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ABSTRACT :

This three-year project aims to develop an intelligent port monitoring and management system centered on unmanned mobile vehicles,
implemented in three progressive stages. In the first year (2023), the focus was on fundamental infrastructure and data collection. Tasks
included assessing the environmental adaptability of unmanned vehicles, analyzing sensor hardware, and constructing a high-resolution 3D
model of the port through aerial imagery. Additionally, preliminary automatic detection models were developed for three key targets:
transformer temperature, expansion joint deformation, and parapet wall inclination. In the second year (2024), the project emphasized
technological optimization and data integration. The sample database was continuously expanded to enhance the stability and accuracy of]
the automated recognition models. Techniques for integrating multi-source sensor data were developed to establish a multi-temporal and
multi-spatial monitoring data framework. Furthermore, rooftop solar photovoltaic potential was analyzed using the 3D model, while
detection capabilities for shoreline facilities and road surfaces were refined. In the third year (2025), the project entered the integration and
application phase. The outcomes from the previous two years were consolidated into a unified platform, enabling real-time sensor data
transmission, machine learning—based automated interpretation, and instant alert notifications to support rapid decision-making by
management authorities. Moreover, high-resolution spatial data were utilized to provide scientific evidence for the port’s future spatial
planning and sustainability strategies.Overall, the project successfully completed a comprehensive workflow spanning from foundational
modeling and intelligent recognition to system integration and practical implementation. The resulting system effectively supports port
inspection, facility maintenance, data analysis, and decision support, enhancing operational efficiency while reducing manpower
requirements and operational risks. Through automated recognition and alert mechanisms, the system enables management authorities to
promptly assess facility conditions and respond to potential issues. Moreover, the project outcomes provide valuable references for port
spatial planning, energy assessment, and sustainable development, and the extensible system architecture offers a scalable framework for|
promoting intelligent port management in other port areas.
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R it
A5 FLIR VUE Parrot anafi usa FLIR A65
thermal
FAE TR AR WS FE&T F H- e AL ER
S AER
f245 B 320x256 320x256 640x512
AP EE 500 .12 500 .12 1 2>5mT

s 120m ¥ 6 f24

i

56.3cm/pixel

56.3cm/pixel

28.1cm/pixel

229 kiR R R

kit E

”
7z

A5 RIEGL miniVUX-3UAV | RIEGL miniVUX-1UAV RIEGL VUX-120
Fok] DAL T ARLEF B
T % A 100 kHz 1.8MHz 1.8MHz

R EAT

200,000 =t /#;

1,00,000 =% /#;

1,500,000 =% /#;

Frdu i R 100 = ¥ 45 /%) 150 = ¥ 45 /%) 400 = ¥ 45 /)
R +2cm +2cm +2cm
FoV 360° 46° 100°
8 1.55 27 24 207 207
P

120m 2t 150pts/m? 300pts/m?> 680pts/m?
R
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;}é;;&,g Bé'mﬂ A b e‘:g;rf, (UG\I) o

5
LR R YER L SRS I R
LR AV S ’*“”},ﬁi# B R UGV § & EHRS
; Tl PR H AR o B F G
Fprv R A3 HEHE T Clearpath Jackal UGV # s 5 & & & 4

Lzp e dip PP iirgr N2 2B 8% 3RT cER

\

Robomaster S1 UGV it {7 4= # iB|i# » rif Robomaster S1 2 = 4p $4iz
LR S RTAL - BRALPET L R AFEHE2

FoRPAE P ALfE42 % o 4 2-10 5 Robomaster S1 §v Clearpath Jackal
UGV Rz vt i o

% 2-10 Robomaster = Jackal UGV .45t &

uGv
e LA Robomaster S1 Clearpath Jackal
L 320%x240x270mm 508 x 430 x 250 mm
(ExTxa) (12.6 x 9.4 x 10.6 in) (20 x 17 x 10 in)
¥ 3.5 kg (7.6 Ibs) 17 kg (37 1bs)
P EE 10 kg (22 Ibs) 20 kg (44 Ibs)
B iR R 2.5 m/s (5.5 mph) 2.0 m/s (4.5 mph)
e 3R 30 mm (1.2 in) 65 mm (2.5 in)
FiTRBEER -10 to +40° C -20 to +45° C
P EE 2400mAh 9800mAh
TR 0.5 to 1.5 hours 2.0 to 8.0 hours
B Wifi, Router Wifi, Router
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222 742 %

