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Remote LIF sensor monitoring red tides
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SUMMARY

I. Title

Remote LIF sensor monitoring red tides

II. Purpose and Necessariness of Research

*» Developing remote laser sensor to observe red tide at earlier stage.

*» Sea side immobile, portable and ship loadable platform.

» Commercializing red tide remote sensor

» Several tens or hundreds red tide occurred by eutrophication and global warming

* Red tide early warning system is necessary for effective disaster prevention.

» Remote LIF sensor has 20 times higher sensitivity than conventional naked eye

monitoring.

III. Research substance and scope

* Laser remote sensor for red tide fluorescence
- Chlolophyll concentration measurement
sensitivity : 0.1 ug/l
remote distance : less than 1 km
— sea water Raman scattering measurement

- optimized receiving channel selection for Korean red tides

Quantization and device control
— concentration signal quantization with sea water Raman band
- interface program for general user

- remote monitoring program and communication module

Prototype device and field measurement

- sea side immobile and ship loadable

- field measurement in frequent red tide occurrence site
» Commercializing remote sensor

- remote sensor trial manufactured good

— remote monitoring system

— mass production system



IV. Results of research and development

World top class laser remote sensor for red tide fluorescence
- Chlolophyll concentration measurement

sensitivity: 0.1 ug/l (1/20 red tide warning level)

remote distance : less than 1 km

— sea water Raman scattering measurement

Quantization and device control
— concentration signal quantization with sea water Raman band
- interface program for general user
- remote monitoring program and communication module
* Prototype device and field measurement
- sea side immobile (Chinhae bay field loading)
- field measurement in frequent red tide occurrence site
» Commercializing remote sensor
- remote sensor trial manufactured good (operation manual)
— remote monitoring system

— mass production system

V. Achievement and application plan

= commercialization plan (market and company)
» stepping plan for market entrance

* authentication plan

» global market entrance base preparation

» using external network

= commercialization strategy
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420 4B A 25
Faldw ApatAlels] Hxr)gRel s WY E FRED-a FFRANES
7] Slste] thpat go] AP A4S SPSAY. AxM AT 2P B AT 3

v A &2l Cochlodinium polykrikoides<} V]2 ] 1] A=< prymnessium parvum,

chattonella subsalsa, KCHD, Heterosigma akashiwo2} #2 v A &S 44313}

olg] g W w2 A AR A AEd, A AFA, A T9F, BHE AAE o

1l [o )

oA skl

- AxudE A
2 HA oAM= A B =Ee] A EH5HE a6k sk nAE F8s AAG
Atk HAES] T8-S fste] BEAFHAE Azt S PAES s 5, 44
o mA=o ATV, vd=e FH, 7] & v A & nAES] ASd F
e skt
O AzxAE Mg 2 47« &9
- o] v Fo F/EE AxAE wdrls Y
1. Cochlodinium polykrikoides® &7
- Cochlodinium polykrikoides+ 574 A EZFE2A Fallet duolA dxE HAE
o TR SEREgS AAskE nAES
C FHAFE 20~25 ColH HAHEE 27-33 PSU
- Cochlodinium polykrikoides®] 4 3Ee 19 28A2 A4 FE: 2 ")
< Cochlodinium polykrikoides®| ¢ &2 M7z A& ww Fo4 5o & 400nm
el FFE7F 715
- AAA Q) Cochlodinium polykrikoides® e 3~471¢ Chain e E 71xaL &




[e]
Fsta FEA PR ABE Fusts) A5t FA MARLS 12 HAE o] §5}o]

A NalNO3 375 g/05 L 1mL/L
B NaH2PO4 25 g/05 L 1mL/L
NaZ-EDTA 2.18 g/05 L 1ImL/L
C(EDTA-&<})
FeCl3-6H20 1.57 g/05 L
MnCl12-6H20 0.09 g/05 L 1mL/L
CoCl2-6H20 0.005 g/0.5 L
D(CE-M) CuS02-5H20 0.005 g/0.5 L
ZnS04-7TH20 0.011 g/05 L

NaZMoO4-7TH20 0.003 g/0.5 L

B12 0.25 mg/0.5 L 1mL/L
E Biotin 0.25 mg/05 L
Thiamine-HCI 0.05 g/05 L

FGr&Fel 48) Na25103-9H20 15 g/05 L 1mL/L

- A A

1) Cochlodinium polykrikoides, prymnessium parvum, chattonella subsalsa, KCHD,
Heterosigma akashiwo®} 2 A Zxv|AE2] kA uds fdle] 9o AExA
of utg} A-E7FA] Az & ditste] E3H(f/2 media)

