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FEIT
DR i 3

$ gz topic -1
PVANAEREEACH

$ gz topic -e /gazebo/default/user/turtlebot3 ${TB3 MODEL}/lidar/hls_lfcd lds/scan
3)1T 1 5 e
Waffle

$ gz topic -e /gazebo/default/user/turtlebot3 waftle/image/intel realsense r200/image
Walffle Pi

$ gz topic -e /gazebo/default/user/turtlebot3 waffle pi/image/raspberry pi_cam/image
4) AT T 4%

$ cd ${turtlebot3 gazebo plugin}/build

$ /lidar_listener ${TB3_MODEL}
TP & om e 1, RIEMA L i,

$ cd ${turtlebot3 gazebo plugin}/build

$ ./image_listener ${TB3_MODEL}

10. #%& Arduino A& OpenCR JE

(% OpenCR BT HZMAPIER, BESEM CEUL—MEERS MRGERF (BT
FEISATEB A ERD , FreLaR B R R SR ]
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10.1 %3 Arduino IDE

OpenCR % Arduino IDE 1.16.0 &% 2 J& (IR A
ME 77 1] arduino = T NEEBTARAS, Hibk: https://www.arduino.cc/en/Main/Software

HOME STORE SOFTWARE EDU RESOURCES COMMUNITY HELP

Download the Arduino IDE

Windows 2ip file

ARDUINO 1.8.10
The open-source A re (IDE) makes it eas

Mac OS X10.5 Mountain Lion of news

©.0)

Linux 32 bits
Linux 64 bits
Linux ARM 32 bits
Linux ARM 64 bits.

Release Notes

Source Code
Checksums (shasi2)

MRRE window 24, F# [Windows installer] (Z—2HERD) |

WRARSE Ubuntu 248, T4 [Linux 64bits] (35 AN EHEFRID)

BT windows %3 LRI, X EAMMAEH, S E MW windows WA 23 HfE
https://www. arduino. cc/en/Guide/Windowsttocl

N UL — R Ubuntu REEH LTV, WAANGEW AL, E2%5EMEHDR LS.
https://www. arduino. cc/en/Guide/Linux
Ubuntu %% Arduino IDE:

1 ¥ R B SO A S TR ) B — A S e (e IX ),

2. NS RIS IEA Larduino-1%%*] , k¥ [ 8] > [fE&um+$I7]

3. ANEEA i Hig4THE 4 Jinstall.sh

osboxes@osboxes: ~/Downloads/arduino-1.6.10
1s

osboxeé@osboxe $ cd Downloads

osboxes@osboxes:- cd ardulno 1 6.10

osboxes@osboxes:~/Do 3 no- 0$ ./install.sh

Adding desktop sh tcut menu ltem and ﬁ.le associations for Arduino IDE... done
]

osboxes@osboxes:~/L yads /arduino-1.6.10$ l

4. SRIGLETTEASE s N, arduino, 77T arduino IDE.

10.2 %0 OpenCR HIHKHBE

(1) #%)n Boards Manager

iz47 IDE, /it File (3Cf4) — Preferences (B iETD , EHlln N A2 3] [ Additional Boards
Manager URLs():

https://raw.githubusercontent.com/ROBOTIS-GIT/OpenCR/master/arduino/opencr release/pac
kage opencr index.json
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Settings | Network

Sketchbook location:

/home/pyo/Arduino Browse
Editor language: System Default v | (requiresrestart of Arduino)
Editor Font size: 12

Interface scale & Automatic % (requires restart of Arduino)

Show verbose output during: compilation upload

Compiler warnings: Mone v

Display line numbers
Enable Code Folding
@ Verify code after upload
Use external editor
@ Check For updates on startup
@ Update sketch files to new extension on save (pde -> .ino)
@@ Save when verifying or uploading

Lt Lel4 T EIN= N 1 R El S VRS Op enCR/master/arduino/opencr_release/package opencr_index.json|if =]

/home/pyo/.arduinot5/preferences.txt

duine is not running

OK | | Cancel

(2) 1#id Boards Manager % %% OpenCR # f4£1
Riifi Tools — Board — Boards Manager.
SN

