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BETS E MR IMAIIEWEN . BEFEREEM/LAIEZRBERER (box) « EHE

(cylinder) ZFk{k (sphere) IT{ASEFR4AMAR. XFENMIAILUIRSHERE
Wk, EeERITE MR,

5 1RMEIT:

£/ XACRO BRIt EHIZEF MERMIRMIE. I TEHRMLAIFK, AT
LLBIE— D&Y XACRO LR EEA R K BAR M IETTE, WMKFE,
AR, XERUSBTNBANENITAZXREE, EILFERIEX
PRIGILIEHIAEE .

6. YN

EXMEEMY, RE. BEAYEF, UEWFZANEHNTH. XE
FERT LATE XACRO S HTERK

7. WhERE GEIAERME) -

ATIUERRFMEMRE, ATURRERNSE, FEBIANER M
T
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RS
A {
SR M7

L l
ING+H LR ABR

3-1 INEZRAE

3.2.2 RViz2 &7~

ATHERVIz2 PIEFARAOARNERE, FETHUATILNXEDRER:

1. BEIRViz2 5=

EEFXHHRMARIZ2 TR Bsi®S, HIEEREXHKE. RViz2
REXHAUEEXERNEE, WAENNA. ErfEREHESE.

2. Nk #28 A ik

BIZ robot_state_publisher ZfHl 37 ABIERS TF THFHEEE R
X—PREXEE, AAERBTNSASNBHENEMIEXR, £
15 RViz2 RS IE IS AR AL

{#H joint_state publisher_gui B{ joint_state publisher FEhif
AN BEFEMEATHNAE, FREEBERVIz2 PHTSRER. XTTIRUE
B MEMEsEEEEA.

N 3-2 U /NETE rviz2 PR AR TEA:
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laser Nk

laser_cyilinaer_link

camEaupuvak link

el TSk
righto 2 3rf§§{_lin\k
right_w.cei-top_link | left_whzel_iast_link
base_ outorint

left_whZel_tap_link

3-2 PUg/NEEAERIRR
3.3 ZiRRE

1. R E IZHIHLH

AR EREHER S, ONMEFHERE, BR—MARIER N
FRUIREERE, BEEHAZARNRFIREIRSZEEREINFANEITH
2T, EAEEYESFENERT, MNERENENAUECAEZETT
EMERY. FELLSESL ZH SRR, R REERENSH.

it E R E R B 0E 3-3 Bk

YAL

[ 3-3 MEtERTENIEE[E
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1 R FFSYRAIER 1,
=1 FFSRAR

s Wi AA

XoY EEHLFRR
X0y ISEIE2 TS

v KEXRE

w KERIRE

v B i NERNEKRE
b LA FRERE

6 NZE A

1) B&IED
YNFEREBHITEZEHNN, MR FIREEER, BEERN 0. A
{VL—VR—V:)—:\:)Z—VQ,—V4 (-1
XA, v AEME FRIRE, Vi AANE FRIRE.
2) BZBEN
YNFEREBHITHZEHN, ATLUEERIASERRTERE S0 IR MEE
EE]. FKEMNGZREMAEEHE TR :

\

w = ? (2-1)

X, r A= o El= ICRAVESE, BIEAEEHEE.
HTFRER—MNBTEREEHRF, FIUASIMRTFRHRERETR:
{ 21272 @
3 4
XA, Vi BE | NMERNZEREVE x HPDE.
EEBBLIRRE xoy H, BRigEr S5y HWEARa, AR (2-1) AE:

=——=——"=—=—=— (2-3)
XF, VAVExHBNTE, vyAvEYHNSE, rnhrEx#MHg

B, rJrEy HHSE.
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Witk Eness iz, S MIENAEREHRER, EtUMFHRRE
Rw. @R (2-3) HKHEFE

=—=—=—=——=— (24)
R, rnAE I METE ICRMEES, rAnfE x IS E, rgAnfEy

HENE, viyas | MERHNZEEE y BHDE.
¥ (2-3) FuX (2-4) EIEAS

r ry Iy Tiy Fix

[EIET, riflr 7E y Hl L2252 T
wTTNTE e
Fay = Tay =Ty *+35
B (2-5) #xX (2-6) A5
{VL: w -(ry—g)z w-ry—

VRZw-(ry+g)=w-ry+w

SNnlo

=Vy— W -
(2-7)

N|joN|oT
N|joN|oT

:Vx+w.

B (2-7) AT
vy 1
[w]zl_zl ][ ](28)
b b
NERBIUMNERSARESEE q=[xy,0]"%Rx*, REREALUH
n =y w] , ERMFRER XOY 5RBULIRER xoy ZBHXRIUT:

RN

X cos ® —sin® o] [Y%
q=|Y|= sin ® cos 6 (2-9)

BT MNERRERERESEFITER, FTHEEEN, KETAER
e EEMBINE . FELSIN Pfaffian R HIIETTER AR U MBIRIER E L
IESEFRIFS . IETEEARZIRPLE A EEEBAUE LR BRINARES,
FEHINENFER. BAEAKXAT:

A(q)g=0 (2-10)

Hed, A(@) =[cos 6 sino 0], B

16



X
[cos® sin® 0] [y

] =0 (2-11)
0

HE 178, X (2-11) BRERA
cos® O]
[ ] [sme 0 [w] (2-12)

#BR (2-8) Rk (2-12) 5

cos®  cos®
X 2 2 v
__|sin® sin6 L
[y] == [VR] (2-13)
0 _1r 1
b b

2. 1RESYIE

ARBAITHEN, SMAERFE. FibitE/ZFE RErISPREEF
REEFELEERN. RUEFHEE.

D)-3:%

BEENZNEASHEZEELERANEZRR, E5 AFEZEHMD
7

BREET: SIS ANREFFEBHTIFIEEEIER.

HMEET: SIS AEERSEER, BF/NTHEEREN.

BIRFEMNBRKEZENF e, EFTURBIRFHRKESI . WRNE
RBI%ERRE TR IR T T R DR iR R s AR, T SEPRiE
B2 EIPRE.

HEER A

Fnax = Mg (3-1)
AF, wHEERE, nANERE, s ARHMEE.
SEPRENERE a ZEIEE SR
a= min(%, “ng) = min(%, ug) (3-2)

A, FANEESIT,
FEitt, SEPREE v HENRSZR|EE DR

V= min(;, ug) (3-3)
2) 1R
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IR TR RIFRE SRS, I TFHSEAKE, EEZHIME
FEEEIBM L. FEREEMIEEEIEE | MAMEE o KRE. HiEmEE
T B, NESFERAMEE o, #FMXTARERE w.

o=min(T, £ (3-4)

3. B4

ENEREENITIEN, BHRGBESERES N ENRTFRERE.
Bid EAARITE, TUSEIRENEEE v IARE w. A5, ETv
M wBAA—RZINEEMERETRER NG EEE SRR
REMNZE., BTFXMTERSGTUMEERSRHFITESAZETUN, EitBlE
EMNNYIIRREL SHMEERITHRIESHEMMET R XFREZRR
YN HRASSHNZRGITTEVERMEXRIETE, 532K B ASEEZE)

&, RMEERTHATETTREEREAN
3.4 =R

3. 4.1 1= SR

EHIREEENR N EN T EMEREITH I EEEREENAE. W
& 3-4 Fix, EAMEAEZMERLAIESIEENNHE, RIFFLEBER
5BEENEERBHIZFINFZANEHEMITA. STHENEMS, 5
HlR R E A TRUMBEHIEE) RS REEGFIEE, FEATLE
FR SR AT SRER AN PID 452 BRIZAKI SRS R % .

footprint
: [0.001, 0.001, 0.0, 0.0, 0.0, 0.01]
: [0.001, 0.0, 0.0, 0.0, 0.0, 0.01]

3-4 EHIFFEHEERER
FERR:
RiEME: XFRBEHEFKEHIEHIZFELE.
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i RM: ZTARMERIZESIS SN AINEE .
SERE : FRIRYESI Ap < BE WS K BT R FH AT
RIRHE: B R RREREE (A0 IV, 4RADES) SCIEREMITHIMR.

