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ABSTRACT
Autonomous mobile robots( AMRs )are being increasingly applied in agriculture, and effectively
monitoring these robots and diagnosing problems is becoming increasingly crucial. This paper
presents a remote monitoring and diagnostic system for agricultural robots based on the Robot
Operating System 2 and web-based technology with the goals of enhancing operational efficiency and

improving preventive robot maintenance. The system integrates existing real-time appearance-based
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mapping and 3D mapping technologies combined with data processing and analysis methods to

achieve real-time monitoring of robot navigation and control systems. In evaluation experiments, the

system effectively improved the operational reliability of agricultural robots and the efficiency of

their maintenance, reducing downtime caused by malfunctions. In future work, the depth and

accuracy of the data analysis could be enhanced, and the system could be expanded to

accommodate more types of agricultural robots.

Key Words: Agricultural robot, ROS2, remote monitoring, fault diagnosis, Web technology

— ~ SO

AR - P RS AN Bfln F1 R B Y B 4 ( Artificial
Intelligence of Things; AloT ) AYRERMERE » FF R EIEAEEE
19 FEE BB LROTHY 2 - ARt R R A
SEMES Ry T I ZE AL « AR AR ROS2 F1 Web
eI 27 S PN I - NS N NE S G pEy= E2 R sy
M 28R £ DN RER IR (B ES ST FE R -

R NGE SR ROHIROT ~ tes 5 - A TR
2 BRI ERCR e - RS AR E
BEARE ) BESE RS B R ERRIE R ) - 1R
TS RS S AR RN S - 2SRtk s A\ REA RIS BHIME
YA R WAETTASAERY AL - R LR &2 708 - thoh -
B EHRES B RE BT AK IR - PREA LI E =55
SEREHAERS - DUBEE A JTEHE - [ERF - BUESCsRI ot Thee
HRSEEE B AR AR ER B s
SETRIS - IRMEHE s ESN T RELE -

A RS AR 2e RSt - B — T HAE
ESENE R hAYSZ ] [EIR TR AR S e sE 2 Bk
B o BESEREE A EREZE R AR A4 PR SRS
PN TSR ERG - sES e TP SN~ AR B B
FUWEIEER [1,3] - BT EEERESEES - B(EE
TR HES K SR TS [11] - THADR =BT - 1%
a N a5 BB - (LB B F R SO RE S i D U7 3
[12] - fETEERVIFRRIET 8% - (HIEIKEFE - B
ERFRIHARA ~ Bkl e AL B PR - ARS8
ot~ BEEB I B AR EYEs AV DL
EEEEIIZE N & ~ TAZATRIRR R 2 MR & 1F - DL SR
SEMES AR [11] -

FEtdes NEImE Ry d - 40 [5, 10, 17] fRtistis
EESR=i0]7 S PN R A NS MR 73t s PG =i
PREidEE > BRI T ROS (NS EHAA(LRIES a0

el

RiRh o BRET Web £l - B S AAYRIRFEERUEE -
PREAIRDT » A ARIER R S (TR T i B A HORR S S (R AT
AEAE R AT B (EAE (B LY e ltRas A HYiE
TR - MBI FHES - 7 (E 4 N RERHUESHEIE - & 1
BHE LAl =ik N B 2 A BRSO AT SE A (B B RS

ELiEEi -

SRR BB RO T AVIESS  AWFEIRH —
EHLfY ROS Bridge B Flask €S2 48 HAEARAI 2 B 2k

% 0 AR RS A ELRE Web Feflifiyis ¥ & EF

A

1 e NBImETIET B SR

TpRE - E2EH]
AT B Y T 157

STk {EES %%
[Blsat T —fEEey | BB - f2&&H | & #  MQTT
Web FIEFERIME | SR EFIATHEEIE | (Message Queuing
W N B E R | M- BVE 25 | Telemetry
& (A Web £ | EORME ELAERAIA | Transport) FUfiTE
FIEmE I | SR BIOREME > | BRI > B