BEIOFEF S EALA DT 2R 2 F 50T S ERRIEK
FEERBEAG oL RERET]
A it AR B ehit 4 ’Eéi‘r, H

?ﬁﬁﬁo
Q) FREH AV ITER I PHEHET SRR > T 025 m/s o imrt 4

B TERR (1lm/s) o 4 g% 2 fodfd] o KT B et

W RLAE fodt B 3 T ek L o
Q) HITHFEHR I AP FTERH T FERHFAY FE WaEFTF

et A P i e PR L EEFRFERY Y DS RE

%%ﬁwvfmdaﬁﬁ.

(4) % > BBK T AT FRELT DGRBS 075 B4 kv &

ffeg 2o
5) T-H oL EOBER > AP FEFFAL AR Y UGV #

BEHITEFRLZ > Gl 38 2540k 2-11 -

(6)
# 2-11 Robomaster = Jackal UGV % 2 a8 &
e L Robomaster S1 Clearpath Jackal
PFREE 10kg(fFL£E) 20kg(FFE£E Y
UGV i & 0.25 m/s 0.25 m/s
F TR 1 hours 5 hours
£ > e 0.75 0.75
A 675m (0.6 km) 3375m (3.3 km)
223 RRIEA 4
L EAEE (UGY) v a7 i

(Lidar) ~ #&F4 ~ £ ik~ 3 &
BB &2 UGV s i o it

T3 b EAr o iew BB AE Y o
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Hufg et A%k B

UEHE ¢4k
oy

i 58823 J;%ffjgﬁ}g),;\] o 1%

s PP = AR A
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¥ b > d 22 UGV & #f ROS1 Melodic » = BRI F & 7 406
e ROS FpdAz;8 4 ac 8 % > SmER P EE UGV 74 % > ik 4
$ T AR BT OROSSREF oM > &% - GitHub 3T 5+ 2§ BIR
Z_ Bk PlE "2 & - Bd Python &8 CH++% 8 2 SDK (#ichg B % 1
B2&) s JadE:p & DROS Hd 5l i o

ApERS R R A F A R REARD .

=i

(1) *%:i% (Lidar)

Lidar 3 UGV © B4R Bl E 2 - > U HEH 67 6% e 25
B RREw hpE oo Lidar @ UGV e 49 Errip| £ R4 > PSR T
22 R FIRE GRS Bk Bl o B8 TIE g R R
RIEIMER o

rIF TR {8 0 EY Lidar ta s UGV ¥ 4 & Rip| B » b i
Livox Avia f= Velodyne VLP-16 2 #& 7 & & i 4% (4r# 2-12) © Livox
Avia £ 3 s w2 il 0 e 5 R ARG R o B R
Ram oo pARTE S G oo fpERITE G 22 2 360 ROk TARTY (FOV)
Velodyne VLP-16 » Livox Avia &3 70 & chf ¥ -k T FOV o 4 & &3+
FHOEIER Pt Ak mi& Velodyne VLP-16 it 5 UGV #7i¢
2 RPIE S FBEH 360 BART (FOV) ek g p|® » ¥ 11 S IR
Ba v 4 |2 UGV ke { #enr iy » 22 HART L # (FE K i
BlifrERREF L7 a o Ko R AR EREY oE ol y

E e o
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3 2-12 kR RAE

LiDAR
A Livox Avia Velodyne VLP-16
s ¢ 4% LiDAR 16 & LiDAR
o il B % 200 = = B % 100 = =
L8 R4 772 & 30 &
kT ARG & 704 & 360 &
i # F 240,000 B/ 300,000 2L/
Vil +2 ok +3 ok
E TR -10°C % 50°C -10°C = 60°C
@i IV IV

(2) #=FB

TR T XA UGV ¢ o> e Rgpoh e ijlicdy > TR PR
427 UAV o UAV st S B Bilent 518 1> » UGV &7 { &
A SEAL & PALEF > § BT 4 E T fRILERIT o B TR & oh
RGB # ik B4k 17 cndoffedy 112 £7 2R G a7 v o
F) L & ek Z\mm[ylo%‘,;gﬂgl%‘%"] e [#EFEPEF] #2
F AR o B oW oo ﬁ} RGB #¥:#m = » ~#3+4 # * Stereolabs ZED 2i
(Rfedrd 2-13) 0 B4 % iF 2208 x 1242 thjzd A fr 110 A chE kT
i (FOV)

