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1. G5 R

TurtleBot3 7&—#K 58 23T ROS R W IR AHLEN, &R HIE R NAE . oA
PLES N Z 125 Bt — A Th e 56 38 1) S50 6 .

BANEANTG . AR BEARTIE . e T AR IR R A AR RS B N B e
FRAt, R34t 5725 th (0 i A= AR D3 R0

AR : TurtleBot /224 7 M E A1 B TR i Fee PR R A R iR PR 7 SR T A 1) o

TurtleBot3 /2L # 718 360 £ LiDAR ff) SLAM #3148 A N T TIPS A -

/NRSF: TurtleBot3 Basic /U4 140mm x 140mm x 150mm (K x %8 x &)

ROS #x#E: TurtleBot &% FH Open Source Robotics Foundation, Inc. (OSRF)& #, OSRF

R H ROS.

S5y EYE: TurtleBot3 #EARZEMI T 3D 4T EPUREER PSS A, SCREIF R # H ik

Thy HE, I HE TR TR Z MY R e 2.

TurtleBot3 P& MR YR AIFE A S Hhn T 3%

RS 0.22m /s 0.26m /s
S PN ST 2.84rad /s 1.82rad /s
I KA R 15kg 30kg
JF (K x 58 x @) 176 x138x188 mm 306x283x143mm
HEHEE 1kg 1.8kg
BRI RE /) 10mm
S T AR ] 2h 30m 2h
FdE AR (MU 3 EMPEARA . 3 HUMEETE 3 BT
iyl GPIO 18 5| i
B A G AR IS 75 )
Al4mfE LED 44
FL I HIEAY) 11.1V 1800mAh / 19.98Wh 5C
5 S E BN - 2;(;/ ;Az(\:fsséfoSH:, 1.5A

TurtleBot3 P EEMIHE IR AME R
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TurtleBots Burger

=138 x 178 x 192
(LxW x H, mm)

a
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192mm (H)
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178mm (W) * ' 138mm (L)

TurtleBots Waffle Pi

radius =143.5mm

inamc A5 IZ] = 281 x 306 x 141
1 (Lx W x H, mm)

1
/ =
4 é b
’
’
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141mm (H) E
306mm (W) : 281mm (L) :
RS F e A AT DR B, WA SRR AR FE NI BT TR
W http://www.robotis.com/service/download.php?no=748
HIRIR http://www.robotis.com/service/download.php?no=750

BN S5 Mk https://youtu.be/rvm-m2ogrLA

2. [:@E#E PC] %3 Ubuntu §1 ROS it B

2.1 &3 Ubuntu

R BUAEEEREUILLE, PSHE LB, RAWSIBATY . SR d
Ubuntu, B3 A windows 3N R St
1. Bfh22%¢ Ubuntu: fEZFE PC CEICAHMN) o423 Ubuntu 16.04, 2%
https://www.ubuntu.com/download/desktop/install-ubuntu-desktop
2. MRGLHSH
https://blog. csdn. net/flyyufenfei/article/details/79187656
5
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2.2 &% ROS fRA kinetic FIAHRE

$ wget https://raw.githubusercontent.com/oroca/oroca-ros-pkg/kinetic/ros_install.sh && chmod
755 ./ros_install.sh && bash ./ros_install.sh catkin_ws kinetic
o TEANZEEITHE: http:/wiki.ros.org/kinetic/Installation/Ubuntu

