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SUMMARY

[. Title

Development and systematic construction of the acoustic system for real-time
detection of the harmful algal bloom (red-tide)

I . Necessities and Objectives of the Study

1. Necessities

Harmful algal bloom (hereinafter called red tide) that happened in coastal
water of the South Sea, Korea in every year caused serious damages in
economic aspect. Recently, the amount of damages was reached to 63 milion
US$ at 1995, 18 milion US$ at 2003, 9 milion US$ at 2007, and 21 USS$ at 2013,
respectively (except prevention and indirec cost). These massive damages need
necessity of social technology development for solution of national oceanic
pending issue. Recently, the Ministry of Oceans and Fisheries (MOF) has several
plans to conduct research programs of improving high—cost methods for rapidly
red tide detection or early warning system. Furthermore, local communities
adjoining to the coastal water are asking realistic system operation for rapidly
red tide detection.

For a long time, Korea Institute of Ocean & Science Technology (KIOST)
has been studying for understanding ecological aspect of red tide. The
development of technology for rapidly red tide detection, that is social technology
development for solution of national oceanic pending issue, is one of the
objectives of the KIOST. For the reasons, the real-time red tide detection
system in the coastal water for solution of social issue must operate expended

application.

2. Objectives

The purpose of this study was to develop prototype acoustic system for

_iV_



applying fish farm, and to suggest network construction for red tide detection
from measuring network. For the purpose, Performance improvements of the
developed prototype portable system are performed and multiple systems were
presented the network construction for harmful red tide detection of Tongyeong

coastal waters.

. Contents and scope of the study

1. Period of the study

September 1, 2014 ~ December 31. 2014

2. Contents

- Prototype harmful red tide acoustic detection systems performance
improvement, production, and performance evaluation
0 Performance improvement of the developed prototype acoustic
detection system harmful red tide
o Production prototype systems (marine cage installation)
o Performance Evaluation of a red tide samples
- Real-time observation of red tide detection system operating method
proposed
o Red tide detection system network observations suggest (target area:
Tongyeong)
© Built of red tide detection data transmission network
0 Real-time observation systems and data visualization proposed

network construction

[V. Results

1. Performance improvements in marine cage-type

Prototype System

The developed a prototype portable system was conducted performance

improvements for marine cage-type prototype system. Details are as follows.



- Corrosion-resistant material applied for long—term operation

Instruction control and visualization system that can manage the system

condition

- Dual power supply for interoperability convenience (battery powered, and
land)

- Environmental sensor port and Data Integration Board (temperature /
salinity / chlorophyll / intensity, etc.)

- CDMA, Wi-Fi application for remote and local communication,
External / Internal Antenna for growth communication sensitivity

- Optimized implementations for lightweight and corrosion-resistant of

digital sound sensor unit

2. Prototype System Building and Performance Evaluation
of red tide samples

- Making a total of six complete prototype marine cage-type system
demonstration from performance improvements reflect a portable
prototype system.

- Insulation and salt proof material is applied inside the system and
low—-power implementation of the internal board

- Sea trials evaluating performance in Tongyeong MRC. System status and

verify the received signal good

- System Performance Evaluation of blooms well in the red tide sample at

Microcosm conditions

3. Real-time tide observation system construction and

operating methods proposed

- Massive red tide affected areas and needs solving local issues waters
. Tongyeong coast

- Considering the currents flow and damage farm location, six complete
prototype marine cage-type system were applied

- For real-time control, data transmission network and visualization of
multiple system, co—operating conducted in three areas. Performance
evaluation appears well.

- Complete remote control, data transmission, data visualization evaluation.

_Vi_



V. Utilization plan of the research results

- (Tongyeong) pilot program using the developing prototype system for
solving local issues; rapidly red tide detection

- Increase forecast accuracy based on actual data provided to build the red
tide forecast system

- System applications diversification through localization of equipment

— Application on the marine life entering detect network construction of
nuclear power plants

- vii -
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Fig. 2. Global distribution of reported Cochlodinium events showing the
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Region and amount of red tide damages in Korea

Table 1.
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Fig. 4. Damages of aquacultured fish due to red tide.
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3. A7 Z2AAR L 4

St dyelrled 2o
TAaE Ax A5 B4 9 A4 59 MRCS %33 da A Joa] Alxd =
2 288 T3 7leS R (Fig. 6)

