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1. Rosﬂ& " SHEZIAIR

1. 1IROS2 &1y

(1) ROS2 ik

WL N — T B AR R GRS, JLBorhlias 1 WU /et ki
iy AR BT BRSSO S A A 5 B ) B
&, EEALY, MESARFRLLS TR R & EERE .

b5 1 LA AT IR 2%E, ROS HL2§ A #§:4FE £ 4t (Robot Operating System )
PRILAE g s #4 AL & N e R HE SR AL 35 ZENLER AAT LT K h A3 3] 1
JZ R . ROS BAE “AEEL R T, REhld NREEHZE #E,
P RERE I A TIRE, JETME. PEhdn 3 hae

ROS2 1E N5 AL NERAE R GE, AMXIkK T ROS 5 RHIAESFER, &
KT 4B A B o IX—BGHE 15 ROS2 AEfGi 2 B HL 28 N R G0t SEi 1 |
AE ARAERE LS TR Y K

&
ROS2 @2 f RTOS
tensorflow pytorch R
@ 8 W &
EREN TTSEERE =
@) a2
r O ©® /|
GMRIRES S SRz
‘® = Q
s A
BHEFRTR  RRMIRIE #

1-1-1 WHEELTEC NERHESI#HF

22 ROS2 A JIAEE MY, KE 2 Jaiess 2 e rh A B 0 in) @i n] DLE $2
FE R IX S Wl 34T & . R

®1-1 ERERME

https://docs.ros.org/en/humble/index.html ROS2 B J7 3%

https://www.ros.org/ ROS B X

https://answers.ros.org/questions/ ROS [1] 2 [ 3

https://index.ros.org/ ROS Index /2% % ROS 1 ROS 2 FYH I T 54
https://github.com/ Github B M, HEXFG
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A
(2) ROS2 #it:

L R 9k ROS2 &—MIFRMHLAE NBRIERFMEL, BIERHZA
AT R IR LRI L 2

2. ZHLA ARG ROS2 AL LA N RGN AL T bR L ALEE L .

3. BT MEEANMAHTRAR, EHMEGFERSEGRAER, T
i AL AN ER T LLIZ 4T ROS2, ROS2 A LLEE P 61217 T Linux. Windows.
MacOS. RTOS, HZEZEAHILMRAGHIFHIZESIG (MCU) L.

4. SEIPYE: BLER NIZ ShH% AT A S R LA AN B A S, ROS2 i
P B SN 1 R SR AR A T ORI

. PZE R ROS2 75 i I 2% FREE T #REAT 25 D B L N K = 4 10 5 2

P2

6. FEihk: ROS2 AMGE H FHLAS AR B, & n] BT 7= b,
SRR TR, IXER ROS2 H & FE A e MR st

7. BUHEE: PLESATFRE L2 A E R TREFAST, ROS2 &AL 14 i f) 15
HAER THANS], At FFR . WARRE, #o8H F4egt 7o
ER], AEHLEE N TT R AT TN S O % o

(3) ROS2 AR RS

ROS2 ARtk ZEA ROS AEHIEE (Plumbing) « TH (Tools) . Thfg
(Capabilities) 51X (Community) PURFH 532 .

[ X N l-. + + J
#ROS = i3 “\ "
plumbing tools capabilities communlty

1-1-2 ROS RSLARERS
1. J#1{5 (Plumbing)
WG ROS RAMZ LTI, BENE T —AEMIEEAB RS,
WHRZ N middleware (FFAIE) BY Plumbing (FiE) . XA RZ 7 57E ROS
TR AR BT R, SR R A LS 5 ME.
2. T.H(Tools)

#
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ROS WE 7 —R#IJFETH, HF launch. IR, ATHfk. 2. iR
ETRE. XL T HAMUEE @ T AR F R, 180T DUE R AT i B4
BN iz, IR E SR T AR RE R .

3. IfjfE(Capabilities)

ROS2 VLI KM IhREAE S, AN AT R F IR T 270 3CRF . B IR
B RS P AR AR KB AR T, IR A AL NS BRI %, ROS2 #
Re AR

4. #[X (Community)

ROS #:XHBLE R ZHE H AR, AR R 57 73 295 [E 2 =) R
LR, AT Elk i NN ZARTEHES I ROS TUH MK R .

(4) ROS 2 5 ROS1 KX 5

1 Znfl

fE ROS1 H RS T master 19 BT EHAFEE, —H master 79 5t
DL, A RGO TG B AR . ROS2 SRA T b i dit, & Tise
[ACFRiEIT master 9 mUEEATOCIE, SCEL 14T AR A0 S AE AAH BRI, $R
T ARG ENE.

2. AHNEAE R LI

ROS2 #fE “ANEE KT BIEN, AW EATEIEERE, e HE
K 7 DDS EEHLH]. X5 ROS2 FEIEAE B S 1t AT SE PR AL L% J7 T
T ROSI A1 1 && K5t

3. RERMBFEOR. Friyiit B

BEH ROS THUFEHIKIE, AL HEARZHRAIH) Z K. ROS2 Btk
FIANFRLH T — B R MBS, DL — B 3T RGO REANAS E 1 .

4. NFBEERNTZ

ROS1 fEW T Z WIRAELE— 2 BIRIBRYE, Bl anxt Z 188 AN gmBASCREANEE . X
ANRRNCE G SR AT EAR L SEIN I BRI ZE « B A% A 52 I 2% Joid 5 T K A
L A BEORSE . ROS2 HUHE HEAEAR KRR B vl 11K e il , {375 3 S ]
Yyt Nz .
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INTELLIGENT TECHNOLOGY

(5) ROS2 HINL 7 [

Y% ROS HIBAFERE ROS B FI4H, HAH 2k e 22 A 2
SCHZUARRE 7o FEST. HUE . T NBRE. T NG 2 SRR, T
A I B — LE AT H , IX 8T H % FATLUE B BEp A&, taeft 145

1. NAV2  (https://navigation.ros.org/)

Nav2 TiH4k& H ROS Navigation Stack. 1% H & 7E 7] AIiEFESHLES A
A HZERBEE B s BTN T LALG N SHURI AR, 5140
BEZNAS flo Nav2 P H TSR @ahiztl. ShSEEARKETNE —R
F Th g

& 1-1-3 NAV2 &

2. OpenCV  (https://opencv.org/)

OpenCV (Open Source Computer Vision Library) & —ANFIE 3B AR 561
BLESF S AT FE . OpenCV & ENTHE NN B FH AR - fit o FH EE b 2844, I
ML AR EANAE L S P 8 R . OpenCV o VR A b B FA Hiu (56 F RS 5 A 0

& 1-1-4 OpenCV M 5TiR Al

3. Moveit2 Chttps://moveit.ros.org/)
Moveit2 s&—21 ROS2 -6, FEMEFEshL. MRS . 23)%. 3D

7 W 435
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A BRAEE T RE . B R DU TR ENUOE = 24T 8. Moveit2 BUAETT LA
FIF i R R Z BSR4 2 KA R .