Auto Format Ctri+T

= Archive Sketch
Sj stch_octzda g ere Encoding & Reload
Vm}‘/ ;S;u";ézr{set Serial Monitor Cerl+Shift+M
Serial Plotter Ctrl+Shift+L

}
WiFi101 Firmware Updater
void loop() {

ARy ol Board: ‘Arduino/CenuinoUno” ‘Boards Manager..,
y Port » - -
Get BoardInfo Arduino Yan
Programmer: "AVRISP mkil" * e Arduino/Genuino Uno
Burn Bootloader Arduino Duemilanove or Diecimila

Arduino Nano
Arduino/Genuino Mega or Mega 2560
Arduino Mega ADK
Arduino Leonardo
Arduino/Genuino Micro
Arduino Esplora
Arduino Mini

Arduino Ethernet
Arduino Fio

Arduino BT

LilyPad Arduino USB
LilyPad Arduino
Arduino Pro or Pro Mini
Arduino NG or older
Arduino Robot Control
Arduino Robot Motor

Arduino/Genuino Uno on ¢

Arduino Gemma

TESCAHMEFEE N OpenCR PAEE#K AL . #£3 OpenCR by ROBOTIS J&, #idf Install.
KR
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Type |All v | | Filter your search

EMORO 2560 by Inovatic-ICT
Boards included i this package
EMoRo 2360,

Onine help

More info

AMEL-Tech Boards by replaced by Arrow Boards
Boards included in this package

SmartEvarything Fox.

Ording halp

Mora info

OpenCR by ROBOTIS
Boards included in this package:

Onfine help
More info

23 s, B “INSTALLED”

KR

Type Al v | |Filter your search

Install

Close

EMORO 2560 by Inovatic-ICT
Boards included in this package:
EMoRo 2560

Oniine help

More info

AMEL-Tech Boards by replaced by Arrow Boards
Bcards included i this package

SmartEverything Fox

Oriine help

Mere nfa

OpenCR by ROBOTIS version 1.0.0 INSTALLED
Boards included in this package:

OpenCR

Onine help

Mare info

OpenCR Board %1|E Tools — Board

Bl

tch [TSOEI |
[l Auto Format Ctrl+T
A Archive Sketch
s’fe'c hoct2d4ad o Encoding & Reload
e :;;“‘;éar{sgt Serial Monitor Ctrl+Shift+M
N Serial Plotter Ctrl+Shift+L
WIFi101 Firmware Updater
void loop() { Board: "OpenCRBoard"
A TTRILE Y ooard: OpentRBoa
" Upload method: "OpenCR Bootloader" »
Port »
Get Board Info
Programmer: "AVRISP mkil" v

Burn Bootloader

OpenCR Board, OpenCR Bootloader on COM1

Rernove

Close

Boards Manager...

Arduino YUn

Arduino/Genuino Uno

Arduino Duernilanove or Diecimila
Arduino Nano

Arduino/Genuino Mega or Mega 2560
Arduino Mega ADK

Arduino Leonardo
Arduino/Genuino Micro

Arduino Esplora

Arduino Mini

Arduino Ethernet

Arduino Fio

Arduino BT

LilyPad Arduino USB

LilyPad Arduino

Arduino Pro or Pro Mini

Arduino NG or older

Arduino Robot Control

Arduino Robot Motor
Arduino Gemma
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10.3 5 O E

WP PR R B AR ) HRE .

OpenCR [iid USB i 13442 ¥ PC Al OpenCR #

1%+ Tools — Port — /dev/tty ACMO.

K7

dit Sketch m Hi‘:|_|::-

Auto Format Cerl+T

Archive Sketch

_SketCh—OCt24a Fix Encoding & Reload

b 0 et Serial Monitor Ctrl+Shift+M
Serial Plotter Cerl+Shift+L
WIiFi101 Firmware Updater

¥

""j},;j, ;Egpﬁgui nai Board: "OpenCRBoard"

N Upload method: "OpenCR Bootloader” 4

Po devy vAC MO

Get BoardInfo

Pragrammer: "AVRISP mkll"
Burn Bootloader

/dev/tty ACMO HME P BE 2 R4 AN [F] PC M8 2 7+ .