3.4.2 it AR

1. IEFEEIERY AP

RIEFAEANGEES, ERFEER APl 0. Gazebo IR TFEEM
C++#1 Python API, {5 & ARFILAEEGRIEMIESIEMERRILIE. &
AZEH/d, FA1FER TIE 3-5 ros2_control #EZEZ5E gazebo ros2 control
i, DI/ FRESEEE .

2. fhEEHI B iR

A EES ARG iR, BFERRT:

1) REEH: HHFEENRENRBBNGESAEERE.

2) #EiTHl: BEIEHERNAEUSINES.

3) [uEEH: ETHAUEMERVNEHITS.

3. FE R IRHLH

SINKIR#LE] (30 PID #55I88) LURSIEHIREE . RIRHLHIFT LIS X
ENfL SR SRR AR M, WSS ERREMIEHIZR . Flan, EREES
B, ATLUBE 4RASE AN AR E H S BfmEE XL, shiS AR EEL.
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HEOE T HHEO R T HHENE T
\ J

MR
20 28 0 28 |
i
Y
TR |
o o
¥ v
REED fir 4k
< Rif > ik
4 0
il i
gk A A
W gaen [ — : m—
ol s | [ s ] [ mim ] ﬁ‘
| ESESEETE I ........................ l,J‘ ....... - Wik
Y Y file 1l

Wi
[®] 3-5 ros2 control | {EZRR~E=E

3.4.3 SEWAE

1.4 &EL: XERHEFEEHT —NMELXHEAPY%. i, &
Gazebo 1, {RAJLLYKE gazebo: :SystemPlugin Bf gazebo: :ModelPlugin,
BEAZRMIGD, HANEZKH ros2_control HEZREZMAVED.

2. BLE ROS 2 iTHI R % -

1) EXFRAHLXBEHEF: AR DMNEFEEX—INEA
FirstBotGazeboSystem By R G AR HIRE, IZITHIBR R T 15 B/ AMITRR
HIIhRE

2) e EBHIRENIEME: £ gazebo ros2 control/GazeboSystem {EH
WHIREE, BEH5RS Gazebo YIRS ¥R H, FiBiTH e SHEBEERE
K%,

3) WEXTIEO: ABANXT (W left_wheel_top_joint .
right_wheel_top_joint &) EMX@LHEO GREFMN/HIE) UFARESED

(MLE. RE. /%) . XEEORIFET ROS 2 ZHarSHITEIKES
=52, MMEIXT/NEBEIREFHIES] .
3. INZX Gazebo #ff4:
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1) $§E Gazebo ¥HFE: £ |ibgazebo ros2 control. so {EJ Gazebo
HoHE, EXMTIFROS 241ZH| RS S Gazebo HEIMETERIINEE.

2) RESHXH: BEEEXHKE (E 3-6 FH§(find
car_description)/config/firstbot ros2 controller.yaml) HNELFEHIZE
HWEFSHIRE.

filename="§(find car description
filename="$(find car description)/urdf/firstbhot/firsthc

je filename
fe filename
de filename

filename="$(find car description) ‘
3-6 BLESHH

3) IEMEMREGT: BT <remapping>tR&E EMRGHEM ZFR, BIINE 3-7 &
1%/firstbot_diff drive controller/cmd_vel unstamped BRETA/cmd vel,
XAMTET RERESEE AR R & AE .

ription)/urdf/firstbot/plugins/gazebo sensor plugin.xacro

filename="1ibgazebo ros2 control.so" name="gazebo ros2 control"

$(find car description)/config/firstbot ros2 controller.yaml

/firstbot diff drive controller/cmd vel unstamped:=/cmd vel
/firstbot diff drive controller/odom:=/odom

3-7 1ERRERRET
3.5 Gazebo {FESEIY

1. A TE=E SR

BT, EEUE—HAY RS TIE=E], HARLELUERFEAVIRIE.
X—ZRBR T ARXNE KB BRI ERERE. B8, MFLME
FTEURBRIBES S ERLT.

2. BeE T HI SR G

AT ENFEEEBTE Gazebo P27, REMLEEHWITHIBEN. X&
BB gwmEHF X (world) , 21E 3-8 Firm, HEHPIEEEFERH
BHXBELRESY., WTHUREREIHNNERE, EHNEEFZ
gazebo_ros_diff_drive, B A LAALIRIR E 65 S F 5] Gazebo iR A ERIEO .
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3-8 INEREBMA gazebo fiE
3. BT Gazebo H & ~iEHY
SERERERTIER, VA launch XHRBE) Gazebo, FHIFHLEEAE
B mEzHERES.

3.6 XE/NG

AEDEENMAT R/ NERITMHENEEIE, BEBEER XACRO
BCAERE XA 4. ERSEFEN, ARBSBHNMNE. &5,
MHEARR RS KRR ; EERT T WAE RV 22 P IEHR RN
NERRE, BB RVIZ2 TR MBS ABRUR L RTRES. BE/E,
SN ERENRBMN A, BRETHENT N EZEFNERM, FHFERR
B T hI R iR A iR Tt BB S LI E, B TIRIFSE AP 12O, TER
I BAR AR I RIS SRIBFHESIFS BRI KB LR &5, 7E Gazebo
hHITIHE.

F4E SHMBHLBENR

4.1 Bk

EHRNHERRS, ZHREMBEXESHE LERHESM RS
FEM. AESERNANRNEATREFETHAMEZBEEX: ETHE
2 (Topic) WEB-ITRMNGIFIETARS (Service) HUIER-MMNHLEH. K
IS H X AT RIE. SMBEARENRASR, FAr8m
BT EEXHELBRHEFESRK, UKRFIA rqt TEMGSITEROHIT
B{EIIES I5HE
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4.2 Topic FRIER

4.2.1 ZHHEZM

HEET Topic MBITREP, AHhEAREIEENFTALERIE. AT
WIREEMNBYRERERE, RGEIHT SysStatusPub F{EALHE, BEERE
BRHLAHEEEEFEEMEEMEEES. AHhEEHXUEAR I EE, —1
ATFA2HREEERE, Z— T MATAGREMMEERIE. 5%, &%
ESRN—ABEEEE, HIFEITEM TemperatureHumidity iHERRN K
mtE. B, ZWEBXITHE TREBEFRGHEEES (Twist) FMEIE
TR (Odometry) , RBIXLKIBLMITEEMANREMMIRE, HIGL
SRILA VelocityAccelerate JHEMA L MEMHNMWER L. BEAMTERNT
eIz,