1-1-5 Moveit2 HiHE

4. The Autoware Foundation Chttps://autoware.org/)

Autoware Foundation /& ROS T JE&HAEEMHL, SCHSLILHE 32 3 1) R
TiH . Autoware FE<goxfE AR NIRRT 2 (8] Q& P RO, R4S A6
=Rk S N

1-1-6 autoware S

5. microROS  (https:/micro.ros.org/)

FEHET ROS [MHLEE AR, micro-ROS  1EAE R A1 fE A BR A Sk il 2 A0
—FRAL PR AR Z A () ZE8E . micro-ROS A] LAZE & MR N B 1247, ROS fig
BN T AL B

1-1-7  microROS #R A1z
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6. Open Robotics (https:/www.openrobotics.org/)

Open Robotics 5425k ROS +LXE1E, AN N B BRI ER AT FRE A1
£, ¥ ROSI. ROS2. Gazebo HHI#HF1 Ignition BLfU#5. Open Robotics f#
PR 65 & fiff pe— L5 o B2 /R, Jamad oy & P P A SR AR AR AR A R 5%
SRS Bl Aty A R AR PR 15

7. PX4 (https://px4.io/)

PX4 23 H T TANANH AR TE N 25 B ZE A K TR AT 3R 0 H
TMNFF RN Bt T —ERIEW TR, AT HZRARIE T AN 2T 08
e R R T &

1-1-8 AW IE

8. ROS-Industrial Chttps://rosindustrial.org/)
ROS-Industrial &—MFFEIH, K ROS WAHEFINGEY 2] TkAH%
TR S PR o

1-1-9 TAl#EEA
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1.2 ROS2 A RIEL
(1) ROS2 & ZRAEZEME YA

Thaetd (SDK) f& ROS2 M A%, (HRTHAEUAGEE MR, Wl

T TAES 8], —A> ROS2 LAEZ 6] H 45/ 0 -
WorkSpace ——— A & 3 69 TAE= 1],
|- build: A#5F ALY AR, ZBRTAAF-AAHRLAE—AL®RT B R,
|-—— install: ¥ B XK, ZAXTAAF AT E—ANERTH R,
|-— log: BEBF, AT AL EIH,
|— src: AT Ak aRDE A FE,
|— C++ahte &

|- package.xml: @138, tbdm: 8 5%, A, EE. RMA,

|-— CMakeLists. txt: BLEiFHN], bl 4. RFA. B AR

|- src: C++iR 8 F.

|— include: kX #8 %,

|- msg: &z oLHBF,

|— srv: R4 4B F.

|— action: #HEE o LH4 8 F.

|-— Python 14t &,

|-— package.xml: @138, tbdm: 8 5%, A, fEE. RMA,

|— setup.py: 5 C++3h 4 €49 CMakeL ists. txt £k,

| — setup.cfg: AL ek ABLE A4,

|- resource: ¥R B F.

|- test: #&#2MX 48 % 4.

|-— =h4. &, F % B % : Python & B %,

(2) ROS2 TAEZSIA)
7E£ ROS HLEs N, FRATTEERIHLES N L ThRedEAT H KB, S Médm 5 1
RS S8 AR, FETRE AL DR BIATER, XA
ROS RSt TAE=S Al By bA TAE 2 8] & — M7 H 1 K AE S 3C
e, R KRR AT TR R ANE
Qe ) g — A AR 2 (8] e ?
# AT —ANGHE B E, LT UREMRE F
$ mkdir —-p "/ros2_ws/src
$ cd ros2 ws

ik TAE 2 1]

$ colcon build
MIRATAE L AT ROS2 F2 /P, 75 B IE B AH I AR 25 [A] A 853 .

$ source /opt/ros/humble/setup. bash

%10 7T 4k 35 07T



AR ———

XFFE T AR, BATH LU AC B SR SS5AN "~/ bashre* (I,
AR NI, AN EAE TR A

$ echo "source /opt/ros/humble/setup. bash” >> ~/.bashrc

(3) ROS2 IhfEH,

PLES N B Z IhRE, BBl M. B ESMEE. N TR
LeTRe Z [ IR & L, KA R ZhRE S 70 AR 25 B I ThRE R b, AR OA
SR R AU RE S, AEAS DhRESE IR 5 T4Ed . A1/ 24
ROS #: X oy ZHpE e ), R Mt L A, HAbIF k& [ Rg iR
MR AR H I E L, KSR T T ROS AR AR Ik,
TR AN ToBE 2 $2 s ROS # AT 5 H # 1 E 2 mE 2 —

1-2-1 WHEELTEC /N I8¢
(4) ROS2 i /5
7E ROS2 IE G AR, AWRRAMM T X, IEEX R AR T 75
(Node), —R&IHHL T REANTT ST B S — B — [ DO RE B (] . B IR IRBN 1T A
ATRE AT RATER IR IH S, TBCERIRah T M ge i KA B TH B) . — NN
HLEE N RS n] BE 2 B R TAE AT S, ROS2 HR R BN AT P47 SO AT BL A,

AT

1-2-2 ROS2 EHE(S

11 7 $£ 35 0
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(5) ROS2 1K

T (Topic) 7E ROS2 Wi X EEMIM A, EfE v— 4, FAllFE
TERR I RUORERTE— D, MR TS Al . ROS2 MHS1E 5 RE AL AN AT A
A LIRS 6] B S AR 1 55 S, SRR PE 5 22 e JE A 2 BRAG T st Rl i s 22 T,
RECAMER THHFFERE, e StOUE B AR 3= o P R A
3658 T ROS2 i HYEAN Ao etk , oAAEE R RS T 2 RS T/ 7)
CHF.

