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Eopic Monitor o&@ -ox
Taopic > Type Bandwidth Hz valus
= fhattery state sensor_msgs/Batterystate 1.44KB/s

v B Jemd vel relon geometry msgs Twist 1.24KB/s 25.65

v @ /diagnostics diagnaostic_msgs/Diagnosticarray 278.24B/s 0.14

v & fimu sensor_msgs/imu F4.TIKBSS T6.98

v [ fjoint states  sensor_msgs/lointState not menitored
v [ /magnetic field sensor_msgs/MagnesicField not monitored
» & jodom nav_msgs/Odometry 1E.39KR/s 2578

v [ frasout rosgraph_msgs/Log naot monitored
v [ frosout_agg rosgraph_msgs/Log net monitored
v O Jrpms sbd_mzgs/Uint1 & not monitored
v & fscan Sensor_msgs/Laserscan 14.72KB/s 4.99

v @ jsensor_state  turtlebot3_msgs/SensorState B17.97B/s 25.65

L= tFjtfMessage 2.52KB/s 2563

v [ jversion_info  turtlebot3_msgs/versioninfo not monitored

IREBESEFSHFATIER, BRED IS SSIESILIIRE,

B opic Monitor o@@ -ox
Topic ~ | Type Bandwidth Hz walue -
v [ /hattery state sensor msgs/RBatterysrate not monltored
k[ femd vel re100 geometry msgs/Twist not monltored
v [ fdiagnostics diagneostic_msgs/Diagnosticarray not monitored
v O fimu sensor_msgs/imu not monitored
v [ [joint states  sensor_msgs/lainkState net menitored
v [ /magnetic field sensor msgs/MagneticField not monitored
T & jodom nav_msgs/Odometry 1E.39KR/S 25.74

child_frame_id  string 'base_link"
+ header std_msgs/Header
¥ pose geametry_msgs/PosewithCovariance
covariance  Aloate4[3s] (0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,0.0, ...
¥ pose qeametry msgs/Pose

v orlentatlon geometry msgs/Quaternion
T position  geametry msgs/Point

x floatsd 2.53102662099591&-05
Y Moatsd -1.5515178120040218e-07
z Moatsd 00
L grometry_msgs TwistWithCovariance
v [ frosout rosgraph_msgs/Log not monitored
v [ Jrosout_zgg rosgraph_msags/Log not menitored
w L] frpms std_msgs/UInt16 not moenitored
* [ fscan SENsSOr_Msgs/Laserscan not menitored
angle_increment Float3z 0.017453292384 74369
angle_max Aoat3z 6.2831854820251465
angle_min Aoat3z 0.0
+ header std_msgs/Header
intensities float3z[] (0.0,0.0, 0.0, 0.0, 0.0, 0.0, 3710.0, 3423.0, 3712.0, 3355.0, 3815.0, 4954.0, 4095.0....
range_max Apat3z 35
range_min Aoat3z 0.1199999973177909%
ranges floar3z[] (0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.44999398807907 104, 0.4449999928474426, 0.4399...

come blomn e Py

Itesh, RERINTER, HAILUBEE rqt mER,

7. HhEfE SLAM

[E]0 e AL S 2 (SLAM 5% Simultaneous localization and mapping) & —FilEE:
A LA AR EN R AR Jdth fl th %, AR Iz shid AR rh s =5 50000 2 b R AR CEetn,
BEA, MR BB S A BN, AR B S A BN R, T B[R E
AL B AE ) H
SLAM #i A2 TurtleBot3 M) 4 Difg. N HEHNH @ a2 e e @ K . |55 30
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TurtleBot3.
BHANAEERELER
O EILIEE R AR L [TurtleBot3 SBC]44 LiDAR 4% 3 ttyUSBO FIRLFR
$ sudo chmod a+rw /dev/ttyUSBO
ZAT
$ roslaunch turtlebot3_bringup turtlebot3_lidar.launch
REFITH— N L5, BT
$ rostopic echo /scan
I LLVE FIEOL IR R R EEE R
IB1T SLAM #{E
[Remote PC]iz4T roscore
$ roscore
[TurtleBot3 SBC]%: LiDAR i%E#: | ttyUSBO AR
$ sudo chmod a+rw /dev/ttyUSBO
[TurtleBot3 SBC]JA 2l launch X1
$ roslaunch turtlebot3_bringup turtlebot3_robot.launch