2) Az /2 medias BT WS W] fgte] YesGHE FASHHA B3}
A A E WA S A sllE ko] AR

3) 12 MAEE T 98%olde AA = e VFYEEE ol &3k sl olEH S
A7 skl AAgE & 121 CTelA A+t

4) Eatg sl 1Ll folA Alxg /2 viA 20 mle H7Mgo = HxudE uf g

A A F
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2. Azl HHA F& d5e) B AdEdY

- Tl AHAT AR vputEe] 397 nm CW #9-E& 2Abste] 3 ~d9ER

B
o
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397 nm: Source

/

800 |- —

600 - —

460 nm: Raman peak

Photon counts
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a9 12, e B 28 AHEY

S sl B AEE A9 dAsta gl ol Bartlett” 59 9 Aol
gt Ao 2ZH sFol Folols di o] o] VHAF oAl #Rt Azl A9 o
FA wee o)

J. S. Bartlett, K. J. Voss, S. Sathyendranath, and A. Vodacek, "Raman scattering by
pure and seawater”, Applied Optics 37(15), p3324, 1998.
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1. Cochlodinium polykrikoides

- Rbge] B gL 3

23 13. Cochlodinium polykrikoides(567 cell/mL)
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@ 3 Aol Hestr] e AP Ads obet 2ol sk @A o] A

- #¢: Nd-YAG #@°] A (Quantel Brilliant b, 355, 532 nm, rep-10 Hz, pulse-width 8 ns)
- Abera A kA FA g 394 (A4 20 cm)

o

a9 1L 4x 358 3 9 SR a1 A9

- 237 B¢ SEE DMS00i, 1200, 150 gr/mm, res 0.05 nm
- ICCD: Andor i1Star, 1024%256 pixel

- a3lg oA R AFX: LeCroy 104AMXi, 1 GHz
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O 8% e A% 242 A8 o 43
® NA-YAG #olAe] 24 ZHAGR M E o &8 TR Gy Add By A5

A%
- 27 zsbate] 4% MG W glo] KO R HAKUA F& P & Ak
Aol glont Heol g A5 917 650 meA A% 4B B )

680nmet 4 3ke] Nd-YAG @lojA ¢ 34 x3tu& o]§37|=2 &

34000 T T T T T T T T T
Laser source
(532 nm)
33500 | 4
i)
S 330004 -
§ ‘ Water Raman signal I
S
2
9 32500+ l ;
o
32000 M 4
31500 . T . T . T . T . T .
450 500 550 600 650 700 750

Wavelength [nm]
29 5. 532nm Fel 9% FEREY f £33 A%

@ Mol #2100 %25 x50 cm)E AAEFo] 355 nm(UV) dlo] A2 Fx&ol ik
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nEEE ERE:
® Az vAE 559 B

3 ~9EY EAS F 0dd £ e FA AEE 12 Ad)
AR 3

sl e A% A 394~407 nm (34 E 13 nm)

-355nm UV 3-8 A2 2 402 nmE T4 o= 3= vt A5 A

cERE AS A Fe 2l ghs AR AAT
Az A93g AQ : 670~690 nm (34 20 nm)

F2 2939 33% A3 7} 680 nmeoll A A
710nm A UV 39355 nm)el 24 3 43e] AF5na o=
ﬂOH xqz 6344 H}x]lsl ;HHE /\47<4§jl—

75'}_ 5] :[L‘g ZHL_]

FH gk A E7)
: 410~610 nm (7%

AE 20 nmg! 1071 =d)
<400~600 nm T Ax vAE T8 553 #3 AYEHY HAEGES HAEE
o] Z wkg3ly] ¢8] 20nm HA 2 107) Ade AAT
cF TEE Ax A Re T Alde AR 2 AdiE AEe 93] o Fo3
Az FEE N A5 NE Az A5 AY FEZFE &4
Sf|== 2fet = e jd Hxr dd
=R IE! sTas NERTIE
>
Wave length
393~407 nm 410~610 nm 670~690 nm
(1074 xH'2)
ag 7. A AE A=
zt Ao SA e dl EF AdERS 7 3 AR o i o
b gt
— o]}\]—o

do] Ad AEE FASE A AT 6/(Fx 5F + DC w7 AlZ)