10.4 FIE /4 [Bootloader]

OpenCR i LAY MCU & STM32F7xx, 3#F DFU (BT o XAl MCU KN &
5 SINEAE T A & feig it {4 USB 515 DFU W%, FEH T 5 S Fhtt, mE
BN 5 3N FE T BRI &R P RE A A USB 51 Sm#fey, L iih
JTAG 4% oS H ik AE MCU H i) DFU BX5 A [EF, TJ6 7 9 5 /R 5 &, %9140 STLink.

BIEDER:
(1) %% Tools (T.H) — DFU-UTIL
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Auto Format Ctrl+T

Archive Sketch
sketch oct243 Fix Encoding & Reload

. ;:;usézr{set Serial Monitor Ctrl+Shift+M

3 Serial Plotter Ctrl+Shift+L
WiFi101 Firmware Updater

W/j ;Ezp(g“{ nai Board: "OpenCRBoard" z

i Upload method: "OpenCR Bootloader" »
Port: "/dev/ttyACMOD" »

Get Board Info

| Pr mmer: J AVR ISP
Burn Bootloader AVRISP mkill
USBLinylSP
ArduinolSP
USBasp
Parallel Programmer

Arduino as ISP

Arduino Gemma

Atmel STK500 development board
BusPirate as ISP
~DFU Ui

OpenCR Board, OpenCR Bootloader on /devittyACMO

(7) iz47T DFU
OpenCR L: #%F [Reset #] FIFF# F [Boot 8] , #lAEHIE DFU #i{

[Reset] [Boot]

(8) %k bootloader
Arduino IDE #: i Tools — Burn Bootloader.
* DNEFE ] [file download successfully] 7 il B [E14 52 5 Rl
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______ Ctri+T

Archive Sketch

ketch_octz24
SKETEN_OCLe88 - o Encoding & Reload

void setup() {

// put your set Serial Monitor Cerl+Shift+m
) Serial Plotter Cerl+Shift+L
WIiFi101 Firmware Updater
void Tloop() { T - -
// put your mai Board: "OpenCR Board J
) Upload method: "OpenCR Bootloader" v

Get Board Info

Programmer; "DFU_UTIL"

OpenCR Board, OpenCR Boctloader on jdevittyACMO

10.5 HERERF

# TurtleBot3 [#%/7b¢% 2] OpenCR H:

W% TurtleBot3 Burger,

Arduino-->File — Examples — turtlebot3 — turtlebot3 burger — turtlebot3 core.

A% FH i J2 TurtleBot3 Waffle i Waffle Pi,

Arduino--> File — Examples — turtlebot3 — turtlebot3 waffle — turtlebot3 core.

mifi [EAE] 4% %] OpenCR .

* 0 B, B arduino PPN, WAZIEE BN EDIRASES Fth “jump_to fw” FRE, ABE
WERE T D E 5
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File Edit Sketch Tools Help

‘B Upload

turtlebot3_core

#include "turtlebot3 core_config.h”

ros: :HNodeHandle nh:

void emd_vel callback (const geometry_msgs::Twisté cmd_vel msqg);
ros::Subscriber<geometry_msgs::Twist> cmd_vel_sub("cmd_vel", cmd_vel_callback):

11, WEIRMEIEER

kN
2
=

11.1 315 Sk 2238

TER: MR AR D, (HRAER, — DRSSk, B RExR
Bt il Gk EEALE DA HDMI K HE .
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BigkzErEE
1. BEELFD, BEE LEE,
2. BHRS—NEONERIEESE , BTEA HL.
3. MRS , BESL-RI0ETET.

e

11.2 WEIR B A SRAE R

PR L R LCE N E 7K B LA 75 2N B E st e LA T
1.\ A4 471847 raspi-config Bt B 14

sudo raspi-config

2 % F¥ Interface Options

Raspberry Pi 3 Model B Rev 1.2

Raspberry Pi Software Configuration Tool (raspi-config)

1 Change User Password Change password for the current user

2 Network Options Configure network settings

3 Boot Options Configure options for start-up

4 Localisation Options Set up language and regional settings to match your location
5 Interfacing Options Configure connections to peripherals

6 Overclock Configure overclocking for your Pi

7 Advanced Options Configure advanced settings

8 Update Update this tool to the latest version

9 About raspi-config Information about this configuration tool

3.1%# Camera

E Raspberry Pi Software Configuration Tool (raspi-config) !