EZHEMZIEERE T RGN REMMATY R, BiERALH-1TH
FRI\, SysStatusPub AJLARZMAMI S B ZATIRET mE N EE, MEAEE
REMTRENERMER RS, XFHHRRARE LT ZREHWREIZIT,
EIRTiR S T RS S tEEE BEEMTRAEENEL%, A mE
fbIT R E AR SR . ko, A fEFER T ROS2 H create_publ isher
REBRUNELAHENR, HIZETAIKESHLUKCEEEEEE. ST
mEREERER, FAISIANT Python ¥R/EEHRY random 23R, L%
BT E SERE R AR EE, RIEMS BB ESIMS 2. REMMNE
A BNSRIRETIT R & U B A SEPR R BEs 8, X IRIE T BB A /E R F0
ARt .
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4 ™
MR (B
. RENEE)

e J

(. ™

EREsHEmEER

E{SR, {#Hrandom
EREUE

AN J

v

s ™
ST R SR
(Twist, Odometry)
he Y,

v

s N

iﬁﬂ‘i‘lﬁgﬁ'—iﬁ %S

- J

v

s N

E?EJ‘EJELDJJ EIEAH

- J

4-1 Rt ERIEE

4.2.2 iTIRE L}

VTREEITHEEB LR HLEBEL A ELAHOBIE. EXARESED,
SysStatusPub TNXEN—N 4% E, FRERHITHENAE. EANTE
M ITIERTE. BEREEITAN XEIETRR A ZNMNEIE:

—, REIESITEE (omd_vel) : §HHIHMNIEEIESIIAR,
velocity_cal lback FASHIEAM. LWENARKEIMEERE, HHEEMEL
i VelocityAccelerate iHR . LATIIRE#HIZE R 0.0, EAMEEFER
BEEEIETE, MX—E2BERRIT BB IRE. THENERET R
HIRZkBIEHIRENH S, HRBLARBENEREITH, BRENRS
Kt A—

—. BREWHHIEITIRE (Jodom : HEHEEHEB R LT,
odom_cal lback FAS#HIAM . LHERELSFIRNRERM E—XIERIVEE
KU EMEE, FHE#H VelocityAccelerate iHEFIMEEFE, AEH
REF. I, ZHEERSEHM DRAREMNER, UETEEMNMEE
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E. BETBEIENIT RN TRRRERIS A ESHHMEEXREE, R/
EENEMEEES RS R R B IR E SRR, DEHITHEX

HIE BEEH .

e ~

VT BREE AR

(femd_vel)

N A

- EEE R
& Avelocity_callback
FTRERIE, RE
 mEER0 )

v

# ™
1T R TR TE R
(/odom)

N J

g TEEER TR
18Adodom_callback
HEMEREHERHA

S|
\ = J

v

e ~

AT INERER

VelocityAccelerate

M o

4-2 1 IRERIZEE

4.2.3 BEXHEXRE

ATENAELBE A RBLIRERE KR, FREEA T EFil &I
Tz, RASINBEHEER, FTNAKEMTRAENRENE, MAS
EREHFENRARNEKR. ATESR 2 § TemperatureHumidity HEEEY
BERE (float32) FUEE (int32) FE, BTRFAMEELHE. EAITFAR
GUERBARBR BRI, XMTFERNERERS, R BHUFTEALA
BE, REMEERHEMRTEFENXBENR, LEFS T EIEEHIR
BEESH. BILER TemperatureHumidity ;2R HANIATLUBBRARR
BZEREBLERRILETERFER, NTIRSRFHIEMARMERE
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2R 2 TemperatureHumidity jE 228

HERMR BIELER AR
temperature Float32 INEEE, BUAEBKE
humidity Int32 MRIEE, BANASE

H—FH, WTEZR 3 H VelocityAccelerate iHE2 LB NN EIEEE
( float32 ) # fn & B ( float32 ) , & M N T B &
(builtin_interfaces/Time) , WETEIEHIENEEEM. XTHEHELS
BT E G ST IREN S ANSITA. REMMEE @R
ERIRSHEARYIES, BINECRRTYERZHERAREEHES. &£
BEtles AU, SERTSRERANALIEIRE MEE E X FRENX, BpEFE
FEXEE. BESIAFREIEFEE, VelocityAccelerate ;HR EEIIT AT LUES
BFRARAET R aEshE e, BIRFIEE5EER—EEZRATE,
& 5 E R B = R S H W BIRRE

% 3 VelocityAccelerate JHEZH

HBRRAR HiERE 1 FH

velocity float32 INEHATRERE, B
AKEH (n/s)
acceleration float32 INELHRTRMIRE, B2
SLAKREGHIER
(m/s2)
timestamp builtin_interfaces/Time BB &, IeFHIERIX
ERTE], ARRIRETEE]

1k
%

4.3 Service FRE

4.3.1 PR%BimsLI

EHREGE D, BETRS (Service) HIIFE K- AEIE M T —Fh—
M—HEEEEER, SR TEENRRIEMOEERNNBgSR. REHR
—AN% ;3 PoseFeedbackServer BIBRZiIm T /., EREWBIZICEEE P imAIAL
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ERIREXR, FREHENAFRAER. RZHHZITANEER TS
BAIREE S, TEET RAGENREMMATEM.

FKimE B IE 0 E—N 8B PoseFeedbackServer BIZE LSRR B EN.
1Z %% E rclepp: :Node, LA pose feedback service fEATR&TR. £
SR, RFIHEET —PMIRSXIR srv_, SEE|#® A pose_feedback
Mk $sSE. TAMTRSFSERTBEEXWHWERZEXR
service_interfaces/srv/PoseFeedback, BEEE THLE IR (x. y) -
EoUREEFNBFEFTE. REWHEE lambda FTIEAKXNEX T —1EI
K3 handle_pose_feedback, Al FAIBIFWEIMIE—MEK . X—TEEHFR
T B S5im AT LASL BN R AR AT BIAR0iE K, FERMRESMAEFEFBE. RS
IR B HYIE KT, <M handle_pose_feedback 77 A #ETALEE. L5
ERATRRITERPHE, SENSANISRIMIELIE (x. v) REHERA
E o, RELZRXREKNEAERR. RFJmcRXLEFEENAE, UETEE
RS, TR, REZIHIIENIRES feedback_message, XFKHEE

BE XU E BB FRIA LR AT BE R — LM INE 2552 .

ERl e
=

- ™
BIZARSZ ISR srv_,
HER

pose_feedback fR5%
N ,L ¥,
B EERE
handle_pose_feedback
RRERIER, WS
IR () FifsE e )

~

[ EmREa: i |
H AR, REEE
7

. J

( WERBEES )
feedback_message,

BEQIWAGEEM
___ BmES )

%] 4-3 E&%lﬁdﬁuw#“i.
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AEETRSHIIER-IMEHGEIF, ERinfiRLZEIFERFSRSIHEL
BIEEEZE. NI IFMIEAR R A PoseFeedbackCl ient BYE P im 11 m AV 1T
5xidtE, BRERWMANET ROS 2 FARSZIEO SRS mFITRER.

ZRiug[EIHERT rclcpp: :Node 2613, 454 K pose_feedback client,
AHERHH, BERimEEUET —MRSEPHIR client_, ATER
Z RSB imIE A pose_feedback ARSS. A T IRIEARFim B ERIFIEFTIFNK,
B RimS VR ERBRINEFR, ERIRNEIARSwmAIAALE. XfHAERE
HithiEt e T E AR S umk B e S ANE KR LM o7, 38 T RENEE M.
s, BPImEIRE TS, LB RAFFRSE L%, NMES
T RGN0 N R E .