i WEEEE | BESEMEGE AR | MgEERAS > @
FEETERMERT | B - S I T R

BIBFEE AR ©

JavaScript &£ I X,
Web $77f

IS SN
FHe o

TERIBETE -

[101#2 th— (AL | ZAIME « FmsRaEt | Bl -k es

Web (Y {5 5 | BEEEE > SR | ZEES - GEL

I - PR | S PG | 2t Web FERIRY
B A | M Web FEEIE | ERUEFEAEE

EN M| ZERELER | B D/ EEE

HTML5 - CSS3 FiI | /it Asiaeat | B -

(17142 th — (8 3%
s A B i B
T4 248 FIH
loT A1 ECHI 25
Mk o HIL LR
A HIRRE B HI A
THHIME 458 - £
& P 7> T3 2 e
AR N FRET

T4 - B
BITEF B M A EDR o3
e - EELES A TH
HE4ETE - 2
PRIFIE] © 2E38 loT
Beife > feE st Z
FVEB L - &
IR -

HEAR > FERK
AR 4 -
RN BERZ
2 At K5 5y
e

Ul



=B

FFERE ~ #RBR ¢ R ROS2 71 Web HAlTHI RN 2 \ BinEs

RIEZ - ENST

BIRGEISER TR AR > TR et &
U S B E AT R A G A B B R - AL
FSAEES A A e BRI A (2 o] R Rizeias A
HTTHRRE - IR B AR T TARRETEON » A KB
REEBERITHE RE T -

ROS FI Web £iffir{E €M =S NAVIEFIRERTE TR T HRE
RREEHEEAL - ROS {2t B 240 - (Eiotkes
NHIRCHIES ~ BRI AT ] DU [F A - EH &
2~ FREMTERIT - [EI6F - ROS HYR[IB 3 5 FIBLAH Ea%
STA BIRYDRERBR SR B0 E R ThAE - Web REffg Rl foa'r 2 e 2

TR S A - BRI a5 5 > (& ] DU &
tas ARIREERIEIR DR WA TIRIETR AV T 2E - B -

BRI AT AT AR L LR R SR B B SR B HE S
AR - BEEIEMIER - B Es A EREST S (T &5
R B E I Em b R R R
PERTRCRAIEAENE -

ROS 28 N\ 2 FE R H i R HYER 1 SLAM
[F]25 € fi i
)+ X AJ43 By Lidar SLAM F1 Visual SLAM ~ = Eh2Efi - %
as NERTREEH] - (EMREs ARUlgeRis - =4EIRImERE [4,9, 13,
14] & SLAM il —{EEZE 357 > FIFSHERHIES - 20
SRR G - SLAM FiTRESFE R MR Al S &
HY =4l - S LbithiE A Rt T =R B R R T
e \HVERIAIS B AE

B FEUCR R [2, 6, 8] (Hi%Es AREHIE SR
HHE ETE)  AMERP ARG AR -
ETARMT GRS HE R BRI RS ~ A - BRSO B FIEh R
BEV) R TR - AR IR e S M = BT - i es N B SRiE
AR RIS A0 EEE ~ B8 S i (R S s P A WAL e B BRI B
18 15 LI IR (R 1 A R Y B I B R B B R A 1
HhfE - FEAR S ES NS B BN RS A\ i DA

BEE - B E N IIGATRAES [ - EXY) mE R -

PEs NERIE [7, 14-16] @58 RAE I N TS
1T > PIfEBE R SR T AVER - AT > FlJREY
ROS V&g I iEteRifiyadfe » B AE RIS TERNS
(TS TR R - I e Z ERN T
3 BRAUHEE o AT 0 ROS #83 A AR ARG
ZPkEK > BIANBNRFIARE ~ AT5EME ~ et DU FEEHASR
SCRFERIRE > AR AR B S S ORI AT SEE R T Z K E

( Simultaneous Localization and Mapping ;

S EEPRE -
FARA EER S AERUUKR ERIER » B0 © i BA
LSS T = /|
( https://www.tevel-tech.com/) FitBRZEHY B B8h L /K iR
A4 FAR ( Flight Autonomous Robot ) » B A& A2k e
Rl E] Traptic( https://www.traptic.com/ )» £F 2018
FEHE —RA Ry Ceres HFYE B LEE RIS A > 2% i%a5 A
Ghitr 3D AL ZH M TEAIEEULAON > AERERE AL
PRUTRCNIT LR - DAL SE S5 B R BRE TR -