2.3 [im#2 PC) %3 TurtleBot3 K

(1) REAMKHBE
(2) $ sudo apt-get install ros-kinetic-joy ros-kinetic-teleop-twist-joy
ros-kinetic-teleop-twist-keyboard ros-kinetic-laser-proc ros-kinetic-rgbd-launch
ros-kinetic-depthimage-to-laserscan ros-kinetic-rosserial-arduino ros-kinetic-rosserial-python
ros-kinetic-rosserial-server ros-kinetic-rosserial-client ros-kinetic-rosserial-msgs
ros-kinetic-amcl ros-kinetic-map-server ros-kinetic-move-base ros-kinetic-urdf
ros-kinetic-xacro ros-kinetic-compressed-image-transport ros-kinetic-rqt-image-view
ros-kinetic-gmapping ros-kinetic-navigation ros-kinetic-interactive-markers
(3) %RIF turtlebot3
$ cd ~/catkin_ws/src/
$ git clone https://github.com/ROBOTIS-GIT/turtlebot3_msgs.git
$ git clone -b kinetic-devel https://github.com/ROBOTIS-GIT/turtlebot3.git
$ cd ~/catkin ws && catkin_make
IR catkin_make HIE R 1217:
$ cd ~/catkin_ws && rosdep install -r --from-path . #(JFHA A&, HIeHE)
(4) MERE

[TurtleBot] [Remote PC]

N
)

ROS_MASTER_URI
ROS_HOSTNAME

http://IP_OF_PC:11311  ROS MASTER URI
IP_OF TURTLEBOT ROS_HOSTNAME

http://IP_OF_PC:11311
IP_OF_PC

* ROS Master is running in Remote PC.

ROS L [P #ihE7E turtlebot FLEFE PC 2 (AT #(S

53 WAE turtlebot 1 PC, AT A 23R4T XS B[] 1P Motk
$ ifconfig


http://wiki.ros.org/kinetic/Installation/Ubuntu

enp3s0 Link encap:Ethernet Hwaddr d8:cb:8a:f3:d3:00
inet addr:192.168.0.165 Bcast:192.168.0.255 Mask:255.255.255.0
inet6 addr: fe80::bSed:414a:b396:f212/64 Scope:Link
UP BROADCAST RUNNING MULTICAST MTU:1500 Metric:1
RX packets:118368 errors:0 dropped:0 overruns:® frame:0
TX packets:62573 errors:0 dropped:0 overruns:0 carrier:0
collisions:0@ txqueuelen:1000
RX bytes:114480539 (114.4 MB) TX bytes:8118317 (8.1 MB)
Interrupt:19

Link encap:Local Loopback

inet addr:127.0.0.1 Mask:255.0.0.0

inet6 addr: ::1/128 Scope:Host

UP LOOPBACK RUNNING MTU:65536 Metric:1

RX packets:8912 errors:0 dropped:® overruns:@ frame:0
TX packets:8912 errors:® dropped:® overruns:0 carrier:0
collisions:® txqueuelen:1

RX bytes:1713294 (1.7 MB) TX bytes:1713294 (1.7 MB)

wlp2s0 Link encap:Fiherneft Hwaddr ac:2b:6e:6d:08:ee
inet addri192.168.0.100 Bcast:192.168.1.255 Mask:255.255.255.0
inet6 addr: TeBv:://a:/d5c:9ca8:bd9c/64 Scope:Link
UP BROADCAST RUNNING MULTICAST MTU:15600 Metric:1
RX packets:468 errors:0 dropped:0© overruns:@ frame:0
TX packets:630 errors:0 dropped:@ overruns:© carrier:0
collisions:0 txqueuelen:1000
RX bytes:107986 (107.9 KB) TX bytes:89522 (89.5 KB)

&4 bashre
$ gedit ~/.bashrc 8¢ nano ~/.bashrc
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{Ef% NN turtlebot3 f TP Mkt

$ ROS_ MASTER_URI = http:// [PC fJ IP Hs#i:] :11311
$ ROS_ HOSTNAME = [ # %2R 1 1P]

PC FCEWIF:

$ ROS_ MASTER_URI = http:// [PC fJ IP Hs#ik] :11311
$ ROS HOSTNAME = [PC [ IP]

ROS MASTER iz{77EizfE PC L.

