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Sexual Reproduction in
Dinoflagellates —The Case of
Noctiluca scintillans and lts
Ecological Implications

Jeffery Liang-Neng Lee!, Kuo-Ping Chiang™ and Sheng-Fang Tsai*=*

" instifute of Maring Emvironment and Ecology, Netional Tawan Ocean Lniveralty, Keaiung, Tawan, © Center of Excalencs
for the Oceans, Natlonal Talwan Ocsan Unbversity, Kesiung, Tahwarn

MNoctiuca scintillans is a larger, bicluminescent red-tide dinoflagellate (400-1,000 pm
in diameter) that reproduces by sexual or asexual reproduction (binary fission). The
process of sexual reproduction in . scinfilans has been thoroughly studied, but the
ecological role and the mechanism of shifing from asexual to sexual reproduction
have not been fuly elucidated. It is believed, however, that sexual reproduction
occurs when N scintilans faces environmental siress. In this study, we tried fo
determine which factors drive N. scinfifans o undergo sexual reproduction and we
considered sexual reproduction’s ecological role. We cultured N, scintilans under
different conditions of temperature, N, scintiians cell concentration, prey concentration,
culfivation time, cultivation volume, light exposure time and physical vibration (simulated
wave mofion), and counted gametocyte mather cells every 24 h to calculate how the
sexual reproduction rate changed over the experimental period. Rises in the sexual
reproduction rate or the concentration of gametocyte mother cells only occumed in
response to large variations in prey concentration, typically after the exponential phase
of N. scintifans population growth. A noticeable upsurge in gametocyte mother cells,
from 1% or less to neary 10%: of the fotal N. scintiians population, occurrad when the
prey concantration fell below ~-400 cells/mL. This implies that a sudden decrease in prey
concantration induces more N. scintifans to shift from trophonts to gametocyte mother
cells. We suggest that sexual reproduction may occur in N, scintilans as a response
to the post-bloom situation when the dincflagellate’s food supply has been dramatically
depleted, producing large numbers of gametes for an alternative mode of sunival after
the end of each bloom.

Keywords: dincflagallate, g is, ga y

maother cell, prey concantration, encounter rate

INTRODUCTION

Noctiluca scintillans is a heterotrophic dinoflagellate that can be found in temperate and tropical
waters around the world and occasionally causes red tides in eutrophic estuaries (Harrison
et al, 2011). Although it has been categorized as a harmful algae species (Elbrachter and Qi
1998), N. scimtillans does not itself produce phytotoxic or other toxins (Escalera et al, 2007;
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4. AC to DC 12 V Power Supply

B 1 ke CO2RPRIE

134



PE & 3 RS51ISHP

135



000101

B s 4 H41&RSISHP 5 if 4] 45 B

g
R B /oy

136



[ 12)

HEFSEHA

Lo BREIRFERREL Y
N N o ;
A AEFIRFERHRAGT P
T R m P O Fe(fh)ed w O & (9) 5
v fE Pl ¢os gent | http://140.121.147.159/wordpress/
TR 6157 B 5 A "7 R
1 # R AAFTH 2. X E MR .
4 EIE P 3. P A 4. Ay HA S E £
5. 7 % p A 6. '"HiE ~E B A KR Z WP
A
l. B R AT e E BB P TR £
(R #-kFBHok 1 B3025%) 108/12/11 ~ 110/12/31
2. HhT LRCE AR D RUBIT A GRS T S PRIRIE L IF
(Feo T RUs AUER) R 1 RT3 ER) 109/02/18 ~ 110/12/31
3. @IRihEE T Y 1 ARER I F3F RF] 109/06/22 ~ 110/12/31
P 4. 109 £ ¥ 5 hk L REFA T 24 109/07/13 ~ 110/06/30

5. 110 # B eg b b % A ot ¥ 1 2k 1 3 110/0928 ~
111/12/31

6. ¥ Fik o B v RS H AT E LB
oAl 225 110/03/26 ~ 111/12/31

7. TERArR R{ATE P E-P AR TREE» 4T 1 24 23
JRAR ) -T 5 g frok 3 HEAER& 2022-02-21 ~2024-06-30

8. "#HfrT MU AT F-P AR TRBE S 5 F 1 2L o
JRAE | -7 3R Z A Mo BOA)Es% 2022-02-21 ~2024-06-30

R e ALigR) K

—r_&}i
Rz opAE

FEEA T X EH T

Lo e vk s Heale s -

2. Ao ERidE e A SR W 1Ak S -
RS EY PSSR SEER

4. ERRLEMEIRE K BRI -

137




45 N 24
7

RNLE S R  SERESE VS NN L e e LN .
PRAFE ENA - B B Ep Y FEERRAN L G I TRLE I ER 2

i\‘ﬁ_‘ilj1g’_f—y?£ﬁ’—’o

R S RE S B S R P A 2 T el B AT

Rgikgd i Erpdpi¥2 1 FqR2 81735590 & 7 wdria

Fag o A FTHEE ERF AR A e

S Y B E R R ERE T o

RS
IIEpBHEL

138




yina BoOH A EREEI
RAEETIRN: 4 TEE E RUINEINE Y
R ¥ d A1 8 kL 2@ e o o IR R
R SERE S
5 A ops P AR kgL AR
AT T FLEH
F A B30 s 1AefE L g4 R
RN SRR
A i RATR B R A RN
#1
FRERIEAHEL A
i ¥ Bl ¥ 2 h AL A L 3 AR
2 ® f# Ef’-ﬁ 1% 2'3.
RERA o |RW=RM| 1 & i BB 437 e
(¢ ~HE=2 ) S o * ik Z p g -
i} 140 5 3100708-127-
=T RS R Faro Fody o 250
/110/06/01 0000011
65 6 _048-
& kT 5k R & NI ¥ 3100708-048
/109/12/16 0000052
T R R & N 63 3070114-215-
/110/12/21 0000306
4,788 63140307-
TRk & BALF BTk w
/110/09/03 |  03-00002695

139




3R

4 % e R LR EEAR £%F
);7% o /‘"f E’ i’-—:‘J_
PAERRLATOET R 1001 - o
BB R E# 110/12/31 280 § ~
KAk T 53 %)
o LRE S F T RS
PR A EAS T4 e | 109/02/18 ~ | 576
BRI (F(FkT TR | 110/12/31 | 9,600 =
A ALE RS K 1R RER)
BB T g | 10900622~ |
G Y 110/12/31 *
109 &3t spigig e d x| 1090713~ oo
Prah 110/06/30 #
=¥ o b mE ek oE L
110 # 3 28 6 5 A ke | 110/09/28 ~ 510 ¥
=L o
7 n EAHLE%E B G A N ==L 111/12/31 #
LM E R - BT
=¥ A 'ﬁ,g BEH 100326
WiTipk2Z BT R -
e gk g | T [ O0FT
et e Al 111/12/31
5
T e TR L AT
.| 2022-02-21 .
5 -0 R TR R A 598 g
Tha e T R L AT
L-FABRTFERBEE S| 2022-02-21 .
b reE 2 305 &
¥ 1 AR A PRI ) - ~ 5 880 %
Bk Bk A B Te B0 | 2024-06-30 | 7
H 5
1y Sl 1 &
o A B iy i
Vs «:‘,L ,L B ,71_.5_
T w6 @ (L5) (L5) ’
o H@ i+

140




4. A AT RRE A% 2

ERL PET I

=N 5 bi-] p #F o
EF—T'J 11 ‘:; NN G\: ﬁ);f %\' }“% ;i*g&gﬁpjljgﬁé ;1_,‘: 11 /—E/; o
PR 4 TEREN RS
G
H
" > Bk £ 6k
B3
1;13—:‘7} - " "
R E B
&
E ° k1B
P HTPR X
FELAMR LG LD
R T 4 PRI ARAER L N
L ARMER ORGP

ik

141




5. RT3 % p NiEgE

a:

™
R

1=

. a | | = "
PP L | M| L
s [
x| & %
iz
2
AP OCEER PR FESS o |m |o |o |oO
ERARLIEA 2 FE AR o |m |o |o |o
= ~BEHWHE 2 LR E Ak o |m |o |o |o
LEERKE T RIEFT o |(m |O |Oo |O
EER IO s I o |m |o |o |o

NB

RpSEg ~Frid - Biaeiy

B A

SRR L PR FASTES 35

(% - =35 A L)
B ERFER RV R K

AEREBLRTRFE FRLLR
i

142




6. i ~EBIERY ZHP
AFR®m= A4
;,HJ;:I]

1. Chi-Yu Li, Ruey-Syan Shih*, Wen-Kai Weng, Ting-Wei. Liao, 2021, “Analysis of
Vortex Formation and Energy Dissipation during Interaction of Solitary-like Waves
with Submerged Breakwaters Based on Particle Image Velocimetry,” Applied
Ocean Research. Elsevier Publications. Vol. 110, pp. 102579.