ATRESRGHHALIEES, BERmEAT Z&ERTHAR. BIE
Kit, BPIRE— MR RZIEPIEIT ROS 2 FIHITES executor, ARETR
T RE S EBMEGIRENEE. FLENZ T TEAMEEE TR
FIPRER, ARBEFZENREHANBRES. XHITEXNRBESEF
i Al LATE AN 2tz 0l S5 B RIATIR T, SR ERSRSin BRIB(E.

(BIERS = RS )
client_, EEERS
imAY pose_feedback
\ ARSS )

v

( EREERSE ST
A, iR
EEEREY, 3
L REEENE

(EEhihiTse , FHAS)
LSS, B8 ROS
2%&%%?%%5%

o J

v

s ™

ARG RIEEK,
EHIRS MR

. /

v
(EBEIRSRRE )
&, SIBRELE

IREBEE AR
- %'q“ /
v
R
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4-4 B PFimiizE

4.3.3 BEXRFEXRE

AT ENARFEBRERBRIEERTEKR, RMBEAN T BiFthil &I
Lz, RESIANT BENXHEHER! PoseFeedback, ERNNIENM T RZHR
A, MESEHEHFENRAIAZEMENXK.

% 4 PoseFeedback iR 4528

HERBM HiELEn WiEA
X float32 MABASEIIER x
AR FR
y float32 MBEALEBILMER v
AR FR
Theta float32 A SRR EAE A
E GRED
Name String ZIRVERHSEIR AR
Ml Rz 52
feedback_messag String BR 55 i %5 i85 oK B K2 15
e HR, BEAWAER

4.4 BENG

AEMNBERIEITTNE. TENBTHENLH-1TRANGIFET
RSB RN FNARERXRBESGHRMBENRS . ZEDAHNET
F A rat M SEOMEXBITIEENIR.

F5F ET Nva2 SAThEEREIT S

5.1 #ik

EAESR, BIEESNEBET ROS 2 1 Nav2 ERIIMHNBAS
MAGHILIT SR SMAZE BN SRIRIAFIEEXBVERITD,
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HIZEZ2ENF[ARBESHSCRAMWIMES B FHAXIEE, BFE
BYHBAIEEBIR. AT EMX—BER, KRGS T SLAM(Simul taneous
Local ization and Mapping) . BRIEMXI. sISEEFRAR, BiZ5 ROS 2
FE) Nav2 BEE, RETREMSUHSMBRER.

5.2 SLAM BiZiRiES LI

SLAM (Simultaneous Localization and Mapping) ¥ARZH 2 ASAN
FHZIOEARZ—, EREBENSEAERZRMIMER, FISEMBEREN
S5ihEMENES. EARGHR, FNEFETETEMLE SLAM Bk
1TIEE, 453 R2FKA T Graph-based SLAM, EBEFHE—PMEIRFTRILZFEA
EREPNNZEURSHEMANEZ BMARKR, 0E 5-1 NTMERHRET
MUEAEERE, XMSBEENEE.

Graph-based SLAM BEMEABEZ B AEitidRFANMLER
B (BEAMIZLE, 8FNESHE) , HES—HRMALEEAEFIT S,
B RS (BOLE RSN EEAINESRAXLET S BHEIE .
BEIBRTARMNZ BNARK R, BXRBIEMKGERENMUTBIR
HIRE, NMBEIEEHMAHE.

5-1 SMAHE
EARZRG T, SLAM BUSCIR{K#TF ROS 2 A & AY AMCL (Adaptive Monte
Carlo Localization) IRIRIAK T IAMIBH TS EALFERE]. AMCL &
SRR I R IR BB AR FRAE, £ —RIIAR T, FiBiERFRIN
S5EXRMHEIIMINB[BARNEN. thid, BIERK, FiIEBEmEERESR
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mZE, ERUEMIRY 2D 3¢ 30 M=, AREREREMRIFMESERERES R
ENITERIE.

5.3 BRSNS RS

BRSMNE RSB AETRESERTHNERLSHIER . 25
SIRENSANSRIMNEL L, MREEFEIXIEEWBIRG. MPZ RS
MZENFAMRRBEZNERS, BENATRERZESHGR.

EBESSMH, F11BIL Nav2 Basic Navigator RIZHIHLEE A M S AT
NESMIEIERS. 5%, SNAZSREHREESMHERANSFIAMNE,
MYE—FNHFM R BRaiigE. SMASHAEREENRISIEK
— & MR, HRBNSANEBVUESBHRUE, BESBESHIIR
F. &, RHESBETEHSSRIREERRE, SRHEENB[ANREMNSE,
R BE T I F 21K B R

AT EIX—13F2, FKVER T PoseStamped jHELKRI KK RBIRS,
BT E B Si LR 5EA(E, EH Nav2 B goToPose 1£ 0 kil & SHES,
ZEOBMBEMKFREZRE. SMAGSAREFRSELZES, HF
TP IMIE HATIRTS, ERHIEHESAHEE .. anREBE ik i & KR E
FESWAFEH, RESBHERIESMES, BREENRFHESREMH.

ZRSMPILIKBTREZ N EREERA— I BERES, NEAE
ZRRTERNENERRNSA. EiZERXT, F/ fol lowNaypoints 3%
SRIZFIHBARRBIEE— N ERFRS. ENRAIEENBRSE, R%S
B T — NERRAFHNER, HFEEHTSM. KEXERTEES
R AESORTERZMESHIgR, MiKiE, SEEILF.

LT IE A, FA 18IS PoseStamped ;B B X BFOREX T Z N BIRA,
ET—MNERRIER. IEAESMEEFSBERIRER (WHFTER
RIFS) RAMBREEIELT BiF, HAZHESMMNERRAEESEETENH
£%.

31



E52 BESHitie
5.4 BENRSoHSEREEREE

BEMARMDSEERNESM ARG P A AR BRAERS - FESEFRELA R,
INEFREEEFMATTUMIFERAR SRR, FHEBEIFERATHE
A IBAYFIET, LUE R 05 K AEERE . BE AR MUK EZERET Nav2 B9 Gr id-based
Planner #iff. FEZIEHF, NRASRBEIFHHEERUAREERNX
SH (MREARE. BEEES) , BIMEHE (Grid Map) #HITEREH
R, EHITRENERN, HKRSEEEBYNMLE, FIEE—FKNRIK
RIS .

Grid-based Planner f£F A BARH#ITIHREEER, ABER—MI 2R
AMENZEEZL, ATESHMEFHRENESZERaNRERE. HE
ARERBIBEARNBHBREENSFIUER BFFIERNES, H4EE%MR
R (BERBEKE) REERMER. £AEELH, EMNHSHRNEA
AN ER: NESBHET RESERARN (e E) MAEHFITREIBfR
ERBERN (WE) . BERHN (FE) ReEShEZM, EENER
BiREEH /ML f ERZKBIRERRZR. ABXBINENY BEEH/HE)
RIEFERNRDWTSHTT R, BEERIBEATASIBREXBETERER.
ATREBRENARBOME, FIEE T NavfnPlanner i1, FHIRBHLZEA
B SKEHATHLIL, BARFLRI L B R REE 1E N B Z IR IR .