Enable/Disable connection to the Raspberry Pi

P2 SSH Enable/Disable remote command line access to your Pi using SSH
P3 WNC Enable/Disable graphical remote access to your Pi using RealVNC
P4 SPI Enable/Disable automatic loading of SPI kernel module

P5 I2C Enable/Disable automatic loading of I2C kernel module

P6 Serial Enable/Disable shell and kernel messages on the serial connection
P7 1-Wire Enable/Disable one-wire interface

P8 Remote GPIO Enable/Disable remote access to GPIO pins

4. %P &, ARJGIEFE Finish, B BWEIR.

Would you like the camera interface to be enabled?

= <=
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5 M5k, 1817

raspistill —o cam. jpg

162900 H 3% N 2R 47—k cam.jpg FIIE -, K& 2B,

[TurtleBot] PA Ny 2K 7E ROS R4 b2 4EHH ¢ Raspberry Pi Camera #4£

$ cd ~/catkin_ws/src

$ git clone https://github.com/UbiquityRobotics/raspicam_node.git

$ sudo apt-get install ros-kinetic-compressed-image-transport ros-Kinetic-camera-info-manager
$ cd ~/catkin_ws && catkin _make

11.3 ROS BT M EE IR

WAEIR 11T
$ roslaunch turtlebot3 bringup turtlebot3 rpicamera.launch

B
$ roslaunch raspicam_node camerav2 1280x960.launch

fF raspicam i I ATHF, 0] LLE I JE 5 N Raspberry Pi Camera H 7 & %% £ 4
rqt_image viewo

£ Remote PC H'iz1T Rviz 2, 152 Raspberry Pi 3 Al Remote PC /&7 CLi%Hz

[Remote PClizfT LA R4
$ rqt_image view
gui NFHAE A A BR et ), 8 T DUARE P AR e T ) R S B Pk %5 Raspberry Pi
Camera AH % HEHE £ 44 PR

11.4 PR E

FPLEIARE 2 TAERARNLRN S, RAERUHBLI yaml SO IXREAE B SN B2 18 -
b g BESR B UK, WP RE L RN 103 5T LA AR g o AP ER
(1) YA launch SCHF, 7EWAER
$ roscd usb_cam/launch/
$ gedit calib.launch
AN AR
<launch>
<node name="usb_cam" pkg="usb_cam" type="usb _cam_node" output="screen" >

<param name="video_device" value="/dev/video0" />

<param name="image width" value="640" />

<param name="image height" value="480" />

<param name="pixel format" value="yuyv" />

<param name="io_method" value="mmap"/>
</node>

</launch>

(2) JABhHEL

$ roslaunch usb_cam calib.launch
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(3) FzhbrErRr
$ rosrun camera_calibration cameracalibrator.py --size 8x6 --square 0.03

image:=/usb_cam/image raw camera:=/usb_cam

HELBLS St -

display display

et IE@POPLPALHCY % ¢+ @B PLPLLHY

Y e
scale  (000/100) (I ) scale  (000/100) (I y

(x=275.v=44) ~ R:167 G:167 B:167 (x=301.v=48) ~ R:160 G:160 B:160

(4) HbrERATAR E

NEFRERR, FTEI A4 RN, TER—AN PR (1) P44k

P 7 AR 9 3«

https://wiki. ros. org/camera calibration/Tutorials/MonocularCalibrat
ionYaction=AttachFile&do=view&target=check-108. pdf

RPN xy size skaw #BARSE, B AT LA Calibration B85, BRI SAEH M2,
Rk READ), R

RIGIBH RS, F“SAVE”, m“COMMIT”.