1271¢1 over-determined linear system® A7} o] #Ha A

- &5 gyt AT AR FHEFRZH-3) A
Nz = B

w44
sz e 7

NE = s %H”Oﬂ”* 71998t &
= BEe AlY Az Voing F& SRA3E AEE 127 7 Ade] g
12719 A4 %kog A o] 5
- FEEY-a9 F ¥EE ¥ AE A7) AtEE A
=44

_49_



1 29t 2k o
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e

Az 5% 4ud B vE =

2

Z | AE 52 JFo| 3] 12719 Ad ¥ MNT HEE U
2%k A5 2 normalize 3, 71 A% 1000 cell/mLel et 7] &

—~~

20 [ [ [ [ [ [ [ [ [ [ [ [
Cochlodinium polykrikoides
(1000 cell/mL)
> 1.5 1
‘D
C
Q
=
g
5 101
n
O
(0]
N
©
c 0.5
o)
z
0.0 [ [ [ [

T T T T T T T
6 7 8 9 10 M 12

-
N
w
g
[¢)]

Channel

19 8. A% v A= Cochlodinium polykrikoides® 7|5 A&

0.3 T T T T T T T T T T T T
2 .
g Prymnessium parvum
9 0.2 1 (1000 cell/mL)
C
©
c
2
n
?
N
T 0.1 1
£
o]
Z
0.0 I I I I I I I I I I I I
1 2 3 4 5 6 7 8 9 10 11 12

Channel

a9 9. A% v E Prymnessium parvum® 7] A%
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Nornalized Signal Intensity

Normalized Signal Intensity

10 I I I I I I I I I I I I
8 - _
- Chattonella subsalsa
(1000 cell/mL)

6_
4_
2_
0 I I I I I I I I I I I I

1 2 3 4 5 6 7 8 9 10 11 12

Channel

19 10. 4% v A E Chattonella subsalsa®l 7]+ A%
15 T T T T T T T T T T T T
129 KCHD 7

_ (1000cell/mL) i

9 i
6 - j
3 j
0 1 1 1 1 1 1 1 1 1 1 1 1

1 2 3 4 5 6 7 8 9 10 11 12

Channel

g 11 Ax A E KCHD 7% A%
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@ I A3 dA

- 2010. 12. 13. Eg& o] &sto A7 HAv(Nd-YAG #HolA, &4, F+3 2
~HEZUY, HA5FH) 8% olF

- 2010. 12. 14. A@3n A= L FstA AE, Au] o] A, A =4 &
o v A9

- 2010. 12. 15. —H%<532 nm)-g o] &gk ot A

- 2010. 12. 16. UVH(355 nm)-S o] &3 3+ 29

3
- 2010. 12. 17. /éﬁé R I EAR e

I 14, 8IS Aw 3Tl AR Ax #S Alad (FF AY )
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19 16, sl =4 oA A}

- dlolA o] Wa Fo] 7nsolBE 2m ol ¥e] ozl Bl vl Ae =3 s

- 470 m Hojxl el #o

A A el v
S/NHE 7HA =

Amplitude [mV]

on Ae

1A% zAske] 19 173 2& NEE A9
A ATt FolFe et @ o 1km AR dAZNAME F&3
NZE 4S Aoz N
6 T T T T T T T T T

| Q-switch trigger

Back scattered pulse signal from
the sea water 470 m away

1 |

| l

Time [us]
a9 17 A FEA HE
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@ 3 o AT FA

- 60m Aol 4w 355 nm oA E RAE] ¥ 189 2L 4 BF NI AL

- 402 nm YA Tt AT #A=E (o F =A)

- ICCD -“&%}A| digital delay generator(DGG)E AF&3FA] ¢o} =& dHe] w4 A7)
FAE
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40000
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Photon number
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Wavelength (nm)
a9 18 s 2wk AlE F4 (DGG off)

- Fel TAm AWe] sgHel 355nm HolAE FHAFEY 17 193 22 34 B33
AT A

- DGGE AH&FHo =M kol o3 v A5 oA

- gfek A5e] S/N vl 9F 30 AEE #5551 MCP Gain, Gate Time % % #3317

22— 17—

I Gate time =0.5s i

10 - MCP Gain = 100 -1

s _ Raman signal a
- of sea water

3

o
=
-
2]
c
> 6 |- .
8 2" order diffraction signal of
8 r 355 nm laser by the grating
g af -
o
2 -
0 P S S N i