ASERE S NSSBENFI LR RSB AEERTEFRNREMENS
Wit EARRGH, FfIRA T aZ5E 0% (Dynamic Window Approach, DWA)
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5 BB R R RS S NER, BTN RAAIHERETL, SRR
HLEB RS ENEIE. DWA BAIBIT N 38 A 24 A1 B ST AR 2 (8 P SR A
SURBIEE (AIESRENARE) , HRBR N BTG SERENT
%, ZEEEEFEERES. BEMEE. NBASNEARE, EILERM
E, RGSERKN BN OREASIEREHIES, 163INBATERENE
R ATAE ORI E BARATIE . AN, RGTLEHEHBMAMNE, A
RIS RSN, HEAHE SRR — SIS A S EE,
BRI EAEBESRADSHERL S, EUBHRITES, BDXFHER,
R TEE A SR SRR R AT R, AR R M RS AES
BRI SE AL -

5.5 2insH¥i

1. R SAERE

MU SARE MK RBNNENRE, 135 RBNEE D FEIR2MEMIZE M.
1 Fol lowPath i RYIREFR#I, max_vel x, max_vel y, max_vel theta
Al A TIROR, LUMERANFZANRE .

MILERNSH:

5-3 Fol lowPath RS HIEHI

2. RULERKFEE

BBk F 22 ML 28 AR B R MK RS InEt e BE 5, LR RKF1E AT
LUEE 2 /N R TR PR AT SRR & il dE . Rk F R S/ N FE R B R KT
BE, TEHERER/N=EH.

£ InflationLayer i, A% inflation_radius BES# N 0. 3 LA(E
BIFHITHIRER I ACEE, MM R NHE.

MILERNSH:
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5-4  InflationLayer ff{FSHITH|
3. BB R
Bk BAR S OB B S BiRa R R, it BiR AR E TR
#2 xy_goal_tolerance #l yaw_goal_tolerance Kig5.

R ACT 2

B 5-5 ML=EE
4. EFHMBERAMEEFRINZE: 7TLURESSFRIF I A% B A [E 8
BN, LA IR h A SR

5.6 RE/NG

KENBTET ROS 2 A Nav2 HEZHIHNZASMAFZHZITS L.
B, SAEMLEY SLAM ESER AMCL 53R, SLI T SR ENLERES
SERERL, AREMEREMX SERERE TIERIE.

BN7ALMTRESSMEZ LS, RSB Nav2 B Basic
Navigator 1EHINZEAZIZEHIERS, MPZSSFMMNEFT fol lowNaypoints
EOTRZ N EiRmNSnES.

EREMXIKAT Grid-based Planner i, HLEEZESEOE (DWA) i#
ITRERS, MRS ABEB RS, RIRMSTIREERSY . RGBT MU ERIK
RESFNENSEERE, RIEN S AEERTMEPRNSHEIT,

BE, RITESEMSHRITTHE, AR TSHRE. BEKER. B
BEMLEEIINERE, AT RE MR, 2fEME, AERET - TE
FINEASIMBRAER, HET NEMEEEN ST,

£ 6T AMLAERIT SN

6.1 #hid

AU FEEAREFEEHROER, ERETRARSHEER N EZ
BRER] . EMRENL T EROT[AEFIFORSEITTIE, TR PRM
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T—TERE S THENTE. BEERANSE, ATUSENERNERRK
SMER REiEHlieS, AURBIAETRIR. A, 1ZFEEFFTETE,
RVFRA P AAREMLERHNEFITERMEEE, MAMIRFA T RGN REMLR
AR .

6.2 ARFERTEREN
ERTAPAREN, RAIBERE T LSRN R E SR A Pk

1. EEH

REFLAVENTR, REFEBEMSZE. BIENIRLITAXEEBRER
AAREPARGIE, TEESMIIERESHEE. B ERTKESMEL
REHRIE, BPAILE RMIKBIFAEEE, HEFASERIT L aikEm R
SRR Vg

2. —HH4

G—g, THRURZEAR, ILAPREABHEREEN. —H M4
B9 RT A RS Bh A P EESL 3T P BT, N E R S F IMicE i ER 7~
M. f5an, EEANMAPFRFHEENZRESEN, BRXEEEZE, L
FHAPEEEXREHZ IFOANGEEINFITRIES. i, —HMEFE
FEERER SR, LR RARRNRE .

3. MRS

ERIZMEE (MKEmMBE) NERZAR, RARENGES
RUERARRNRERY . WA R FR— N FERBEEHAE BB
HEEEINRFNITH, BRITEEREAXFREBNER/NFEFI LEER R
HERYRFIMAPEE. IMMURS T ZmiREY, BARAPE®RT—H
HIHRIEARLE .

4. BN

B ERMFRASEENARN, EhEE—8 TH4; RFRHEHRIFMENE
BiRR, SMAIRERNAFERETERE. BEMNRITERERFRTEE
S S RMEIFeE L FER. It IZREILFEFHEN TR EBEE
BiER, RAPREE—RMETNEEHAE. M TPRLEAEFATBLEMS
EYINEE, MATLUBE TEER. 5ISHEFEXLETIIIMIZE.

5 R&M

S REMHRIERIG S, MAZRBANLE], FHLERBESEEIMER
2%, REMEREMARPFERITHAATRBRN—S, THEEDRIIK
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REYBELIES EFAESHAT S ERNRENEAZTE, BAKE, FHNA
PURERA T MR ARPER £

1) ARG SRPMITENSIMER, RENEIHEHENNR
1R, SHAPMNRECHIZRH BIEARRIT. tein, SEmRscead,
RELSEM— M EEESE, SikAP “EEMR. .7 .

2) BsHIED: AMAFPREEEE E—PRENEN, FHARERRRE
RERREZE. XEFAFELE THEIR, HLATUERRE R ZBIHIRE.

3) MEXsr: AEEEMEE (WAe) FRREREE, HMTFEEE
¥R, IERFAIEBENXK. 520, “BERKA” ZEESHIEITRLT
BEEMBeXXFHRER, Z0iThARNS EfF.

4) BHEER : FLEFAT, AIEREHITIIRE — RS ATE)E
b, HAPEBHMNEEERETENEXAM. XEMNER, APATLUERE
BUHRE

6.3 EHIGFSHMARE

ATHERRENELEEIES, BIOVERT—NFIAEHER.
ZERANME S T ERNRIERE, W, FR. £¥ . A%F, L&
TEZERMENHETRIRRXAFNER. UTEXTEH G SMARE
EAFEIN R

1. BARIERE

EHERNZOSTE—RIENS ARRERE, ENEHEESRE
tHEERMNE, UERAFEBREEMMER. S MREEREFBEMARI
FIREFERR, WREMERVIRIEMAZNR PR RNIERES . 540,
“BITEE” RERA T — A E ERESKERR, FliRES i’ KIS FIREA;
Kiltth, “Z%” WEBH—NMEEZMAE T,

2. EEFETIRR

ZRETENNAARTREFTENERITHERE, FRAEESIER LM
ATREIFTER. AP LIRS e RS N ENREIREE,

NRREBRSEEEENNEE— L& LIBHIERE. 1, ZINEER
HRENRE T LA TERNRE AL, —REIAIRERYRZEERRE, Rt
HETRPEEEHRE.

3. R&HTE

BT e SERXRTNENITH, BRERNETIEPHEHIER
z2M. —/HE, MT-EXEENERE () , RIEMT ZREA
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E, BRT2EAREMSHERBEANLE; Z—FHE, IINEEEE
TREEEMEIEPHREEE, XA T MEBEEMURERENRE M.