—

[Remote PCIHT JF &3y, $RJ5124T SLAM Ji 8l S0

$ export TURTLEBOT3 MODEL=${TB3 MODEL}
$ roslaunch turtlebot3_slam turtlebot3 slam.launch slam methods:=gmapping

BATEIERET R

[Remote PCIHT T3 i I8 AT m AR B AR 19 5. DUR A& o v F P 4L as A T8l T
SLAM #AE . SEB 28GRI 2230, 5] a0 et ok B sl PRt g % . 158 B3 i1
Hu P, BLES AR B A B RS

$ export TURTLEBOT3 MODEL=${TB3 MODEL}

$ roslaunch turtlebot3_teleop turtlebot3_teleop key.launch

e o I GRA7 2

[Remote PC] FTHF %, SR J5ia AT HuEIRAF 15 A1
$ rosrun map_server map_saver -f ~/map

LI
PR R NI AL 7 — S E EE SRR . IR BRI SR B R RE M

16



2 AR
1r JING TIAN

Ty REX A A A BT A T I T

maxUrange
ﬂturtlebot3_slam/1aunch/turtlebotB_gmapping.launch

BB T WO S 1 A BRI AT

map_update_interval
ﬂturtlebot3_slam/launch/turtlebotB_gmapping.launcm
PR EE T 2 R AR R (] (RT RS CLARD BN o B SR B E R, Ut P BE A s B
B HXTEERMHEE. RESHEGRTERHE.

map update interval = 2.0 map update interval = 20.0

minimumsScore
4turtlebotB_s1am/1aunch/turtlebot3_gmapping.launcm

RS A R BN B S Hn] LIk v WRIC B E IR, ]
LIOLE LA ME S

Average Scan Matching Score=278.965

neff= 100

Registering Scans:Done

update frame 6

update 1d=2.95935e-05 ad=0.000302522

Laser Pose= -0.0320253 -5.36882e-06 -3.14142

WUR B Ky, WA BORE PR .
Scan Matching Failed, using odometry. Likelihood=0
Ip:-0.0306155 5.75314e-06 -3.14151

0p:-0.0306156 5.90277e-06 -3.14151

linearUpdate
ﬂturt1ebot3_slam/1aunch/turtlebotB_gmapping.launch

PLESNFAEIT, RS AT H IR
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angularUpdate
ﬂturtlebot3_slam/launch/turt1ebot3_gmapping.launcm

PLES N BEsEy, RS T/ . K H R BN/ T linearUpdate S 1 .

SE3H

e Gmapping ROS WIKI, Github

e Cartographer ROS WIKI, Github
Hector ROS WIKI, Github

Karto ROS WIKI, Github

frontier exploration ROS WIKI, Github

8. BEFNMEREIME

KA HUATH Turtlebot3 BEAT T, SHUEHLG ANBEN I ERIALE .

SRR

[Remote PC]JA 5 5t S 14

$ export TURTLEBOT3 MODEL=${TB3 MODEL}

$ roslaunch turtlebot3 navigation turtlebot3 navigation.launch map_file:=$HOME/map.yaml

VE =W h 2| R TOAN | B S 2 DA

feR: AT Eddar ony, R PAT AT TR RViz. W1 RAIZAT RViz, 5
AR A4

$ rviz -d ‘rospack find turtlebot3 navigation'/rviz/turtlebot3 navigation.rviz

[Remote PC] TEF A ST A, TurtleBot3 75 Z Akt 7 B FLEHA

miifi 2D Pose Estimate #%4H, i By - 4E sl & B T7 R E & B KB E . A
R ENLLF, 5ELE % 2D Pose Estimate