(6) ROS2 B0

PR SRR, TR EA M, B IR R B Bk, RN DU E R 2
FERHE . 72 ROS2 Hh, R E AR 2 98 1 (interfaces). 81 I 45 FH 1) Ko s 2%
PR — MR R A I SR e W I DA = msg SCIFL sev SO S
action S fF .

(7) colcon build gmiFH =

colcon & — /N AT LH, HFoldtdmid, M 2 AN e T/ER
o TSR E ML, AOFE TR SR I B IS DUE T8 2 . ROS2 A i &
¥ F colcon 1E N T BT,

] PAE TAEZE SRR, AT NI a2 91 Fr A Dhge

$ colcon build

--packages-select, WSEH T EANE (BHEEMZ N , MAERE
oAt A0 R ARAR R

$ colcon build ——packages—select <packagel> <package2>

%12 70 3k 35 1T
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INTELLIGENT TECHNOLOGY

2.ROS2 BIET AKEH
2.1 ROS2 B{EHL&IE 1+

£ ROS2 it (5 77 s0A 27, (B ANRDEAE J5 sUM L2 AR 2R, L
ns AR RUT B JTAT O I AT EEREAS R @ 5 X RORHE . A A EH
SN A6 o RIS TN E IR Cp AU

L BfEEE A

AN F B E R GBI TR Rk 2 JE, DR 7 s DLEE R ? R
ROS2 w, & FH (R A5 A AL AT U o

stamp: 32 ra e.i ap”
stamp: 323..., frame_id: “map”}
, Service
i ' o Client
~ | Subscription y : B, = Subscription
' A
. h \
1 ]

& 2-1-1 ROS2 BIF#EERHA

LGNS E: MR EEEeRR, EEENT, BT AR, T
DT BRI BRI R [ R R A T AR R BT BRI o Ul U A 1) R AR T 5T BT
a IESNEA PN

2RSFIEAE: MR RN AEERA, EREXTE, kA
TR SR B 2l 55 i » Al 55 S D S 435 SR 40 % 7 i o AR 55 S 15 2 7 S A2 — R IR AR

3. FAFIELG: Ml AES R BIEE A, ABENT T, B K IE
TR ORBHE 2R 55 5 W 55 S N 45 SR 4 % 7 o, (LR AR 55 i #3834 SR 37 AR
AN R, 2 RIRESEN RS S 2% i .

4. ZHMRST: R METIERPEEEA, EEEX0TF, MRk n] I E
Kt i i n] DAIERR AR 55 i I A R 55 i K

213 T3k 35 0




@ WHEELTEC

AR
@) BEREOMEAN

IEAE #E 12 ROS2 fEIE A5 AR P pirfd H A2 Do 3t ek A B R fkid 5
AZH. /£ ROS2AEZRG T, QAN | — RING— % D beiE, XEhRHEAN
BRAR TR PP Z TR RIS &2, RIS RO7 (8 1 2 e E M. 4%, £ 8 Bt
AR, AT T DURR S SEBr 75 SR it 5 7 R AR .

FEIX BLFRATTRT LA BOG T I8 1R 28401, AN R S AR 7= H AN [ (R 28 Y ROk
ik, FAEIAWENT A, AR RESEAAME. APl NEAT SR, &
i O RE R BRI ATIEAE, REA S, B — M RhE
MTEIE, #HEREFMAEFER. 75 ROS2 HE X T — g — i iy fig
sensor_msgs/msg/LaserScan, WAL L TR EIAN)] K <MEEFHE CHE
(R #HE 45 % sensor_msgs/msg/LaserScan #43%, #2245 H 4 H .

7E ROS2 /1, F R 10 S0 A =M msg ST srv SCAFEFN action
At

@] noah@DESKTOP-A3CQFDE: - X + ~

: § ros2 interface list

Messages:

action_msgs/msg/GoalInfo

action_msgs/msg/GoalStatus

action_msgs/msg/GoalStatusArray

actionlib_msgs/msg/GoalID

actionlib msgs/msg/GoalStatus

actionlib msgs/msg/GoalStatusArray

base_interfaces demo/msg/Student

" ) & noah@DESKTOP-A3CQFDE:+ X o] 5

: § ros2 interface show sensor_msgs/msg/LaserScan
# Single scan from a planar laser range-finder

# If you have another ranging device with different behavior (e.g. a sonar
# array), please find or create a different message, since applications
# will make fairly laser-specific assumptions about this data

std_msgs/Header header # timestamp in the header is the acquisition time of
builtin_interfaces/Time stamp
int32 sec
uint32 nanosec
string frame_id

# the first ray in the scan.
#

# in frame frame_1id, angles are measured around
# the positive Z axis (counterclockwise, if Z is up)
# with zero angle being forward along the x axis

float32 angle_min # start angle of the scan [rad]
float32 angle max # end angle of the scan [rad]
float32 angle_increment # angular distance between measurements [rad]

float32 time_increment # time between measurements [seconds] - if your scanner
# is moving, this will be used in interpolating position
# of 3d points

float32 scan_time # time between scans [seconds]

float32 range_min # minimum range value [m]
float32 range_max # maximum range value [m]

float32[] ranges # range data [m]

# (Note: values < range min or > range max should be discarded)
float32[] intensities # intensity data [device-specific units]. If your

# device does not provide intensities, please leave

# the array empty.

2-1-2 ROS2 #EOMER

#
=
p=i
H
p=i
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2.2 ROS2 %4171 H

ROS2 A F ) fir & 41 R -

ros2 pkg: e FR I

ros2 run: BT AR SALF

ros2 node: T A8 R4 A4T TR

ros2 topic: WALMIZAN R4 1T TR

ros2 interface: 3£ 1 (msg. srv. action) ¥ &40 % 84447 T A

ros2 service: JR&5BE MGG SiITIT A

ros2 action: #EBIEAR R Myer4iT T E

ros2 param: H¥IRE A F G4 LSIT IR

R ROS2 fn 447 TH, TFRH W LA B AR IRIE (PRAS PR PE30RE,
BUE AP BT 5 B K RO TR, (2R IR AT LB % -

4 --help W77 NE B a2 BT, FV%: ros2 node -h B ros2 node list --help.