A|AE 12 0l 22 HZ A2 B2M g9 A=
&‘{}_ Alﬁ%.l 7\_”5!_ | [} —_TL:H_ =2 o = |E 1 = Do
SHR/20|d/0|=8 A= ZHZI I
. %EHR A'AE-II Z-||7~|- T Ho/‘l‘ |°c>/ |o% — A|—§— Hu =
ks —00 = = =AM
CAIAE HS T N =
W) o . 3| 289 A|A| SHARR AT FA
T NPS-TE=- R (DNA 24 23
(714) I e
(2 2%, £9 MRC) )

Fig. 6. Research organizations and roles.
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7ol TG Aol A AAS Arlske] Az @4 23E ¥ e v (Fig. 8)
¥l

g =
T 20139 = Al=Ee] A7 &8

| & Skl A=d s S T 5ol
prototype Al 2=¥S JEste] d=raidHerled 9 M A (39 MRO) <)
oA gel A sA A7 Az BAE e ATIE 285 sk oF 278l A3
A7l &8 A Ad 9 A dgelM Ax F Aads 26t H42TA
2 e 5A4S AARte® iRt (FHFAdetd e o F Ayng Ho 64
X AL 'A). olE g B8-S oREddA Ax dE tHlE F Ads AART
gA AA =] bede BoFdy (Fig. 9)

el Fastrledels 7] AdE 5% A&"HS & A7 ARE FHe
prototype AlAHO® Y =8&& Tl A&ds AAsAT =l JNEE AlA
dojne s N B AzTA AATF gt 482 + e 7] it
AEEE A ARFeR FE3E AdiM= Axde] 293 B dest Aol
& 2 w7t S9s agsfop v o] B

Fubslojop sl Ea A
S EEIELER)
'?I‘

A
2] 2

=k H83% Asoltt (Fig. 10). Fig. 102 °]& 3
=

A

W FY A L AR F
Se ol mAY e SFHA A2US olgate] T dddkd] 2§ b5
z g A dlolt)

HABs acoustic
detection system

* 7
i Tongyeong) J
sSensors Sanyang i

towed-body (3.5. 5.0 MH2) Erbi- SN o

normal water I precaution: waming =

0 dB 3dB 10 dB 13 dB 30 dB|

34°48'N
128°20°E 128°21E 128°22°E 128°23°E

Fig. 8. Towed-type acoustic red tide detection system (prototype)
and field operation (KIOST, 2013).
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Fig. 9. Buoy-type acoustic red tide detection system
(prototype) and field operation (KIOST, 2013).

Fig. 10. System schematic of real-time red tide detection using
acoustic system.
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Al 23 =9 7l 9%

92 EU ¥&59 #F3ldx ZYHH 2 Mapping AHYS FRgo =24 G734l
A 8 Z27] AR A2YS 98t e (Fig. 11) v, 1 & 4 A=
ol = GISE 83 FIAE X7 HR-AS5 A|=glo] FHEo glom, o5 33

o

& HAaststarzt spal Aok

)= NOAA©°| A4+= Monitoring and Event Response for Harmful Algal Blooms
(MERHAB)A+ 2273385 F3 Portable Optical Sensing System for
Environmental samples (POSSE)S A7 FolH #9 o REE 93 Harmful Algal
Bloom Operational Forecast System (HAB-OFS) £ o 9t} (Fig. 12). &%l
Aol AEZHEaE BxE 98 light scattering®t fluorescenceE ZA3t=
FlowCAMeo] 7§= %o} biofouling A2 &A% 8o #|3to] A} (Fig. 13).
sjeFoll Al F71How bFAQ £ stelA FaAR HAE 9% FEF T

W A" gl Aol ofd W7t 7l o]l WA 3= AEjeoltt

Fig. 11. SeaWiFS image of nLw555 (normalized water-leaving radiance at
555 nm) on July 9, 1999
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1. 7] 7hE 018 Sz S3F Blx] A|AEl M1 JjeF

Az g2 884 T
2" AFstgon,
A/DE Ht2 AAste] &
14). ol& gk oA g AlA A2
& AYE F7AA A" A

7be 915k 2014 gwkvlel Fdig FElE prototype Al

B 71E0] obdEI WAA £F A FA
AEske digital AA B2 o= W3Sk or (Fig.
A

=
= A 71 TAAERD noise AA 2 Am A
o

~A|LE MO 8 Z3F HAF
(touch pad 2H4])

S M (S2/H )