6. 4 INERTSEIEAE

NERESBEEFEAEENREPAARRE—E7, EARFRMT—
NEETRONESTRANED, WE 61, X—FEMUERTFERIE
TR ERR R KHEENR, TR THEABRUE R~ NENVERERE
MIMRER. SBRRERAN, RESEHMAER, BHESIERER
PREVER . XMBIE SIGHEI ARMtES T AN AT Rtz e .
AT X T/NERSEEFTEAFRNNA:

KBIEFRR R :

axFEL, BINERTZNEHXERATEUARXE XEHITE. F)
m, TRHEE. FRREFEESHHNEESERNME, RHERFPATLL
—B TR LERER . BMSEE0HAEERNEMTR, FRBEMm
B&mE (MFEEFRREECH, d8RTESTSRMK) HEIHFIREF =
RS REREXE.

FEIBLAIE:

EZRBISPR A RIS 2, FRAVERAIINGE T X 715 S8 a5 i
BEH. —EXRIEMRBE., FREAFHEFEE, RERIABI—RIIM
TE X HIRIERIE

PP — 7Move (amera LSelect focusCamera  =Measure 2D PoseEstimate ¥Publish Point Nav2 Goal

ros_flutter_gui_app
@ 0.00m/s (, 0.00deg/s 0.00 %
@
© Q
@ ° e e o S o — 3§ R NP - _o.
o] 2
® -
ﬁ. [—
¢
P SN
/ Fl Fl /
() )
| | | |
\ / \ J
/L N~ /

B o1 NEFERT
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6.5 RENG

L EFmiA, B AR E, AR E REHLEE AiTH RSG5
A—TEEZHANTE, ARERTRAFPBANIME. SItEF, FiltE
ERFA PR, AFRIEDREMAIERIERENAFTIRIT . RFEHT
{ERF e Rl SR anfa it — P IE R A WAV B RE WK TR, HIAnSINEZTIRAIR
ARRLIME B RBIANIE, HERFRFEMILE (R) /HERILSE (AR) HAR
HNARTREME, AR FPRMERITRARIER.

E7E RGWAS S

7.1 Bk

AARES, BITEXIAALNIBASMARHITEEANRS 5.
REMARRHFLIRETHNEERT, EERIERAZE MERNIIERT
REBITERERREZT, BRRGAELHETHREEMTEL. A5
MRNRIMEIER, ThEEMNXAIZIT ST, URMETENER, &E
DM T2 PR R AR T

7.2 MRIFEIEE

MR E R RGN EM, BRRELEFRN R IEHEIAR
M, RENKERERERNBYE. EXRSD, MXFEEHFEUTIL
NEE:

- BHINE: BET 1R MERS (WEKEEIE. I, BiEdR
BEEE) Bl AFER, H5R0S 2 RGiEE. s ARE TIITESHM
fRRkEs, AT#HITHEMK . SEPEFIFERA.

BHIME: AT ROS2Humble fRA, HZETHXNSME (W0
Nav2. slam_toolbox &) UK BENEHERAE, FrENIRKIEE AR M INE i
17, AR SEXIRRTHE—H.

MIXTR: AT ros2 MXIERMEMBHTE (W rviz. rat.
gazebo RIUZETH) RHFAITINEEIIES HEEST 7.

7.3 ThEEMLR
1. O /N EHEZHTSHEMR:

38



1)gazebo FIRBEYANENIL : FTELR i PG ros2 launch car_description
gazebo_sim. launch. py BH{TEBIMEL, 0E 7-1 Fiom, & DKRTIMEHK.
wE 7-2 el LB R IT I sS it thaE B Rk

0g/2024-12-25-03-29-42-482709-zr -virtual-machine-5785

INFO] [launch]: Default logging verbosity is set to INFO
KACRO path: /home/zr/chapt7/chapt7_ws/install/car_description/share/car_description/urdf/firstbot/firstbot.urdf.xacro
INFO] [robot_state_publisher-1]: process started with pid [5788]
INFO] [gzserver-2]: process started with pid [5790]
INFO] [gzclient-3]: process started with pid [5792]
INFO] [spawn_entity.py-4]: process started with pid [5794]

robot_state_publisher-1]
robot_state_publisher-1]
robot_state_publisher-1]
robot_state_publisher-1]
robot_state_publisher-1]
robot_state_publisher-1]
robot_state_publisher-1]
robot_state_publisher-1]
robot_state_publisher-1]
robot_state_publisher-1]
robot_state_publisher-1]

gzclient-3]

[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]

[1735068585.024222163]
[1735068585.024530993]
[1735068585.024568025]
[1735068585.024583588]
[1735068585.024597083]
[1735068585 o 024609391]
[1735068585.024622305]
[1735068585.024634483]
[1735068585.024646983]
[1735068585.024658866]
[1735068585.024671187]

[robot_state_publisher]:
[robot_state_publisher]:
[robot_state_publisher]:
[robot_state_publisher]:
[robot_state_publisher]:
[robot_state_publisher]:
[robot_state_publisher]:
[robot_state_publisher]:
[robot_state_publisher]:
[robot_state_publisher]:
[robot_state_publisher]:

Gazebo multi-robot simulator, version 11.10.2

Copyright (C) 2012 Open Source Robotics Foundation.

Released under the Apache 2 License.

http://gazebosim.org

Gazebo multi-robot simulator, version 11.10.2

[gzserver-2]
[gzserver-2
[gzserver-2
[gzserver-2
2
2

[INFO]
1 [INFO]
] [INFO]
1 [INFO]
] [INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[gzserver-2] [INFO]

[gzserver-
[gzserver-2]
[gzserver-2
[gzserver-

]
2]
[gzserver-2]
[gzserver-2]

[1735068593.
[1735068593.
[1735068593.
[1735068593.
[1735068593.
[1735068593.
[1735068593.
[1735068593.
[1735068593.
[1735068593.
[1735068593.

646698798]
646805366]
647412622]
647874198]
648536695]
648976968]
649022593]
649045269]
649060426]
649307621]
802081385]

7-1

[gazebo_ros2_control]:
[gazebo_ros2_control]:
[gazebo_ros2_control]:
[resource_manager]:
[resource_manager]:
[resource_manager]:
[resource_manager]:
[resource_manager]:
[resource_manager]:

Command:
velocity
effort

[gazebo_ros2_control]: Loaded gazebo_ros2_control.

ERME

got
got
got
got
got
got
got
got
got
fe[14
got

Initialize hardware 'FirstBotGazeboSystem'
Successful initialization of hardware 'FirstBotGazeboSystem'
'configure' hardware 'FirstBotGazeboSystem'
Successful 'configure' of hardware 'FirstBotGazeboSystem'
'activate' hardware 'FirstBotGazeboSystem'
Successful 'activate' of hardware 'FirstBotGazeboSystem'
[gazebo_ros2_control]: Loading controller_manager

segment
segment
segment
segment
segment
segment
segment
segment
segment
segment

segment

base_footprint
base_link
camera_link
camera_optical_link
imu_link
laser_cylinder_link
laser_link
left_wheel_last_link
left_wheel_top_link
right_wheel_last_link
right_wheel_top_link

[gzserver-2] [INFO] [1735068595.312633389] [controller_manager]: Loading controller 'firstbot_joint_state_broadcaster'
[gzserver-2] [INFO] [1735068595.382682783] [controller_manager]: Configuring controller 'firstbot_joint_state_broadcaster'
[gzserver-2] [INFO] [1735068595.384105499] [firstbot_joint_state_broadcaster]: 'joints' or 'interfaces' parameter is empty. All available state interfa|

[ros2-5] Successfully loaded controller firstbot_joint_state_broadcaster into state active

) FE A =

7-2 SR IR

P

A
LRSS

il

ros2 run

teleop twist_keyboard

teleop_twist_keyboard #{EMUsE/INE, MK NER B EENBEEE, 7£ gazebo

HEFRR:
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B B -
7-3 gazebo NEBITHESITIEIT
B S ERRRFL R N RS twist MR E

: [0.001, 0.001, 0.0, 0.0, 0.0, 0.01]

: [6.0601, 0.0, 0.0, 0.0, 0.0, 0.01]

7-4 RES RN mER Sy
Br/emd EEFHHEAR, AUBIREEHETH
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linear:
X: 0.24631578947368427
y:ete
z: 0.0
angular:
X: 0.0
y: 0.0
z: -0.84

linear:

X: 0.21894736842105267
y: 0.0
Z 00
angular:
X: 0.0
y: 0.0
Z: -0.6799999999999999

linear:
X: 0.21894736842105267

7-5 /cmd 1R A ST
KERHRESRESEIT, WE 7-6.

