME velocity space dynamic window



Gazebo Simulationt SLAM

3D Camera & SLAM

% THQI PCOJ A0l If2} X5 el 97t US

AHH L FtH2H(Link)

RTAB-Map (Real-Time Appearance—Based Mapping)
OpenCV % PCL(Point Cloud Library) 7|8tQ 2 &= JajO 7|8t S| AM €12|E

Using rtabmap visual slam using zed2i camera
[ SEEA ]

MM 12 X2| : 7HHI2}, LIDARS G|O|E A1 & T X2
RO I=F M 2 QY LHIOICE 0N Yt FALE H|W & FH XHQIA

X 2O XXMt LE 7t AT $X| ME= AUX|= Hodk| 7 T HE 2 Xk 3
R| 74 1 R51E IX T3S HIEOR HOIE S24RC HlO[ES S3510] 3D ¥ AN

= od (=]

camera?

- G NI


https://wiki1.kr/index.php/%EC%8A%A4%ED%85%8C%EB%A0%88%EC%98%A4_%EC%B9%B4%EB%A9%94%EB%9D%BC
http://official-rtab-map-forum.206.s1.nabble.com/Using-rtabmap-visual-slam-using-zed2i-camera-td9607.html

Gazebo Simulationdt SLAM

3D Camera & SLAM

RTAB-Map* [ROS) -0 @ a

BE-l= - s @ *, RTAB-Map* e00

File Edit Detection Tools Window ?
- £0

5% 3D Map

Q4

B4l (100lines  2|/1000ms -

RTAB iPhone @4(iPhone22 H12|7()

Sky blue Point : & & O|0|X| D& | AUS
Sky blue Line : 0| &2


https://www.youtube.com/watch?v=S5CJ7tdzYJw
https://www.youtube.com/watch?v=hft-UHQxGas

Gazebo Simulationdt SLAM
A= =
gl 1=

0 Gazebo I{7|X| MX|
00

sudo apt install ros-humble-gazebo-*

e Turtlebot3 I{7|X| AX|

sudo apt install ros-humble-turtlebot3
sudo apt install ros-humble-turtlebot3-gazebo

e Cartographer I 7| X| A x|
000

sudo apt install ros-humble-cartographer
sudo apt install ros-humble-cartographer-ros

e Navigation2 Ii7|X| AX|

sudo apt install ros-humble-navigation2

2 22 realsense_warehouse_ws.zip ¥==7| % build

Downloads ZH0|| Q)= QFEMAUS home CIHEZ|0| IHE UEZ7|

/home/victor/realsense_warehouse_ws

X S -
O|=A 30| Gl MK
o0 realsense_warehouse_ws$ IX[0lA] Of2f H230{ Al

rosdep update
rosdep install --from-paths src --ignore-src -r -y

= ——from-paths src : src/ Ot2HQ| IH7|X|SS 24
A&

= ——ignore-src : AA FCE HEZ|X| ¢11

QLFIt LN AL Tldl(retry)

= -y HXY UK SOEX| ¥ XS2E yes



Gazebo Simulationdt SLAM

A= =
A5zt 1=

Activities *J Visual Studio Code
») File Edit selection View
EXPLORER

&
Jo

®
HE

¥

~ REALSENSE_WARE... [ B U &
> .vscode
> build
> install
> laa
~ src/turtlebok3_simulations
> DynamixelSDK
> turtlebot3
> turtlebot3 fake node
> turtlebot3 gazebo
> turtlebot3 msgs
~ turtlebot3_simulations
£ CHANGELOG.rst
M cmakelLists.txt
& package.xml
f. CONTRIBUTING.md
f LICENSE
( README.md

> OUTLINE
> TIMELINE

®oAo

turtlebot3 simulations_ci.repos

%

48015 23:38 0

— P realsense_warehouse_ws 8-

@ turtlebot3 waffle.urdf X

O DR

0 0 &

~ turtlebot3 gazebo

src » turtlebot3 simulations > turtlebot3 gazebo > urdf > & turtlebot3 waffle.urdf

e X

m -

: i > include
254 <!-- <inertial- 5 launch
263 <joint nam§ficamgrgfrgbjjoint”_type=“fixed"> s models
268 </joint> > rviz
269 <link name="camera_rgb_frame"/> “ src
270 s . s ) € turtlebot3_drive.cpp
271 <joint name="camera rgb optical joint" type="fixed"> « urdf
272 <origin xyz="0 0 0" rpy="-1.57 0 -1.57"/> .
273 <parent link="camera rgb frame"/> » common_properties.urdf
274 <child link="camera rgb optical frame"/> :Eutrzoi-bmif“mﬂfdf
2?5 ‘:fjolnt:’ = urcitepbo walTle DIUur
276 <link name="camera rgb optical frame"/> ™ turtlebot3_waffle.urdf
277 ~ worlds
278 <joint name="camera_depth joint" type="fixed">
279 <origin xyz="0.005 0.028 0.013" rpy="-1.57 0 -1.57"/>
280 <!-- <origin xyz="${r200 cam rgbh px} ${r200 cam rgbh py + r200 cam dept
281 <parent link="camera link"/>
282 <child link="camera_ depth frame"/>
283 </joint>
284 <link name="camera depth frame"/>
285
286 <joint name="camera depth optical joint" type="fixed">
287 <origin xyz="0 0@ 0" rpy="-1.57 0 -1.57"/>
288 <parent link="camera depth_frame"/>
289 <child link="camera_depth _optical frame"/>
290 </joint>
291 <link name="camera depth optical frame"/>
292

