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ROS 2 == E2} H|O|H 57|=t

CIXE ERS 71215t T GazeboOf| A ‘4/dE CIO|E{Q} 2X| HMAM HO|E| & S7[=2tslOF 2 L|Ct.
@ Gazeb001I*1 MM GOl X
GazeboOj| A A H|O|EZ -_rLE O 2K H[O|& 2t B wgfL|C},

@ &M =X XM Ho|g =&
2 ZRME 2ot BE s 2dotY HO|HE B|WgL(Ct.

—

® TF(Transform) 7|2}
AN 220 AEY 0| 229 TFE & Of ShLCt.
Nav22t AMCLZ 28010 HX| etZ 1t EX[St= X =E2 =L .

ros2 launch nav2_bringup localization_launch.py use_sim_time:=true
Gazebo2| use_sim_time= 2/d2}510] A|E|0[Hd A|ZES AL 5= JASLICH

ros2 param set /gazebo use_sim_time true
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@ ROS 2 H{g2H 0|2 T 2[ofE &
Ch=dF 20l ERS EIUH“'*F@ X HO|E et 7he HIO|HE & & Az LICH

<node pkg="ros2_bridge" exec="ros2_bridge_node">
<remap from="/real_scan" to="/sim_scan"/>
<remap from="/real_odom" to="/sim_odom"/>
</node>

@ MQTT/ROS 2 Bridge &
X AM HOoHE MQTTEZ S415t1, GazebodM O|F #+=& . paho.mqtt.client o matt

json

ros2 run rosbridge_server rosbridge_websocket (client, userdata, msg):
data = json.loads(msg.payload)

print( » data)

0|2 Python= 0|873l0f MQTTZ HIO|HE S+4g = JASLICL

client = mqtt.client()

client.on message = on_message
client.connect(

client.subscribe(

client.loop forever()

RObOtiCS 6 HUMAN Al ROBOTICS



@® SLAM YU Localization 43
Gazebooﬂﬂ A= WO AX ™S |15t XpO[E 2L O}

ros2 run nav2_map_server map_saver_cli -f sim_map
ros2 run nav2_map_server map_saver_cli -f real_map

@ GOl 2 X 24
ROS 22| bag It S &Eot0] 28 7|F5tl 42 + JUASLICH

ros2 bag record -o sim_data /scan /odom
ros2 bag record -o real_data /real_scan /real_odom

O|= H|O|H & H|wot 2H2t Al=20] 12| Xt0|F =l = UG LICH
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B .github/workflows

BB turtlebot3 autorace 2020
BB turtlebot3 autorace camera
BB turtlebot3 autorace core
BB turtlebot3 autorace detect
B8 turtlebot3 autorace driving
B turtlebot3_autorace_msgs

[} LICENSE

™ README.md

Robotics
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Update R

10

3 months ago

HUMAN Al ROBOTICS



CIXIE Ed, K& Y

ozt
!

02

3 A K|

AAEFY +E 4

https://emanual.robotis.com/docs/en/platform/turtlebot3/autonomous_driving/

AE otg: =8 AlEd(0]4d

https://emanual.robotis.com/docs/en/platform/turtlebot3/simulation/
7| X| IAF(PC 2X|)
$ cd ~/turtlebot3 ws/src/

$ git clone https://github.com/ROBOTIS-GIT/turtlebot3_autorace.qgit
$ cd ~/turtlebot3_ws && colcon build --symlink-install

$ sudo apt install ros-humble-image-transport ros-humble-cv-bridge ros-humble-vision-opencv python3-
opencv libopencv-dev ros-humble-image-pipeline

RObOtiCS 11 HUMAN Al ROBOTICS
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bashrcf| LIEL 7| 2= F7t5t1 Y &7 O[S S {your_ws}0fl 22A K. 0] 22/ 2= AESHE M0
N 38 2t85 oL HO[HoR Bt

$ echo 'export

GAZEBO_PLUGIN_PATH=$HOME/{your_ws}/build/turtlebot3_gazebo:$GAZEBO_PLUGIN_PATH' >>
~/.bashrc