[Remote PC]— Ve LS )G, iEIATZIEE AT GUI 21T move 4. WIHR1%Z 2D Nav
GoalRViz SZHHF, W& BB — MR KNG EF ). 2 Eaik 2 s eilgs A B
bR IC . Fi Sk AR AR x Fl y AL, HikPra i theta 7 M2 AL AT 7. 7EHL
wNHER DA B gt gk, REKHASI IR E A, Wi . TurtleBot3 &i% H
AR
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http://wiki.ros.org/gmapping
https://github.com/ros-perception/slam_gmapping
http://wiki.ros.org/cartographer
https://github.com/googlecartographer/cartographer
http://wiki.ros.org/hector_slam
https://github.com/tu-darmstadt-ros-pkg/hector_slam
http://wiki.ros.org/slam_karto
https://github.com/ros-perception/slam_karto
http://wiki.ros.org/frontier_exploration
https://github.com/paulbovbel/frontier_exploration
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Je i 2D Nav Goal #%4H, #AJ5 s Hu & EARAEZELR] TurtleBot IR a) A1HE5) 75 W] TurtleBot
IR AT .

PLES KRG b P B — 2k R4,  DABEFRRAS Y. 805, WIS NIE AR . R,
Rfs G SR karill BB 05470, ML AR 2@ Rt M0 #2821 H br s

UERTCVE B H An iy BRI BR AT, WIB B HARGL E P RE 2 R W RAy BAERIE H Anfy &
ZHHFIENIER N, 154 TurtleBot3 4 BTALE BB A HARLE .

kit
AR A B IR A T — e E SR SR . A R AR S P B Ak e
BRI AT Bt AT BT Bl R 1Tl

BRI
k turtlebot3_navigation/param/costmap_common_param_$(model).yamﬂ
o IS EE MK X S0 B RS . NRRIBE AR, DM A IS 0 X 3. K H R B AR
THE NP R 240

inflation radius = 0.2 inflation radius = 1.0

cost_scaling_factor

k turtlebotB_navigation/param/costmap_common_param_$(model).yamﬂ

o IZARHORUISEAL . FOVREEL Froldghn 7 b2 FIR T A
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cost scaling factor = 20.0 cost scaling factor = 2.0

o HlLEs NIRRT 2 I Bty [ i) bt o B U R BAR BN, DI By R hG
%0

max_vel_x

k turtlebot3_navigation/param/dwa_local_planner_params_$(model).yamﬂ

o ZII T VB T RS B K AH

min_vel X

ﬂturtlebot3_navigation/param/dwa_local_planner_params_$(model).yamﬂ

o N TRENTHEE I RAME. R AR E AT, PSS N ARG 23]

max_trans_vel
k turt1ebot3_navigation/param/dwa_local_planner_params_$(model).yamﬂ

o BN TREEFEMISERME . Hlas NAGE LI AR

min_trans_vel
k turt1ebot3_navigation/param/dwa_local_planner_params_$(model).yamﬂ

o FUTREEFENISCRME . Hlas NARE LXK

max_rot_vel
P turt1ebot3_navigation/param/dwa_local_planner_params_$(model).yamﬂ

o FORFCHPISEPME . Hlas AARE X IR,

min_rot_vel
k turt1ebot3_navigation/param/dwa_local_planner_params_$(model).yamﬂ

o T/NFGENISCPME. ML AARELLIX TS

acc_lim_x
k turt1ebot3_navigation/param/dwa_local_planner_params_$(model).yamﬂ

o T RE I FEARBR ) SPRAE -

acc_lim_theta
F turt1ebot3_navigation/param/dwa_local_planner_params_$(model).yamﬂ

o JRERETINIH BEAR R ) SEB A o
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xy_goal_tolerance
L turt1ebot3_navigation/param/dwa_local_planner_params_$(model).yamﬂ

o HLAS NIEE|H PR LI VI x, y FE

=

|o turtlebot3 navigation/param/dwa_local planner_params_$(model). yam1|

o HLE NILE]H bR eV I mATA o

sim_time

|- turtlebot3_navigation/param/dwa_local_planner_params_$(model) .yaml|

o ZET NP B VB IE 7 o (EARARE R A ToiE IRl B 7 DI, i B A s JU) AN
FEVFPRIEERe . 18T UE T B BRI 2 5

simtime =1.5 sim time = 5.0

SE X
o BEAXSMiEREERE (ROS Wiki)

o XBHFHI ROS SiiEElSR

9. Turtlebot3 ROS i &

Gazebo & — 1M HFENLA 3D i EMIE. ErJBLE ROS FLEH T BN AT, 1
Al DL . B2 R A Turtlebot3 7E Gazeboz H N .