ST

$ source ~/.bashrc

3. ZRMEIRRS

T # %K 3B+/5ia47 Ubuntu meta 248, 2> HIUBALEFS, LM, Ubuntu B 5%
HEBMRRTT R ML B NGB — S rik, SR UL B, (52 )58 A
& RIRZ 1) B, Qb REIRAH ML ICIE IR S . G 1) # 4 . firbL TB3 ‘B J7 %187 F] Raspbian

PR ORAATI%E T ROS A1 TB3 1) [4E5K Raspbian] REEH %3515

3.1 RGEUH:

ZARG ST turtlebot3 HHIE, ‘©FET Raspbian Stretch 550, Raspbian & Debian
Stretch:

fiE g T AR 3B+ RS HEAE )

M%7 Wolfram, Mathematica, Minecraft Pi F1 Oracle Java SE 53F H H A+

MHER T libreoffice LAY/ 8315 K/

1% F| raspi-config 5 i SSH Al Camera Ifjg¢

D turtlebot

3.2 THRER:

ERRPAE RS, Sk NG SR R GihES Bt
BEPE: https://pan. baidu. com/s/lat 3nTAWthj3D RjKLOzoQ
TIEEEXHQ edjq

3.2 ZERH:

a. S At N B SO B Rl img ST
b. 1% =X Miscro SD K4 FAT32 k4=
c. J& 21 Win32DiskImager
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" Win32 Disk Image =
Image File Device

| B[En ~

T Ry
| MD5 Hash:

Progress

d.

Image File 4+ Raspbian BUE SCAF

Device AU FEALFF AR R A AT

R Write, SRS —F Yes #2#fE, JFHHRGEAN
BN, SR Y]

Micro SD RAH AR AR, $Zil IR 30

ER: WREUOFHEEEA b wifi, SEHICE K.

- o Q oo

3.4 FFHLIFEE wifi

SERUE, HSD WAFRIEAM AR, &8 RAREEL A HDMI Eongs, AW REIRAL L.
220 2 turtlebot.

BHRFFHLE T e TR wifi?
KRKAAFE KR wifi PCHIE, TREGEE wifi FrEXiE, Sk
(D il B [N ESERRY , HBHL [click here to set Wifi-country] .
(2) fEHHIXHERES  [country] i HSE L FIEEE [CN chinal o fRAERH .
(3) Frriddy [MZAE 5 BIFR] Bl BT wifi 503, IR A O wifi, BN,

4. OpenCR [EACE

JrigE—: BN shell A
#4% I OpenCR 5 Ubuntu Hfixi A USB ki K :
e TurtleBot3 W&, HEH::
o export OPENCR _PORT=/dev/ttyACMO
e export OPENCR MODEL=burger #U15&NEBN burger, W REERIRIEN
waffle
e rm -rf ./opencr_update.tar.bz2
e wget
https://github.com/ROBOTIS-GIT/OpenCR-Binaries/raw/master/turtlebot3/ROS1/latest/o
pencr_update.tar.bz2 && tar -xvf opencr_update.tar.bz2 && cd ./opencr_update
&& .Jupdate.sh SOPENCR_PORT $OPENCR MODEL.opencr && cd ..
o ek YRR EIRIXAJLLIK, M weet..—HZF|cd. &—8A), NEWFF.
FHiEZ: #L arduino P
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OpenCR 1] arduino F£ /7 AL B AL W53 “10.4¢3¢ Arduino & OpenCR JE” .
& OpenCR 2B S BHIh
1. EFNLES AP ENLAT OpenCR,
2. H208 12V YR CRHYEIEC 88 B0 Fth)
3. 4T7F OpenCR HIJFE, X HHLHI5E (RPN 745, HFHrAsh 1)
4. RJEKF swl (B0 sw2) JURD Y, NE T aTE s e . Xt i AR R T

Power LED

5. WEEZRE

REZYEFARXRNPREFE B, FERFAAHEE, WOomAmL.
5%%%:

(D BHlewEtd [EICARK] A UMAIR] 1) 1P ik,

I Cetrltaltrt) , fEZumHEI N ifconfig.