( SCI, IF = 1.596, 5-Year Impact Factor: 2.008, 5/158 (Q1), 3.16%)

2. Chi-Yu Li, Ruey-Syan Shih*, Wen-Kai Weng, 2020, “Visualization Investigation of
Energy Dissipation Induced by Eddy Currents for a Solitary-like Wave Passing Over
Submerged Breakwater Sets,” Journal of Marine Science and Engineering, 8(11),
834. (SCI, IF: 2.033, JCR category rank: 31/66 (Q2) 46.97%)

3. Ruey-Syan Shih*, Chi-Yu Li, Wen-Kai Weng, 2020, “Wave-Structure-Current
Interactions over Smooth and Rough Breakwaters,” Ships and Offshore Structures.
(Published online 07 September 2020).  (SCI, IF=1.470, 446/5769 (Q1) 7.73%).

4. Chi-Yu Li, Ruey-Syan Shih, Wen-Kai Weng*, 2020, “Investigation of Ocean Wave
Focusing Characteristics Induced by a Submerged Crescent-shaped Plate for Long-
crested Waves,” Water, Vol. 12, Issue 2, 509. (SCI, IF: 2.544, 5-year IF: 2.709,
JCR category rank: 31/94 (Q2), 626/2200, 64/266  24.06%).

5. Ruey-Syan Shih*, Wen-Kai Weng, Chi-Yu Li, 2020, “Characteristics of wave
attenuation due to roughness of stepped obstacles,” Ships and Offshore Structures,
Vol. 15, No.6, pp.605-619. (published online 04 September 2019). (SCI, IF=1.470,
446/5769 (Q1), 7.73%). ISSN: 0141-1187

6. C.-Y. Li, S.-S. Lin, C.-M. Chuang, and Y.-L. Hu. Assessing Future Rainfall
Uncertainties of Climate Change in Taiwan with a Bootstrapped Neural
Network-based Downscaling Model. Water and Environment Journal, 34(1):77-92,
February 2020. doi: 10.1111/wej.12443.

7. Lan, Yuan-Jyh, (2020) “Mathematical Study on Wave Propagation through
Emergent Vegetation,” Water, Vol. 12, No. 2, 606(21pp.). DOI: 10.3390/w12020606.

8. C.-Y. Li, Y.-L. Hu, and S.-S. Lin. Rainfall Assessment Influenced by Typhoons
under Climate Change Downscaling - Taking Taichung and Hualien Stations as
Examples. 2020 International Conference on Developments and Applications of
New Technologies in Civil Engineering, Taoyuan, Taiwan, October 2020.

9. Shih-Feng Su, Gangfeng Ma, Tai-Wen Hsu, Numerical modeling of
low-frequency waves on a reef island in the South China Sea during typhoon
events, Coastal Engineering, Volume 169, 2021, 103979, ISSN 0378-3839

143



10. Pao, Chun-Hung, Jia-Lin Chen, Shih-Feng Su, Yu-Ching Huang, Wen-Hsin Huang,
and

Chien-Hung Kuo. 2021. "The Effect of Wave-Induced Current and Coastal
Structure on

Sediment Transport at the Zengwen River Mouth" Journal of Marine Science and

Engineering 9, no. 3: 333
11. Xi Feng, Gangfeng Ma, Shih-Feng Su, Chenfu Huang, Maura K. Boswell, Pengfei
Xue,

A multi-layer perceptron approach for accelerated wave forecasting in Lake
Michigan,

Ocean Engineering, Volume 211,2020, 107526, ISSN 0029-8018

B & # 3t € 3k# > Conference Papers (2020-2021)

Loemat FAF > &2 T%E:—fg? » 2020 > “r2 PIV BHFF 487 2 ki i
RS ﬁé*”7 /]%',” R ANERPFFEFLT % 42 BBFL R R
T &A% o pp. 189~194 -

2. FERA FAE S S £ i g 20200 NS RS T JI3EY LR D
woinfek m AR RRTERERZREFTY 0% 42 BAE LI B¢
# o LA o pp. 226~231 -

3. WYY X ifdn o BEAL . FAAS 2020 0 “HLRILIEATY BN MG A2 2
PRI EL” %42 EAE 17 6 & 0 LA E > pp. 747~752 -

b, FRReE > TIAL Z AL 52 0 2020 0 A EATY A A I Ae2 gt
PR RO AIE F 2 D EoR T R g BRI R A 6
4 4% s pp. 232~242 -

5. Zifdr - FAS - BRI Y P 2020 0 CHMTEATY AR A 422 1R
AR AIE R D LD BER T HAE N TR AR A e
4 4% s 0 pp. 238~237 -

6. TAE HAD B2 FEE (2020) 0 FRREE ED AP 2 BE R
5 42 F
AEIEFEE WML RREAE > LREIRY ¢ 0 p622-627

144



e ba 5 1)

whiig »




3 L BEE R RGER G AN

146



SECY RN SRR LI O Fe(f)sr O k(#)s?
N R B A K A 12 http://imrc.ntou.edu.tw/
WETE | (02)24622192 ext.7033 A B BT s

=i ANTR
KE R
CHEREE

1
2
3
4. HeETHR S %4
5
6

HEAPp
.*if?ﬁ%éf“?ﬁ%‘;f
FiE~ERAEREZ P
S P AR B B p R S(AIS) S R A A B A
dad T NEE T 4
Lo H oL e
(-) #%+ %
EAE A F R P R A BT A E L
parl R ,xf TR T HaEe AR dpdgs A B %ﬁvﬁk’g‘
FTRE AL BA %frm (W om pRBRFFIAELL S L F
TEEP O RFBRIARTF IR DT R ERT R «’gmﬂ.—*rﬁ'?
%aﬁ@?%,fﬁié%€7“§%¢¢W%ﬂﬁa |k Be(AIS) ¢
iﬁpﬁﬁ@‘ﬁ;ﬁp’?;mg&j— E Aoy et i T kS L iR & dpdadE
rAER m$+4¢&}&oﬁ§ml§ﬁmhw\wﬁ%WA\m

HESEGA

LEg e
#ﬁ'i‘ﬁ ‘gﬁiﬁ SR AR R ES ATl R LR K

[ dpdg R g PR RE S IR kB (T L A A Ry SN E 2 45 9
PR g A R EW R A ERS RS R FRRR RS
B R A B AT R R A SRR o IR F R B R
PRI &= L DL ﬁg_ﬁé?%mfr% AR T T -0 SR T JE I S
B - dtdy g o BRSO BSE R R R 2 ALS cRT R R T S 0L F
Fefe 3R] 2 /%%ﬁﬁi@mﬁuﬁﬁ%ﬁwwm$4ﬂv 25
(=) #Hp

A E e fdpda B Bk ek S(AIS) R R AR A TR R
- EEHEREE -f‘«‘u‘f"?*‘r%s—ﬁ@ DRI S B R T AT 2 DB T
WL Lo iy bR A TTPE R T T aE 2 BEpdeEL ko
Ry~ RIE A 37%%%%§£1?%%§9ﬁ%ﬁ$

o

-~

ET

147




FYFMT L UFIEHES - PR A A LTI e gt b J R S
B R AR R R BE S Ry X F R B T RTR S SRR S dpda T
fod b E T L R \’fﬁ"ﬂ—* D TERAp P E - bdpdgeni gl o,
FRRIPE S S AIS T =B T30 H 0 IT LR BRI 5T %
ﬁ’*ﬁipuﬁ$ﬁﬁ4W%$% 2 1A

(=) AF=%

HaEArAa i Bk R T BB L LD BB d ”ﬁE‘J

prm\ﬁ;w AR R T AR PR RN TR

EPER Ay S T M Ae g A A dg R > B HE A HmanTgF
Hem g FHi-tF R -FEFE BB FRDUED TG EL DL
%@ﬁiiigwﬁaéﬁmﬁﬁ’}af BELE 2 g P4y
gz A dp el T 0 B g RIpiE D ST FE A TR TR B
A AR R R 2 FEL o B P ERLERY » RE A i
P BT R T R B S R E S ke

’f”’:ﬁ% AIS ¥ 7 #p % 14 4 B eI pE s Ji P TR % S a £ 7 el

Spp R F T UAERE AR P B PR > 5T SO 0 oI
FRipaFadikyy 2P L3R LT ERE REMABEF DT I
B > Ko apdpdade AT R 0 1 fRAPFIE mER > S ReE L ¥
FEIrEE G A bR T g I R SR E B2 AT
MoV IFLAE M ol kdp o B daaid hb Gy Eak i T
B EREELI R o

_‘

S R E A R TRRET RS ST R

(-) #+&% 2
AP E AL S E AR RTRE A RS ED BT R B
B AR PR RERPN LB A ERE AL TERFRA ALk
B B P HRE T L RB 2 E S T a8
FHR LI EWESRIPRTHEEE RFFEFL A F 2R Bk

DEEN 3500 S CRabE RES &4
Pog ek FRETHRIES 2k BB

: .
5

sl
=
=
o~
~
o
“
W

BRI G DAL R G FRE
Eog R ITEZ JEHTRRE T b
2 F ffEh ok TR ER F
EANCREH R SN TR

(=)

148




/,ér‘%/ﬁnii% ;'§J2£ =& AN 2%#@_@% %c,‘_h/,, ,vat;‘%g p e 5
FRFOREEF LA BA RN TEIRIET AR el
pﬁpgyz;rb]v},,figliﬁl_.,é,a\fv%wglg,}q.»];imy+,4,3_1g.; 1 3
LGRS 2 FLE TR 5 o
(2) %

AVRAYRET YL AFE R TRISEERATHEE RS
DEEA AR AT AL TG B R TR ’/’a\%‘r#@w& ARET £
jgﬁf&’é’q;?;%%ﬁ%’év}'?;%é‘g" 5’!’{%,4,%@‘_@?3\20@ pfift?