1 [1734588538.3135217191 [alobal costmap.a

zr@zr-virtual-machine: ~

zr@zr-virtual-machine: ~ zr@zr-virtual-machine: ~

:-$ ros2 control list_controllers

r joint_state_broadcaster/JointStateBroadcaster

diff_drive_controller/DiffDriveController

7-6 {EHIBIEST
BUKFE rat P TF & P AEEEEME
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Recorded at time: 1735096628.823445

Broadcaster: default_authority
Averagerate: 500
Bufferlength: 153
Mostrecent ransform: 63713
Oldesttransiorn: 635.55

Broadcaster: default authorty
Average e 100000
Buffrlength: 00

Most recent transform: 0.0

Broadcaster:default authorty
Averagerate: 19282
Buffrlength: LS04

Broadcaser: default_ authorty
Averagerate: 19282
Bufferlength: 1504

Broadcaster;default authorty
Averagerate 100000
Bufferlength: 00

Oldest transform: 0.0

Broadcaster: defaut_authorty
Averagerate 100000

Bufe lengt:00

Most recent transform: 0.0
Oldesttransfom:00

7-7 &7 R HESIR

Most recent transform: 0.0
Oldest transform: 0.0

2. ZH BRI -
1) {FH¥EZL ros2 run status publisher sys status pub RIZ{THENH

2 status_publisher. python 3. MRBIZHHER, FEAZEFNLMINR
AR, BASHEZ—HHBIEERE, WE 7-8, WANEZFIERTS,

.000000
[INFO] [1735098317.192019991] [sys_status_publisher]: Calculated acceleration: @
.000000

[INFO] [1735098317.226422362] [sys_status_publisher]: Calculated acceleration: @
.000000

[INFO] [1735098317.288278428] [sys_status_publisher]: Publishing temperature=58.
40314311378495, humidity=15

[INFO] [1735098317.328212577] [sys_status_publisher]: Calculated acceleration: @
.000000

[INFO] [1735098317.357511666] [sys_status_publisher]: Calculated acceleration: @
.000000

[INFO] [1735098317.432951681] [sys_status_publisher]: Calculated acceleration: @
.000000

7-8 {FIERZERNFE
2) {£H ros2 run need cpp_service service server REITEENXREA
2 need_cpp_service. python X, & 7-9 B/RIEFEEITH.

U c y o

[ros2run]: Process exited with failure 1

$ ros2 run need_cpp_servic

e service_server I

7-9 BRBZIRIEEIEIT
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{5 ros2 run need cpp_service client service client /2 BIHE
i, & 7-10 fRER, ERAMIEE x, y, theta.

Summary: 4 packages finished [11.9s]

$ source install/setup.bas

$ ros2 run need_cpp_servic
e service_client
[INFO] [1734606765.192911215] [pose_feedback_client]: Sending request: x=8.87, y
=2.55, theta=-0.17, name=Robot1

[INFO] [1734606765.234482654] [pose_feedback_client]: Received response: Receive
d pose from Robotl: x=8.866695, y=2.554875, theta=-0.168765

[INFO] [1734606770.192703695] [pose_feedback_client]: Sending request: x=8.54, y
=1.50, theta=-2.63, name=Robot1

[INFO] [1734606770.273658056] [pose_feedback_client]: Received response: Receive
d pose from Robotl: x=8.542959, y=1.497986, theta=-2.629970

7-10 ZEFmENLZHHER

3) M rat EEHEXIHEEXEAR UL EXAHEEMRAAHE:

JMessaane Tune Browser

Message: ackermann_msgs / AckermannDriveStamped

Tree action_msgs Path
* Msg RN S mann_msgs/AckermannDriveStamped ackermann_msgs
* heipond nsgs/Header ackermann_msgs
v btk nterfaces n_interfaces/Time ackermann_msgs
— ackermann_msgs
control_msgs 2 ackermann_msgs

ackermann_msgs
ackermann_msgs

controller_manager_msgs
~ drit diagnostic_msgs 'mann_msgs/AckermannDrive

dwb_msgs
example_interfaces
gazebo_msgs

.geometry_msgs

ackermann_msgs
ackermann_msgs
ackermann_msgs
ackermann_msgs
ackermann_msgs

lifecycle_msgs
map_msgs
nav2_msgs
nav_2d_msgs
nav_msgs
pcl_msgs
pendulum_msgs
rcl_interfaces
rmw_dds_common
rosapi_msgs
rosbag2_interfaces
rosbridge_msgs
rosgraph_msgs
Sensor_msgs
shape_msgs
statistics_msgs
std_msgs
stereo_msgs
tF2_msgs
trajectory_msgs
turtlesim
unique_identifier_msgs
visualization_msgs

-1 HERMmEARR
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Jrusuun TLL_INILS I auea)iny/Luy

»  [scan sensor_msgs/msg/LaserScan

V' /sys_status_temperature_humidity status_interfaces/msg/TemperatureHumidity

v [sys_status_velocity_accelerate status_interfaces/msg/VelocityAccelerate
» | fEF tF2_msgs/msg/TFMessage
» IFF sratic tF? msas/msa/TFMessane

:\ s : s E
7-11 SEHEMK A

[Service: std_srvs > [ SetBool v |+
Tree Type Path

Service Request std srvs/Empty/Request std srvs/Empty/Request

Service Resp
Service Request std_srvs/Trigger/Request std_srvs/Trigger/Request
~ Service Response std_srvs/Trigger/Response std_srvs/Trigger/Response
success boolean std_srvs/Trigger/Response/success
message string std_srvs/Trigger/Response/message
Service Request std_srvs/Trigger/Request  std_srvs/Trigger/Request
~ Service Response std_srvs/Trigger/Response std_srvs/Trigger/Response

success boolean std_srvs/Trigger/Response/success
message string std_srvs/Trigger/Response/message
~ Service Request std_srvs/SetBool/Request std_srvs/SetBool/Request
data boolean std_srvs/SetBool/Request/data
~ Service Response std_srvs/SetBool/Response std_srvs/SetBool/Response
success boolean std_srvs/SetBool/Response/success
message string std_srvs/SetBool/Response/message

Service Request std_srvs/SetBool/Request std_srvs/SetBool/Request
Service Response std_srvs/SetBool/Response std_srvs/SetBool/Response
Service Request std_srvs/SetBool/Request std_srvs/SetBool/Request
Service Response std_srvs/SetBool/Response std_srvs/SetBool/Response
Service Request std_srvs/SetBool/Request std_srvs/SetBool/Request
Service Response std_srvs/SetBool/Response std_srvs/SetBool/Response
Service Request std_srvs/SetBool/Request std_srvs/SetBool/Request
Service Response std_srvs/SetBool/Response std_srvs/SetBool/Response
Service Request std_srvs/SetBool/Request std_srvs/SetBool/Request
Service Response std_srvs/SetBool/Response std_srvs/SetBool/Response

