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ABSTRACT :

This study investigates the integration and application of unmanned vehicles and sensors in the harbour environment, including
spatial data construction, automatic recognition of sensory data and real-time image streaming. The FNN neural network technique is used
to predict the wind speed in the harbour area, and the oblique photography technique is used to compensate for the lack of high altitude
images, demonstrating the performance of the hardware system under different conditions.

In the area of automatic identification, the study shows that image consistency has a critical impact on the accuracy of the detection
of shoreline facilities and substations, with an accuracy of 90% and 93% through the steady state photography paradigm and the YOLOV8
model, respectively. The pothole inspection reached 82.1% loU by mixing data from Taichung and Taipei ports and migration learning,
but there are still some misjudgments that need to be improved. Chest wall normal and misalignment detection combines YOLOvV8 and
Hofstraight technology to effectively detect chest wall anomalies, and will optimise image capture and data volume in the future. The
accuracy of shrinkage joint detection is 85%, but the geo-location accuracy still needs to be improved, and it is planned to further optimise
it by combining orthophotography and manual interpretation. The crack detection of the quay shows that the model has a high
discriminatory power between cracks and shrinkage joints, but the misjudgement needs to be improved by expanding the dataset.

In addition, the study integrates CCTV and Al to enhance the view angle of the drone, and develops a photovoltaic potential
assessment system for the harbour area using the LOD2 model. The ground-based unmanned vehicle navigation system significantly
enhances positioning and navigation accuracy through improved obstacle avoidance techniques. The results of this research provide
technical support for port management and monitoring, and promote the intelligent construction of the port area.

The results of this research can be further applied to other port areas, for example, through the use of migratory learning technology
to optimize the detection model to adapt to the environment of different port areas and enhance the applicability of the monitoring system.
Meanwhile, in the future, the integration of multi-source sensing data by digital twinning technology can be used to enhance real-time
monitoring and early warning capability, and the efficiency of image analysis and remote operation can be improved by combining 5G
and edge computing technology.
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% 2-10 Robomaster 4= Jackal UGV 31 f&

uGv
KRy 8 Robomaster S1 Clearpath Jackal
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Nevada Nano MPS™ Flammable Gas
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F Ha = %5 (0~ 6)
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P FAER @ 2 E CC)
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(PPM) # 77 e Ik A& HIRE (%)
FEIRE (%)
R Bt R 0 - SRR +3-12% LEL( %% % 2-13)
% L3 Arduino Board » 75 {5 f 18 %
ROS & # & 7 Mg o X6 ® % Arduino 22 ROS | F ROS Driver

Driver

# 2-143.0 MPS § B BRI BB R i foff » ik E oo b b
Fpp AR o MPS £ 6 bri- LR fii PR RE o T
B e G BB TR B ﬁsﬂﬁp\ gl oA His g AEEERT
(20°Cfr 50% 4 ¥R & ) ™ A4 st i 3l 4R34 - MPS § 81 @ g B 7
HENF A DPLEL (TPURFER) ER AT 0 A LB HE
A REAEER o BUIRI 0 7 % Class 3 § %2 0 H 100%LEL #p
BT SPHAE (BB PAYER) o 4% F B P F h Conc (%LEL)
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22153 42 525 WE R E

butane CiHio 4 0-100 1.8 %VOL +5 %LEL 1.4 %VOL +5 %LEL
ethane CoHg 4 0-100 3.0 %VOL +5 %LEL 2.4 %VOL +5 %LEL
hydrogen  |H, 1 0-100 4.0 %VOL +5 %LEL 4.0 %VOL +7 %LEL
isobutane |HC(CH3); | 4 0-100 1.8 %VOL +5 %LEL 1.3 %VOL +9 %LEL
isobutylene |C4Hs 4 0-100 1.8 %VOL +5 %LEL 1.8 %VOL +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 %VOL +3 %LEL
MEK CiHgO 5 0-100 1.4 %VOL +5 %LEL 1.5 %VOL +16 %LEL
pentane CsHiz 5 0-100 1.5 %VOL +5 %LEL 1.1 %VOL +6 %LEL
propane CiHg B 0-100 2.1 %VOL +5 %LEL 1.7 %VOL +6 %LEL
propylene | C3Hg 4 0-100 2.4 %VOL +5 %LEL 2.0 %VOL +5 %LEL
acetone C;HO 5 0-100 2.5 %VOL +20 %LEL 2.5 %VOL +24 %LEL
ethylene C,H, 4 0-100 2.7 %VOL 11 %LEL 2.3 %VOL 11 %LEL
heptane CH. 5 0-100 1.1 %VOL +12 %LEL 0.85 %VOL +15 %LEL
hexane CeHis 5 0-100 1.1 %VOL 20 %LEL 1.0 %VOL 17 %LEL
octane CgH 6 0-100 1.0 %VOL +12 %LEL 0.8 %VOL +15 %LEL
styrene CgH 6 0-100 1.1 %VOL 20 %LEL 1.0 %VOL 17 %LEL
toluene CH 6 0-100 1.2 %VOL +12 %LEL 1.0 %VOL +13 %LEL
xylene CgH 6 0-100 1.1 %VOL +12 %LEL 1.0 %VOL +13 %LEL