B

A &SRR RS T T 2 e TR B F RS
AEdFeE MG Rk & RIp N (HSD-a %t S g
B AP ACT R E o f iR HVE Y ¢ £ H N (GAM) 5
PR e BRI B EE Y Sk 0 BT LRSS
BRERE Y NFTRERGE FT IR

AFFANEZREFTNLE R EAFRBEEFUEEL b
(B~ =342 5 A)RBREIFRTN  TARMFIHE= A X RERE
GUEATRAT TN UiFE FTREZRETRE BRI T Fk k=2
BB E e BN TR G 5B (SST) /% W (SSS)¥r % B (SSH) » 7k %
BaF khidg P i HYCOM kR~ T > RipiTid &
BASTR AT R BB %R A TR A (T ST
FErF ok TR KR TERFBNBUETE DT AP IEIEFFRF
BEAFRFTRATERETREA S LATRE BT T L9737
ETR > 2 L4 v 372 F fo

g

= F AR A ZEEARARAE b (AFEFFE)
iéiﬁff::;fi;}iflz
(-) #+&5% R
WER A2 ah P2 T O RERLIFFTEI BRI B IE ¥
B e d S ALK R BT Y o ¥ FIF 2 T G fed f R

—'@#ﬁﬂ’v“«}r\-’ FIMZEBARCREEAE AR L i d o p e
B IEFAGAIEZIMBRG FL L fHE %J;r;mvé’
» R s ;__%Jf?ffﬂrm'f T AEEY v TR TR B e A
FREERDERLY TP HBATRZELT AL FEE? 510 &
DO A A Aty

&#%ﬁﬁ? S HEE BB B R R SR
/J—ﬁ\;» % % ¥i(Decision Support System, DSS) » ¢ FF4c » H s 4p B 58K
Tod T ARPEN LB RFERES > F,/J_a‘\;ﬂ!zﬁ BlEf

- 4R

149




BARZ Y HAFEEG I P o
(=) #& 8D
APE P AFENZEEB AR Rawh o niw i Ay
L3 RDSS)rE B2 ARG E TR E B TERE 2 A BB
LRREFEARARLE 0 R %i2$ww%$&9ﬁ’?
BrF B2 8% NI HERL AT 2 o AP EHEFE LT
AR DSS fre S R HE Al S MRS R A S
AERRG HEBEMITELF IS 7P B EP 2o R
s W HAEAE LG THF > FRY DSS FigE K k-
FHEREFL S % o

() #HiFF%

sl

W

1, HFHAPIEH =2 1 (538 P
1. BEZzEH SRR FEZ -
2. ZEZEWARARLE 8o

3. E AR A L SaeEA o
4, RIFEZE X EL0AT 0 UFHEMEEFL P AD A -

2. AP EFEE 2 AAHNAER RARFEEE LB Y 24
P2 T
(1) A%

AL D FRAR A A o

WEAHNE S T f R EA
C. AR ALRLE T o
d. & BT S S 8 R E e

o EEE PRI RN VAR R LS
ol JUEAE

QRS RE RO AFREIE FRERET S TR I X
PREFAELE RPN BRFIFEG REA TSR
ﬁﬁ&i%ﬁﬂii’a%ﬂi%wﬁﬁﬁ%&i%;
SEICATE: SU L DRl SRR R
P tRas g AR v & oo

Q) i 35t AT EE T HR DR DT el g
R TRETRI NG NN AR S F
SR & E a3 TEIRE S R SR S}
B o

o 2

3 ¥ FB2 A TEA R AEH T EL PR

150




(1) ﬁﬁgggg?ﬁwﬁo

(AR e ¢ = A UOPE - B

() T AABF M 5 ARSI BVR N E
BYRILE TR R Ij“—l,ﬁ Mok B P o

T~ P E LA MR T RRER LA RTE
AFEF AR LEEAY R
(-) #+5%F
; fé’a:?‘;;%f}iia%@-’é‘ >z /E"‘T-'!’vfi’ﬁ—f}{ﬁ s P AR B REKRT

'F°“f£ﬂ$+ﬁ/? F’)@%@ﬁ* {ﬁ‘@ oo AeX B h R
KB R A S R T R RLR R RpE @Lﬁ#%HLT& MEAECE
?]éw).@&az@ﬁ ' PFRBRTERIEL TR ARG R RE
T G KT CE S R R o

(:)éléﬂéﬁ

H**“ik&gﬂﬁﬁﬁ”?fLTAﬁﬁﬁfﬁmL,

f‘sbi’i AR R REERTED > T FHETTELLT RE
(Bodika ~w R S ) BREL FEH o 2 kT T E S %A
Mk MEKREE o FMBLR G o

() =%

AR ET 5 ARIFRE RF PSSR RPN BT ST
FORRES TR S ERHREERT ~ AAFFEERKT 2 FRE
Bl k™ 2R PG ERER R FTHIERILTE » 2 L
'T‘-Lﬂ}’#_bt? ;;Lvr,3Dgw 5T o

109.10.27 110.09.23

B

EEBYER

B~ % PRk T R %

I PR ARAT R AT TR REE

151




A2 H > 0 i IR A
(=) #+&%#
LIt BuEL > (TR 108 £ 12 2 ﬁ?‘ M R4 E Sk RIS

CRTHEFE ) SHAES S IR AT RS P2
Gpda % > oo WE T 2 pqmz.glfrﬁ ﬁ§p§4,¢,qz

ﬁ%ﬁﬁ%pﬁﬂavg%ﬁ*Amliﬂéﬁ'ﬁﬂﬁgié’@
o ATRLIRGEEREY 22X 2 RER -

S TE R R A ERAFEF LS PRI R 2
BEBEFER > REFHAFIeanE L2 v AT ¥ R H ik
ﬁﬁﬂ%ﬁ@}il&?%*ﬂﬁ%mi%\}i cAFRBM AT B 2 E
RIER T P sE R ER LS xiﬁ%i&iﬁéﬁﬁi‘i’”ﬂ%éﬁ“
ﬁﬁ¢ﬁ§%%$¢ FEHFE UEEELT 2 DT o

-

f;ﬁg"’/“:i%‘:/" ’]"‘/rﬂb ’J}i&ﬂﬂpEéﬁz ;@E.B‘--l\'%’ﬁl‘?iﬁ‘%@?'?
(=) #+&p
APEAHEARBITRERIZE o RS RE S N A
28 Rl ;’ﬁ? AETHLREARRTR O REFAT
=R R i&%?ﬂJ1®ﬁﬁil’ﬁﬂ§ﬂjﬁw
RS D R 2 B AR R TR S R ATRETAR
,u@%’gzk@%%wwmué%% %32 WAL AT ARG T
E’I?%}‘ii%%’:};{,‘ﬁiﬂ r)\*,: ﬂ?‘b‘/ﬁ‘ Lf%a:v%_ﬂg.»‘/\)%l%‘ﬂ ‘,v‘u
R GERATE R R A a2 LT R TR 0 ER b R

?1$£%m’”mﬁ%ﬂﬁf BARE A EREFIEL
P FFY 2 MBERE  FHE IR I G e o R

SHATREETIOL AR L AP ET R Rt 2%
B4 RF) R R B2 BHEMBUIEETIR A ER
L AATRERFIR A4 i*@W*%W’Q%WkWﬁﬁﬁﬁﬁi
= Fl2o B B o Vﬁg?ﬁln\‘%q‘_i:i Ry & NI - INELY S g
S U S R R ! ‘ﬁiﬁ&i%‘%%°

BB AT B PEET e S AR S L At 2o 2R T
FORE &5 @ga T4 apha T2 AISIPM TR - EFAT R
BAAT o B UMEETIR > B TL AT RSP R R RN L R
6’ﬁﬁ?i?%ﬁi%ﬁ?ﬁﬂ@%’%ﬁ%\ﬁﬁﬁygmﬂ%
FLIE (7447 0 45 VB FIE AT AR I RAR S £ 4R R AR
> b “ﬁ«"“/‘if‘?eii ’ ﬁ»ﬁi#%ﬁﬁifii@i'} v X0 M T
MR TR R SRS > BB % 2 aEE R

$

152




(2) fiE=%

APHEAHARIOT &£ T 110 &5 F R FTHEFHE L
157302 2 BT TR Bt A R RRET - TR RARE R
FRABBRETRLEFWE N FFE- R0 2 hRULES £ -
Z RN EBFRHRFTREEFAFE - o NI ‘%”p ALk IRt 59 { 4o
F F o ZEIRG hFRP P @5 g 5F F 2 DE i~ dydg -~ A
ﬁji%iﬁﬁﬁ’ﬁ—ﬁﬁiﬁﬁ%£ﬂ%%’iﬂﬁﬁuﬁ—ﬁi
o L d MAATRET Al T RFD THE kG S 4
PeEPARTIY LT e o TR 422 0 VI AREF 4 At
4 2R \Tgrs—w,@w SRNCP R R P ESIRE NS AR SRR X vk o)
Foo VUM - M REFE R