~ ifconfig

lo Link encap:Zs i if ]
inet #iit:127.0.0.1 ##53:255.0.0.0
inet6 ik : ::1/128 Scope:Host
UP LOOPBACK RUNNING MTU:65536 #k=#:1
BHRHIER : 7751 $5iR:0 EF:0 T FH :0 miZL:0
RIXWMIEE 7751 $#£iR:0 ZF:0 T :0 HK:0
Bb 4% 10 & X PA YK B :1000
¥ F T :1289503 (1.2 MB) KRiXF T :1289503 (1.2 MB)

Link encap:LiAM. FE# ik b8:81:98:e5:13:d9

inet i3+ :192.168.3.87 " #:192.168.3.255 ##§3:255.255.255.0
inet6 ik : Tesw::9416:43f1:4a9%9a:a678/64 Scope:Link

UP BROADCAST RUNNING MULTICAST MTU:1500 Rk=#K:1

EUWWIEE :376302 $5i%:0 EF:0 T :0 Wi :0

RIXWMIEE :468743 $£iR:0 EF :0 T FH :0 FHK:0

1% :0 RiXPAY K E 1000

EUWF 15 1384786603 (384.7 MB) KiXF 15 :554146437 (554.1 MB)

rAHEsE ok [EEA B IPY A [WAIR 1P, THAARRIET, bhd! vhd! Uhd!
(2) MBI &
1E 24 u$T P
$ gedit ~/.bashrc
TURTLEBOT [.bashrc SCF- AR EIRIIA0T B 17:
$ export ROS MASTER URI=http:// [ZicAH /i IP] :11311
$ export ROS_ HOSTNAME= [ H%:JK IP]
10
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27 PC [1).bashre SCH R BRI HIAT:

$ export ROS_ MASTER_URI=http:// [Z£iC A Hifixi IP] :11311

$ export ROS_ HOSTNAME= [ Z£ic A< Hiffij IP ]

iR ros A — AT AT A, ROS_ MASTER URI BIZ/R E45 dife ik, FATX B
WEMEEILA PC L. ROS HOSTNAME FR/RAMLI 1P Hutk. Fr BABAN SCAFH )
ROS_MASTER_URI RiiZ2 A, #2 (B4 IP] . 11 ROS_HOSTNAME A% H
(1 1P bk, X EE TEIZITAT .

(3) iEIEA L
$ source ~/.bashrc #HEUFE TP — EZE source — N

B BRI A — T
6. ROS #AIEPLEFA

6.1 B3] TurtleBot3

[Remote PCJiz 4T ROS core (71 &)

$ roscore

[TurtleBot3 SBC]%4 LiDAR %423 ttyUSBO A PR
$ sudo chmod a+rw /dev/ttyUSBO

[TurtleBot3 SBC]Jii 8/ launch S A4

$ roslaunch turtlebot3 bringup turtlebot3 _robot.launch

IR FE PR R B T R PR 2R T BN S

PARAMETERS
* [rosdistro: Kinetic
* [rosversion: 1.12.13
* [turtlebot3_core/baud: 115200
* Jturtlebot3_core/port: /dev/ttyACMO
* Jturtlebot3_core/tf_prefix:
* fturtlebot3_Ids/frame_id: base scan
* [turtlebot3_Ids/port: /dev/ttyUSBO

NODES
/

turtlebot3_core (rosserial_python/serial_node.py)
turtlebot3_diagnostics (turtlebot3_bringup/turtlebot3_diagnostics)
turtlebot3 _Ids (hls_Ifcd_lds_driver/hlds_laser_publisher)