350 400 450 500 550 600 650 700 750 800
Wavelength [nm]

a9 19, el FA4F s e A5 (DGG on)
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®» Laser Diode beam steering and mounting module

e 7 5 L dAFA delA tole=e 93] ofrjd A Ao Fo yk ATt 4
Z e 9t @ AsE AEstA SAHE7] flEAe e LD 944
# A= A A (Telescope)@te]l 3 A ™ (Optical alignment)”’} 415 ofoF 3k},
adez, LD 94 vES g% LDYS 7A Z(steering) T & U
BotA RES AA AE v o] B EEe dAY FAE AF A

(Telescope) 2] FFH-o 2rg).

e Laser Diode mount 2A =
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* Laser focusing module¥} beam steering &7} A% Az

N

(a) 1 AR

* LD focusing module, beam steering %3], LD mount”} 2&H AR

SETHOHL

=
z
=

@) A% AR (b) =% AR

= LD =+d}o]y] (Laser Diode Driver)

T B

2o B9 A5, Ax gB A5E AN 24T 5 = NpEe} AUE IS
‘I 1

o
e e A AT AAE T N/ AHEAY o
o

F49 On/OffEF & 4 ¢+ modulation 7|5 F&o] 7}

ol
o
)

AR AN A HolHE HS53] A E LD v AR AlolE S35 Fde
A7), ZFEAZE Alof, PCE o]&38k Ale)7l 7hedk LD =gteo]H o] 7do] B g3t}
Laser Diode?] 25 AlolZ €8] PC(Personal Computer)2] A2l F21-8 AMgg
dloly A% 45+ 115200, 57600, 36400, 19200, 14400, 9600 bps & 719
Adol o)gh Az A HAisE 98] AF S0 =5 AS AMRstE A
Laser Diode®] &4 On/Off Aol A3+ 1 usec, A AH5AAA 7 694 1 )
Aol Wr2e- 7IH A7 WEE ol &g FE 4 WA PWM 4359 FHu| WEe ¢

[02]
(@)
@}
nS
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& ABH e
- #Hd 1200 mA A

PWM 42 2] A

* LD Driver &=

-

1.

Al &

TEY

29) DC Buck E+9)e] LED telolue] Af Aol: 9a

micro controller 7} A g

PC

RS-

232

9600~115200bps

Laser Diode

A
Micro PWM - LED
1 S T
* LD Driver 3|2%
A
c1 8MHz c2
20p 200 |,
VCC  DVCC
C7,_ 10uF/16V Q C3 0.1uF
PWR IN 1 TDO It
PWR OUT 4 3 1Dl ,,<H |_|
5 | 5 TMS C6 20p C5  10uF/16V
oy z <H e
*—10 2 - 3 -
12 11__/RsT
14 13
] = 8 8
1 i‘ 5‘ csl 0.1uF
e - 101 ve REF VREF/VVJ;E? :1 : 9|0.1UF|I'
0.1uF C10 e REF —REF-/Ve_REF-
30K I||—| o—2 xin XOUTITCLK F2—0
s 53 x2in xT20UT {22
=h /RST
o O 8Bg RsTNMI
57
/RESET ca ST rox o
CAUF 56 TO! TDO/TDI
: ™S
= = o2 P1.omACLK P4.0/TBO )
. - O— | P1.1TAO P4.1/TB1 | To Dirver Control
O P1.2TA1 P4.2/TB2
O—g | P1.37TA2 P4.3/TB3
O—7] P1.4/SMCLK P4.4/TB4
C— g P1.5TA0 P4.5/TB5
084 p1leTAT P4.6/TB6
0—"H p1.7/TA2 P4.7[TBCLK
D% P2.0/ACLK P5.0/STE1
O—55] P2. //TAINCLK P5.1/SIMO1
0—35] P2.2/CAOUT/TAO P5.2/SOMI1
u4 054 P2.3ICAOTA1 P5.3/UCLK1
N O—5:] P2.4/CA1TA2 P5.4/MCLK
V-1 0561 P2.5/Rosc P5.5/SMCLK
v+ g O—57] P2.6/ADC12CLK P5.6/ACLK
C2- 51 0—=— pP2.7/TA0 P5.7/TBoutH
Ca+ 53— 28
cl- 4 O—54 ] P3.0/STED P6.0/A0
c1+ —4 DT P3.1/SIMO0O P6.1/A1
7 10 0—37] P3.2/SOMI0 P6.2/A2
— CTaa{I20UT 72N {7 ] D55 P3.3UCLKO P6.3/A3
ToPC RX TIOUT  TIN 1 P3.4/UTXDO P6.4/A4
P3.5/URXDO P6.5/A5
D1—g R20UT  R2IN | ?3 |—§g P3.6/UTXD1 P6.6/A6
ToPCTX <_>——"“1R10UT RIN P3.7/URXD1 o P6.7IAT
MAX232E N
Z 3
msp430f149
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e LD Driver A A& AR