Tevel Aerobotics Technologies

~ BEITA

ROCFTER L R BN RE 22 R 2 1 Py
R ASCLLE EERHEZSS A RS (AMR) FIHZEH] 48 1R
IFEEHE Ry B Z B m] 5y R DO MR AR » % LB RS BT E
TR En s N L& RGHIZS T - 1848 ROS2 L ERYSIIE
B SIS BT T B ORI R T B T - AR T
RSP R EEN R AEE— g AMR 56 T D435i
PRFEARHRAN Lidar B5 SRt g5 s L RONIES 1 8 7] LA & 3D
A - BRI TR - e A ER TR
P PR LIS I - E4EREIE - B ROS EffHHy ROS
Bridge i iEHIR M {SHIGER - 18 WebSocket fi7E » HH T
AMR 1 Web {aIR#S > FEIRY AR BB RS « 38 (A3 E Web
%5 it RE S RIS (7 U 28 A AIRAERIRCHI 23 B > ff g it
BEd S RARIIE T RSV BRI FTHEM: - FEF IR
SBEPIEREE—(E 2 TIRENY Web {FIfRES - IRIFERE4EE
FEHEARY Web 7] BN L2t e A& TEIRAE - BE 1T
2T - EEBAHIRAY Web RATHYEM - 40
HTML5 - CSS3 - JavaScript DL K %1 Flask FEZE - (RIS
HEGR T 25 [ e P RO BB R B RE ) -

TEEIRE 2 M BRI Ry B ARSI

HEshfe F 2 BRI Kot i ROS2 ke &
| | |
e (mum|  |emm| | mem
| |

[ AMRIFHHHIEA ‘ ‘ AMREEEIS T ] [ ROS_bridge ] ‘ Web Server |

1. APriRERMEE N BIRETRS A A

Ul



MERTERMHET £+ £ RE—=F

BUSEUE RS - AEACSC P REAHIEEER] Intel RealSense
D435i » Hifit TERCE E AR G LU R &R 5l
s BamTE TR T VAR R R R SRS S T R
TEFFEAIMARIEFE A E B > FIRHEHCER SR Lidar #EfT 485
SURE > Lidar [BONES 13 5 B O SR S iR
AeAE L BRI T R TR - FE DRl — (I8 eV [ ]
£ B A% AT - RTAB-MAP &5 &8
EERVEEN > /& H AT E T THY SLAM JEEDE - RTAB-MAP
TSR SLAM Reify » B2 EFHY B B ST ER s

1B - A EERABGEEEZE AL RTAB-MAP JEEEA 2. RTAB-MAP =438 s aE

£ ROS BEEF T $HEHR RN & (i SR ETR EIAE ) - HANlE 2 (Z3E:https://introlab.github.io/rtabmap/ )
B - i aE 505 - AT LA Hs e A FEER S Ay RN

RE T ELTE (i AR R o

Ry T AR B 8 R TR Y B R 4 e AR — (814
—VERIRIEAY » SRR TR AN R [ D A 22 R A
BV ERECR T s 2 Lidar 2272 RGB-D MHEHHE2IHIE
5 ET R AT (5] —He R A 22 ] AR 21 P S B IERE Y S E AR
e FEE  EBEIE R G RImR: Lidar FY&5HEE Al RGB-D
HIHRET & R EE SR PR T — (BRI XA e 4
ErthfE - EAE 3 Frr

RTAB-MAP Y& : 4%t Lidar f1 RGB-D 4 fEAH1%
PARE B TR R ED - DURER &R — 20 - AR 3
B R S TR AL A EI AR R R R B T AT - BRI
TTZEfERetE B — BB R E A [FHE R Es < MRS B WA Ot Vi R s
AT 1] > AORE BB AE [F]— {18 22 ] PR AT 2 P i (el 5 A