E I R o L P ,ﬂ’* Excel VBA # B FilliE e & 4p 1 iF
g2 AE AR OT A G 2 5 0 2 I 18 ¥ 9 Microsoft Power BI
Desktop =1+ HeypiF & & 17 7 it oﬂxﬂrﬂ:ﬁ FHBFLS X ol 7 F
ME BB A IR L ET o BERFNREF DTSN AR
Gt T *‘LL%#&%P\ i o E T PR AR s F oo P o D
AMEERSTREL FERE AR TR - 300 e

A gh7 K"A*‘/“EF‘—T(W’T"?%"‘, SRR . HiE ¥l & PR R bk
mw\ﬁM14g4\ﬁM1*&ﬁ\ﬁM1r§£\ﬁM1%g§W
FREIAZEIEN o

,‘fgr} PTG o FELLE AT R R > T EE A 74048
AF2LEFEHF RFAXFXRGER AP HN R GELANE
MOEERR G PR MR R RILDR AR 0 ST TR ER
BR T2 b %TF]SF 5 %’32&%%f E R I I &7 A
A R 2 ARG FEFF CAESFR AN R A AR
a&%aﬁ:ﬁ%~%$#m’ﬁﬁiﬂ&%ﬂ+ﬁﬂamﬁéa’ﬂ
NV R RIE 2 FHT R ARG R S R
PR SR RF 2 > - X 2 @B o

&

W

Nhud

Ao PR LT AR L S R ek B R (A kAR e
# 1%
I H > W s EAEE e
(-) #3:% 3
SRGEA RE R EAERBEIE g B BRI E AR
BATS 2B A —E A1 L2 2 MinfEk (YUSAT-1)2 101 7 48
#A] 3% 2 3 Fh (CubeSat) 45 % 45 4a p 62 38 %] i S8 ¢ (Automatic
Identification System payload, AIS payload) » & 3 4&1z/% ! 4,44 AIS 31 5L
Zofg A o FHRETEEY 2PF > X s L Agda E i o %ﬁ”%‘%% 4544

153




L E RN

(=) #% 0

W BHEREAREE T TR M2 FE Y AIS PR FE R
P Egedir > AR PR - TR TR B R I
BEEL S FIRT AR RIARE S 2 EB PR B

B RBY > UEIE T E A0 .

(=) RiEF=%

BHfe b a4 0 B # AIS P (70~ P 8 a4
% Wi $ 2 2 #Rh ~ AIS ~ VHF #ch 2 4% 4 52(VDES) > 113 »Thia
FER 2L > L A(GMDSS)E A TP AR B NS T £ 5 - TR
ZEfE e BN R B NA P (BHEAES LAR) AL REMEE LS
BT i BT

S PR FERBTAEFREL BN ARKERFE R (12)
e R
(-) #+&% 2
ﬁﬁ%ﬁﬁﬁt%’*ﬂﬁﬁ Bra2l v 2R EAx
Mpo 272 af{AFERR2 B FTPn kT  FRAFFETRE
PR A o XA AT o e 5 RA o TIFE B Y
%&E&ﬁﬁzg’ﬁﬁ?i@*'%wai%AFQ?‘E%?%
WL T o B Eer TSRS (IR A RFESNELEET
B m RS EPFEAFIARAEE FEFESOLAE o
(=) 5B
R B B TR R T R IR TR B A 1T HAEE R
Me* ) AR BEEELRPN LA IITE- B 5 EFER
BREATEVR TR R R PR AL 5 3R g ¢ (7R
%@ﬁﬁpﬁ% HI P R aBBEREa X A0 A2 i
AT A BITRT B ks B CiT kT
y%ij;%ﬁﬁi%éﬁpio
(=) RiF+%
D AR REREREERANT 2% 2R
AT A R X AP M TR o

AIE A A ERE A AR

i

o

=

N8N

B

w5
%w

LEPWELLEERPIA B AR E
RACKT A G (A R R) 2 BT R A FTRARRE o
A T CEEE RS Lo o

154




ATHKT R RGTRE
EHNAE RRTH G £ 2 3F &4 BE3E1,000 £ 21 o
FHEAE LR RIS B T RIF AL 2,000 £
M 10fERT AR TR s A A 1R 10,000 20w oo
AT BIORT ERERED LR
TR BRRTHAESE S 47 TR S F SR E .
R ATAF PR 2 TR TR o
ZACRT R Bt ARBE .
ATHORT B TRAE -
EHL s ABER T A 2 1,000 £ 02 ¢ o
A RELIF(R)EFZERTRE S 1,000 L2 o
FTHOKT R F R FRE
BB PR R B 1,000 B2 oo
2o SO QU SR e P
RARTEMEERRT - AWEE -
ARt AR T B E LA ER A ATER
%$*T§§3$%?%¢‘®%%ﬁ%ﬁ%ﬁ&$1(wsiﬁﬁ
SR 2 2 A E 6DOF kT B 2 F fidd] % b o
A P E R FEMTRAERE P EFUA3)
AHEF AP FREGIESFARER)

SOt I #E 17 26 P RFE9 K373 10 p & Sghsa? o p
2P 24 p (AP )T ER "R L FREELLTRET LR
wpaﬁpﬂmmwfmrwwim%ﬁpz%gJ%“rg%,*ﬁﬁ
wwwﬁﬁﬂ%;%karﬁm@°~% 3% ARG ”?9

FAFTZRAT LA PRI RFEUTATNES L wi o
34

s
£
S8 SU o

1~ BFER
(1) A7 w3 FarkrF 110787 2324 p F 4 L4 2 18 4 44
BB IREPI R AL G TFFREA G §RP ha R R
TARE R FIE R AL SRR S kBRI AP B R AL
BREFELEAZABRSAESHTZ 20 AIS FA P ENE &
2 g E2 AISTE g o
(2) %ﬂwﬁwﬁm W et 110 & 8 ¢ 23-24 p wh Ly B BAR < B 4
+ & % 22 The International Conference on Earth Observations and

155




3)

(4)

()

(6)

()

(8)

Societal Impacts #7234 € » I3 & % ~ 4L P % “Examining the variation
in catch composition in the offshore wind farm off the northwestern
Taiwan by using cluster analysis”
AYOC ERip R IR St 110 £ 10 ? 2931 P LA RIRE £
F? + B 2 ¢ International Ocean Conservation Conference @ I % % #
~ J8 P % “Stock assessment and fisheries management: Current status
and future”
ﬁxt’mrs FWRPF U0 & 11 7 5-6 p it ? A 8 48y =
¥k L5 1 v 5 I3 Parallel Session Discussion: Space T ¢ % #
gif? AIS = > @k 2 Bt o
AP B FFHKFEITI0E 11 7 16-18 p o AR HBP i < &
%4 2021 & W% * 7 #F % # 31 ¢ (International Conference on
Astronautics and Space Exploration 2021) » 48 & AIS % & = = fFh ~
GIS £z J* -
AP B TICHPE 110 & 12 % 1 p %4 The 27th Session of the
Asia-Pacific Regional Space Agency Forum (APRSAF-27) Space
Education for All Working Group (SE4AWG) e 247 34 € » 348 © Apps
of Taiwan AIS CubeSat development » 4 %2 & 3 L {Fh B 35 %
G s
APt 110 &2 80 18 p(EH=)& 111 &2 21 p(h¥h-)&
AWAE S FEEARANER2F 111 £#37 7Tp(EHh-)EE_
fEhk 1 E 2 #Efﬁéﬁﬁiﬁaémgé‘i 1 35> I_,T‘u? o g TEIE P ~ 3 gt
SRR FRRBE T e
AP CEHARAIFEFAT P L EyEod AN E LR L2
@%&%%%ﬁ#é%ﬁ%ﬂuaﬂ@ﬁ%g%%lﬁwﬁgi
dAY PR IIL #4000 220 (BEPT ) P EBEARES
TR AL (TP 1 B > AAEE T Edrde 21 (P g

)

’T_{})i

TETEN

AP A KERS A LAY BB RA S NG T

"L N

1)

3T R

PR Y L F R ARG ERFT 4% THEFELBER
A RHIRAFEEFT LT REHEES N > s ERF Y
A EF LA R TR R ETREAFE Y 54
gﬂﬁ%?@ﬁ@%?ﬁébl% P b e T B E SR
PR FRAvFITRc e E A L

156




(2 AT IPREHED FLFELE o

(3) HFH A T s drdap $ a5k S(AIS)E = 4 Hud 4, p 22
EhAab G FAEETL b E

(4) FHEREPEN TP PEARARAE bR, 5 -

(5) BRI L F R hEFTHFEETHENRAETREAF TR

* 2L °

4 ®
(6) tREr R IMEUE AR F T AREET R E ARSI E L T RY
E

(7) R LEAEFTRAE TR LT EEr LR
¥ A RMRINER Y 2 P2k b kT m kR
B MR

(8) FIREFTFRBTAFHFREL LA AR F IR (1/2) 0

Q) #ERGFAIAFHEL THELTARERNERE AP LAY
(1/3)

-~ RGP E
(1) #FHReIRFEarpi = aFao234 -
(2 FHEAFATF REWEI X2 AME LR HFHT

BB P G R RS AR L B R A e A

Rhp TR BB EAFF LY SRR S 252 R L R
RFTFH> IR - BB E Py ERERR N T 0 1 FRL 2 X E R 2 RY
A .