=757 |+ GND 1

. < e VHN LED- o
“l '« ONIOFF LED+s S 11
(DIM) 1

[ 1200

TMC www.tme-inc.co.kr.
P Y

o

T 4
dolE A% 4% (bps) 115200, 57600, 38400, 19200, 14400, 9600
A2 A% A AR
i 19 69.4
(usec)
FFARH
(PWM 2]/ 0 ~ 1200 mA
P A )
On/Off Period (sec) 1x10° ~ 1,000

* CW{Continuous Wave) LDol| 7/1%3F LD =&o]¥E o] &3l modulation 7] 52 733+
o Al T2

volts » volts

time time
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(b) A9 Ak () &9 AR

i
]

Light path in a Schmidt-Cassegrain

. A

M

.7_

2

Optical design

8"(203mm) Schmidt-Cassegrain

Focal Length

2032 mm F/10

Optical Coatings

StarBright XLT

Optical Tube

Aluminum, metallic orange

Dovetail Quick release tube clamp
Highest Useful Magnification 480x
Limiting Stellar Magnitude 14

Resolution: Rayleigh (arc sec)

68 arc seconds

Dawes Limit(arc sec)

D7 arc seconds

Light Gathering Power

843x unaided eye

Field of View (degrees) 63°
Linear FOV (ft@1000 yds) 33 ft
Optical Tube Length 17 inches
Telescope Weight 24 1bs
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274 F 1% A (Telescope)
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=
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A AZE LD mount module
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t}. o] uf, LD focusing module, beam steering %4,
)
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EERESE

=

AA St At vigEol gAH AA
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e e s I o Tl

A3 AA (Telescope) 2t

s

a7

T
Hr

0

H

THo

i
o
<!
o
o

—

NH

—
o

a8 ¥

KeN
=

3l7] 913ke] 34 (Optical loss)

=1
ARt

=
B

W (Optical fiber)

8
o
-1

Q3
498
# &, eyepiece,

A
o
A

LEEED
3

F4sle] gk,

=
=

AE A9 (Telescope) o] - 5-o AIY

Optical fiber

Beam splitter

filter

O
4

K| (Telescope) 1I: 74l E{(connector) III:

o 2
AR A W
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2) Long-pass filter

Cut-on wavelength : 450 nm

4) Eyepiece
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= Ay} o] ] ( Optical fiber) (1000 um core fiber®& Single SMA Cord)

c P 2R A7 A AT AN AP A 24 % 4sE 3 AT B 23
2 EAglol AFsly] el ol =17 1000 ume) B4 AIFE Fulolw| &
AL&-3kT}

PVC Tube with Flexible Stainless Tube
. (Gray) . 81
l ’.a"'-\ ‘, "... ’ ,P:"\\
|t A ;t-!\m\\:mw:-:;ﬁs-:m.\'x\:-:“:ﬁ:h y
| Ng i ol
| - _
i 1 6.1 7.2 i
' : 600({+0 to -50)
ﬁ’-—-- _‘h"“' ld‘lm.Irn{:urn‘ibzr
» " 1000um core fiber N ’ J
4 % 5 r *,
‘
|
| \
\ .
LY
S - e Iz ks
-‘__‘__--__.__r— e
Standard
Standard SMA 905 Connector
SMA 905 Connector .
. e A
T A
KR 200 ~ 1,000 nm
it (NA;Numerical Aperture) 0.22
Za s R 1000 um core Fiber
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. 717 A

2

A Aol 600 mm

-
fr

A4 PVC Tube within Flexible Stainless Tube

Jacket Label 2% Green

7 /A% PVC Jacket

Both side Standard SMA 905 Connector

e 7 LﬂlE
48 A (@ 9.1 mm Coupling Nut)

s} FAE ol&ato] A HAFE A A

[0 154
& % e B oo 4 shgeld v Fye
3

akx ool 717]e] Fx27F sl Hoj enz sl Al

Saturation charge”’} 2.z YA & oo FXE o Heo A7|7} £3}E o] e
HEF 34 EAS zh=v ugka], @9 (Raman)olv} @3 (Luminescence)¥ 22 @& A%