P > 2551 RGB-D MK ARYELSEA] Lidar REE
FEHURFEL - B SR B0 Y B G IR 4 L A B S B ) 2 ey
2 - RTAB-MAP (i FH B 23 5% 3T 404 2% ( Fast Library for
Approximate Nearest Neighbors; FLANN ) %555 B A 5K UL 38

o

&l .. nn

& 3. &5& Lidar 82 RGB-D #y RTAB-MAP Z[E4ER

SUESE ) SUUIE 4 BT o BRE (RMUCED) BRERE e T
e S AR g o

S B VU 2 - RTAB-MAP M/ T8IER 2 » Z::«Z:::.‘§$I<‘8333??§??a?f§§?§§fé§fn’3$§i?si’m :::::::’Ié‘3333?!?:11‘?35?2?’3?2332?33m
St Lidar SRGOSSNERNGN ROB-D fsRpbemRe e T T e
ARG A B LS - 55 I 4. RTAB-MAP FBITER
R A R (R = 42 AT A » T LA i
—H R VTN R EE G - J5 » il (T AT E R E TR - (TR R

[a]E2 450 ( Loop Closure Detection ) gE 752 RTAB-MAP REEITHIESFENE - RTAB-MAP 520 BRIy fir Bl (1%
SRR B ERE D S 2SR SR S Al o MR i BB S B B AE 25 (B T RS FE P » 42 BT H

Ul



HER ~ FFRE - S ¢ 2R ROS2 f Web KAlTHvREI S N BIRED NI B 24

EE R e i%Es A B E Bl R B e S ATRE ) - ] b
Hy— (R RGN AE B B a3 A\ S HFrfE AL & T3]
2 HAVHEH R FERRTE - TERESEIRER \RVIER b > 2RISR
I AT ] AR B e A BRI R - A ARAI A R Sk
it » R T AR P e FE v e R AT R A ~ K B BN R -

& RTAB-MAP SERk IR R 2 1% » A Ayt B R &
FI] ROS2 41y Nav( Navigation2 YfEZ2 DL {75 P& 2T » Nav2
& ROS2 i —({ENEEHHES: - EH AR IR A
RES e — B E (PIAEs A) BEHEIS—EME (F)
WIRE B) « BR T AR AHYREES BEFTS - Nav2 [EI5EE AR HoAt

T > Nav2 FRECEITENRERE OS] ST RS EHV B
AR RO R PR - DIRECRERS A T T P08 H e 2/
g -

PUR P BRERIHAN{aT S RTAB-MAP il Nav2 HEZRGE GG

R RS A BIISHERAT -

1. HY: - RTAB-MAP A s B 75 24 friFpi ROS2 H]LL
S HIREE © RTAB-MAP 38 & A= Bl iy A Y 3 f] -
ML S A 4 o ARSI - SR (E AT Nav2 1T
AR FefF £ B A AE 5 By —4EdgtE i E (Occupancy
Grid Map ) - /] RTAB-MAP HJAL I THEE » e 8 (R 17
By ROS 3R MFE =0 41.pgm (Portable Gray Map )#1.yaml
XA o B RSB R ST ~ R B R R
il

2. FERAHE RS & F] Nav2 2 1% » FREFECE Nav2 DUE it
[ AT AT - £ ROS2 o » {5 & i %5 & (Map Server )
nav2_map_server SiELACEHIE - £ Nav2 1B i
oh 5 E M B SO L E o DU E RS AR B
map_server ] DLE EhfdEktE o EHECE @ FH%E Nav2
H&TREN SR > AREAERE (Cost Maps) HIRLE -
FIEES (Planner) seEAHZERS (Controller) 3& - X
(B B2 R Tt ES NG A R BRI T [ )y k.
A Bt AHAER E SR E T SRR - R
(Bt [ S R A e - FRE SRS T RIS T B AR i
(EECATRRE » Mz s AZ BT RIS AR B4 R - 2]
tREs VB ES) - ECRLET R L 2T - Bt
BBt Es Ay PR R IR R A T % -