3 2-13 JEABRAE

o

A5 Stereolabs ZED 2i
f247 B 2208 x 1242
E§E 212 F % (0.008 #-1)
X% @ /1.8
LB ARG E 70 &
KT ALH & 110 &
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(3) 72 & %5 W RE
FAEE- B

Fhapo o R EP frR

[Fsd [l

5FAIMER >

XA A E ERE R B G F I RN E FRfoE B
%%?°&§iﬁ%ﬁﬂ IESUE TS T ESE RS
iw (UGV) ® eh- BR4EEE - SERPIEL KRG T 7 WG
o bl §AEHAEREF O SRPFNEL > LT
ARFEDZFBPDTIELR c AP F AL FHE R BRE > ok
2-14 -

% 2-14 § WE R BRI

BRI AN

ol & 15 Nevada Nano MPS™ Flammable Gas

3l & A MQ2 MS100 Sensor Module

R Rl £BF L Eag (MOS) BB T (MEMS)

MQ2: i it b F ~ P e &
?'F \__;fLE!’J_\\E'

MSI100: ¥ fE ~ @ ¥ ~ ¥ F R & 2-13
PEF AN 288 (& BRBIE 1) 6 #5(%+% % 2-13)
RE gk TR R 3T ERD
E"ﬁa?l MEFFRE AT F MER A B ,
IREE D »}*ﬂ%ﬁ“ﬂ' -ﬁn?ffu(0~6)‘§fz'§§5§}i
iR 6 o e (%LEL) ~ 8 & (°C) ~ = 5 B4
FAEFHL >« SR EMT ZE | (kpa) « fp R A (%)~ B HBR (%)
(PPM) % 5% ehf Rk R
H R PR MR - R +3-12% LEL(%% % 2-13)
Z L # Arduino Board » #4548 %
ROS 4 # A eng kg o ARis % * Arduino 2 ROS % ROS Driver

Driver
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pat

FE 4T MPS FHE R BARE B Aol bk R o gt s g
47%2!&#%%%? »MPS &3 & bri- B iefia 4 R RIE VR
ZAEBRBEFRP DERE > A H s FHEAEEESET
(20°C - 509 4p %R R ) & o it E Il 1528 - MPS # %8 @ & By
i i A M %LEL (TPURYFER ) kAR A 0 2 G HT
AVREREER o BRI > Tk E Class 3 F # 0 2 100%LEL 4p
B0 5% A (HAF AR ) o 4ok F 4R E 9 Cone (%LEL)

FHch 400 P& T 5 40%LEL & 2%MAEER o 3 M LA W
%LEL 22 %% 4% )k B en % T > 4ok 2-15 -
2215432 L RFHARE
butane CiHio ad 0-100 1.8 %VOL +5 %LEL 1.4 %VOL +5 %LEL
ethane CaHg £ 0-100 3.0 %VOL =5 %LEL 2.4 %VOL +5 %LEL
hydrogen  |H: 1 0-100 4.0 %VOL +5 %LEL 4.0 %YOL +7 %LEL
isobutane  |HC[CHj); - 0-100 1.8 %VOL =5 %LEL 1.3 %VOL +9 %LEL
isobutylene |CiHa 4 0-100 1.8 %YOL =5 %LEL 1.8 %YOL =5 %LEL
isopropanol |C3HsO 4 0-100 2.0 %VOL +10 %LEL 2.0 %VOL +20 %LEL
methane CH, 3 0-100 5.0 %VOL +3 %LEL 4.4 %YOL +3 %LEL
MEK CiHsO 5 0-100 1.4 %YOL =5 %LEL 1.5 %YOL +16 %LEL
pentane CsHiz 5 0-100 1.5 %VOL =5 %LEL 1.1 %VOL =6 %LEL
propane CaHs e 0-100 2.1 %VOL =5 %LEL 1.7 %YOL =6 %LEL
propylene | C3H, 4 0-100 2.4 %YOL =5 %LEL 2.0 %VOL =5 %LEL
acetone CyH,O 5 0-100 +20 %LEL 24 %LEL
ethylene C:H, 4 0-100 7 %V 11 %LEL 11 %LEL
heptane CiHi 5 0-100 1.1 %VOL +12 %LEL
hexane CyHy, 5 0-100 1.1 %VOL 20 %LEL
octane CeHg -] 0-100 1.0 %VOL +12 %LEL
styrene CgHg -] 0-100 1.1 %VOL 20 %LEL
toluene CrHs & 0-100 1.2 %VOL =12 %LEL 1.0 %VOL
xylene CgH -] 0-100 1.1 %VOL +12 %LEL 1.0 %VOL