& E HM cleaner

+ Cable holder

Fig. 14. Portable prototype acoustic system and digital sensor
(KIOST, 2014)

i

el 2= galetal A A A d&FS FAT M APAJA Fd= S
3= ‘H’g} b2l olth. F € prototypes ATA &8 Z|Hro® ofnlE H|ES
= ol %, A, 72 & @&l AFEstr] AdshA &S FEo

o]

£ o]
M B ATelAE od EAde
& 7t

Bt Al FAd Fed AdA]so
717 &8 7@ A 7HFEl B 22 prototype Al=¥l A HES AAISHATH
Fig. 15% prototype Al 2~¥lo] B2 tloloj1d ol Fig. 16 Wi 32xo U
 BolFa v 7]l 7H“‘6P olsd FAHx & A A=ds A HF
2] AAgor A WAS wgste]l Ao MFstdd (Fig. 17).
e M FE2 v 2o
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THE Case FHIZ W7H
- Caset 3717 &4 wulste] sl 9 Flo] B A %A ARE AE
- Al =g Ao] FElE AAE 7 J=H A 2Fe] dHF indicatorg A&
- AzE B Furei A9 P SFANE A5 8 ¥ AASA 74
-, 9, SRR AN, 3 A4 des flel CTD % AUX ZE F7}
- AzEle REHE 9E FAAR AY D AE RES A A5 Ui
e 79
//
AD Board
 LvDs(DataClk) L. — @ RF Out
d nterface uffer e
ﬁo—b 5y
1 3.5 MHz Pulser
UzHE|H ME—,
12V—p Drive
5 —

360Vdc : i
= High Dampping = 3.5M
DC to Voltage Bl Pulser. N Resistor il C:D XDR
At 500 00

i Receiver, T Filter & Envelop Detector
Gain
3 RF Out
Envelop Detector

‘-U(H o ]

Gain Ampllﬁer

Fig. 15. Block diagram of the prototype system.
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Close to LTC2915

= a a L] ]

Fig. 16. Example of internal circuit.

CA 2% Hlof U 23 HAY
(touch pad %))

R

- Acoustic value

W27ecmx D30 cmx H 22 cm

e

- Cable holder— - Connectors.

- . .
(3) O] S system (b) AR K| system

Fig. 17 Configuration of the prototype system type for sea cage operation.
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optobe] ol MEAAS sl te 22 Vse FAstel HEYA g
srstdeh ¢4 s deoly AEy &9

A MEYA HUE olFsetdor A dHA Indicator lampel] HES A
e 249 715 S Fdan ol#d 7]-‘5— TS B dAY 94 Ao L dF
o] 7} 7hEsin iﬂﬂl/ﬂ Al of ‘% 2 A%e Wi-Fi 719 2439 Wi-Fi7)
o]

4 4
HAe 5% A= 17P 101]*194 =gl mE FAs WA B2 AFEE
S

US AdelA ofAed Ad= oF 7|55 MAsdn. uAE 5%

el 7)Ee

AN Qe &3 ARss A9 wol= AAE 8 v mER AAsgth A
7 HERE B g 98 wdA AT (Fig. 18). ®3 sl g AR
g4 o9 AAS A &F AR B YU FrHoR AMU
B RAARE AASE solnE AA AT

= A=
Table 4 F-°]3 rptotoype Al2=¥l3} Fo]-8/71F2]-§ prototype Al2=812] Z}o] A

o
M
o
o
g:l(_)b
£

(b) External structure

- Acoustic sensor

- Connector

Fig. 18. Internal and external structures of the digital acoustic processing
assembly.
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Table 4. The acoustic system comparison of the

buoy/cage installed type

1 88 A=

4 = Ho] $83 A2=H
(20134) (2014)
A9 I35 B Hdw HdE / S8 14 &8
AA= B4l AAZ : CDMA d72 : CDMA
<72 F4l <732 : LAN <A Wi-Fi
b L} 5 oreY Wga/dd e
A2 BE GPS GPS
=3 AA A obF R AlA WA gxg AA w2
%7} AA port Fe, 98 Fe, 9E, 2229 3=
=& FH 3% o] AA & FoE& H 7HrE AA &
xﬂxP
A EAE NSl e &8 e AlaH
AR, vES AR

(Fig. 19) Aot =3 A
A3 = (Fig. 20) 283t

Fig. 19. system inside unit of insulation/flameproof motherboard
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(a) Power unit {b) Network unit (c) Control unit