1. ros2 pkg
ARA &
create BIE— AN,

# X.: ros2 pkg create —build—type <HiFEA> <@ 5L> <IRH 1> ARH 2>
$ ros2 pkg create ——build-type ament python <pkg name> rclpy std_msgs

sensor_msgs

executables  #rih 42 & 69 T AT AL &

list WmETROI A

prefix Hrd — AN L 89 AT K 8 1%

xml ik S L F R AR A XML
2. ros2 run

At R: $ ros2 run pkg_name node name
3. ros2 node

AR ik

info #E T EEE

list BT PeysH &ark

4. ros2 topic

ESSEY

bw By S RLUH B AR A & R AG AR BT
delay W A header #93& LR
echo b X ASER T 6908 8

find RIE KR F R EA

hz i U 8 K A RE

info iy S RLAR X AT 8

list By B AT P 89 E RS R

pub 1) 45 € 15 AL K AR IH &

%15 7k 35 1
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AEEEEE——————————
type Iy E A fE R 494 0 £ A ros2 interface
5. ros2 interface
AR &
list WA T RegdE ol A
package #HAET RO T
packages #ir i 6L2-3F 0 K & 69 T Ak 6
proto o g RA
show Hrb o A2 LK
6. ros2 service
A KRk
call ®MEANMRSEFKZEFK
find #HAEERERIRS
list #MEEITF RS L
type HriIR54E A 69 0 £ A

7. ros2 action

AR &
info By 48 = A 09 48 K AE 8
list iR e si e 7 &

send_goal \45 < F1EKEIFK
8. ros2 param
EARE:
delete R A2k
=

describe #yH A AGREEIE 4
dump P9 & A B NE B A
get FRIEANSH
list W T A e A a9 3 &
load M B S A B S BB T =
set HE A5
2.3 RVIZ2 BERF#MLI A
(1) RVIZ2 fidr

ROS2 W E T 3 K HIHdE iTAL T E RVIZ2, "EREms LLERITAL K 7 2 E W
JRIINLES N RGP i 2 s . 51 RVIZ2, FRATREWSIE R . B0 5 544 &
AR 1) L RERS, X ACE BT BATFE P 30 72 o Pk e A7 1) 8, 3 R B8 B
H IR RS SR G M IBATIRA

(2) RVIZ2 Ky
AT DAFE 283k N\ T HE 2 J5 ) rviz2:

% 16 7Tk 35 7T
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$ rviz2

HREASREKE

BRREE

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

iz2 [ pisplays |2
= s phs | 95 L2 - §# Global Options
Create visualization id I A 4 2 AR Fixed Frame base._Link
i & Background Color [l 48; 48; 48
By display typd- gy wopic. A€ 48 1 17 R0 5 N rame R 30

~ [ rviz_common

No tf data. Actual errer: ...

e
iz_d v
vl
. s v
V|
ui
i — Show Arrows v
1 (4 i| Marker Scale 3,
2 Gridcells 1)
a llluminangce BT Update Interval o
Image- Frame Timeout 15

~ Frames
All Enabled V!

& Interactivelark:
F: E:?;_E—‘fﬂm%ﬂ

@ Marker

¥® MarkerAmay
# Odometry
~ path .
i PointCloud / AEdm
2 _PointCloud?” Color Scheme
Description: Draw Behind
Resolution o e
Width o IDIRIERIEFR
Height ]
» Position 0:0: 0
» Orientation 0:0:0: 1
Use Timestamp
Display Name

Topic
nav_msgs/msg/OccupancyGrid topic to subscribe to.

& X cancel

Add

2-3-1 RVIZ2 ZmE A

2.4 RQT TA%S
(L RQT &4
RQT 23T Qt JFRHI—A GUL (A Fii) HESE, DUSB{E AR RSl 7 %
B GUI TH, FEIFREHATATIAEME. WM. @i RQT TH, JF
AT LASE N sy T R AN ROS2 B H
(2) RQT ffE A
J5 8 RQT 4 75 A P A

AR 1: §$ rat
X 2: $ ros2

BErgt 25,

run rgt_gui rqgt_gui
FEE N plugins ¥R INFT & HFE

217 W3k 35 0



1. Node Graph (i ED

Default - rqt Cmx]
Fil Running _Perspectives _Help |Gl EY R i
Tontainer € Node Graph .
[ Actions 5| Nodes only 210 0

Namespaces v Actions v/t images | v Highlight v Fit

work that is able to load various plug-

o ¥ Leaftopics v Debug |t Unreachable V. Farams

B9 Miscellaneous Tools ,
B9 services »

a particular arrangement of plug-ins

& Topics sing the Perspectives menu.

£ Visualization

urtiel/cmd vel
urtiesim
RE
A Python GUI plugin for visualizing the ROS computation graph.
2-4-1  rqt H#7 Node Graph
2. Topic Monitor (i@l L2%)
. I
[=] Default - rqt (== Default - rt [=[=1E3]
sief B Running Perspectives _Help. Ele Plugins Running Perspectives Help
ontainer QuTopic Monitor D@ - 0 X [>Message Publishi il 4% EAsE3 R A% DE® -ox
9 Actions , — [ [ torovens ~ [ rgmarmereve < [fea 1~ [ %] (=] %]
B Configuration *twork that is able to load various plug- 3 hmsout oo emnlee (21 el
5 Debugging » le windows. There are currently no . < linear ! Geometry_msgsivector3
3 Introspection »|To add plug-ins, select items from the T 5 oikie 0
3 Logging » i H ouble 00
MOCAP4ROS2 v - — y - angur geomty msgsecors .
B Miscellaneous Tols ,2a patr't‘lcli’ararrantglement of plug-ins  fear ¥ Sakie o
B8 Robot ol ,Ising the Perspectives menu. i
Services 5 TR v
> e

5 Visualization

[> Message Publisher

R A 2%

urtlel rtate_absolute/ act
» " hurtleljotate_absolute/act

Ve
T K
W || amnwnEEs
A Python GUI plugin for monitoring ROS topics
2-4-2  rqt ##9 Topic Monitor
. wd =1
3. Image View (EEEHH)
i Default - rqt = Eile Plugins Running Perspectives Help
RBunning _Perspectives _Help Eimage View DO - ooy
B Container /camera/rgb/image_raw ~llellalle 1000m |3 &
ﬁ““‘;"‘ i era/rgb/image_raw_mouse_left| | smoothscaling | 9| 0*[€ |[Gray
EZ“MQ“:“‘““ nework that is able to load various plug-in tools as
s iy ”"f "Ns. There are currently no plug-ins selected. To add
Tospechon tems from the Plugins menu.
& toaging . ’ )
MocaPsR0S2 +Ve a particular arrangement of plug-ins as a
B Miscelaneous ols +Ig the Perspectives menu.
& rabot oo

3 Services

A GUIplugin for viewing sensor_msgs/image topics.