RIS ECHRAAAE |, B AR E

~/.ros/camera_info/head camera.yaml

FATH KI8T usb_cam e BaAM S, AT IMEE:

[ INFO] [1555832606.313276288]: camera calibration URL:

file:///home/sc/.ros/camera info/head camera.yaml

SR T TGVESE AR €, AIZ7 ROS B 77 5 H AL E
http://wiki.ros.org/camera calibration/Tutorials/MonocularCalibration

WA A B 22 5 K R IR 5 b e b, B AT I AR B H AR LR 8, W EE
UF RIS E T3S B B R FRAT TS o
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12 % R AR BRI

12.1 Turtlebot3 KA

B [WAR] L TB3 B

$ cd ~/catkin_ws/src/

$ rm -rf turtlebot3/ turtlebot3 _msgs/ hls_Ifcd 1ds driver/  #fHERIHEAFE
$ git clone https://github.com/ROBOTIS-GIT/hls_Ifcd 1ds_driver.git

$ git clone https://github.com/ROBOTIS-GIT/turtlebot3 msgs.git

$ git clone https://github.com/ROBOTIS-GIT/turtlebot3.git

$ cd ~/catkin_ws/src/turtlebot3

$ sudo rm -r turtlebot3 description/ turtlebot3 teleop/ turtlebot3 navigation/
turtlebot3 slam/ turtlebot3 example/

$ cd ~/catkin_ws/

$ rm -rf build/ devel/

$ cd ~/catkin_ws && catkin_make -j4

EFr [ZiLARM] # TB3

$ cd ~/catkin_ws/src/

$ rm -rf turtlebot3/ turtlebot3 msgs/

$ git clone https://github.com/ROBOTIS-GIT/turtlebot3 _msgs.git

$ git clone https://github.com/ROBOTIS-GIT/turtlebot3.git

$ cd ~/catkin_ws/

$ rm -rf build/ devel/  #UEAMIFR_E IR B 34 BUE catkin. ws BT 1] build A1 devel U
$ cd ~/catkin_ws && catkin_make

KT TB3 E#fF SDK 53§ GitHub F /7 LA https://github.com/ROBOTIS-GIT, H] #i4f
HOMEH/NE, BAT FEEo L 3] & TAE 23 8] (catkin_ws/sre) g 1 (catkin_make).

12.2 AFE][E)H

B IHEIZATHE 22 HILIS (B AN [R5 (R A5 RS I IR 75 B A2 YR AN 22 10 AN FRL I 2 18] s Ta] [
Wo NN BRAEWEEIRAEILA N EAEIE AT — 0

W 4435 ntpdate, SR 5 [F] A5 I E]

$ sudo apt-get install ntpdate

$ sudo ntpdate ntp.ubuntu.com

TERE: WA R dead BEESFH IR, FIRER pe dm i) W A7 BULELER AN, TS EILE
U R pe ZZEHTA T
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12.3 W& YR L SSH iZfiiER:
RIAREIR 1247

$ sudo apt-get install ssh

$ sudo service ssh start

$ sudo ufw allow ssh

SRJEAESE LA N _F o BEIEAT

@WEEIR IP

12.4 TRETIEZER/NE

d.

K BRI A K SRR N2 )R, PEHERR RN R, f5 5 HEBR A A ]
AR wifi 1815 N ER T BT, BEEMEIR FIZT key_teleop 5 ki WIRM ALK
ERTRAEESINE, Ul B R A Y, AR E @ T, co TR B4R BR
T, e d

[EE M 4): PC Ja3)) roscore, {EMAFIRAIGAA rostopic list. HA VA T A, WHRA
FRIEHR, WABESE IPEE], 52 AN SRS E .

(R ] ) wizard WK, ATHKE W REIRIE L hr A, SPOMIER AR HigqT
teleop AL, RETIEM. #EE, F[OpenCR fuf]. #HAHE, ¥ b

[OpenCR 5 & AN opencr [l 1445 %A (), K 1% opencr MR b2, T3 A8)? O,

WRTCIEH O, ER AR B G
[&F IP BCE |0 A EM RRFIZE 1L AIZAT cat  ~/ bashre FiH#&l. 7371247 ifconfig fi it
. 3 His4T cat /etc/hosts Fir A .

12.5 TAEZ B4 R4 R

TR —LE Ry, FEJE SR catkin ws HXHE, miF AR, BHKH ros H
i RS AR T L rosdep.
Catkin make fi%
$ rosdep install -r --from-path . #8 ™ i
ZHu 3
1. --from-paths J&4i & Z M RIE B AR, — A 2 4T H s A
2. -r SEBIAMERZER H 5, Wi WA T U R A E R

G 2 DL O a5 LA IR R, VR ] A A A I P ] @A A, 72 ROBOTIS £
JEHAR SRR I .