(https://docs.allsensing.co.kr/allsensing-document/product-document/nevadanano)

ey

MPS # RIE BB Lt 8 L7 Motk pla 4 0 & 455
e e e iR e SRR R R mﬁ SECEN IR L2 I PR T R
FERP-RELSET 25 WMa%LEL (5§ WMERH N RF T2 ]
L) o G M e sE e ST R 240 g e gt e e

N
<

,
2]
o

CLASS 1: Hydrogen CLASS 4: Light Gas (or Light Gas Mixture)
Molecular Weight: 2.0 [g/mol] ~§, Avg. Mol. Weight: 25 to 75 [g/mol] P
Density: 0.09 [kg/m?] A y: 1.2-2.5 [kg/m]

Number of Carbons: 0 Tyr lumber of Carbons: 1-4
Enyn;m' Gases: Ethane, Propane, Isopr

CLASS 5: Medium Gas (or Medium Gas Mixture)

Weight: 50 to 120 [g/mol]
ty: 1.5-4.0 [kg/m]
Number mC(::x?S WJ

ClASS 2: Hydrogen Mnxfurs

5 S

Number of Carbons: varies
Emvn‘. Gas: Pentane
CLASS 3: Mef’nqne/Nmurol Gos CLASS 6: Heavy Gas (or Heovy Gas Mixture)
Avg. Mol. Weight: 16 to 19 [g/mol] Avg. Mol. Weight: 80+ mo
Avg. Density: 0.6-0.9 [kg/m] . O

Typical Number of Carbons: 0-2 9 >
o Example C(\\O( ane, Toluene, Xylene 9

(chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://nevadanano.com/wp-
content/uploads/2021/03/SM-UM-0002-15-MPS-Flammable-Gas-Sensor-User-Manual.pdf)

Bl 2.4 MPS 7 2§ #R B B8 1 § HA $3Em
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kT & A iE L (Remotely operated underwater vehicle » ROVs)
A-fkTdha 12 SETHREP L& kg o 8 gy
Flabadde > hw B Tl £ B A r B E LR T Ak
Yook TR A CRBTI A KR ERE cROV RBERAE AT
K¢ > ¢ (International Marine Contractors Association, IMCA ) **
2021 # # 11 RO04. rev5 #» % & ROV ens 3 » 4ok 2-17 > 4 & 4 5 %
Wh S P RE L Fa i 3 LG PR R
Bl FAEEA] > EREFORT EaAaE R E R o 1 ¥ % ROV (A
WA AR LB > A ELES ROV i 4 7 iE bt § - 1 £
FE T B RO EER BRI RETT Y AR Y TER
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33604 48 0 ITEFAZ 1002 % 0 B IS 100 2 0 F B T
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bl RE X5 480 mm*267 mm*165 mm » H 4 KRS d BT
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FeAlRE TEHET GNSS # R ER A EPZ Az F T 4
PENE B HFEGER 6 BE G mdE P S5 TPE-CORS
- £ wh BB GDHI T2 X428 > 2 Epli 40 24801+ o
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Figure 3. PGI and related network architectures and methods. (a) Path Aggregation Network (PAN)) [17], (b) Reversible Columns
(RevCol) [ 7], (c) conventional deep supervision, and (d) our proposed Programmable Gradient Information (PGI). PGI is mainly composed
of three components: (1) main branch: architecture used for inference, (2) auxiliary reversible branch: generate reliable gradients to supply
main branch for backward transmission, and (3) multi-level auxiliary information: control main branch learning plannable multi-level of
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ffmpeg -f gdigrab -framerate 6 -i desktop -c:v h264 nvenc -qp 0 -f flv
rtmp://61.216.153.153:3004/live/avix