3. (£ RTAB-MAP HETRNIFENL » A 4E Nav2 SiT2f
% - BEEfL © (s A\ B EEFEET - B8

v
Collision Enabled

Topic
nav_msgs/msg/OccupancyGrid topic to subscribe
o

Add

[ 5. PGM 4Btk Bl R E

RTAB-MAP 71 Nav2 HEZE Fst#es AH2 bt RIRs EAr
LSRR R EIRE )T [(EHAEIE Z BRI P2 212
TEHNEETT - RTAB-MAP SR % as ARG E (7 A1,
M - dEaE HE A A - HES ANRESAAE ORI e
HERE H CHVMILE - E )70 8 rtabmap_ros By
Localization Sfi%EsCEFRAY - — s AL B #FEE -
WL AT DU TR (AR BRI T E S RE -

4. #ET2¢ FI Nav2 £y nav2_bringup 1 > 125 A\ BB
2 0 i EAEER S S - SRR B S IREH ES E AL
SRR o TR (EAEEE b o e AT DR H AL
HE< > 455 RTAB-MAP fEELHYE L& EUNT Nav2 fY
FRISHEIRE ST - AR SE AL E AT BT H AL BN
g -

FELL EIRTRE G - thEs N RE S BRI e
TR E EE > BRI AR AL E > DA
HEPREFTHY AERE M A ZE 2 M - BUAL— Z B AR BC B A2 B
BEPREE - (H—HEOE R E M EE R e A EER
PRI ERCR A N

RICEE Web Rl BT B ERE B es \HVEmE
Tzl - &5 T ROS Bridge B - #&#E T (H&tkes A2
FSR BT AR TE P < I - B — A R B mIEE TR =
{# ROS F & : Jodom ~ /cmd_vel f{l/camera/image_raw * 43571
P RS A E (i LR HUE: ~ dEh 15 S MG R 52 i Ay
B2 - Horf Web 342 (L /M 2 EANTE 6 From -

H Y 0 Jodom EREFREL T HEES ARYE HIAL BRI &
o EHR R B RS N0V EERE ERAEE - #EE



MERTERMHET £+ £ RE—=F

Bl @ En
=

Linear X

n

[& 6. ROS %4i Web E5i%

femd_vel 38 fra il & i es NS ikEfifs < 2Lk
ECHEBPERS NWESGWBIRE - &K
[camera/image_raw IR RIS E LM ES A SRR AL
PR EGEE - RIS B i B R P Y
AOFEEREEY 8 E R EE 2L -

78 ROS Bridge » iz SeEiEI o] AR R S EIE H AT
Ui AR o > EERES V- S AV B T B BRI AR - FefIERA
T Flask {ER&ImRESHESS - AR HCKE ROS Bridge HY
B B E AR E R E A - Flask HYECEANEIE MR
IREST DR ERRH S AIEZ R IR - RN CRfr e A B e 2
TfEE > FERAEERTERESEABRKEALE 6 7Y
Web S50 1 - SEHUE IS AGIRRE > [FiF AT S+ %as A
NFAOTEEHRAE - ZIERMERRE T AMR 2480V
5 BEE TIREVEDE IR RAREI AT AN © AN - BT
TiAER R N ST Bt Fs Rl 4 SN0 1
(R THRIERCAILIR T T Z Y A S -

TEZETED 7 TelPIakat T —ERREE > sZ s HIER S A
Ft%as AR SR A0 mtfhas S a8 ~ FEEERRR ~ IMU GREE
SRR B PR SRR SR VR RESE AT, - B ETIE LEE SR AT
FIETE RIHIRFTARE S BRI R 202 2 Fos - &3
FIHFTRERE i Es AR RS R B BREAERE I &
i B BRI A2 B A IR EEE Rl N1 R SR
ARRE - DAEAIERE A B ABREE -

PLETTENESRT 20T B ERAFRET] - [Flls th g sh
SEGIRIHIRNRF 2EE - MECRIRES A S8R EY e AR e 2 AT -
ASCHIERAER R A E AR ROS BBEAUEATHR
MM - Bkt — B ThRE i e By i B B B