Fig. 20. Low power designed power, network and control unit

A7 e Telste] F 6719 Axwe A% Fradnh (Fig 2. AZE A
28l §9 MRC sl9olA sl 9, A" /1R 4% 97 5 Fasgon
34 A5S BAsA

- Connector

Fig. 21. 6 system configuration and field test
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Al 27 SRR WA A AAE s B

L A SR AAE 45 b &

FH

H 4] AEfA (enclosed Experimental Ecosystem)E A1 AEjAI} F-AeHA e
AEAZ A3 H-d grs 54 82& -3t 11 o9 802 #Ad AHZE
A ek, 54 adlel g AHAE WIE o = o, AIHAA AFE
o Zddd 7k 37 23 A AES T g Jdornm AR 9 A AHAE
g5 F A= FHS 7HAL A

Hf AefAE ol&ste] AFstA S ANAAH 7F27F 23 EE] d= A
ol = 2 AEle] ddo] AHHom BrhFstnRE, #Hd A &8 Eﬁﬂ?
7FA 7% Ak Emd e F = WEHoR Y, Ee dAd o Jhe
HHA BepAE ol&sto] sty AHA =S AAE =5 F ATHA, 2001).

A AEAE 21 =270 gt 1 m® olste] 28 HAH WA (microcosm), 1 m®
- 1,000m® ¢ 3 #Ha AEhA (mesocosm), 1,000 m® o]4te]l tid 22 AefA
(macrocosm)® ¥t &% #AH A= F2 Sd423 2 32 T AP
A FRdEn, S8 HH AEAls ALolA Aq- 54 B FaEHL da, Y
Al A A4 A¥oly EAH A AHA 2 AAE ARG st
91t} (Grice and Reeve, 1982).

olyi gt #H B AE o] &sto] = WRF ofyTt I RE =84, A
A ol iERt oy} =A4AY B SdF e H ek AejA ] whE élfé s
ofol = &g =7t EU

| 3}

oo
ofo J?*J
Mo

gebd, B AFAE $F A2Y 4% ke Sste] 294 zeAe) 4%
Bt 2 g AF W Belstel A g Bk AA A% A7)
Az} adE o] % = =4

olmw Az 2AdNE A% WAt Bibssle] A
Aol s e 45
GEEe Ao B AT WAL A% DAH FAD AR AAANA 25~
W PEste] Az dF §% A2Ee AL AN Asg AEE s
Al 7 21 1L v A5 2 100 L &% #H AeAAAN Cochlodinium
polvkrikoides, Chattonella marina, natural phytoplankton community % WxT=

filtered seawaters -85}
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2. APA £0INY H5 B}

Ad T AHAALS el HIWE] AxRE op7|ste FAERE
(unarmored dinoflagellate) Cochlodinium polykrikoides Margalef , |24 wh
HzE gdxoz  of7|sk= HEZE  (raphidophyceae) Chattonella marina
(Subrahmanyhan) Hara & Chihara, A% AEo°] X35 X% &L natural
phytoplankton community % WETZE 2 EZHIES] X3y A &2 filtered
seawater 2 -4 31

Ad Fo] wMtsS et AAA Ax BAE C polvkrikoides L C. marina~
T (34° 467 29317 N, 128° 237 2417”7 E) oAl A4H Als5 oAl capillary
methodE &3to] GAdAE st o2 £eld He=FdaE2 32-34 psud
/2 ¥iAE A 96 well plated] ZF welld]l =74 & T 20°C9 42, 0 pmol
photons m*Ze s'o FXx 12:12A3F H:9k F719] Aol wjekstich olu /2
Wl A= 7429 (silica source)S A JAH T (Guillard, 1975).

T 2y " AEREDe] ATAHOE o] FoRl FUYANEES FAA S E 48 well,
6 well plateel &7 Wi F3& F7HAZET WS FaE S/ AESEHAES
HEAHo® 15 L Erlenmeyer flaskel #HF5% 1 Lol /2 wixel wisdd C
polykrikoides$t C. marinaZ® 2tz 91 HFE % AE FE2 902 cells mL! 2
905 cells mL-17FA] w3} t). Natural phytoplankton community+s 5% (34°
59" 3748”7 N, 128° 40~ 2753”7 E)°lA st