(https://docs.allsensing.co.kr/allsensing-document/product-document/nevadanano)
MPS f # g B B4 2 vﬁ*ﬁﬂ B EfEF MeDRRIN A 0 fREE

e Mo~ o BAr T B oo R R E mﬁ?l:". HFEWRG § W i fy
FER PAZIE L ST 5 M en%LEL (F ML A SR T 2 F
A

AW o F B FMASFOL 5L Y Bl 2.4 ¢ chf A A
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CLASS 1: Hydrogen CLASS 4: L-gh'r Gcls (or nghl Gas Mixture)

,I I|rI J\ 1hit ?A (. t“’ ‘ | L e I. . lafr (JI A
Mumber of Carbons: O ypical Mumb 0 ns: 1-

CLASS 2: Hydro-gen Mlxlure
Avg. Mol. Weight ]

'- -slll' ; L" + HC

Ay ]

Example Gas: Pentane

CLASISIS Me’rhuneﬁN{)oiumL ?”5 ‘ CIASS 6 Hemn; Gus {or Hequ Gas Mixture)
A al. Weight: - Q [a/mol .

(chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/nevadanano.com/wp-

content/uploads/2021/03/SM-UM-0002-15-MPS-Flammable-Gas-Sensor-User-Manual.pdf)

mzum%?ﬁ$QEW$ﬁm$ﬁéﬁﬁm%a

hEEfef MERIE S 0 UGV 7 i ik - Bl Apihin 5y
HFHRPFPUE N g @i Al - AT RREN
B GABRE T FR AR R > T NRPIRY BB RE
EEAVRER - FREFBRBETRIE T8 £ 2-16 ¥y A3 F 97
TR L AR R 8 AR o

199 4 2-16 ¢ 4& &7 3 0 FlirBoson 12 £.d 8 { § jats
Ba s bfanEE o R Ei%/2 R 94 Flir Boson i ¥ #* Y
wﬁﬁ CER R PRI RR S AR R o JR AT EF

1R R %?%ﬁﬁi’ﬂﬁummFSﬁ%iﬁﬁﬁéiﬁ°ﬁ

Mmoo bR FFHSLES- AL PR Flpt o g iE
# % * Flir Vue Pro %%%%’Sl»}ﬁ@% o

Flir Vue Pro 2 &+ "4 E v 2 B X * 3@ A 78 (UAV)
g * o FL o A1 ﬁ&&%ﬁﬁéﬁD*ﬂ’Q%?%ﬁfﬁﬁﬁ
A2 RGBSR o R o AT HUSHATIEE > ¢ B 4RE Flir
Lepton FS » 1178 &7 7 22 7 o
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% 2-16 B AP 18

BRI
. PureThermal 3 .
Ap 1% Flir Vue Pro FLIR Lepton FS Flir Boson
A5 336x256 160x120 640x512
247 R BHF:<135°C BH F:<140°C B3 F:<140°C
N AR =) M 3 1 <350 °C M ¥ 1 <500 °C
3 +5°C +5°C +5°C
FE B TOR R sk
+ 1
B i ] L;—P ﬁ_ﬂ: SD}é ROS # ROS Driver % ROS Driver
Driver

23 kT @ AR
231 2 UL H

KT & A E R (Remotely operated underwater vehicle » ROVs)
- kT g AL SETHFRRP L LG o gy
Fleb@ s kv Bibdh th S H TR e BRI E AR T B0
ook TR A SRR T A KREAFERE c ROV RS AT