F o DB e TSR SRS HIEA -

2. SRR BIERRE

VEE -

E% ERGE | mEme | WERME | STEiE
g; feEroE | EEmR A | B ggifzi
BRI | 200 mEBEE |

i =

‘ HARBE | GRm - 5| haas - 5

;ﬁ giﬁﬁ BUAE B | | EREEIRE

o JiS FLERE | 2%

iy | FUEBE MRS | BOEERY -

oo | COVIERE |(UERE 0 BRI RESERE

T e fi JEZS
PR

i | T | B | e | ggl\

fE|mER | s e - gt | © RS
NESEXS

foi | TRk | FORRREAYE | BUUTHEI - 0 | AR

g | rERER | s0Ae ST | iz

= ERER

FEERRGER T > BB E A FHIRE A 15 > 2K

AT SR A A TE R R Ay s B M
S SR E P BLESRE Tac ek T RIS BOIRRE - [[]
R 275 R RR AR T P R U B B 2 B 4 R AR B8 B iR 5 IE
fife > 7 3 RAREAVIIE R TATIGAVEESR - & 4 R Ryl

B RO T AT HI&ER -

FEABTE o B SRl T B A s AR BRI R
TERRIF TRV SR - FERRMTaea A i e A B2
B> 53R 2 HIRTAERRAERRCE T - tes ARIPTA BR SIRRESE AT
TR < 280 FER =1k
RIE T SFIRRRIE IR 1878 T E A S RAE i
FETRHABR B G i Y RIR M - & AR SR B IRRE A 4
ARRERRH] B TTHRERIS B S840 & AIRAR SRR A\ B3 A HHL

PETHIIREE A - FIRAH

R AR AT/ APERR -

2L
aX o

& 3. RENRMRG T ER2EER

ENSHESN 43

\ FE | mR | 2
s % ES -

Bl | | g | com
e TR R AT | R B
0-360 & 360 =
ETE - SRR - | e . R
B A T | -
0-5A 45 =
(e Tk ER
N e IV = A

SRR - s | g | 2
Heoe A MRS IR A | ,
4 N Al
BT | e | O™ ] 09 | ER
TE TR LR | @ =
s - foufE | 030 /s | 25 | EE

Ul



HER ~ FFRE - S ¢ 2R ROS2 f Web KAlTHvREI S N BIRED NI B 24

® 4. EEAERRG T RETZEHER

‘ FE | mw | 2
SHilE S
e a8 | ob | e | e
658 AR T ,
A RES =
R E > MR | S 030 | 30 | E
" Kf e
BoRRE -
B AEBIEREEE| BE | | . | BEER
BRTEAE - T S s
15 (BB ] 22 . o
o s U | Do | 8| a2 ”féﬁ?
FRBIRAEE - R - SR
e A TR | T
4 53 -1 1.2
o e - | e | Odmis I
1E R E B - -
\ I ‘ D - f
fe 2 S TR E | FarE | 030 s | 35
b REREIR

g~ &G

RIS » RMBBLGGEEM ROS2 A4 -
RTAB-MAP jHEiE « ROS Bridge BL K, Flask 48 & RIHGES$% »
RENGEE T Bt A A B B UIRE R - 2
—IREEHEE A 8 B S IS B MR P2 B8 AT R S MR
BEI SRR RIREE - ERe BHE AL EIT - TR RS 4
& ol B R A A - HEAVE L RS EFHA
RS AIEE B IR - (e \RESE B R B (L
e R AR RIS B SRS -

FEEE O AT SRR M RS R T R
BRAHER R » s T AR BB TR iy MR
TFERE ] - BIEFRURAY B PR ITHECR T 1628 A\ ERIERY =
P> [EIRF R FRBEBRIIRE R AR T A LA A RSIAE N
B > HETHE TR R 2 AR AR B AR Y B B LK » RAD -
PSSR RIS RIS T S — AR R B
23 N SRR R B 5 A8 400k v R A B R i B
e

G LRl ASCREIERGEE R R T —fEER - A
(SRS N E BT ST T 7 28 SEAE BT F
5T H AT R S R R TR B R AT
KA A H ISR > R B LRy 2 e BAR
THHTIERE -

om

o
ASURER SR A R T TE AT RS KRR s

A SLAM 15 5% i 81 i Iy B 22 R 4L QL 0 NSTC
112-2622-E-212-005- ; fHBN5ERK > TERLFRE TR 28 -

SE R

1. Amin, A,, X. Wang, Y. Zhang, T. Li, Y. Chen, J. Zheng, Y.
Shi and M. A. Abdelhamid (2023) A comprehensive review
of applications of robotics and artificial intelligence in
agricultural operations. Studies in Informatics and Control,
32(4), 59-70.