7tofl2r 27

Choh g=tot HIOIHE &S
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|2, 28 Z2M2F O3lfot
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7tH 2 282 Xtg A0 2L ZIHEF 2X 280 IS 2ESH
7 X A
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Gazebo A|Z2|0|H0M= AlZ2{0[d =l ZrO2tof] = of=0] 7| =0 ZrH2r O|0jY EF0| ER ¢

AlAoteH LS 3ES 25 |4 PCO|M Gazebo A[Z20| S A[EfEL LY.
$ ros2 launch turtlebot3_gazebo turtlebot3_autorace_2020.launch.py

LHA S 27

H= QBS NS 2™ AHa| U 8= gLt &

A& S0 22 7t 2te| hF £d= 280 O
N 2X0|AM& O “EHI’WF *’%OIXIDJ Gazebo AI%EﬂOI*"OﬂH" Al=df| o[ 3=l ZtH 2t 0]0| 9H-—L.OI
R O] H el O|0|X| & MSot/| =20 LAY wg0| ERoHA| RigLCE 2Lt Of HAl= AMEXIIE 2
Xﬂ SLERIO HiZE ZE2MAZF Of9fiote O =50| == E%Eli’iQLIEf
A SIERO oM Hdel= AME WA 1d Z2MAE HASEH Chas 2L

$ ros2 launch turtlebot3_autorace_camera intrinsic_camera_calibration.launch.py
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O EtAIO| M= O|0|X| &80| =7HE[X| AX|Tt == X2|0f| SHIE topic(/camera/image_rect E&=

/camera/image_rect_color/compressed)& AtET = U F BFTL|LC

2. ¥ A

F 7t 2 £
olF 2= 72t 2EE
Al

— [ =
AKXt EA|[SHES BLCH &M 2XRO0|M= 0| ZEMATE SQOEA|, Gazebo Al22| 0] 40N = E&d=S
A

=] - = L—
ol EEE A5t AFEX0A X HAE=0 A=sohX| == &L L

Al=20] 40| 2HEH 2fF B Z2MAS AR LICH

$ ros2 launch turtlebot3_autorace_camera extrinsic_camera_calibration.launch.py calibration_mode:=True
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$ rgt

Navigate to Plugins > Visualization > Image view O| &2 L|Ct. & 7§2| O|O|X| & &S PtELICH

ot HO A /camera/image_extrinsic_calib E& S MEiS CHE &0 A| /camera/image_ prOJected% MEihLIC}

o 1
AR B2 B2 ACHE|E 29 OIDIXIE Hoz1, & UK EE2 Xd FAF R(ZEE)E E0E L
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Eimage View DE® - 0® Eimage View (3) DE® - o€
/camerafimage_extrinsic ca v | | & (@ |0 * 10.00m ||| /camera/image_projected | |I&8|& o |2 10.00m =/ |
alib_mouse_left Smooth scaling | & 0° | A v 'ojected_mouse_left Smooth scaling | % | By v
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Plugins > Configuration > Dynamic Reconfigure. 2 2 0| ZgtL|LC},

/camera/image_projection 3 /camera/image_compensation| Of7|H+E XG5t 7IH|2te] EH S
/camera/image_projection #f= HZAS}I0] /camera/image_extrinsic_calib THE =™ gL Lt

L& 7ot 2782 B2 AtCHE| & 2] O|0fX| E & +=F &L .

1 O H

/camera/image_compensationg =850 /camera/image_projected ZZ =& O|A| &2 L|C}
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Default - rqt - 0O x
File Plugins Running Perspectives Help
“#Parameter Reconfigure DE® -0
Filter key: 3 (=] [camera/image_projection Q
Collapse all Expand all use_sim_time
~ camera - is_extrinsic_camera_calibration_mode v
* camera camera.extrinsic_camera_calibration.top_x 0 120 |71
image projection - : .
~ camera camera.extrinsic_camera_calibration.top_y 0 == 120 8
. canc:;z?aayer_node camera.extrinsic_camera_calibration.bottom x e 320 145
fEitifY_DOdE camera.extrinsic_camera_calibration.bottom_y 0 320 |130
camera_driver
gazebo e . o
launch ros 38260 e = [camera/image_compensation | D |
republish -
robot_state publisher use_sim_time
rgt_gui_cpp_node 42895 . L .
rqt_gui_py node 42895 is_extrinsic_camera_calibration_mode v
turtlebot3_diff_drive M camera.extrinsic_camera_calibration.clip_hist_percent 0.0 = _| ' 10.0 (1.0