& 2-4-3

4. TF Tree (TF #)

Default - rqt

HEIx]

rqt ##9 Image View

e B goney e 10

© ¢ o i

9 Actions ,
[ Configuration ,
B Debugging ’
[ Introspection ,

work that is able to load various plug-
le windows. There are currently no
To add plug-ins, select items from the

MOCAR4ROS2 *» a particular arrangement of plug-ins —
[ Miscellaneous Tools *Ising the Perspectives menu. s
i e —— N e
M e NN — N — -
[ Topi S —— () ——
| & visualization \
= b= — ke
@ pial i roman i roman e o
@ image View =D G = o

[ Plot

A Python GUI plugin for visualizing the TF tree.

2-4-4

rqt FEY TF tree

It
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2.5 ros2bag EHTA

(1) ros2 bag &4t

£ ROS2 1 bag #& M T AT [ AL s A EcdE 19 TR e sovF i - 3R
FRIREREE 5 S Z MV B ARIESE, IR RN bag S, U S £ H AT
AbFE . bag THAENS AN RGWFF K WA FE R RS EEAEA
(2) ros2 bag HIfE A

AARk:
convert %< —/ bag XH#, BB —AN#HWEALREBR ALY bag LAF;
info Hrik bag X AFA94R K42 4
list Hr b T RS 8
play H78 bag X AF#IE;
record k4| bag XAF&IE;
reindex ¥ bag & THIE LA,
1. %l bag 3CA4:
# LR EANEA
$ ros2 bag record /topic—name
# LR SAEA
$ ros2 bag record topic—namel topic—name2
# IWRTA EA

$ ros2 bag record -a

2. B bag ARG R

# 1BX T %9 file 5 rosbag?_|idar
$ ros2 bag info rosbag2 |idar

3. O AR

# HARFREQ

$ ros2 bag play rosbag2? |idar
# & R H A EALR AR

$ ros2 topic echo /topic—name

# 12k AEK -r 10 A 10 423F 4K
$ ros2 bag play rosbag2 lidar —r 10

# VARG -

$ ros2 bag play rosbag2 |idar —I

# A EAEA

$

ros2 bag play rosbag2 |idar —topics /topic—nhame

#
G
p=i
H
p=i



3.

ROS2 iBfEHLHIRISCER

3.1 ROS2 iZE0E (5
) EEEENFERSR

WA ROS A FIBR S e 1Y) — P (5 AR 2, 1 AUE A5 A2 2 1 AR T

PR, WA — A RRAAHEE, DRI BRI S TS
T AR DI A B s =

B 3-1-1 ZHRiERERE

2 WEBERFHIER (c+)

1. GIEThRE

$ cd “/ros2 ws/src

$ ros2 pkg create —build—type ament_cmake cpp_pubsub
/7T A B AR R R L B e AR B X A

$ ros2 pkg create —build—type ament_cmake cpp_pubsub —dependencies rclcpp

std msgs

2. UHAUEAE I AAT T KB (et)

HEN cpp_pubsub THAEMLI src X2, #7%E publisher member function.cpp
/¥ B AEABZMELELK “hello world!” |, XRBEBT, HRE—FH
T EIE 1, */

/1K A

#include "rclcpp/rclcpp. hpp"

#include "std msgs/msg/string. hpp"

// T AR B A 69 &

using namespace std::chrono_literals;

// 3. X EE; %K rclepp::node AT & X

class MinimalPublisher : public rclcpp::Node

{

25020 U1 3t 35 WL
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public:
[/ BHCET e L, Fads AR
MinimalPubl isher ()

: Node ("minimal _publisher"), count_(0)

/7 31 R R T
publisher =
this—>create publisher<std msgs::msg::String> ("topic", 10);
// 3-2. IR E;
timer_ = this—>create wall_timer (500ms,
std::bind (@MinimalPublisher::timer _cal Iback, this));
}
private:
/7 RSBt iR R
void timer cal lback ()
{
// 3-3. BRI & KA.
auto message = std msgs::msg::String();
message. data = "Hello, world! " + std::to_string(count ++);
RCLCPP_INFO (this—>get logger (), "R A&7 &: "%s'",
message. data. c_str () ;
publisher —>publish (message) ;
}
rclcpp: :TimerBase: :SharedPtr timer_;
rclcpp: :Publisher<std msgs::msg::String>::SharedPtr publisher_;
size_t count_;
b
int main(int arge, char * argv[]) {
// 2.4 ROS2 & 7 3%
rclepp::init(arge, argv);
// 4 AR spin HE, HAENT EAZIE4H
rclcpp: :spin(std: :make_shared<MinimalPublisher>()) ;
/] 5. BT
rclepp: : shutdown () ;

return 0;

}

3. #r#d subscriber member function.cpp

/% S TR A AR &, A Bk, %/

VAR R S & o

#tinclude "rclcpp/rclcpp. hpp"

/) SR, RERAIRFHE—INEHK

#include "std msgs/msg/string. hpp"using std::placeholders:: 1;
// 3. AT E X, %K rclepp:: node AT &£

class MinimalSubscriber : public rclcpp::Node

%21 7 Jk 35 1
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public:
[/ NEMPERFCET S G4
MinimalSubscriber ()

: Node ("minimal_subscriber")

{
// 31, RIZITIE 7 ;
subscription_ =
this—>create_subscription<std msgs::msg::String>("topic", 10,
std::bind (8MinimalSubscriber::topic_cal lback, this, 1));
}
private:
// 3-2. R FITIH 2] 697K & ;
void topic_callback (const std msgs::msg::String & msg) const
{
/) ATERIERLE &8 T 2 &
RCLCPP_INFO (this—>get_logger (), "iTH 974 &: '%s'", msg. data. c_str ());
}
// 3T B B B
rclcpp: :Subscription<std msgs::msg::String>::SharedPtr subscription_;
b
int main(int arge, char * argv[]) {
// 2.4 ROS2 & 7 3%
rclepp::init(arge, argv);
// 4 AR spin HE, FHAENT EAEIE4
rclcpp: :spin(std: :make shared<MinimalSubscriber>()) ;
// 5. BT
rclcpp: : shutdown () ;

return 0;