2. Borenstein, J. and Y. Koren (1991) The vector field
histogram-fast obstacle avoidance for mobile robots. IEEE
Transactions on Robotics and Automation, 7(3), 278-288.

3. Botta, A., P. Cavallone, L. Baglieri, G. Colucci, L.
Tagliavini and G. Quaglia (2022) A review of robots,
perception, and tasks in precision agriculture. Applied
Mechanics, 3(3), 830-854.

4. Campos, C., R. Elvira, J. J. G. Rodriguez, J. M. Montiel
and J. D. Tardds (2021) ORB-SLAM3: An accurate
open-source library for visual, visual-inertial, and multimap
slam. IEEE Transactions on Robotics, 37(6), 1874-1890.

5. Chenxi, Z., M. ZhongHua, H. Changxin, and B. Yucen

(2019) Remote monitoring system of four-wheel drive

robot based on web and cloud platform. IEEE A4th
Advanced Information Technology, Electronic and
Automation Control Conference (IAEAC), Chengdu,

China.

6. Dijkstra, E. W. (2022) A note on two problems in
connexion with graphs. Edsger Wybe Dijkstra: His Life,
Work, and Legacy, 287-290. Association for Computing
Machinery, New York, NY.

7. Fairchild, C. and T. L. Harman (2016) ROS robotics by
example. Packt Publishing Ltd.

8. Fox, D., W. Burgard and S. Thrun (1997) The dynamic
window approach to collision avoidance. IEEE Robotics &
Automation Magazine, 4(1), 23-33.

9. Labbé, M. and F. Michaud (2019) RTAB-Map as an
open-source lidar and visual simultaneous localization and
mapping library for large-scale and long-term online
operation. Journal of Field Robotics, 36(2), 416-446.

10. Perier, H., E. Matheson and M. Di Castro (2022) Web
based user interface solution for remote robotic control and
monitoring autonomous system. Proceedings of the 19th

Informatics in  Control,

International Conference on

Ul



MERTERMHET £+ £ RE—=F

11.

12.

13.

14.

Automation and Robotics (ICINCO 2022), Lisbon,

Portugal.

Singh, S., R. Vaishnav, S. Gautam and S. Banerjee (2024)
Agricultural  robotics: a comprehensive review of
applications, challenges and future prospects. IEEE 2nd
International Conference on Artificial Intelligence and
Machine Learning Applications Theme: Healthcare and
Internet of Things (AIMLA), Tiruchengode, India.
Tangarife, H. I. and A. E. Diaz (2017) Robotic applications
in the automation of agricultural production under
greenhouse: A review. IEEE 3rd Colombian Conference on
Automatic Control (CCAC), Cartagena, Colombia.

Zhang, J. and S. Singh (2014) LOAM: Lidar odometry and
mapping in real-time. Robotics: Science and Systems, 2(9),
1-9.

Zhang, G., Z. Li, F. Ni and H. Liu (2019) A real-time robot
framework using ROS control 7-DoF
light-weight robot. IEEE/ASME International Conference
on Advanced Intelligent Mechatronics (AIM), Hong Kong,

China.

control for

15.

16.

17.

Zhao, J., S. Liu and J. Li (2022) Research and
implementation of autonomous navigation for mobile
robots based on SLAM algorithm under ROS. Sensors,
22(11), 4172.

Zhi, L., and M. Xuesong (2018) Navigation and control
system of mobile robot based on ROS. IEEE 3rd Advanced
Information Technology, Electronic and Automation
Conference (IAEAC),
Conference Center, China.

Zhou, J., X. J. Ding, L. J. Sun, Y. F. Yang, Y. H. Wang and

W. W. Liu (2022) A remote monitoring and maintenance

Control Chongging Jinkaoyuan

system for industrial robots. Journal of

Conference Series, 2366(1), 012036, IOP Publishing.

Physics:

U4+ 113.05.20 {EIF : 113.06.21 $##5% : 113.08.23

Ul