SRt SHESE o FY TP ATE T PR B oAt R
giRad o F EARE2 I TRAETRG S LY e AR AZ 2T ERNFHES
I Eﬂm}? gég%ﬁég IR RV A + g

“" o

= ‘pi“‘“%@iﬁg: KB PR T ITZ o

157




vy | B g 5 K EREELR
Bledfn i SRAES P ERLPEET (A FHD FE - H

BB A wﬂ%ﬁJ i SRV T
FAE R agf el AR E W

EENER® Rz P FgmaEd PR b TR T
ERAE s e iRl s Yo kMt

2o lpges (RO EFAET IS RTELE L R ARRREEY
TN ke p e g P i M E
s [CEPREIERME QBRI FRERREL BERAPRREEY

G Rk e RS2 A
%ﬁ@_ﬁ%ﬁﬁﬁwiiﬁkggéﬁi IS S AN oy
S ek B2 PP E s P Eip MR
% FEPHEE@MaRe V2 BRAAETHI L (BERBERESY
O |eE T L SCRIPE SR Ere PR AN R
e [TRTHEEE AR E A F LA L EXELS RNy
' e £ @ﬁﬁ?}%%ﬁ PR R E
ey [FEFHE LR VL1 SR Famd B 2 AR ]
e . a -z

ok BUE IEL?,J& ¥ P EIAPM E
NP A R IR R AL P R o e b T Y

K 3 FEAE fEEL iE LIRS s % 1 A A

X1 < ‘:’ & .g, g;‘_l ‘;"724 /E‘_ﬁ%—';fi"‘# /;rlja‘n
A %‘L%i#i;&@ :?'1-/% LB ; ;‘L ’fJLf 1
Wy v 28k Bl Rk PSP R
T DS if & B A e 4F 1 AP SN R LT ey
?f-@‘\% 4 a0 A W@~ Fqp1fegl T ‘f i 1
?%Jﬁg%yﬂ%ﬁ o EIRIPME
q P e SHIF S O EN Y=ty
%Ef*?mﬁﬁﬁlﬂﬁ%%é PRt R E
B+ 801 SRy fLHFAT TRt | iEh E R G7e Y
7 R ;J.E—Lag—r& s L b #Bﬁwiﬁ
£t %_;?%J;};t gg,ﬁ/ﬁﬁ{;ﬁ]q;ﬁ;&gﬂwmrg;
N ,“( 137 4 Y ’_'_'?'SJ‘ = o
fik 2 ?%iﬁkn i%?ﬁ FLILEARL et S T
il A W ELF ke PSRN R 2

158




2 KA AR R

RERA fF | BS/A | 2 % a1 HEEH | pgmn
(¢ ~E2 ) | wmiAle | ROR T R
ik
AR B R R 03,083 | it 4 A4 §
{+
LR S 96,789 | HEY ¥ A f
o S e
BN ie§ i 30,000 | iREF WA

159




3R

57 ;t 24 chpa | bw
& drdn p Bkl k S(AIS)E =P 4% | 2020/11/01~ 837,120
&4y ﬁﬂﬁﬁ_w J@aéﬂsi FALEE T A 2021/12/31
AR E T IRE AT 22 & | 2021/03/31- | 1,410,000
* m B % 2021/12/31
2 AR ARAE LA 2021/06/01- 300,000
2022/05/31
WH MR T B A AR T 2021/07/22- | 12,666,667
2023/12/10
ARAEE R E RS e L T LR | 2021/07/29- 924,850
& 2021/12/31
. B Ayt gk 2o p s 2R | 2021/08/01- 610,000
ff: . b e Mg AR R SRR L Y | 2022/07/31
FE s 2| TAI L KPR | BT 2021/08/05- 410,000
v (Ba)) o k43|l iw 2021/10/31
BEM S AHELT 4% 2021/09/01- 250,000
2022/08/31
BT A R hrE K SR HE- | 2021/06/01- | 751,000
MEREEE T B H G B
FFREBT AEFRE A ED LT | 2021/11/01- | 26,000,000
B2t (1/2) 2022/10/31
FEMTABFRGE AP EAYL | 2022/01/26- | 1,500,000
(1/3) 2022/12/15
ua%»ﬁi%ﬁ%“’ BAA L TR 358 |2021/08/01- 198,392
¥ TR T % $(ECDIS) | Fﬁcﬁi\ g 12022/07/31
3 & »2(110J70101)
m AR
o (% 1) (h 1) $ 45,858,029

160




o

AR 4

Hp ;n]

)

(3)

(4)

()

(6)

(")

(8)

Kao, S. L., Chung, W. H., & Chen, C. W. (2022). AIS-Based
Scenario Simulation for the Control and Improvement of Ship
Emissions in Ports. Journal of Marine Science and
Engineering, 10(2), 129. (SCIE)

Kao, S. L., Chang, K. Y., & Hsu, T. W. (2021). A Marine GIS-
based Alert System to Prevent Vessels Collision with Offshore
Platforms. Journal of Marine Science and Technology, 29(5),
597-608. (SCIE)

Yang, M. F., Shih, P. H.,, Pan, J. C. H., & Li, M. C. (2022). The
optimal layout design for minimizing operating costs in a picker-
to-part warehousing system. The International Journal of|
Advanced  Manufacturing Technology, 118(7), 2523-2537.
(SCIE)

Jwo, D. J., Wu, J. C., & Ho, K. L. (2021). Support Vector
Machine Assisted GPS Navigation in Limited Satellite Visibility.
Computers, Materials & Continua, 69(1), 555-574. (SCIE)

Chang, L., Chen, Y. T., Wang, J. H., & Chang, Y. L. (2022).
Modified Yolov3 for Ship Detection with Visible and Infrared
Images. Electronics, 11(5), 739. (SCIE)

T EH MY R (2021) XmAsda® > g E(ISM)2 P
B ABFBREET DL ELATET) 12608 0 F 1-28 ¢
Teng, S. Y., Su, N. J., Lee, M. A., Lan, K. W., Chang, Y., Weng,
J. S., ... & Vayghan, A. H. (2021). Modeling the habitat
distribution of Acanthopagrus schlegelii in the coastal waters of]
the eastern Taiwan Strait Using MaxEnt with fishery and remote

sensing data. Journal of Marine Science and Engineering, 9(12),
1442. (SCIE)

Lee, Y. J.,, Su, N. J., Lee, H. T., Hsu, W. W. Y., & Liao, C. H.
(2021). Application of métier-based approaches for spatial
planning and management: A case study on a mixed trawl fishery

in Taiwan. Journal of Marine Science and Engineering, 9(5),
480. (SCIE)

161



3 m t ﬁfé‘g\ CEP 3 FE AL R E
Bl* 5 EL -k 7* % (Wisdom in the water)” » 3+ I3 & 5L % 7 >
V01.15 No.l » 8-20 > 2021 »

St
®

B B A9(2022) o Fm ATRE R G S 7 IR — RYE R 8 < Bidg o
>R EFE AL E FE ¢ o Newsletters 0 2022 # 1 7 1
P> B~ g ! https://trh.gase.most.ntnu.edu.tw/tw/article/
content/276 o

dp
e

T % o A E ST H-ALS K (g ) -

m\q. )
»

it g

H=x

%
r"g‘ gyj 5“ o rrﬁvigrfr /ﬁ «L»STK*&%?E‘?%){%% (%f’\'})
-)

§ 1WA IRELRI 2 AL G R R 4
ALP

Bk 2 B R0E 3 1 AR S Bk 2 2 4
282 L ASFEHOPEAR £ 277
wAPER 12021 &£ 8 % 23-24 p

FAA LR R

# 3t ¢ : The International Conference on Earth
Observations and Societal Impacts

%
!\’.Hmm

7% #. 42 P : Examining the variation in catch composition in
the offshore wind farm off the northwestern
Taiwan by using cluster analysis

wAPER 12021 &# 8 % 23-24 p

FE A R

) AR g WEFBEY 2B B E

F AR I EHE-ST 2 AIS FE IR

’f%ﬁfﬁlﬂ '20214'1 9% 29p

B A A LB T

(=) #3t¢ : International Ocean Conservation Conference

% %48 P @ Stock assessment and fisheries management:
Current status and future
wAPFER 12021 & 10 * 29-31 p
204 Fgp
) Fig FZRELEEL
FAEED CEA AS 2 FEE2 R
FAPFER 12021 & 11 % 5-6 p
*EA LR EAE

(=) # 3t ¢ : Space Education for All Working Group

(SE4AWG)

7w % 3E P @ Apps of Taiwan AIS CubeSat development
FAPER 12021 & 127 1P

*EA LR FAE

162




P g

H=x

12

(=)

(1)

(+)

(+-)

(=)

g 120225 2 EHm~ it g

FARP Y PLB % £] SAR = vz 2 A R
wEPER 12022 #3025

FERAIHET Y F

ot gl 2022 # p A &S AN RE R
% %42 P A Heuristic Method Based on Bat Algorithm
for Solving the Order Batching Problem in the Pick-and-
Pass System