9.1 LW

N #K turtlebot3 B HAL, FHmiE:
21


http://wiki.ros.org/navigation/Tutorials/Navigation%20Tuning%20Guide
http://kaiyuzheng.me/documents/navguide.pdf
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$ c¢d ~/catkin_ws/src/

$ git clone https://github.com/ROBOTIS-GIT/turtlebot3_simulations.git
$ cd ~/catkin_ws && catkin_make

Rig17:

$ export TURTLEBOT3_MODEL=${TB3_MODEL}

$ roslaunch turtlebot3_fake turtlebot3 fake.launch

R RSB

$ export TURTLEBOT3_MODEL=${TB3_MODEL}

$ roslaunch turtlebot3_teleop turtlebot3 teleop key.launch

9.2 Gazebo i &

JA 2l Gazebo /i .45
$ export TURTLEBOT3 MODEL=${TB3 MODEL}
$ roslaunch turtlebot3 gazebo turtlebot3 empty world.launch

Gazebo

world | Insert Layers w | f:) i |
GuUl
Scene
Spherical Coordinates
Physics
» Models
b Lights

Property Value

Il Real Time Factor: sim Time:

i SLAM

$ T R gazebo 1)j E Turtlebot3 SALM Hb ] #4%E :
ANCRUE ST

$ export TURTLEBOT3 MODEL=${TB3 _MODEL}

$ roslaunch turtlebot3 _gazebo turtlebot3 world.launch

22
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TurtleBot3 Z5

[TurtleBot3 House [/&H 5 2 FIARHI b I . e id 15 58 5 2% AT 45 MR REAH DR 1Y)
MW
$ export TURTLEBOT3 MODEL=${TB3 MODEL}
$ roslaunch turtlebot3 _gazebo turtlebot3 house.launch

R W [TurtleBot3 House [REE AL, MIIRYE FEEAE, THEMESCHEIERIL
o3 b BRI ]

23



- )

1r JING TIAN




= AR
1r JING TIAN

2§ TurtleBot3
1) gazebo b f1EE
N T AL B ] TurtleBot3, 17 7EHT A28 & L S LUK i@ J8 shiE e .
$ roslaunch turtlebot3_teleop turtlebot3 teleop key.launch
2) kbt
N T AE TurtleBot3 tH 5+ H 81 3K5) TurtleBot3 , 15T — M B i&um i 1, S8 5% A LA
N
$ export TURTLEBOT3 MODEL=${TB3 MODEL}
$ roslaunch turtlebot3 gazebo turtlebot3 world.launch
FIHF— 2 1, SREHALL N4
$ export TURTLEBOT3 MODEL=${TB3 MODEL}
$ roslaunch turtlebot3 gazebo turtlebot3 simulation.launch

PAT RViz
FEIZATRAUN, RViz ATRRAL R AT ) 3. 8 mT LI 4 A LA i 7557 1) 243 7 1
Hh )5 3l RViz.

$ export TURTLEBOT3 MODEL=${TB3 MODEL}
$ roslaunch turtlebot3 gazebo turtlebot3 gazebo rviz.launch

A TurtleBot3 [ fEHl SLAM
%} Gazebo FFHIREHL SLAM, AT DLk #E IR B A & IR AS ARERL, (A2
BATERRFINLEE N, 7 H 5 SLAM AH2E Hdr 24 M8 SLAM 84+ i F i ROS #4460

il SLAM AT HE P
PL R4 218 H TurtleBot3 Waffle Pi # U A turtlebot3 world 38355 17~ %1
Ja 3 Gazebo
$ export TURTLEBOT3_ MODEL=waffle pi
$ roslaunch turtlebot3 _gazebo turtlebot3 world.launch
JH5)) SLAM
$ export TURTLEBOT3 MODEL=waffle pi
$ roslaunch turtlebot3_slam turtlebot3 slam.launch slam_methods:=gmapping
I FEFE | TurtleBot3
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$ roslaunch turtlebot3_teleop turtlebot3_teleop key.launch