K& 'ﬁ%' = ¢ (International Marine Contractors Association, IMCA ) **

1 ##% 3 RO04.revS ¥ 2 & ROV enia 3 » 4ok 2-17 > 2 & & 5 48
MRS PRAd R Fadis b 2 L3 %

B2 REF LT IR EH RN 1 £ % ROV i
%%thwﬁ%&’aﬁ%&ROVWW§*4” bR R o 1 ik
SEE RN A ﬁ;éQ‘&’%r?ﬁ@%ﬂpﬂﬂuw@wmmw
Forum Subsea Technologies Triton XLX 56 » H § 4 kiqd * 4 S FHam
ﬁ%’ﬁiﬁﬁﬁﬁwﬂﬂ’ﬁ%§§§3%02"’&%m§;
250 =7 o FUFEERIFR B A NITEER > Ak T m AR
ZOF et RS TE o Aok R SR RS THER AR
Pt ® ;BB % 1 Qysea FIFISH Vé6s % 6] » &k B+ | 5 383

4

-

i

)
—

N
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mm*331 mm*143mm > & 4 Khd BT e K E IF;"LB?F!:"‘; 120 &
360 A48 > (FEIRRE 100 2% 5 B APFE 100 207 0 F A

oK FR e 0 R A A& * 2. Chasing M2 PRO % &) » iR B =
% 480 mm*267 mm*165 mm - H F 4 kikhovd TR KK I
LR L 2402480 TEIEARLI002 T 0 AP E 100 2 T
B oA Al ,‘Lf##w*ﬁ R TAITER o

£ 2-17 & A i £ 87
E~F 8 o R EVE B 0S5O
e w f E~F B 1on LA r
TR 6 &2t 4 & ra 2~4 &
Fj"‘ﬁi’ﬁ 7}\"( 100m~§;:4 7} 7](’1 —FT 7} P\ 50 7} F\
% R R S B fRT R A
R F 1347 B H g TR B (kR
¥LETE EEE S - XS ] USBL)
) 4wy @}\ﬂ;ﬁiﬁ% Fg;‘,i\]#\gﬁigf gautﬁjﬂf;; 4
BB R P Bk ~ | RBRE R B4k ~ USBL)
USBL)

2.3.2 #HuiT 2 42

A
?\: "!1\-"]%] 25 ’

MR
NN
B

FEEL G 12927 o
e > T 2 H AR BOR T RS
A% > lcs: 035 enfFRT > H
58% » Flp o ik FH PN BEEE D

° I_—ﬂll'b ’
AL )32 0.6 ;ﬁag by BT Y R 035 chfh i

kT
—‘Ej =

pd
ﬁ‘bf

A >p L h
R

A %7;*% J\’T zJ—-f#;}»p7 g(((,};ﬁ IIZZ' ‘ﬂ.‘
ﬂmﬁﬁ{{h‘_ﬁ CRTIRRR R T B TRP N

=Y |

ST > - LR T (R R
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—-r 7L 2L
Yy s ]F'\'—'

RS AR 0.6 50T 4 A BT 0 R R
o P F P E 2

REAKTRE L
v 2-18 #17 > AP T F
Jgi,.fiﬁ

l&:‘;‘ 0.35 5 l\:vkv- ‘«(’Fﬁjﬂ °

>#cs 0.6 1



Y AT //\
B 2.5 SLfT B S22 Bl T LW

% 2-18ROV #2i7 2 &+ E (R £ 7))

5 p BB (F AR | B b (B R B)
Rk wa TR 4] pE(240 A~ 43)
Tk 0.6 | 0.35
KRR 17m(+ % KiF B iR
R R 1.5m/s
BT R 1.5m/s
P EFER 1.5m/s
()BT R 11s
P 240min*60s/min*0.6- 240min*60s/min*0.35-11s*2=5018s
115*2=8618s
BT B 1.5m/s*86185=12927m 1.5m/s*86185=7527m
2.3.3 BB ' A 7