Refresh

(System message might be shown here when necessary)

RObOtiCS 18 HUMAN Al ROBOTICS
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$ cd ~/turtlebot3 ws/src/turtlebot3_autorace/turtlebot3 autorace _camera/calibration/extrinsic_calibration/
$ gedit projection.yaml

Sx HPH0IM 2L gt Uk
ol S 9% W 0j7f s
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projection.yaml —
Open ~ I+ -fturtlebot3_ws/src/turtlebot3_autorace_20...e_camera/calibration/ Save = .

projection.yaml compensation.yaml

Jcamera/image_projection:
ros__parameters:

camera:
extrinsic camera calibration: compensation.yaml = _
i ; 204 = Open [+1 -fturtlebot3_ws/src/turtlebot3_autorace_2..._camera/calibration/ext Save - = .
bottom_y: 151 N .
top_x: 72 projection.yaml compensation.yaml
top_y: 7 image_compensation_projection:
ros__parameters:
camera:
extrinsic_camera_calibration:
clip_hist_percent: 1.N
YAML
YAML ~ TabWidth: 8 ~ Ln 5, Col 31 i INS

RObOtiCS 20 HUMAN Al ROBOTICS
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ud Z2at =40l

Wy ZZNAE 2zt 2 #4 PCOA ofaf X[HO el ud 20t =HelghL ot

X QE U TZNAE BX|ELCH

F wF0| ¥ EE:=True®|M A|A &l B2 HOZ2S EALL Ctrl + C& =2 ZE2MAE SAIZ L

Wy 2E Q0| 9|F Wl LEE AR
OfZA ofH A|AEO0] Mgl W oiviH+-E a30 HEL L

$ ros2 launch turtlebot3_autorace_camera extrinsic_camera_calibration.launch.py

rqtE A 3MSED Plugins > Visualization > Image viewZ O| &L C}.

$ rgt
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HE3H0 B HBEOZ, /camera/image_projected TXHE MEINZ [ =Z &= (bird-eye view) O|O|X[7} O}
2l oF Z ot

HO| LtEFLIOF &L CF

o} Zto| L}EFL}OF BHL|C

Eimage View (3) DE@® - 0@
/camera/image_projected [ &8l@llo |2 10.00m 3 |
ojected_mouse_left Smooth scaling | & 07 [-A
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Ad HAIE Soll TurtleBot3& Arid HEA|S 4ot AraM oz [Metd o UFLIC O A|AHZ 2K
TurtleBot3 == Gazebo A|=2||0[10{A ZtO 2t O|O|X|E XNE[ot, My ZHIE S HEOIL, A4 A S

AL o

O] MMO|A = KpA ZHR| A|AEIS A|EFST ZHX|El XM A2 A|ZHSIstD MEst ™S HESH| 98
075 285l= LS 2L

Al=20] 40 A Kb HX| Al

AZSte{™ O|2| Ho|=l XtM =M AAZ Gazebo A|lZ2H|0|H S Al&fghL|C.

$ ros2 launch turtlebot3_gazebo turtlebot3_autorace_2020.launch.py

Cteez, 24X = XMool 22| 20| H2stA fEEH=X] 2Q18t= 72t B Z2ENAE AL T
$ ros2 launch turtlebot3_autorace_camera intrinsic_camera_calibration.launch.py

$ ros2 launch turtlebot3_autorace_camera extrinsic_camera_calibration.launch.py

RObOtiCS 24 HUMAN Al ROBOTICS



ozt

CIXIE ER, Xt8 =3 1

Ol21et thAl= 7t 2t D=9 =5 +got7| 2lofl LAY S 2[xH n¥s egd=terL ot

|

OIAY o2, AHd HA| LE5 w8 ZEZ J¥WSt Xd XS AR LCH

$ ros2 launch turtlebot3_autorace_camera detect_lane.launch.py calibration_mode:=True