FEPER 12022 # 50 28 ¢

¥ % A @ Ming-Feng Yang, Sheng-Long Kao, Mei-Chun Li
ot g0 2022 & pEPE RS A RKREE ¢
7% %32 P  An Inventory Model for Temperature Related
Deteriorating Products under Transportation Cost
Consideration

*EPER 12022 # 50 28 ¢

%% % A ! Ming-Feng Yang, Sheng-Long Kao, Yuan, Yu-
Fang

ot g s 2022 & p P B SR REE
7 % 42 P ! Integrated fuzzy inventory model with minimal
repair

mEPER 12022 # 50 28 ¢

%% % 4 Min-Der Ko, Ming-Feng Yang, Yun-An Kuan
ot g r 2022 & p P B AR REE
% % 42 P ! Integrated Inventory Model with Fuzzy
Progressive Carbon Taxation in a Supply Chain

mEPER 12022 # 5% 28 ¢

7% % 4 Min-Der Ko, Ming-Feng Yang, Yu-Chien Chen
g 2022 £ g A E RSy LTS FE
7% £ 42 P @ Using a Satisficing Method to Solve Fuzzy
Multiple Objectives Programming Problem in Project
Management

mEPER 12022 # 5% 281

7% % 4 Ming-Feng Yang, Sheng-Long Kao, Ya-Han Yu

LR

Bk

(=)

FHAAD DAL TES SR REN LB AEAG
AR D 110& 11 0 2 p
AEA CHE AR EFEGES T P

e A e

163



e BLAYATE D £V

R E

o | H-=x

FANF CRER TS AEA SRR S FRTH Gk
EOEFEEN AR S SRR ET RS R
FhPEED -9 B2 LR APERE A
PR FARBF LERABRER S FEA T R
B ZRIRHAEL B2 Y RAFL S R
FERHRET RS RS PRk ERE
MITH AR FFEFRE TR RELE
EEV AR Y gy e

HRAHS CHAL TAFERAZ P E

(=)

AR A Rk AHZ pEFRERE LT

FHLPER D110 £ 8 7 24 p

BN R R B SEREARE & o L P ol gl

FRip Ao T8 Jre i

AR R AR g4 ERE

AN B CHARBR AL AR E TR E
B %»ﬁ&@*# A A2 4
€F F o Bd VR E R F 0 A
mﬁiﬁﬁﬁ TR AP TR BTG T
%Lmi@ﬁé Wl > ] AT ik A kag
FRAFRIEE B AREL cRT 2R RF
BRBPPTEE AFE Y F Rk o

RS DAL TAFEBAZ FUPFE =

(=)

AP CEHARAIFESAY P L4 EE d AR
EhAFEMBEA TR FZEFEY 2 Y R F
W1 AR E ¢ Ed A7 c@mpsTI L E 40 228 (&
BI) = EACEE T R AR (T2 1 8= A
S TR 21 T ke

w

VY Bl LA BANAEER BRI H ke ¥ kg
109132474 -

ﬂ%ﬁrw,ﬁégwﬁ B2k o ¥ i-%51109125340¢
%W4!$EW‘%W CARE

164



N
®

AP LB EBIRET 10 £ 87 28 pRFLEEERRILE
T4 4% £ 1028 HH -

AP LA J10E 87 18P (AH=)E 111 &2 21 p(E )

BRAFAEFCFEFRERNER2H -

APt 111 # 30 7p (AP )EHR I FEL EZ ;}pfﬁéﬁ—"ﬁ

AR E R H o

Z 7% "Remote Sensing in Intelligent Maritime Research" Special

Issue °

Special Issue Editors : Dr. Sheng-Long Kao, Dr. Ming-Feng
Yang, Dr. Nan-Jay Su, Dr. Li-Wen Liao, Dr. Chen-Joe Fong
Special Issue Information:

To understand future needs and challenges and enhance independent
research and development capabilities in the field of marine shipping
technology, this Special Issue on “Remote Sensing in Intelligent
Maritime Research” aims to collect outstanding studies that contribute to
remote sensing and ocean research. This Special Issue considers a
number of areas that are important for the development of intelligent
maritime technology relating to remote sensing, including, though not
restricted to: shipping technology, fishery science, satellite technology,
green energy, intelligent technology, and internet of things. We welcome
research in marine smart ports and transportation technology, fishery
meteorology and the sustainable use and management of aquatic
resources, safety analysis of maritime navigation and the identification of]
ships at sea, and the development of hydrogen fuel and green energy with
storage systems.

This Special Issue collects studies on smart transportation systems
in ocean, harbor and coastal areas; the use of artificial intelligence,
unmanned vehicles, block chain and other intelligent technologies; as
well as research based on the technology framework of cyber—physical
systems and the internet of things. We hope to provide a compilation of
current state-of-the-art and future perspectives related to multiple remote
sensing technologies and relevant applications and studies in intelligent
maritime development, and integrated analyses that use big data as a
database for remote monitoring, telemetry, emergency accident
prevention and the effective management of marine areas:

Shipping and satellite technology

Smart transportation systems

Fishery oceanography and meteorology
Sustainable management of aquatic resources
Green energy and storage system

Artificial intelligence and unmanned vehicles
Intelligent technology and internet of things.

165



5. RT3 % p NiTg

T

-y

2 A ‘/‘% > 2 % 22
o= < NEILINE %o
pN 2
x| & e
it
2
¥ F g ARELPASGE PR LA
it O THFHERFRARBEAL RN < F
ngvi'»,’i?%?.‘ésfkblrv.uiﬁ?vgrf‘ﬂm’g
AB 3R 2 Fo XL /A HRER
A (X e 5
-~ A SR s PR F RS m |0 |0 |o|o . s " ﬁ)
BlE2 04 o g%fb%sbﬁ‘fﬂinb &#}»7‘*5?&?
AFMEAE TS TR HY ARG FE
EEp P VRE R B R 2 LA
Erudrmy 25 o
= #5}%%'1'5‘33; ﬁ_%‘/‘ﬁﬁi Olm|olo|o | BREEFRGZ Fi0FE
R E RN E AT V¥ 3¢ e
B HBHE 2 SEFRE A% |m oo lo o F* § & L
FEAAMAFEARFREERFwE o
s A EEREKE AL CRBET (0 |0 |m |0 o | PEERRMY
Poavig* af TH e 4 10 #1003 2 175 €&
I~ FER A A A O|m|o|o|O .
=P RAATEY THALT  IRA U .
e e . BRI RS R - A A i -
AARPEF PV E B xR GEEE 1 f ) 2 P Ve
olmlololo | &&Erf - %k%i{vaﬁ’»ﬁ,ifﬁ,gﬂ;ﬁﬁ,
i i mr
‘ ALY o B R 3
P R EREAEEF LT A T
#Lﬁuf&_&l#i#E@%’ﬁifﬁ’ R X R
FEIFMPEINLFH FEARAIHFE
P i Ay Ay dpdpHgel it pigEl g
;\;ﬂ‘}g S N = L Rl 1 FE RSy e | el
m |0 |o|o|o | &4, 2 M ER - 7% "Remote
JISESE T = ) ) . o .
F i i / Sensing in Intelligent Maritime Research" Special
Issue #f & § 4 ~ & R0 7 W'E F o3
AR R E R SR e
BHImEFL
~ ‘?é#ﬂé«ﬁiﬂ“?@ i® ~ Fojrig # AP OHFIEASF S EFHRMIFL TN
O | O O O e — YN e R .
2 A BB R R TP E A LT R o
SRR B ) ook R S SRS )
o|o|o|o|o| (k- =FdE ARALg)
%
LA EREEL PR FRA LEE R L R Fe P
O O | O O

z_ FFB‘?tE

M FAEE AP .

166




6. It ~ERIXERY 2R

» Cisco Webex Meetings

| © eRER | BRAYEEH A
RRO @Np RBo wEy ERRRe enEe wmy B T)

wgwf 2 BT,
5 Y *__-;L@ j_’f.
-~ N n"! i

o 1, q-ﬂ ~

X ngg'ﬁ S @

‘.QC‘*loé"R

WP AP B HAKEN 10 E 80 28 p LW EEBRCATAE (4
£ 10 25  HHE o

$12 F PR P DR Y 2 —_

Pou B ARG S 110 E 97 29 p S TAHESEEY 2 F
F‘gﬁ&Jﬁ ﬂlg WA T ESE- AT 2 AISHEE IR > 2 BT
Lz R R RRCA e B

167



By chiE)Es

‘l

1*5&%5#“&@&&%%75%

The Marine Science and Technology R&D Exhibition Base
A

<ﬁ@ﬁ@ﬁ£**>«%hh?%é%
LR AR ] TR L
107 8 pAAEETFRE » +¢ o T4

=% R (YUSAT-D) 5 AIS 2 5 * &4 % o

EA 110 &
Ly % T 5 = Bt
P AP F FAY

_ MIxRmitse

¢
FAEIFS AR dpdap BN,

AL Ty

FEFELES | RY
ﬁk*lm&11"56awaéa

CEE L 2 S ER

168

Jsasomn .ﬁ e

2

BRwT

.. .- B ' .