KT EAPEHN A B AL RIE R T 5 E 2 RORRK
PR RFRLDRERET ¢ FREARP S LiHES - pi{%ﬁiﬁ
W ¥ HEY ARREPEFER R AT HRER2F

Ko 2 F BRIV P2ZAAWH kPTG E zﬁf«J\‘fnri =
ROV i ¥ ™M R RS HEH. 5 4 > f247 & 5 4000%3000 > ¥ *F 5 /&
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EAEE A IR & A48 ¢ 45 gopro i@ * » gopro ¥ R i BLER HE
Wt ded 2-19 P o

i e 2 ﬁ??LT%%%&@@-Lﬁﬁ {7 R ih )
® ¥ & = 5 & & % (long baseline, LBL) ~ —’T.‘\zik 4 (short
baseline, SBL) %2 432 & ;}&fﬁ (‘ultra short baseline, USBL)3 & - = = X g
T HERIE GO E D riEdE > TR R PR R R AR

Ao 5| B ol B3 e dp i L R EE KT -8 % > = ¥ % B4

<

C
-~,
T

A

\

=7
%220 USBL &_p % ie {7/ H4F I i & > 8 BEBE 4 5

EER N K > kT RHE B A
HEFRAREFALA G E L RE - o R~ £ §

nS
FERERIEE -

E4 )

‘fr’

"E\R
/1
E
W
=%
N
¥
o
e
B
(H}
K

=
i

R P

W

ixwﬁ*$T%§w#%ﬁ%

%k 5 4p 4
HERD ID BLACK
AR - 4P 5 Gopro 10
% 1200 & 2 1580 # fh %
347 R 4000%3000 5,312 *2,988
£ ¥ 100 504 % % 150 5
% 2-20 kT T xR
A £ # s (LBL) ‘& 4L $(SBL) Az = 3 5 (USBL)
RS aE S LSRR o b S el o R p
- B oA (Z IR E # &
F sk £ P
TR B E E ® 8 i)
arE B ¢ % B -
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24 2% ] %

SR E IR E WA A B AT E ke L L PR AgRY T
E4dd o —?-IZ*TSF' FREORER S G FhEAoRT FF o
EHREAFTHRT P g D SRR TR e R oL E A2 ai
*ﬁﬂ%ﬂ@* Bl s ARl F R AL ORT A
TERBPFE LR NFHPFET IR TR 2 St SR 1 ELE I
RlEfrdfp L o BEE Bh L5 XS L v T® ki7e
Azt B AR - TS o F R T P
GHcE T FEAXLER AT T £
Q7ﬁ$£ﬁggﬁ’ﬁ%ﬁ%@ﬁ?%ﬁéi?&%ﬁ%goﬁg

TARFRF AR R FEO F Il e RBE TR AR

Er

F f’;—eﬂ}m A0 1, &
F‘

b

14

gt R B i A @@ﬁA%ﬁ%?{ﬁiiomﬁ
%wwﬁ% w% # IF 6T E 21 Bk E AN RS

- £ A ﬁaj’ﬁ?ﬁ‘%ﬁ%

éfﬁ”‘“wé S R &R
; 4
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$2%  PEARAE RS

AP EEFL G R APE (UGY) kS E p s idn
PARPIE BN FIRE RO LRI o AR R
SN (W 3.0) : B Ak B & Velodyne VLP-16 LiDAR - Intel
RealSense D455 48 #% ~ FLIR Lepton FS #t i i% ~ Nevada Nano MPS003
# MR Rl E % u-blox ZED-FIP GPS #i-ie ; AJZ i 3k 34 7§ 438
BO5G AR ARG BT R RETHELT SHRY H 4

o

=1

F31@®12p iR IRERIATEHREN

WEiEinfes 5 5 BRFE © § 4 LIDAR 2 = Trpffis Rl i3
SLAM % i+ B SRRl BF AL EFHER - BRA7F ~-RGB ¥
2t GPS & 5 15 5G ® B L HTTP f2 6 F 418 i3 2oy