® Ln1,Col1 Spaces:4 UTF-8 LF urdf

8 0



Gazebo Simulationdt SLAM
A= =
gl 1=

L— realsense warehouse ws/src/turtlebot3 simulations
L— turtlebot3 gazebo
— CMakeLists.txt
— include
L— turtlebot3 gazebo
L— turtlebot3 drive.hpp
— Llaunch
— empty world.launch.py
— robot state publisher.launch.py

— turtlebot3 house.launch.py

— turtlebot3 no roof aws.launch.py

— turtlebot3 world.launch.py

— models

aws_robomaker warehouse Bucket 01
aws_robomaker warehouse ClutteringA 01
aws_robomaker warehouse ClutteringC 01

turtlebot3 waffle
turtlebot3 waffle pi
turtlebot3 world
— package.xml
— rviz

L— tb3 gazebo.rviz
— src

L— turtlebot3 drive.cpp
— urdf
— common_properties.urdf

—— turtlebot3 waffle.urdf

L— worlds

empty world.world

no roof small warehouse.world
small warehouse.world

turtlebot3 house.world
turtlebot3 world.world

2

realsense_warehouse_ws.zipS £H 0|2} Z2 I}

(=9 Do tiet 4]

* Launch : gazeboZE A|E2]|0|Me 2AX|IHA
= Models : ¥S T4 Z20| MEE IHH

= Ruviz : rvizdX0| &= Efo'
= Urdf: 22 ZEO| 239 X

= Worlds : #2 7 45t= ﬂfoe'

B S0| NAE I



Gazebo SimulationZt SLAM
2RI Al
Gazebo World2} Turtlebot Waffle=S 22|=

export TURTLEBOT3_MODEL=waffle

ros2 launch turtlebot3_gazebo turtlebot3_no_roof_aws.launch.py




Gazebo Simulationdt SLAM

o000
turtiebot3 no_roof_ aws.launch.py0l| olfd Z==E 5
gazebo_model_path = os.path.join( S pRilaS F== 37t
get_package_share_directory('turtlebot3_gazebo'), ~ _
‘models’ GazebowoldS A3 T OS5 moctiS0| Z2S Agol=FEY
)
os.environ|['GAZEBO_MODEL_PATH'] = f"{gazebo_model_path}:{os.environ.get('GAZEBO_MODEL_PATH', '')}"
000

sudo cp -r ~/realsense_warehouse_ws/src/turtlebot3_simuations/turtlebot3_gazebo/models /usr/share/gazebo-11/models/

2R TTHEHOZ MSOK| BE=CH offs HH0= 25 DR MUS S/ [6H0F &

(=



Gazebo Simulationdt SLAM
HX|IMY Al
Error Control

[spawn_entity.py-3] [ERROR] [1686047965.672993729] [spawn_entity]: Service %s/spawn_entity unavailable.
Was Gazebo started with GazeboRosFactory?

000
source /usr/share/gazebo/setup.bash

echo "source /usr/share/gazebo/setup.bash" >> ~/.bashrc
ros2 launch turtlebot3_gazebo turtlebot3_no_roof_aws.launch.py

00
E] : Gazebo does not terminate properly.
[E] properly ey

killall -9 gzserver
killall -9 gzclient



Gazebo Simulationdt SLAM
Cartographer&det
SLAM 2{0|E 22| = oL}

ros2 launch turtlebot3_cartographer cartographer.launch.py use_sim_time:=True




Gazebo Simulationdt SLAM

Keyboard Controller&dat
J|RERZ 22 ZESM XI=E EE 4 US

ros2 run turtlebot3_teleop teleop_keyboard

u rokey@rokey-550XCJ-550XCR: ~ 105x260
rokey@rokey-550XCJ-550XCR:~5 ros2 run turtlebot3_teleop teleop_keyboard

Control Your TurtleBot3!

Moving around:

W
a s d
X
w/x : increase/decrease linear velocity (Burger : ~ 0.22, Waffle and Waffle Pi : ~ 0.26)
afd : increase/decrease angular velocity (Burger : ~ 2.84, Waffle and Waffle PL : ~ 1.82)

space key, s : force stop

CTRL-C to quit




Gazebo Simulationdt SLAM
Keyboard Controller&dat

ros2 run turtlebot3_gazebo turtlebot3_drive

ros2 run nav2_map_server map_saver_cli -f ~/map




Gazebo Simulationt SLAM

GIMPZ map MZ!

o0
sudo apt install gimp

#[map] (imported)-1.0 (RGE color 8-bit gamma integer, GIMP built-in sRGB, 1 layer) 408x301 - GIMP

File Edit Select View Image Layer Colors Tools Filters Windows Help

- -
+,= @, N, 0
Sqllllll\\SD\III|1D|?III‘Bq\\Ilwlllllsli'I\\PD?IIIPS?III“DQ\\IE
£¢‘/‘,!A‘ 3
i A 7 Q i
.'1
Gl |
Ho« R =
Paintbrush

Mede Normal v  £) v

Opacity 1000
Brush

- 1. Pixel 4
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export ROSDEP_SSL_VERIFY=
rosdep update && rosdep install --from-paths src --ignore-src -r -y
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export MAKEFLAGS="-j6"
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export TURTLEBOT3_MODEL=burger
ros2 launch turtlebot3_gazebo turtlebot3_no_roof_aws.launch.py
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dockable windows. There are currently no plug-ins selected. To |5 Actions
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