S o Iu-u. LR
© man:
.‘ le




e % SRFATAF FGWEL R AME FETRRARN AR

P AP 110 E 8% 18 p (BB =) 111 #27 21 p (R - )&
AEAFRARAER 2SN E3 Y TpRP-)ERILFED
FRARME FARER L DRT A DG R 2 SRR
RopRREEET e

169



[ % 14])

T S WFRE L
F o 0F 3 AIERTHI @ L T 1 4
AP L REFATP W | AP WL REFATP Lo
CEAE-ANpAE- Ao B E- A FEAANE
FEApMES - RESG | o d REFGAREEK
A EEkpFfiEz o A F | fFiiEz o AEEd- Z2
TH - T & o £ oo
LR ¥ ik ~ERTH e E 1 B
AP EERZEEXRE L | AP L ERZREERER
oA REFA LT RARET A T RER
REH T - RS | P - R SRR
& A7 E IR 7 e E R L (7 Fc R o

170




>
~

>
~

Iy

>
»

i

sl

i
%

i
%

M dBs A2 EREY SR E P2

93 & 6" I5p THEXFREY it L €3k, LB
93 & 10 " 27 p T93 #R% 2 x5 wHEHL A g, LB
93 & 11 * 5p T3 Feps | RO HFE €& WiF
93 & 12 % 30 p 93 Fap % | FHfirEh, LB
94 & 01 * 25 PiAAT£F % 0940000728 5 22
SHE A RPN PR B RE L TR e
PFERELAE B R TR RS EASLE
fi%:‘ A (u‘r ﬁs?%gj\é ,g;)

AP S SRBEFLY e P A E- A IR RS d R
ERr AR IR E2 0 A

-\

FTH - F= & o

iﬂ@ﬁ%ﬂiﬁ;ii4vﬁwﬂwiﬁi%a\ﬁﬁﬁg
A ERFLPERY A RFRT Hoiod AURM F L
ﬁ%ﬁgyﬂ%ﬁ(g)Ui%ﬁﬁmﬁﬁﬁﬁ%ﬁwﬁ%i
F2 o FFEEE AP I ETLFRLAA OFAFEELETLE

AP oo Riz}lﬁ.@m;{jﬁ_jﬁ’dﬁ:& REF Ao fFRBHET -
AY W2 AFECRESJRIEZ ST ITEWR T 72 0

APRZ GRS SFAL A R L H R RN
i* € RUFEF W o

171



[ i 15)

ﬁﬁ;@”ﬁ£%

E

ﬂ‘?’*ﬁfi“ ARG A
W

B

—~%ﬁg£ﬁ%1%¥
PHTA R e
il Tl R

p;z&gio
NGt Shti et

W

F iz esbg@ o

AR T AR A A

B

- R B R R
2FAG AR o

S AL A 2

oy AR e

\%%FT A Ei o

‘ﬁ%-f’; ’l“iﬁi&li}\ﬁ °

Jin

=

WEIMRESFLR
ﬁljﬂ%?ﬁ:?’(ﬁﬂ” N g%&:ﬂ"i
ABREBEAELN2LFAT A

B oo

B3NS

AR ARG

LR EMTHAERE)
FEXE-Ah - FRE

FBisihm ko
ig@ﬁ%aﬁii%

éW%%Eﬁcaﬂo
ﬂ\g_%'_:éﬁ;?—l.,.
» (H i iF o
BICE SR

A 9?{_‘?{}5: /

*M

%K&F”*ﬁ?ﬁ;
iﬁ%@*@#*%)
pEEm - nh s R
- U SE
%Q@%%ﬁﬁiiﬁ
s kR T
LR E e o
AE¢E LR -1t
,f,,ggo
PEEigREAALL

A 51{;'?: /

E(RREEL)SE A

ZH o HEALAEIRE
BEHRP P ETEH
G\n iﬁij?:ﬂi/\%’

i A R O e g s

MRFE WG o
R TEN
PL-nPAREFE
B oo

R R R R
ELEEEN PR

BAoHT R J RE
BN ETE F
CICIE S =R R
eeb 4 B R EA
MAFE LG e
AEgRd LR
- R R T
B oo
TRAFEA S AEE
= F R S R S
L EE

%

FIURAH et A F 2 1
G SRR I
@iﬁgéﬁ&@w.w
% £ :f{’*g.‘f?%iiﬁdzﬂ
FEARMPFAFEEETZ B

s :}vmllﬁ.]ll}:v o

172




nr AR NR
2 b e

TEREFERE

AEREFF T =
ESNgu DU O N WY
RER=ZA2 -0 F
LRNFREEE
APEE R L -

g
=

2 2N
% 0 ’;‘lr' 4 /i‘

.
VE ST

%%$Juﬂ%Wa%i TH o kreg LR

o krawz L f 7 P EIE AR A B o

»>anIg R OA Hio

w =i L= EiEe F @G
APREEEFIREREER | AL EFICERTER

B E T e FESGEFOBIETR o

173




SEFE RS SR PPN T

dEAR 106 E 117 16 P 17 5c € 3L i
POEA 106 117 20 p AT F ¥ 1060023557 54 5

B B A (0T AR SRR RTE S AT A

TAREF BAGEEE > AR o

FoUE APEEFFNARTAAR

»
>

i

- AP BERNCR AL AR -
SRR EHFAR AT AR -
N g?_l%p;g A ﬁ °

o fE LR -
A PR TR F B RIGIE ;fﬂi;ni, iE2_ AR Ath
e G2 s Biie &m0 3 T L - F

I

)

ZREEPAEPF L RFEL IS EATE > BEF E 2 2o
B FARF LI AR
T HB TR ENEENE -

i ARERFETARENGELR G THAENE) fEEE B 3K

»
»

NE

[N}

AR ES LR R AR B LTI E T
AEELAR-1L- Ao E s FdiE o mFE LY RL
oL REBRM PR RE F e o LR ER
ARPERRILLENRFE AT -

AEgkd 2B =Rz - tEIRRFLE
TREATFA N AFEHEF AR T A Am .
AEFREM Bz N PARNA AL Ao RR
b 18 AR e
LARNFRECE F AR RN Y R L f 7
B LR R R 3

BORERR D ER PR JaEL RR] R AR g
CEL I SE

WE ig%;ﬁ‘% ¢ 5T Az 4
S ERE FZFEAERL R (1T HRESR)

SORTFERNAERFIBME () BEF S ESAFELER
(= AR ERE)

AR Piﬂmé‘wwwﬁmﬁﬁﬂlzﬁ%ﬁﬁé’

WIEEEAAM %087 2L HENTE A BEAE ‘

u



ss

% — I’+

E @GP ?g%&_*zp\ BiEXE )
Hp ~hBEde s AypZ MiER22 02 -
BEBEARLEELFHLE By E’W«‘fpﬁ%ﬁ??‘f‘?\ B R G %F,}l,

v g RNRE (F FF T ).

N
ED

24

g’;_.l___

R

BBEED FF AR BTRIREIAELEL o L F L
REEMWMEE AREL A L@

FEARNZBIEP R R ERAR - A REL A L TRE
TR ERERF P A AN T T E N L BT p P LB
§ AR A B Y AIREALY iR

B o

1
WEFEADMEMEF S LR ARARERE 2T £
ﬁg%zma ERAzAL e BHARNZIT AL RR O & &P
BBkt F o g2 S o IR RLR -
DH | BEHATE FERREFAE XN B P RIN AL E Bk

FREAEFHROLEP WL - B o
AERVRERFZ A BN ITS RS RNASE RIS
2ECBEPE BREYTFEEL - B 0 Rl B A 2 AR o
RERFEAEFRF F2F 0 BWFELLP P BRIL % 2 LA
TH R BAERBREA -
BEREEREFHRI 2 F > BERLCNA ALK > F0 L p
PooEFRS R R ﬂ@ﬁﬁéwf%aﬁaag’zu%m
AR AR R A o
ﬂﬁiéﬁﬁb%iwéﬂ%axﬁﬁ’@» Jﬁﬁ#ﬁ
-~ AL ‘Bxa’rr;fr;tvkﬁ%Avw‘i'
g%ﬁ’ﬁﬁ%‘@ﬂ7§§%ﬁ’ﬁkﬁﬁéﬁo
R B ERREN TR R EGREAAES SR e
t%h -
FAAZAM AR A BT B
FLABAG BV AP RNFALL o
T RHFLLLEFTHRFRREEZE LT A2 LB P T it
LR SRR
B~ deiv HETREE @ R AR AR LR ;; & 7
B /ﬂ/ﬁ»iiﬁ'«ﬂ j‘}%'%ﬁ& ‘ﬁ?igyﬁiﬁﬁ » B (E 2| ¥ 2
;y%;o
CHBEFROD AR AR REAEFHR
SR EFREEE M RERE LT EE AT -
“%*giﬁ‘ﬁé+@%%iﬁ‘$ﬁ&£ﬁ%&ﬁ&ﬁ’ﬁﬂﬁ$4
»};—r

Jit

Iq

FIM ATz - X B wmgr
- SZHEPMLM -

175



>
>

>
&

I

>
&

I

| S¥)

>
»

I

N

N

»
ES
=3

BB M G

IR~ ST E2ZMREd AERE .
AMEHTFZHENFIOFREAY 0 B SEL  FERT - &
ry b L%‘)@t&ax«‘é?‘;%—ghﬁ—rﬂ%-liﬁlﬂ)‘t 1L