ROS_MASTER_URI=http://192.168.1.2:11311
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process[turtlebot3_core-1]: started with pid [14198]
process[turtlebot3_lds-2]: started with pid [14199]
process[turtlebot3_diagnostics-3]: started with pid [14200]
[INFQO] [1531306690.947198]: ROS Serial Python Node
[INFQO] [1531306691.000143]: Connecting to /dev/ttyACMO at 115200 baud
[INFQO] [1531306693.522019]: Note: publish buffer size is 1024 bytes
[INFO] [1531306693.525615]: Setup publisher on sensor_state [turtlebot3_msgs/SensorState]
[INFQO] [1531306693.544159]: Setup publisher on version_info [turtlebot3_msgs/Versioninfo]
[INFO] [1531306693.620722]: Setup publisher on imu [sensor_msgs/Imu]
[INFO] [1531306693.642319]: Setup publisher on cmd_vel rc100 [geometry msgs/Twist]
[INFO] [1531306693.687786]: Setup publisher on odom [nav_msgs/Odometry]
[INFO] [1531306693.706260]: Setup publisher on joint_states [sensor_msgs/JointState]
[INFO] [1531306693.722754]: Setup publisher on battery state [sensor_msgs/BatteryState]
[INFO] [1531306693.759059]: Setup publisher on magnetic_field [sensor_msgs/MagneticField]
[INFO] [1531306695.979057]: Setup publisher on /tf [tf/tfMessage]
[INFO] [1531306696.007135]: Note: subscribe buffer size is 1024 bytes
[INFO] [1531306696.009083]: Setup subscriber on cmd_vel [geometry _msgs/Twist]
[INFO] [1531306696.040047]: Setup subscriber on sound [turtlebot3 _msgs/Sound]
[INFO] [1531306696.069571]: Setup subscriber on motor_power [std_msgs/Bool]
[INFO] [1531306696.096364]: Setup subscriber on reset [std_msgs/Empty]
[INFO] [1531306696.390979]: Setup TF on Odometry [odom]
[INFO] [1531306696.394314]: Setup TF on IMU [imu_link]
[INFO] [1531306696.397498]: Setup TF on MagneticField [mag_link]
[INFO] [1531306696.400537]: Setup TF on JointState [base_link]
[INFQO] [1531306696.407813]:
[INFO] [1531306696.411412]: Connected to OpenCR board!
[INFO] [1531306696.415140]: This core(v1.2.1) is compatible with TB3 Burger
[INFQO] [1531306696.418398]:
[INFO] [1531306696.421749]: Start Calibration of Gyro
[INFQO] [1531306698.953226]: Calibration End
s USRS A B0 H IA AL 8, Raspberry Pi 3453k, JERF/R@5LETMR200 %

O, AT a4

$ roslaunch turtlebot3 bringup turtlebot3_lidar.launch

$ roslaunch turtlebot3 bringup turtlebot3_rpicamera.launch
$ roslaunch turtlebot3 bringup turtlebot3_realsense.launch
$ roslaunch turtlebot3 bringup turtlebot3_core.launch

6.2 £ RVIZ HFN# Turtlebot3

[ZFE PCYJE ST IR K AT 4% FFHEAT RVizo

$ export TURTLEBOT3_MODEL=${TB3_MODEL} //[${TB3_MODE L }|/& /K 1F- 7 Ff] (¥ 4% 5
14K burger|. waffle|, waffle pi

$ roslaunch turtlebot3 bringup turtlebot3 remote.launch

TP —NB A 2w e 1, SREHA LU a4
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$ rosrun rviz rviz -d ‘rospack find turtlebot3 description'/rviz/model.rviz

6.3 A

B AR

[Remote PC] J& B AT 18] HL I AR A MK

$ roslaunch turtlebot3_teleop turtlebot3 teleop key.launch

[Remote PC] WIRSCAFRLIIEZ), W LA ‘w s a I hilmTE . 5B, ¥, fif.