' i3 5 720P
Bond

ffmpeg -f gdigrab -framerate 6 -i desktop -c:v h264 nvenc -qp 0 -vf
scale=720:-1 -f flv rtmp://61.216.153.153:3004/live/avix

# % CPU j&f
Pondk

ffmpeg -f gdigrab -framerate 6 -i desktop -c:v libx264 -qp 0 -f flv
rtmp://61.216.153.153:3004/live/avix

% CPU jafs 2 ' 3 5
720P

ffmpeg -f gdigrab -framerate 6 -i desktop -c:v 1ibx264 -qp 0 -vf scale=720:-
1 -f flv rtmp://61.216.153.153:3004/live/avix

BinEm
& A ABELER ffmpeg -1
=S Rl rtsp://admin:admin@192.168.168.108:554/cam/realmonitor?channel=1sub
(F "L 24848) type=2 -c:v copy -c:a copy -f flv rtmp://61.216.153.153:3004/live/avix
5’ R AR R https://engdig.maa.com.tw:3005/hls/avix.m3u8
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YRR - fimpeg fgdi X+ v

nable-libtwolame --enable-libuavs3d --disable-libdrm --disable-vaapi --enable-libvidstab --enable-vulkan --enable-libsha
derc --enable-libplacebo --enable-1libx264 --enable-1ibx265 --enable-libxavs2 --enable-libxvid --enable-libzimg --enable-
libzvbi --extra-cflags=-DLIBTWOLAME_STATIC --extra-cxxflags= --extra-ldflags=-pthread --extra-ldexeflags= --extra-libs=-
lgomp --extra-version=20230213
libavutil 58. 1.100 / 58. 1.100
libavcodec 60. 2.100 / 66. 2.100
libavformat 60. .100 / 66. .100
libavdevice 60. ©6.100 / 66. ©.100
libavfilter 9. .10 / 9. .100
libswscale T .100 / 7. .100
libswresample 4. .1e0 / 4. .100
libpostproc 57. .100 /

57. ©.100
Capturing whole desktop as 3846x1086x32 at (©,0)
Stream #0: not enough frames to estimate rate; consider increasing probesize

Input #0, gdigrab, from 'desktop':
Duration: N/A, start: 1679384441.435650, bitrate: 796264 kb/s
Stream #0:0: Video: bmp, bgra, 3846x1080, 796264 kb/s, 6 fps, 1000k tbr, 1000k tbn
Stream mapping:
Stream #0:0 -> #0:0 (bmp (native) -> h264 (h264_nvenc))
Press [q] to stop, [?] for help
Output #0, flv, to 'rtmp://61.216.153.153:3004/live/avix':
Metadata:
encoder : Lavf60.2.100
Stream #0:0: Video: h264 (Main) ([7][e][e][e] / exeee7), bgra(pc, gbr/unknown/unknown, progressive), 720x203, q=2-31,
2000 kb/s, 6 fps, 1k tbn
Metadata:
encoder : Lavc60.2.160 h264_nvenc
Side data:
cpb: bitrate max/min/avg: ©/6/2000000 buffer size: 4000000 vbv_delay: N/A
Frame: 30 fps=4.2 q=-1.0 size= 219kB time=00:00:04.50 bitrate= 398.6kbits/s speed=0.633x
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o

-qp 0 - X TR T ST 5L 00 et Ak

e
A
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® rtmp://61.216.153.153:3004/live/avix * 15 L RTMP & /K F
g (fe Bl) 0 * TR R Y o