A HA =25 ALz

AX| =l A= Ao EH A4 PCOIA rqtE B LI

& Cr=Z Plugins > Visualization > Image View 0| &5t0] Al 72| O[O|X| RO & EO Cot At & K|
Z1S EA[RLL
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| )

Bimage View (2) DIE® -0 Bimage View (2) DIC® -0
Eimage View DIC® - 0O /detect/image_yellow_lane_marker/compress ~ o |= 10.00m + |22 /detect/image_white_lane_marker/compresse ~ | o 10.00m <4
/detect/image_lane/compressed 1€ ]lEjlo |5 10.00m 3|2 pressed_mouse_left | | Smooth scaling | & 0° | € ||Gray - presse d_mouse _left|| ' Smoothscaling | 9 0°| € |Gray

presse d_mouse _left Smooth scaling | 2 0° | € || Gray

At G Xl Oj7h e Wy

Mol =t & flofl HA| Oi7f S =Fot= A0l R LCE o2 D75 ZoIH =X 0| Chot =f
28 =AM A= SHEEA HE & UG LICH

turtlebot3_autorace_detect/param/lane/0f| = laneyaml L= @0 ==l 4+ O] LU0 &LICH O|H A S
Oj2t7t 2= Ao == o7 H+E AR SLICE
$ cd ~/turtlebot3_ws/src/turtlebot3_autorace/turtlebot3_autorace_detect/param/lane

RObOtiCS 26 HUMAN Al ROBOTICS
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Open 1 e Save = = m] X

Jdetect_lane:
ros__parameters:
detect:
lane:
white:
hue_h: 179
hue_1: ©
lightness_h: 255
lightness_1: 185
saturation_h: 78
saturation_1: @
yellow:
hue_h: 127
hue_1: 10
lightness_h: 255
lightness_1: 95
saturation_h: 255
saturation_1: 78

YAML ~ Tab Width: 8 v Ln 20, Col 24 i INS

Y

0%

Ze|=efo|Mo| 2t=x|H A2[Ego|d &4 80| Ak 4 X| =EE CFA| A|&FSLICE,
$ cd ~/turtlebot3_ws/src/turtlebot3_autorace/turtlebot3_autorace_detect/param/lane

$ ros2 launch turtlebot3_autorace_detect detect_lane.launch.py

RObOtiCS 27 HUMAN Al ROBOTICS
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O# ChF, TurtleBot37t A& Abd S As2 2 MEtE = JAEE A FH N LES AAELLC

$ ros2 turtlebot3_autorace_driving control_lane.launch.pyE A|&FgtL|CE,
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This repository contains a folder named world which contains the gazebo simulation environments.

In order to makes it work you need to copy the environments inside the gazebo models directory.
In order to do that do the following commands:

roscd turtlebot3 autorace_simulation

cp -r ./world/turtlebot3_autorace_track* $HOME/.gazebo/models
cp -r ./world/*_logo $HOME/.gazebo/models

cp -r ./world/chess_flag $HOME/.gazebo/models

RObOtiCS 31 HUMAN Al ROBOTICS
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This repository use a custom model of turtlebot3. This model is the turtlebot3 burger pi.

In order to have it inside the simulation environment it has to be added to the models description in the
turtlebot3_descripion package. The 3D model and robot description is inside the urdf folder.
In order to add it to the choosable models do the following steps:

ozt

cp ./urdf/turtlebot3_burger_pi* $HOME/catkin_ws/src/turtlebot3/turtlebot3_description/urdf/.

Robotics 3
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AnstmRE

https://github.com/falfab/turtlebot3_autorace_simulation

Turtlebot 3 Autorace simulation is a ROS package which allows to run turtlebot3_autorace from ROBOTIS-GIT in simulation.
It is fully parametrizable and customizable.
Next will follow the instructions to getting started with standard examples and to customize trucks to test the package.

Circuit race with logo detection
In order to makes the turtlebot perform a race in a circuit with
logo detection do the following steps:

roslaunch turtlebot3_autorace_simulation circuit.launch
roslaunch turtlebot3_autorace simulation autorace.launch

By default gazebo is launched with no gui, if you want to see
robot visualization do this:

roslaunch turtlebot3_autorace simulation
config_file:=circuit.rviz

RObOtiCS 33 HUMAN Al ROBOTICS
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