4. YmH AL E SO
£ CHIJReid, MBI EEE packagexml 5 CMakeLists.txto

<package.xml>

IS0, FE<depend>hn4s T IS INYE SCAF B 7 UM, FCE NS :
<depend>rc|cpp</depend>
<depend>std msgs</depend>

<CMakelLists.txt>
HRI N R, 7E find_package "I [H ¥ I8 U5 SC2F Pl 75 10 %

find_package (rclcpp REQUIRED)
find_package (std_msgs REQUIRED)

SRJE 3T AN IN A T SAAT SO B PR SO B2 DL R MR 2% «

%22 7 3k 35
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A
# KBk A4 L4 talker ¥ 3AT LAF

add_executable (talker src/publisher _member function. cpp)
ament_target_dependencies (talker rclcpp std_msgs)

# KRG LA listener T HUAT A
add_executable (| istener src/subscriber member function. cpp)

ament_target_dependencies (listener rclcpp std_msgs)
e, BEANRTHAT SO AE B BE AR, IXAE T A FRAT 14K 21 T AT 34
instal | (TARGETS

talker

| istener
DESTINATION |ib/$ {PROJECT_NAME})

5. GniEANIEAT

B EHAT I — A et N TAE 28] H 3%

$ cd “/ros2_ws

I PEAR E I Zh RERL -

$ colcon build —packages—select cpp_pubsub
T H &, 0 3 AT U T AU AT A
$ ros2 run cpp_pubsub |istener

$ ros2 run cpp_pubsub talker

(3) EREEIS B (python)
1. BIEThRE A,

$ cd “/ros2 ws/src

$ ros2 pkg create ——build—type ament_python py_pubsub
2. TEEIEAE I RATTT S (python)
ZEN py pubsub IEEELIY py pubsub, 7% publisher member function.py

EX: AEABRMERELK “helloworld!” , XABERBT, HFLE—FH
B, BHFTiHIgA1,
R
1. F&;
2. 454 ROS2 & P 3%
AT RE;
3-1. Gl R A 7 ;
3-2. QR B 5
3-3. LKA KA.
4. 988 spin HF, FHENT BT E;
5. AR

#1.F6;
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import rclpy
from rclpy. node import Node
from std msgs.msg import String
# 3. RLT B K
class MinimalPublisher (Node) :
#ITIE ST AR
def __init_ (self):
# IS R
super (). _init_ ("minimal_publisher py")
# 3-1. A KA T
self.publisher = self.create publisher (String, 'topic', 10)
# 3-2. plERHE;
timer_period = 0.5
self. timer = self.create timer (timer period, self.timer_callback)
self.i =0
# 3-3. ALK & KA.
def timer _cal Iback (self) :
# € Bt 25 IRk 2
msg = String()
#OATER IR AR T B et B AR &
msg. data = 'Hello WorId(py): %d' % self. i
self.publisher .publish (msg)
self.get_logger (). info(' KA &9 &: "%s"' % msg. data)
self.i += 1
def main(args=None) :
# 2. 14540 ROS2 & F 3%
rclpy. init(args=args)
# 4.8 spin B, FHEANT N L
minimal _publisher = MinimalPubl isher ()
rclpy. spin(minimal_publ isher)
# 5 BT Ro
rclpy. shutdown ()

if name == ' main__':

main ()
3. UERAEE AT B 7 L3 (python)
Hrid subscriber member function. py iG] [ Y5 A

FR: TR KA H KA L, HHrd B 435,
g

1. F6.;

2. 7454 ROS2 & P 3%

3. ELH EE;

#
R
=
pes
=
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3-1. QI ZITIH 7 ;

3-2. RFRITIE 20974 & o
4.8 R spin %, HAENT &L,
5. B H Ko

#1.F6;
import rclpyfrom rclpy. node import Nodefrom std msgs.msg import String
# 3. RT B K
class MinimalSubscriber (Node) :
#OTHE T EE
def __init_ (self):
# A R
super (). _init_ ("minimal_subscriber py"')
# 3-1. 61T T s
self. subscription = self.create_subscription(
String,
"topic’,
self. | istener_cal Iback,
10)
# AT EE
self. subscription
# 3-2. &IIT A B89 B
def listener cal lback (self, msg) :
# ATEPIT B 69 H &R
self.get logger (. info("iTI 897 &: "%s""' % msg. data)
def main(args=None) :
# 2. 1454L ROS2 & F 3%
rclpy. init(args=args)
# 48R spin B, FAENT B R,
minimal_subscriber = MinimalSubscriber ()
rclpy. spin(minimal_subscriber)
# 5. BT R
rclpy. shutdown ()
if name == ' main__':

main ()
4. YmiE I B S
£ Python DJfe €L, M & M E5¢E package.xml 5 setup.py.
<package.xmI>¥N KA OC R, 1E<depend>Hr2E N [H WS INYE SCAT FT 75 A

BCE A A T:

<depend>rc|py</depend>
<depend>std msgs</depend>

<setup.py>¥S A 5. entry points 7B ¥) console_scripts HHE NI T P 45

%025 7k 35 1



entry_points={
"console_scripts': [
# KR4 LA talker TTHAT A
'talker = py_pubsub. publisher_member function:main',
# BRI A LA listener T HUAT A
"listener = py pubsub. subscriber_member function:main',
1,
b,

5. gmiEMIaeT

BEAN TARZE A H 3

$ cd “/ros2_ ws

i

$ colcon build ——packages—select py_pubsub
OB b, 0 IS AT T BRI R AR5 K-
$ ros2 run py _pubsub |istener

$ ros2 run py_pubsub talker

3.2 ROS2 R @S

L AR5 EfEHIERSR

MR S5 IEE AR ROS A — Rl H A B A, AR 5518 5 2k Tm R
B, R BIRE AL AR S5 AE T RIR A . X SERHPEAR 2R A7 — e
AP SR (Bl A fan 5

& 3-2-1 RSBEREE

@) REEERER
FATAT LB A AT I ORI SR AR S, E e B AT A R R 55, $TOTF

28 SN -

26 L

o
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LIGENT TECHNOLOGY

=27 RIS R
$ ros2 run turtlesim turtlesim_node
#EMIR 57 &

$ ros2 service list
SR JE I Ay AT IR A
#E R 57 &

$ ros2 service call /spawn turtlesim/srv/Spawn "{x: 1.0,y: 2.0, theta:
0.3, name: turtle2}"

3.3 ROS2 ZEBE(E

L BMEBE G R

A5 5 0 5 S P TR B R 5, AU SR 4R 5%
ke SRASHIT & AR e FRR. SRR =3 AL SR RET o B0t
FAAT RSB, BYIR2 0T DA% R BB S5 o, I Bl TR i

L) B 25 45 R, AN B FIEAS T PR TE SKom N A SR IBGE 2 [ 5, IF HoAn] A
11 BN A e 55 3 A B AT 55 U T K .