UAV w @ ¥ L2 % fg\s .70 (RTMP ~ HLS) » £ % inth

Bl iR o 0 B SRR S E LT R B #
LA REEUE Fas “PFEE'T%\S‘KFw-,’E—!" »
@ pE R 2 ‘%}&ﬁ%ii)i irﬁﬁ*mm@ o ¥ hE G IRk
AL Aol 103 BT A iaEARY IR R 4E #f‘QJ 23 B
bitrate { > ¥ < i iR EEFFR AR A ERBRE o 4p
M2 A2 5 Z ffmpeg -i input.mp4 -c:v libx265 -c:a
copy output.mp4 ° B 104 R BB E R 0 ME
AW HER A %’i'ﬁf?gpfﬁgiﬁab%
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encoder : Lave60.2.100 libx264
Side data:
cpb: bitrate max/min/avg: ©/0/0 buffer size: 0 vbv_delay: N/A
frame= 0 fps=0.0 q=0.0 size= OkB time=-577014:32:22.77 bitrate= -0.0frame= 0 fps=0.0 q=0.0 size=
OkB time=-577014:32:22.77 bitrate= -0.0frame= 0 fps=0.0 q=0.0 size= OkB time=-577014:32:22.77 bitr
ate= -0.0frame= 1 fps=0.2 q=0.0 size= OkB time=00:00:00.16 bitrate= 13.3kbitsframe= 5 fps=1.0 q=0.
1 0 _size= frame= 201 fps=5.4 0=0.0 size= 7974kB_time=0 33frame=__ 205 fps=5.4 a=0.framframe=_ 213 frame=
bitrate=1588.5kbits/s speed=0.954x

Failed to update header with correct duration..7kbits/s speed=0.955x
Failed to update header with correct filesize.

£rame=_ U7U £pe=5 7 q==1_0 Leize=__ 1525ALR +ima=AA:A1:22 KA hitrate=1U9A Tihits/c cnead=0_0Q7y
video:16403kB audio: OkB subtitle:0kB other streams:0kB global headers:OkB muxing ovel
[libx264 @ 000001cad®Obdc80] frame I:6 Avg QP: 0.00 size:468536
[libx264 @ ©000001cad0Obdc80] frame P:495 Avg QP: 0.00 size: 29146
[libx264 @ 000001cad®Obdc80] mb I I16..4..PCM: 62.2% 3.0% 34.8% 0.0%
[libx264 @ 000001lcad®Obdc80] mb P I16..4..PCM: 4.0% ©0.3% 1.6% 0.0%
skip:92.8%
[libx264 @ 000001cad0Obdc80] 8x8 transform intra:4.3% inter:24.2%
[libx264 @ 000001cad0Obdc80] coded y,u,v intra: 40.4% 17.7% 18.0% inter:
[libx264 @ 000001cadd®bdc80] i16 v, h,dc,p: 66% 32% 2% 0%
[libx264 @ 000001cad0Obdc80] i8 v,h,dc,ddl,ddr,vr, hd,vl, hu: 19% 54% 20%
[libx264 @ 000001cad0Obdc80] i4 v,h,dc,ddl,ddr,vr hd,vl, hu: 43% 34% 12%
[libx264 @ 000001cad®Obdc80] Weighted P-Frames: Y:0.2% UV:0.2%
[libx264 000001cad@Obdc80] ref P LO: 78.6% 5.2% 11.0% 5.2%
[libx264 000001cad00bdc80] kb/s:1648.30
Conversion failed!
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4 12-5 45 CDV 3§

No. 47 & (deduct Value) Total q CDV

1 9.56 5.19 3.46 18.21 3 8.10

2 9.56 5.19 2 16.75 2 11.16

3 9.56 2 2 13.56 1 13.56
x =log(D) (12-2)
d =212+ 27.15x + 6.41x> (12-3)
d = 31.4 + 40.77x + 14.14x? (12-4)
d = 52.3 + 43.87x + 10.22x2 (12-5)
d = —1.7 + 4.45x + 5.18x? (12-6)
d =21+ 11.51x + 4.93x? (12-7)
d = 8.3+ 14.06x + 12.96x2 (12-8)
N2 CDV = —3.6 + 0.91 x Total — 0.0017 X Total® (12-9)
N3 CDV = —6.4 + 0.82 x Total — 0.0013 x Total? (12-10)
N4 CDV = —13 + 0.86 x Total — 0.0015 x Total® (12-11)
N5 CDV = —12 + 0.76 x Total — 0.0011 X Total? (12-12)
N6 CDV = —14.7 + 0.75 x Total — 0.0011 X Total® (12-13)
N7 CDV = —18.5 + 0.86 x Total — 0.0018 X Total® (12-14)
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PCI i& % (Rating)
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70~85 {% 4% (Very good)
55~70 4% (Good)

40~55 & ¥ (Fair)
25~40 Z (Poor)

10~25 f% &£ (Very poor)
0~10 % & # (Failed)
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