7-12 BRSNS R mE

v ¥ ¥ Y Y Y YT VYVYY

3. S -
1) {EFH S ros2 run firstbot navigation2 navigation2. launch. py
SHITEMT RHBEE:

=

12 Goal
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Luation

irstbot_diff_dri

fmu

[initialpo

print

planner

preempt_tel

7-14 HXBEHEN L
3) EEXARS A%, WE 7-15:
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Ltions

7-15 tHHXREZH A
4) BRI BEEMANEIE, W

7-16 BESmaidizE
5) EHBRERIERIESRE, W 7-17 Fix:

> Navigation 2

Navigation:active
Localization:active

Feedback:active

ETA: 7s
Distance remaining:1.74 m
Time taken: 1s
Recoveries: 0
Canral
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7-17 SMBEFERTR
6) ERSEM: ERMNNETSMEMT SHEN, TEBHESSME
python X &, ros2 run firstbot application nav_to pose, Z0[&] 7-18

PR,

7-18 E =S

4. FEAR:
1) EEEREERSTE, WE 719 R

Debian #AX1F+®l python-is-python3
;S python3 -m http.server 8000
Serving HTTP on 0.0.0.0 port 8000 (http://0.0.0.0:8000/) ...

7-19 BERERSFEHERE
2) SRAIRFF IR socket 1815, @A 7-20 Fi7R:
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zr@zr-virtual-machine: ~ zr@zr-virtual-machine: ~

1§ source /opt/ros/humble/setup.bash

:-$ ros2 launch rosbridge_server rosbridge_websocket_launch
.xml
[INFO] [launch]: All log files can be found below /home/zr/.ros/log/2024-12-19-1
9-22-32-856938-zr-virtual-machine-34831
[INFO] [launch]: Default logging verbosity is set to INFO
MM [ INFO] [rosbridge_websocket-1]: process started with pid [34832]
mm| [ INFO] [rosapi_node-2]: process started with pid [34834]
[rosbridge_websocket-1] [INFO] [1734607355.944594169] [rosbridge_websocket]:
.bridge WebSocket server started on port 9090

7-20 F /B Socket B85
3) FHMRELRK®, WE 7-21 Fik:

Move Camera L:Select Focus Camera  =Measure 2D Pose Estimate ¥ Publish Point -~ Nav2 Goal
ros_flutter_gui_app = o X
0.00 m/s C, 0.00deg/s 0.00 %
@
© Q
e o —— —— BB 8 8 8 8 ettty SR R AR SRR SE R R R R AR SEIm e smEam & mom .
2 (e I ©
o] 2
=) - -
. [ p— | -
ii r r
L]
e |
[ ] [
Fl Fl
") a
e T e,
1/dev |r$ut/jso] > elivzan

7-21 RERT
7.4 FRE

AEXN RGN IRERHITT EENSHANRE. BEEEZEXSHER
%%%%ﬁﬂﬁ,%ETM%A%%%%MW%E%%oﬁﬁ TERE (- FnER
MR ZHT, RIWTER T RN ERNEEMS 5SSz, WIET/NENE
FEHl IERIBERITHSEERME. X, BEZTHSMERMK, WIET
BEMHEMRSHWMEREESERITTREN. MEMNKER, RS
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BIEFAAHAFEBER, RSmEEFIMINZEIZEEW, WBiRTHEREN
AEM. A, SATIEENRRAE, NETULIMBESMEERFMN, RE
EHENY, SSEESXRESPRILESHREMFERMYE. 5N
iR, REE Socket BESLIMTRZSTFESAAPFEANRKE, #—FEFHA
TRENSRAMEMAPEE, 2R FTIIIE T RS8N BARFITIRERK,
ARGNH—SMWIRE T T RKE, FNERT T ZRAGEELFERAIN
REN.

FE RHEERE
8.1 Wtk

FEHORET ROS 2 WU/ N ERGHALXTIEHY, FARRIEI T EZTH R
Bifl. BHwIEHIFE ESMINEE, ANSBARARNERERTERNXLERES
R ARTRR.

1. NEEESHE. FNEIWENIE/NZER URDF 2R, NAZE
IRIRENAEEY | G ITHTHI 2F 4014 R 1L 58 Gazebo (AEMIM R IR, B/R T MID
IR SRIEHIZENSESLIN.

2. ZTRIBWIRIR . KM T ET Topic IR A EITRVGIRET
Service HEREININGE, FRARBIBRN L ERETIE. £ rat TREIE
TERINHENES M, HEIHSITLERENSMRSZES.

3. BnThee gt 5210 : [FIRAZE S SLAM (Simultaneous Local ization
and Mapping) « BERMIK. ENZSEEFEFRAN, BiL5 ROS 2 HfY Nav2 145
&, BRTRENSYUNSMBRAR. XM TESSHNMEZ SSMINEE,
FEHl ABECHICRAMIMEF B EMR R, BAESIHILIEEB
¥r. 1#3d Graph-based SLAM B H#HITEHEEREE, HAAEFHBEMKIE
R ERMEE, MUEXSH, RENSAREIRFZEIEERIE.

4 FEMEIHTESXM: EFTEFRE (HomePage) FEFEERTME

(PathDisplayPage) HYIZITSLH, MRXLFENNENMENETE.
BT 5| provider B#ITKESER, HIRAB U LHAEEREE MEUTH- M & 5 H#
BIHLEE NRZS L

8.2 RE

BEEBBEMTR, FIANMURR T EERIKKRELN, thARKOHZRH
ARETE T BLHEM. ETHR, ATLUATILA G SRR, 1L
AR —F LR
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1. SEEIRFA: ERSTHRM, MR SEHEZE

1) REZIS5BUFEINNA: #F—PERTHARM, MRIFIEH
Bk, REFEIMBHES], UESVISEANEEEKERMENES. 153
A RAFINGERRBRSH AT, LEE&ERIE S8 . fln,
EMIRAESHPNASHMEMNLE (CNN) , FRRIFEFRABUES]
HR R B EREZFRERIT.

2) TTEHMILIEE: BT OpenCV FEIEIE Gazebo (AEMMRERIRS
R, BRAEFEPHEGCEEMLNIESER. XEEMTFFELE
BN IES, WEFEN, IRER. FRURARIERE. 565 RS2 T 5,
AT ASEIR RIS SN BT AR R E RN A R G, S AEBENSIF
TR IR E A R Y .

2. APXERE: SINFRARKEANRZE

1) IBFRAIEERESLE: ZESINEGFRIEAMERIESLE

(NLP) #EZ2, %0 TensorFlow Speech Recognition B Microsoft Azure
Cognitive Services, ARFEBEABRNIESZIRAN. Y ARTLUE
H3HEEBRAPNER, BB ST HER, SIMEEMNEESR.

2) FEFUELSE (VR) /HE5RINSE (AR) : fE B VR/AR AR BIIE TR IR (EMA T,
ItAPHHES TN AL ERTES, EMENREEERFRL, Hi\B
EBFENIEFRLSERTFINRANITE . XMHEWANZERF R NE
HATRPEE, tAREMETR T HEATEEM .

SE 308

[1]Tchon K, Ratajczak J. General Lagrange-type Jacobian Inverse for Nonholonomic

Robotic Systems[J]. IEEE Transactions on Robotics,2017, 34(1): 256-263
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