ARE AEFHIAE FH1S AA- dnAE AAs C polvkrikoides 2 C.
marina - %°] 2334 & A& Hd ¥ HFFEE 1,095 cells mL-12 9HE
T FAAMER AFESIY. dEx2TE AFEE o FEl4 (filtered seawater)= 13E
ditste] gl SAsteE MAdES APEAIZY EeE e 022 ume AR
I g E Al xR
GAE A S Fote] A AlER
1F=21t} (Table 5 and Fig. 22). o]& A wEolxl
Ao AREE AT (Fig. 23)

o

0
ug ©

Ol

2| (filtration unit, Nalgene, USA)E A}-83}]

(
M R AYY ARE &F 29 53

d

A AEReE FF "HA AISE
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Table 5. Cell concentration of measured samples in 1 L flask culture

Standard  density (cells mL™) 100 300 500 1,000
Cochlodinium polykrikoides 160 295 515 902
Chattonella marina 113 310 455 905
Natural  phytoplankton 145 240 810 1,095
Filtered  seawater None

Standard cell Cell
concentration photograph

(cells mL")

Cochlodinium
polykrikoides

Chattonella marina

Natural phytoplankton
community

Fig. 22. Photographs of each cell culture in 1 L flask.
Indoor type® microcosm< ¥=°]50 cm, 27 50 cm oF=2¥ A (FA: lem) ¢
To= F s st 100 L 29T & JdE=F ARSI (Fig. 24). 100 L
Indoor microcosmolA W YE AEZYIELS 1 L flask AgoNA Add T3} &

g3l FZeHEFF  (unarmored dinoflagellate)  Cochlodinium polykrikoides

y Z

Margalef , FIH X Z% (raphidophyceae) Chattonella marina (Subrahmanyhan) Hara
& Chihara, % A &E9°| X35 A &S natural phytoplankton community 2tz

T2 AEFEFIAE] XA 22 filtered seawaterZ T4 3+
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Fig. 23. Photographs of analysis of each cell concentration of HABs and
natural phytoplankton community in 1 L culture flask using the acoustic
system for real-time detection of the harmful algal blooms.

—

Light Mixing Portable
controller controller meter

Light Light

' '| Heater .I I

DO/temperature/pH/
salinity probes

Impeller

Fig. 24. Schematic diagram of an indoor microcosm (0.5 m radius, 0.51 m deep).
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50 pmol photons m? s (10:14, light:dark cycle), <

o, Ao A3 E£3S $3F Automatic circulation system
olg Al 470¢] 100 L microcosmel A

Ay 21 F FEE
& 20 TE A2
= o] 30 rpmo 2 FAE 3359
o] A% ¥%¥ C polyvkrikoides?} 270 cells mL ',C.marina’} 2,610 cells

s EE
phytoplankton community”} 1,685 cells mL 'o]™, thHZT=2 filtered
seawaterS =439 tt (Fig. 25). ©]Z A 100 L microcosmol| 4] vjekd zhzho] 21 &
EHAEE 5% X A2 FA4 4 AREH AT (Fig. 26).

A 7oA A AF dAE okt

Fig. 273} Fig. 289 4

mL ! natural

Chattonellz

Fig. 25. Photographs of cultured cells of HABs and natural phytoplankton

community in 100 L indoor microcosm.

Fig. 26. Photographs of analysis of each cell concentration of HABs and
natural phytoplankton community in 100 L indoor microcosms using the
acoustic system for real-time detection of the harmful algal blooms.
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AnaIySiS of the acoustic system in

Selection of phytoplankton species

-
Chattonells maraing.
L/

(g
. & . 2
. [ g‘ 4
&% re e

>
Cochlodinium polykrikoides 2

Cell culture of selected HABs in 1L flask

LR St

i . P

Natural phytoplarkten - | /
community i Filtered seawater

e A A

= ) l

> 4

Analysis ofHABs cell concentrations using
the acoustic system

Detected results ofHABs cell concentrations
using the acoustic system

Fig. 27. Procedures of system performance under the condition

of 1 liter cultured flask.