TRAF 3

$ rosrun map_server map_saver -f ~/map

IBAT MR IE P A RAE R A0S 1A] P A B ML AT FBIE an T B B st I, AT BAan T B s 81
st

VR HET ww wz W

Srase $hew. B R A 3 D E

AL T W
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. turtlebot3_gmapping.rviz* - RViz

|(ﬂ_w|lnteract |‘%’M0ue Camera [ JSelect <~ FocusCamera == Measure . 2DPoseEstimate . 2D NavGoal »
£ Displays *
» & Global Options
» v Global Status: Ok
> @ Grid
> i, RobotModel
> - TF
» ~% LaserScan
» [@ 1mage
v [F2 map
» v Status: Ok 1
Topic /map
Alpha 0.7 -
| Add || Duplicate Remove Rename
© Time x

ROS Time: |238.70 | ROS Elapsed: |134.54 | wall Time: h28?.14| Wall Elapsed: |245.73 | ] Experimental

| Reset | 31 fps
FATAT LAEFATH) HOME  SCA% & T 4% 31 Wil Wil K 2 £ s 1] map.pgm AT [&TE B SC#F
map.yaml

PERAIC AL VA, BTk, M ELr i b BT B AR 07 5

$ export TURTLEBOT3 MODEL=${TB3_MODEL}

$ roslaunch turtlebot3 _gazebo turtlebot3 world.launch

KA navigation 7 5 S .

$ export TURTLEBOT3 MODEL=${TB3 MODEL}

$ roslaunch turtlebot3 navigation turtlebot3 navigation.launch map_file:=$HOME/map.yaml

: turtlebot3_navigation.rviz* - RViz

r{?‘ Move Camera | ™ Interact [ JSelect .~ 2DPoseEstimate  .* 2D NavGoal == Measure =

1 pisplays

» & Global Options

+ v Global Status: Ok
» € Grid

» 4, RobotModel
3 TF

» . Laserscan
» & Image

» P2 Map

» ~/ Planner Plan
> Global Map
v [ Local Map

7L

v wl Polygon
» v Status: Ok
Topic /move_base/local_cos...
Unreliable O
Color WMo 00
Alpha 1
v 2 costmap 5
Add | | Duplicate Remove Rename
| Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click:: Zoom. Shift: More options. 31Fps
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WE H bR R

|‘§}= Move Camera | f*interact  [_JSelect . 2DPoseEstimate . ?DMavGoal = Measure dh = .

I Displays

» & Global options
» + Global Status: Ok
» & Grid

» i, RobotModel
» ) TF

» #,. LaserScan

» & Image

» F2 Map

» + Planner Plan
> Global Map

v [ Local Map

Tl

RREQO8JaE

v wl Polygon
» v Status: Ok
Topic /move_base/local_cos...
Unreliable O
Color Mo 00
Alpha 1
v P costmap [}
Add | | Duplicate Remove Rename
| Reset | 31 fps
WfAfER Gazebo 3Fft

1) %% Gazebo7 )%

$ sudo apt-get install libgazebo7-dev

2) M Github FEIFEARS

$ git clone https://github.com/ROBOTIS-GIT/turtlebot3_gazebo plugin
3) fE.bashre SCAFHA IR S B4R

$ nano ~/.bashrc

: turtlebot3 gazebo plugin #1%=/ turtlebot3_gazebo plugin

export GAZEBO PLUGIN PATH=$GAZEBO PLUGIN_ PATH:$ {turtlebot3 gazebo plugin
path}/build

export GAZEBO_MODEL PATH=$GAZEBO MODEL PATH:${turtlebot3 gazebo plugin
path}/models

4) dig

$ cd ${turtlebot3 gazebo plugin path}

$ mkdir build

$ cd build

$ cmake ..

$ make

5) PATHELF

$ cd ${turtlebot3 gazebo plugin}

$ gazebo worlds/turtlebot3 ${TB3 MODEL}.world
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