NODE

331 HEEETEE
@ EBEREIEA
FATRT LA dy AT BT S SR 1, e E i AT W sh i, 107

23PN
‘e Nigalr BB
$ ros2 run turtlesim turtlesim_node
#EM IR 57 &

$ ros2 action list

SRR A A 34T I -

027 W3k 35 W
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- A
#E R 57 &

$ ros2 action send goal /turtlel/rotate absolute
turtlesim/action/RotateAbsolute theta:\ 0.0

3.4 ROS2 ¥R
L SEBEHFEHGR

SRR S5 AL R0 5 NS [F) 9 o 2 TR Ee A2 B ) — R (5 A ORAF
SR SRR NS ENR S, WS E R NS H ) i . S 555 Tk
F I BER T g b2 R AT R MBE S, AT BAEEANR 107 ml Z [ 50

2 SHMREHIER

ENERIIBIRE S, TR HRME T ADSE, FAT—ERET XA,

PE TN SHE SO AT HE I T35 i e W B AT S, T 2 m A -
#e el AR
$ ros2 run turtlesim turtlesim node
#EF SRR
$ ros2 param list
# THEENSHOREE L
$ ros2 param describe turtlesim background b
# T RS RE
$ ros2 param get turtlesim background_b
# B FEASHAA
$ ros2 param set turtlesim background b 10

Turtlesim h@DESKTOP-ACQFDE:~ X € noah@DESKTOP-AICQFDE:. X +
:$ ros2 param list
: $ ros2 param list
/turtlesim:
background_b
background_g
background_r
qos_overrides. /parameter_events.publisher.depth
qos_overrides. /parameter_events.publisher.durability
qos_overrides. /parameter_events.publisher.history
qos_overrides. /parameter_events.publisher.reliability
use_sim_time
:$ ros2 param describe turtlesim background_b
Parameter name: background_b
Type: integer
Description: Blue channel of the background color
Constraints:
Min value: @
Max value: 255
Step: 1
: $ ros2 param set turtlesim background_b 100

Set parameter successful

3-4-1 BHREZREE

G
&
=
b
b=
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4.ROS2 TERIEH

4.1 Launch BiEHET A

(1) Launch f&j4y

SHF—AVBARGRM S, EAEFRERFEZHZ A8, IF HARE N A5
AN NFFIEI A, BEAS AT A E I E
ROS2 Wit 1 —% 56 BEMTE AR [ SCA K85 Bh3RAT T4 43T i 30,
launch SCHF2 275 5UR B S 0 B I — R EIA, & mr AR IRATT [F) I 5 3 A & 2 A
5% ROS 2 1 kU AT #0734
ROS2 ] launch 34 A A xml. yaml A1 python ¥z, T xml Al yaml,
Python /& — M ARG FE =, SEINIRAE, AR LAEB) Python FIRFIETE S 3
T U S AT R (B AR AR L SRR DA K S BT B . Python ) & A5
RTEVERFPE AL BATRE S 56 R hn b A 38 55 Bl S 3% 5, R THHLER N R GE 00 mr 4
PR R
(2) Launch FJ{# H

—RORUE, BATEAE FHHL S A BB DRE B TR 8% A% Sk g iy, A
R R BN E e B 1, WA H R s W W ERs Tt nT L T .

NAE
# s NERET EHAP, ros2 launch <FhiE & %> <launch X .%>

$ ros2 Iaunch turn_on_wheeltec_robot turn_on_wheeltec robot. launch. py
= S © o >< wheeltec_lidar_ Lslidar Islidar_drive launch v O | BREEBSA
i BE =B @

¢ 1 TFBAESR "E‘ % %‘ @ % %

ros2 launch turn_on_wheeltec_robot turn_on_wheeltec_robot.launch.py

s
2, ¥R . isidar._dou I Ismi10_net l isml0, um,lau Ismi0p. guau lsmiOp. rua 10_laur h
[ ros2 launch turn_on_wheeltec_robot turn_on_wheeltec_robot.launch.py unchrpy chpy nchpy neh-py unch py

3. fI7TEAML
r0s2 launch ros2_astra_camera astra_pro_launch.py

|
4, IFEE W
ros2 launch turn_on_wheeltec_robot wheeltec_lidar.launch.py

5. MRS
2 run wheeltec_robot_keyboard wheeltec_keyboard

6. EEIRBATHAY J
@ TR
ros2 launch simple_follower_ros? laser_follower.launch.py

5 @MmKEE
r0s2 launch simple_follower_ros2 line_follower.launch.py

a
© MR
[ ros2 launch simple_follower_ros2 visual follower.launch.py

7.8 1637 PR

©macomE

4-1-1  BEIHERINEER launch 3T

&
@
=
H
=
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NN NN ——_—_—_
(3) Launch X4/ Python 23,

FATAEAE ] python 15 F %w'5 ROS2 launch AR SRR, 23R A
A ARG R — action, HGR—ERE 3N, FELEME:

def generate launch_description() :
return LaunchDescription ([
action_1,
action_2,

action_n

D)
N FRATTREARTF — > Launch ST B SEIL R -
# FAMMXIAE
import os
from launch import LaunchDescription
from launch_ros. actions import Node
# @2 AR X ) AE
from launch. actions import IncludelLaunchDescription
from launch. launch_description_sources import PythonLaunchDescr iptionSource
from pathlib import Path
# KRBT share B TH%/%
from ament_index_python. packages import get package share directory
#4 px, launch X F#5iK
def generate_launch_description() :
# FREX launch XA BT /£ B &
launch_dir = os.path. join(

get package share_directory (' turn_on_wheeltec_robot'),

" launch'
)
imu_config = Path (get_package _share_directory (' turn_on wheeltec_robot'),
"config', 'imu.yaml')
# @448 %8 launch X4
wheeltec_robot = IncludelLaunchDescription (