AnaIySiS of the acoustic system in

Selection of phytoplankton species

-
Chattonelle maraing
2 L
B . g‘ q
Lo O
Cochlodinium polykrikoides &

Wk
¥ 23

Cell culture of selected HABs in microcosm

o £\ R

A :
Natural phitoplaniten . , |
community = Filtered seawater

Analysis ofHABs cell concentrations using
the acoustic system

Detected results ofHABs cell concentrations
using the acoustic system

Fig. 28. Procedures of system performance under the condition

of 100 liter microcosm.
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AZE 6o Azx SFHA A2" Ae HUHE A8 HAx A5 WS
microcosme TSt AFSIT HxF WA= 100, 300, 500, 1,000
cells/ml= & 4 @ARZ &3t A&svt (Fig. 22). o5 fste] ¥ 434
A H2 AEl Al (microcosm, 100 liter)E A @A #5381t dsS 4%
WA F 07 Cochlodinium polykrikoides, Chattonella marina, 2% B3] 00,
FA % %279 natural phytoplankton community®} WHZET =2 filtered seawater
ARESESTE 1 liter A& 2 100 liter W& A SE o]-&ato] /Bdd A|2=Hle &
TAS % A2" e H7kE 8 si)ltk (Fig. 27, Fig. 28)
Aol A vjekgt A& A8 FE o]&ste] A 2HO des WUt ol& ¢l

1 liter Z2k2a 230 Az A5E ¥ A&d Ades #H7ke 23
Cochlodinium polykrikoides &° tet &8 ¥HAL 542 500 cell/mlS Al 3)aL
AAAOZ AT STkl wep G4l Aerh Frhete] S HolFa 9lom
=% UM 35000 ~ 36,200 W= dEgd (Fig, 30). 29 Axelx 500
cell/mlo| Al Aoz vk 53 54l dle celld] e 2 1 FHEQ Ao] =
< A5 A AlRE Al I Afole] ofgk 89l saHT)

h s

C. polykriloides

! System# 1 ; ; i System#2 ; ; i System#3

200 400 600 800 1000 3'40 200 400 600 800 1000 3'40 200 400 600 800 1000

3.40

3.8 T T T 3.8 1| ! T 3.8 T T T
: : System # 4 ! ! | System#5 ' ' ! System#6

Acoustic Level

3.40

P P 5 P L P .
200 400 600 800 1000 0 200 400 600 800 1000 3'40 200 400 600 800 1000

# Number of cells/ml # Number of cells/ml # Number of cells/ml

Fig. 30. System performance evaluation results of the C polvkrikoides, major
species of South sea.
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Chattonella marina &2 NAT 57k wet S3F WAL ZetAl 2150 =&
AHde HolFa glon 53 #e 35100 ~ 37,8009 WEE vERETH (Fig.
31). &3k Y MAGF ZAANA Cochlodinium polykrikoides®) W38 Chattonella
marina® & WAL 5240 ZstA YERta 9o

C. marina

- : : | System#1 . : i | System# 2 5 : : System # 3
"0 200 400 600 800 1000 "0 200 400 600 8OO 1000 "0 200 400 600 800 1000

Acoustic Level

: : i\ System#4 Sys;‘.em #5 System # 6
3'40 200 400 600 800 1000 3'40 200 400 800 800 1000 3'40 200 400 600 800 1000
# Number of cells/ml # Number of cells/ml # Number of cells/ml

Fig. 31. System performance evaluation results of the C. marina.

Natural phytoplankton community &% C. marina®t FAF8HA MAGF 7)ol
el A NS Sbebe e RS BFa dlom 53 dEe 35200 ~
37,050 W& BHoAF Yot (Fig. 32).

st &% ZAoNA Cochlodinium polykrikoides®} Chattonella marinas =
e A% 5 74 AEE dAS GE FAste Alse PSS BoFa gl
W, T vl & S dds Bo] A= hHAdSs yehdar o (Fig. 3
3). Cochlodinium polykrikoides®} Chattonella marina®l 42 A& zfol= &%
2714 colonys FAste #bol= AT

A zANA AAE o8 A\ 2® Wy} A3 Cochlodinium polvkrikoidesS:

Chattonella marina 2% 25 WA4 Z7} Ul}% A AT o] F71E Ho] AJAH
Aol YEshs HoFa glom T3t g8 ZANAE AE A Al 54
S Ho] Al=E Qb Aol oS YER AL ‘3}.
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Fig. 32. System performance evaluation
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Fig. 34. System performance evaluation results in Tongyoung MRC.
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Fig. 35. Current flow and damage area from red tide in Tongyeong coastal.
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Fig. 39. Location of field experiment for red tide acoustic detection system.
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Fig. 40. The display of system remote control unit and information of red tide
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Fig. 41. The display of system control unit of red tide
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Fig, 42. The display of system status of red tide acoustic detection system.
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Fig. 43. The display of data/information of red tide acoustic detection system.
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Fig. 44. Visualization of red tide detection system based on the Google

map.
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