R N Jﬁz'a Bl Bl R T KA A AAR-T R LR
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EIEAD AP LS GPSH 4 LIDAR® M p 4 = 3¢
WEA o f RR Y ETE o kM AP R AR P
o5 A 1 fﬁi’ﬁ'@if ?3 ﬁrr}oﬁrgﬁ *#ﬁanpﬁr}‘?jb,ﬁ?%
it LERFECRREERERLAS R
% Xuke * cv bridge # i ROS (Robot Operating System ) £2
OpenCV 2 B énpr s e e » M PR & it 1235 F ehi
%@#ﬁ’ ¥ & o cv_bridge 75 %7 B x‘Zg 7L & ROS £ OpenCV 2 [ i
v IR WAL T RMAN PRAFRRST O R -
bR IR AR Y >k 5L B eh ROS Image 20 4 4 3%
#3 5 BGRS 5% 1 OpenCV F:HAEL » 348 8 =~ F4 o d 44008
Refiptess > 2 R AR AR @im L 2endtg > { 24
VDT AR E 0 F AT M i R R B R AR
AR RIE L
OpenCV e k¥ £iF 5 £ £¢ > A & § F 8 Foenfe N1
¢z g RS TR *é,%-ﬁzf%ﬁi%l R B AER G o %
?%%ﬁﬁﬁﬁﬁﬁJﬂ’ﬁﬁﬁﬂ%OWMVﬁ@@ﬁﬁﬁgg
B GTREFIE ARG > 2 BERURS Y AR E 2 e
—tffw MFE R e 0 T JPEG R B R IR

302 BB BHE (i #k&k - #F8 ~ GPS)
LiDAR § &## 4 fice
z fi2 A1 5% © Velodyne VLP-16
WA B 16 W E T S SR
B AR 100 = ¢
BIEHE L3 o8
BLZ %A 9 300,000 B/
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RGB # iR B2
& £ 3150 ¢ Intel Realsense camera D455
f2+7 & 1 1920x1080 (Full HD)
R R AR C 1280%720
EL IMU (1Rl £ 8 =)
iR E
& £ 3|50 © PureThermal 3 FLIR Lepton FS
1245 B © 160 x 120 i
B R # [ © -40°C 1 +300°C
FRFHE RKE

¢ #2241 5% : Nevada Nano MPS003 » & #14 £ 3 R  RR B B

A
a\?

THRFHEIABETRIM (TR T F AT RE)
B2 # B 1 0-100% LEL (*RYFT ')
GPS z > #%
- #2215 ¢ ublox GPS Zed FOP
#1z © GPS ~ GLONASS - Galileo * BeiDou ~ NavIC ~ QZSS 3t 5
303 2 ¥ M ikyyp GER ~ 1)

S 2 PR ¥ A RE LR o F WE Y 2T
F* 25% LEL (MR FRAE) MERE - §7 %5 WERZ T
LEL fEehe A2 — P4 847 « e idhe § I RDGFE B LRH
ML EE 2ARH i MPS003 ¥ iRl en 14 fEF R tE MGEAR R G
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BAREBFHTXZTO60CLRE B~ FlF XA ih s
(A7 2~ EFEHEE) - A RTF & (60°C dcfyfg
FRZRFTG) A SETRIHELE (FLRRFEL IR
) ~EEFENRG (RARBERAIFEREENSEE) - #£1%
TP v E g R ﬁ*ﬁﬂ%@?(YOUWS)é%?%*’iﬁﬁﬂ
PItBMEELIA R ERR T RER -

L4FHIBHT 2ER

& rikk HTTP/HTTPS 5 % I A & 27 2 8T 2 ek 20 o
TALA PRI HRE API 28 =% FTAL (Japi/car_pos s & ;) -

F ¥ E AL (Japi/car_gas > # 2 §5) ~E &R F A (/api/car_temp » &
ﬂf"/‘) FF R (Japi/car_img - * 5 Fj& B ¥ f§5) o ol at

&5 JSON 5% » & § P P2s « GPS L 427 B i & - 8 s
Multipart/form-data #% ;% + @& > RGB 22 %.% 100 KB ~ #t i{ Bl %5 50
KB(®] 3.2) -

RGB#FAR BBRER

3.2 95 ¢ R it B G & 61 )
ﬁﬁﬂ%%’ﬂwﬁﬁﬁﬁﬁ*’%%ﬁ%ﬁ CAEHTHE
MAARIE p BT BB YT

LA re

E 35 BT

20
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BIE8 BEUAVESRRSMEE
e
ExEM REWTRSR
SAh0E
UAVAIR B§M : 10/11/2025, 7:56:00 PM
|ARAR g}
M : 251626600
MARRMEN & BERT
— WHEMW : Jackel
SIMA ()8 FHRR : null'C
|WAK: 26.10°C
BARRRKR
NENARRRER e
——————————————— WHAMW : Jockol
#MID : CH4
AETARER MMEAR ;1230
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