PythonLaunchDescr i ptionSource (
os. path. join(launch_dir,
'base_serial. launch.py')),
launch_arguments={'akmcar': 'false'}. items(),
)
choose_car = IncludeLaunchDescription (
PythonLaunchDescr i ptionSource (
os. path. join(launch_dir,
'robot_mode_description. launch. py')),

)

030 T Jk 35 T
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AT
# 2302 ER & F 89 7T AT LAF node

imu_filter_node = launch_ros. actions. Node (
#fk 6% AR
package="'imu_filter_madgwick',
#7] 4T XA node 4
executable="imu_filter_madgwick _node',
#4a X SR
parameters=[imu_config]

)

# 1B F ZHATA) action Ak

return LaunchDescription ([
wheeltec_robot,
choose_car,

imu_filter_node

D
4.2 TF2 T T H
@ TF2 &4

tf2 (TransForm Frame 2)/2 5 bnAc e, ERZZNMLAS N R GTH, A FLIERES AN
PATER AT BEAL T AN F R AR FR b, DRI 75 AT ARAR AR A G — B Rk . TF2
ST B REHB KK TR, HTE MRS AR R A AR K R .

SERE N AL BRAZ e S BIL PH AR AR AR T 1 5 AN AR B A i W T B B L. R
AAKRAR IR R T — ML BeAT — S AR R AR < 2R, T AR AR AR e I i 5 T 2 2 4
ARKR AT SC RGN ARAE RSB

ROS ™ [{ AL FR A it e F 4 T-AAAR R T o

X+,

4-2-1 ROS2 EAtiRE

R

pes
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& 4-2-2 TF #irTrEE
KTHIR R R, AT LA iR~ AN e % AN 70, P 2 B 128 460
F, SR ) AR R IR AR 2 6] A ] S AR AR R

(2) TF2 BRI R AR
B S AR AR e, TR AN AL AR 2R 2 R [P AR X7 B2 [ e 1. W EIa Al
base_link 2 [8] (1457 B 2 [E] 72 11
TF2 i AR A e i AT K AT~ 15 -
# KA A F| B &k
# # X.: ros2 run tf2 _ros static_transform_publisher <x #hip45=2> <y #ipfE>
<z Hlf &> HRALA> <HIPA> BRA> KKARLFRE> <FRAFER>
$ ros2 run tf2 ros static_transform publisher 0 0 3 0 0 3.14 A B
Yor /3B TF % &
ros2 run tf2 ros tf2 echo A B
rviz2 AL

#
$
#
$ rviz2

Recorded at time: 1713317638.4936695

Broadcaster: default_authority
Average rate: 10000.0

Buffer length: 0.0

Most recent transform: 0.0
Oldest transform: 0.0

4-2-3 TF #iFTHRREE

TF2 F &S ABBRAR e launch SCH R A sl :

%032 7k 35 1
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# & launch XA P iR Aode T action ¥ YA X 77 base_footprint 2| laser &9 TF 247 32
launch_ros. actions. Node (

package="'tf2 ros',

executable="'static_transform publisher"',

name='base_to_laser',

arguments=['0.048 ', '0', '0.18','0", '0', '0',

'base footprint', 'laser'],)

4.3 URDF#&TH
(1) URDF &4y

£ ROS 2 ', URDF U4 28 X B (1 4, URDF 1] DU i iR A1 3%
NH SR, En] DRGRPLAE N ZMBEA . @id URDF 30, ROS 2 fEf
HER L ER RN 2SN SE R FIAT Ay, AT SR I &P AL AT 55

WS — N EAK wheeltec /NEEEH, B ] BARIAL R 1T AN B2 ks
INERAR (REESERD « AT (RSARGD « BOLTHE RN ((BIEARL0 .
MARERBE T HTFE (BEH ARG - HLas NEBRE, Houm &%
R, @RS, S AE R ERIRERE, HHSRRNIERE.

151mm

~ hont link

right_w.ieel_link

4-3-1 WHEELTEC /N5

(2) URDF 3CAF K xml SEER

# SEAT Link 694938, 475 B R R AAE AL ARIRIR 569 I WAy 328
# M EIERT, ME., HAK, WEEROERE. REEE, ARAKS.
# name & : MR EMF LT, LHREEE—
<link name="left_wheel _link">
visual>
# origin A& : X E& link AR T Z AR R A E
<origin xyz="0 0 0" rpy="0 0 Q0" />
# geometry 454 : A TXE link 898K, box (FR) .
# cylinder (H4£) . sphere (GRAK) . mesh (4 HAbTAfF) %

033 o1 Jk 35 7
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<{geometry>
<cylinder radius="0.0325" length = "0.025"/>
<{/geometry>
# material ARE AL LA G9M A
<material name="black">
<color rgba="0 00 1"/>
<{/material>
<{/visual>
</link>
# X Joint #i, MR AR PR R A 2BLXT joint EHZE,
# 7 fEF A AREH,
# name 1R%&: FBAXNLF, LHE2E—
# type & : KEXTEA
<{joint name="left_wheel joint" type="continuous">
# origin AR AT EAFMM L EAFGRAE, BBINE
<origin xyz="0 0.08 0.0325" rpy="1.57 0 0"/>
# parent /& : FEXGEAT;
<{parent |ink="base |ink"/>
# child#n&: Rk THA, TEAANXENFKLIEF;
<child link="left wheel link"/>
# axis R A ViEFH Yl d &
<axis xyz="0 1 0"/>
</joint>

URDF H#)5¢77 joint A 75z 3/ 28

XTER Hhk
continuous ek, AJLESEMERER
revolute HEEEXTS, FFcontinuous, BREEENAERIE

prismatic BENAT, AE—HABHNXT, FTEAERRE
fixed EEXT, FAVFEEIHERRET
floating FEEIRT, AFETES. Lefkianh
planar TEXY, AFETEERAR LTFEREIRE

4-3-2 joint B <FhERY
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INTELLIGENT TECHNOLOGY

y

<robot name="<name of the robot>">

<link> ... </link>

L1 e smses </link>

<NOINES e mavsions </joint>

<JOINED i weisinia </joint>
</robot>

& 4-3-3 link 5 joint BIREE

A FTA I link A joint FRZE5E AL T 3T ALES NN IR A A, 4T
JAE—A™ robot AR5, BRIERL T 58 B ML 2 AR AL,

35 W
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