© T RBERAAFE T E AR HORE AR Y R Y
@vﬁ B o
SR N ) R iy ﬁfg)]ﬁvzz Z{a‘E'l: N fg?liiﬁ@ié”"fﬁuﬂigg
B kR W R g;ﬁ—ﬁ
SRR A L
Lot R T H e H R R A & 0 H kAo A ¢ AR
- R R o
AEBRD A ZHERE REEA
A g FR-EFRETREN T 0 &
R RE L G R {iﬁﬁ’_
AREPRILEFREE 0 AR
SiEd A KA
Fooh A LR o b g G R R
Eﬁﬁ$%$i<ﬁ BT HEAZ Lo
AyREAcG AR ¥ E 0 RAPM AR TIPL

o
>dg-
@
7' (N
%
$
W

e

I

\*i Pl )
. Ry
3‘/ e \n
oS
"L.w
g
™
a

176



[t 15-1]

gk 2F ol ¥R N\ 2 2
2 FRFFE I IR

% - ik
ﬂ‘i”%iéiﬁ,q* 4,5;}\1:;»-p;;: A
ﬁ(ﬁ%?WRP“**i%

A

i A &
- R Ez R ¥
AR
SRE L BTy
ERE B S-3:0F:

/\ﬁo

RPFEE T AT A A

B
- R B R R
2FAG AR o

T PR E | A

|

By AR e

~BEFET AR

Jin

BN HKEFF TR G
FI R LR
LREEA BT A

B oo

wo R
* T * e FURAT S et 1 F 2 B Y
R R %ﬁﬁp”*ﬁémr S RGERN & Y
LZREMTHAESE) iﬁ%WTﬁﬁﬁg) RELRGEH LB B
FFXE AL FRE | FFTRE DL -FRE | REFE > FRLEIF
FEFEE AL FEFGEREE o FEEET B 5w EiE

*g@%%ﬁ¢ii%

éW%%Eﬁcaﬂo
ﬂ\g_%'_:éﬁ;?—l.,.
N e
BREZLEA Y

A 9?{;?!}5: /

*g@#%&*~i$
2 gE sk o TiE
LT P-iE H o e o
~AEREL R -1 -
» (F i ix o
PFREiERELABA L

A 51{#?: /

oy REF

» HApd
Rd ek #mfp b %
?§X@$°iﬁﬁé
REB F LR Bk
%ii@Mﬁﬁa 2
i
*ggi«dlﬂ?‘i‘i
RSN R
B oo
R R R R
ELREE T R

o

“‘ﬂ#

AL R dRE
@%ﬁﬁ“éﬁﬁiw
%iﬂiﬁ%gﬁﬁﬂdh$
NRFE LY e
AE gk L REANZ
- R R T
B oo

ZEAFET A
Ao d LRI - 4
REESE

177




nr AR NR
2 b e

TEREFERE

AEREFF T =
ESNgu DU O N WY
RER=ZA2 -0 F
LRNFREEE
APEE R L -

g
=

2 2N
% 0 ’;‘lr' 4 /i‘

.
VE ST

%%$Juﬂ%Wa%i TH o kreg LR

o krawz L f 7 P EIE AR A B o

»>anIg R OA Hio

w =i L= EiEe F @G
APREEEFIREREER | AL EFICERTER

B E T e FESGEFOBIETR o

178




SEFE RS SR PPN T

dEAR 106 E 117 16 P 17 5c € 3L i
POEA 106 117 20 p AT F ¥ 1060023557 54 5

B B A (0T AR SRR RTE S AT A

TAREF BAGEEE > AR o

FoUE APEEFFNARTAAR

»
>

i

- AP BERNCR AL AR -
SRR EHFAR AT AR -
N g?_l%p;g A ﬁ °

o fE LR -
A PR TR F B RIGIE ;fﬂi;ni, iE2_ AR Ath
e G2 s Biie &m0 3 T L - F

I

)

ZREEPAEPF L RFEL IS EATE > BEF E 2 2o
B FARF LI AR
T HB TR ENEENE -

e ARERFETARENGELR G THAEAE) fEEE B 3K

»
»

NE

[N}

AR ES LR R AR B LTI E T
AEELAR-1L- Ao E s FdiE o mFE LY RL
oL REBRM PR RE F e o LR ER
ARPERRILLENRFE AT -

AEgkd 2B =Rz - tEIRRFLE
TREATFA N AFEHEF AR T A Am .
AEFREM Bz N PARNA AL Ao RR
b 18 AR e

AR FRECPE F AR RN Y R L f 7
B LR R R 3

lﬁl‘ﬂf Eit o
WE ig%;ﬁ‘% ¢ 5T Az 4
_ \q_*%%—} ‘ijlrr_ﬁ:—g;iLgt_,i(u’tﬁ%&_%ggﬁi)o

SORTFERNAERFIBME () BEF S ESAFELER
(= AR ERE)

AR Piﬂmé‘wwwﬁmﬁﬁﬂlzﬁ%ﬁﬁé’

WIEEEAAM %087 2L HENTE A BEAE ‘

u



(T ERERABERER )
SN2 LR ARS RN T LR &
PO REARLEEIFECAE R SR MRERE P F 2 RERTRE
v g RIRE (F T ).
;fﬁg;g,igpg}x&k,,w,)%ar::tzk;%figtj\g;g;k SV E LA A
AEEMWEE ARET A XL o
FHRARFZBIGRP AT S A RELAE L L TRE
FTEMRAATREEF F2 L EFT 2R H N BLTPR LB
g oA A R TR E AR Y

B o
1
WEREAEMipEF gillﬁéﬁéiiév\ﬁf?ﬁ—ﬁ ' A S IE o
E NN ES ﬂigf]hxlﬁ'.’\%li/’@;‘%‘“*p’%ﬁl EOoHBRRENZITAERP o RERF
Birxmixit ]“}?’7‘ H%-F%—?;Af_és g—ﬂﬁg ] i_:_&;b%:_%iciﬁo
DA ERFLE 2 FREFAFE TN B PMRIDERL R EA

FREAEFHROLEP WL - B o
FLE MG RTEREREL PAE B N ITS LSS AR TR
2ECBEPE BREYTFEEL - B 0 Rl B A 2 AR o
FREECGAEFERI A BN F USSP P RIS 2 A 1
TR AR EAZRBEA
WEREEANGFRF 2 F > BERLCN M gEsk > DA+ P
poooRF RS R T RuER > 2 ifﬁﬁpb'"ﬁ%-liﬁxf_@fﬂ_’imu%m
AR A2 AR E L o
FL-0F AEHPLTZFLERTLFE BT AR PHL
- RE BRI EA R wE S P HREP B
Ered o MBE A GW I L ERY  F R Eaee

SR WHREN R ERE SR EME T A Fe

tFh
FAAZAM AR LA BT B
%ﬁ&%ﬁw’f@%?mﬁlﬁﬂiugﬁii
T RHFALLETESIRBEZ LT 32 > v R Fi it
LR SRR
wosdeiv§ 2R @7 R xﬁ%%&%ﬁﬁﬁ@ﬁ*rx%féu
B /ﬂ/ﬁ»iiﬁ'«ﬂ FhRELA ‘ﬁ?igyﬁiﬁﬁ » B (E 2| ¥ 2
;}7%;0
CHBERERIDEFL IR O REAETR -

Ao G FRER R ERE LTI E AT
$A:$igiﬁ~ﬁé+£%%iﬁ\$ﬁ&£w@&ﬁ&ﬁ’?ﬁﬁ$4
FEOUMGaEEL - BT

PGJE

— N

I

Iq

F PR AR e

180



>
>

>
&

I

>
&

I

| S¥)

>
»

I

N

N

s
ES
=3

.y ‘?}]ﬁ@f%ﬁ,@f,}?o

ﬁﬁ$3~m\lﬁ\w@%ﬁigwﬁo
ﬂigiﬁ-? ¥ = ,'%‘]‘i-jg: T '&?‘Fi‘ﬁ F] ’ fi&'ria"ﬁrtﬁ- ’ T‘*L’i"‘j{‘—"_ 7 - 2
ry b L%‘)@t&ax«‘é?‘;%—ghﬁ—rﬂ%-liﬁlﬂ)‘t 1L

- RWEAGAFE T ARR PARAH  Y FEEg
- R R IR
SR N ) R iy ﬁf’:)]%ﬂiﬁa‘?’v ik REE R EFT LY
B Nk EECEFE o
ERE R AR L
LAt EE e R SRR R oA g o B RAo & ¢ BAUER
F- REF ERPIZI o
AEFRIPFIZZHRERE > RHFEA

o
>dg-
@
7' (N
%
?a$
W
ke

%ﬁi§$ﬁ°w'&ﬂaﬁ%ﬁ*’ﬁiﬁﬁiﬁﬁ’P%W4$
HATEAKREAL G 2 {iﬁﬁ’ig@wi*éﬂ§£&£°
AREBALIAEEREL A FRE S G EREFE 2R

SiEd A MR A

b 4 4 ‘}E,’_h%ﬁﬁfi ) ﬂ\g BiEs zL.tl h%%ﬁgﬁggﬁﬁ.@o
Mﬁﬁ%%ﬁﬁﬂﬁ @4#ﬁ$4iﬁéo
AppZAc Ag ¥ o RAPRM AR TFEL o

181