RC100

1T TurtleBot3 Burger, Waffle 1 Waffle Pi [f] OpenCR [ {4+ £ 4 ROBOTIS RC-100B
ST B o 2RI TS W B BT410 — 2 H . TurtleBot3 Waffle Pi 04 42 il 48 Al
W, fSTH RC-100 B, ToHRHATHR:E R AL, A turtlebot_core 7 si/emd_vel £ E.
FZERF] OpeCR K fFH G | — >

vA(BIuetooth - Master )

6.4 ROS EaliR

HE: PUTHOREIZ AT, EFIRLE turtlebot3 F2eHUAT Bringup 64, JFF7EE IR
HLEs NI EN G, REAPLEE N AT RES ik

fERZRE B RFR S
A LLi T RViz _F 932 H RFRICHE) TurtleBot3 . 18 1] LU# A2 B kR0 TurtleBot3 ek
BERS

[Remote PCFT ¥ Z&uii I J5 B A% 304
PR EPATH M A0, EUAHEE TurtleBot3 K75 4 FK. i%${TB3_MODEL} R I
PR A FK burger,  waffle, waffle pi. WIREXKAKESFHKE, HSH “ F
i TURTLEBOT3 MODEL” T [f,

$ export TURTLEBOT3 MODEL=${TB3 MODEL}

13
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$ roslaunch turtlebot3_bringup turtlebot3 remote.launch

[Remote PC]JE 238 H. A bric 34

$ roslaunch turtlebot3 _example interactive_markers.launch

[Remote PC]{# FH| RViz 7E 3D 120 T Al AALAR R

$ rosrun rviz rviz -d "rospack find turtlebot3 example'/rviz/turtlebot3 interactive.rviz

RS

A LDS $dfE # 2h sl 42 11 TurtleBot3. 24 TurtleBot3 B3I, ‘& £ /EAI B i /7 BEAS )
NN Eo

[Remote PC]JA 2l FEAG 34 o

$ roslaunch turtlebot3 example turtlebot3 obstacle.launch

REAE

TurtleBot3 A L 2D point (x, y) 34T # 3] z-angular. #1401, @R HA 0.5, 0.3, 60) ,
TurtleBot3 #2212 &5 (x=0.5m, y=0.3m) , AJEHEF 60 .

[Remote PC]JA 3] pointop 31

$ roslaunch turtlebot3 _example turtlebot3 pointop_key.launch

FE M

N T KA TurtleBot3 1958, FRATKAE T ROS $RUEH) rqte rqt /2T ROS K GUI JF & 1
BT QUINAESL. rqt & —Fh T H, ik B/ F 85| KPR 28, FH DR R 328
RE. GUI G EAFK, KA, 9%, Hz{H.

[ fE PClIEAT rqt

$ rqt

B opic Monitor pC'@ -ox
Topic > Type Bandwidth Hz value
» ] /battery state sensor msgs/BatteryState net monitored
» 1 Jemd vel rc100 geometry msgs/Twist not monitored
» 1 Jdiagnostics diagnostic msqs/DiagnosticArray not monitored
» 1 fimu sensor_ msgs/imu not monitored
» [ fjoint_states sensor_msgs/JointState not monitored
» ] /magnetic_field sensor_msgs/MagneticField not monitored
» ] fodom nav_msgs/Odometry not monitored
4 [rosout rosqraph_msgs/Log not monitored
» ] frosout_agq rosgraph_msgs/Log not monitored
» ] Jrpms std_msgs/UInt16 not monitored

Jscan sensor_msgs/LaserScan not monitored

L /sensor_state  turtlebot3_msgs/SensorState not monitored
» JEf tfftfMessage not monitored
» Jversion_info  turtlebot3_msgs/Versioninfo not monitored

B WREKER rqt, 181%E#EE plugin-> Topics-> Topic Monitor,

BRE{T rqt i, ARflERE. EniEE, BREETEEESNRSEHEE.
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