FAE sk EFA oA A&7 oth

e
=
Qm&
‘5‘5‘:{2\ £
S
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T8 2
Wavelength range 200 ~ 850 nm
Optical resolution ~ 5.0 nm

Integration time

6ms to 60sec

Detector

Sony CCD array, 2048 pixels

Optical bench design

Czerny-Turner

Entrance aperture

200 um in width

Grating

600 lines/mm (Blazed at 400 nm)

Operating systems

Windows 2000/XP, Windows 7

Front
usBe

LED
Power
Switch

12" Slim type Touch Screen Panel PC
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. " 12 HINCH Panel PC
muwluh 01 he ] t
* System
T A
CPU Supports Intel socket P Core™ 2 Duo/ Core™ Duo/ Core™ 2
Solo/ Core™ Solo CPU with 65nm process technology
FSB 533/800 MHz
BIOS

AMI 16 Mb SPI BIOS
Intel GME 965 / ICH8-M

System Chipset

I/O Chip Winbond W83627DHG-A
Two 200-pin SODIMM sockets up to 4GB
System Memory
Dual Channel DDR2 533/667 SDRAM
SSD

One CompactFlash Type I/II socket

Watchdog Timer Reset: 1lsec.~255 min, and 1 sec. or lmin./step

H/W Status Monitoring CPU temperature, voltage, and fan status with auto
Monitor throttling control
TPM TPM (Infineon SLB 9635 TCG 1.2)
S3 S3 Support
SmartFan Control Yes
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° I/O

T2 2
MIO 1XEIDE, 3XSATA, 1XK/B, 1XMouse
4XRS232 (COM1 ~4 with Power Output)
USB 5xXUSB 2.0
* Display
T8 2
Chipset Intel GMES965 integrated Graphics Media Accelerator X3100
Display Memory Intel DVMT 4.0 supports up to 384 MB shared video memory
Resolution 1024 X 768
Dual Display CRT+LVDS, of CRT+DVI-D
LVDS Dual-channel 18/24-bit LVDS
DVI Chrontel CH7307C DVI transmitter up to 165M pixels/second
* Ethernet
a3 74
LAN 1 Realtek RTL8111B Gigabit Ethernet
LAN 2 Realtek RTL8111B Gigabit Ethernet
» 39/ BAE AA YrEL ¥ Mg
« FHEA 2R AR go] 2o AT s B 24 Ay THL A8 A
Asd A7 grE
. AEAA

'‘m P
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* Spectrometer & Telescope page

3

s

Telescope Height [m]
:‘] 27

Dok Delay time [ms] Aguistion mode NexStar Telescope
Romt =l ":: g single Shot % COM4 =
@ Charge Time [ms] @ Continucus \
Source modulation. 972 Speod Gauge! W 15
o Modulation :J.' 1000 I-U‘\.z'\c\ ' ,3'("
0.0“n‘ \ 5

U Spectra File Save  R[DWRed Tide | (=]

)

Current Angle X [deg]

o] [a] ]
L] [m] o]
el [ [

19.725201

Current Angle ¥ [deg]

I
-60 -50 -40 -30 -20 -10

T )
0 10 20 30 40 50 60

=12 270827

D e teen
=60 -55:-50 -45 40 -35 -30 -25 -20 -15 -10 -

Target Point [m]

X 1';]/.1.9

Set Angle [deg]

x i 197252

v [of 11685

L |

v 1 122708

1) LD 34 Ao i
Dicde Laser
% com1

-

Source medulation

=

Direct
@ Modulation

- Diode Laser : PC9 serial portel]l LD Driver’} 942 % portE A A3t}

- Source modulation
LD &9 &3 was

Direct : A& A CW(Continuous Wave) LD FY 3t

A B 3

R I 4

.

b [e]
Modulation : A®A] LD 39& On/Off AZE LD =gfo|H &
CRE
2) ®347] dol8 #5 Aol (Spectrometer measurement condition)

Delay time [ms]

e

Aguistion mode

o Single Shot
Charge Time [ms] o Continuous
o 74

# of Average Acquire

s 1000
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- Delay time (ms) :

ol A on/off Ao} o]F BH7] =A A
Charge time (ms ) : ¥37]7} 24 3 A3 &

- Aquisition mode : ¥ A% HolHE ¥ &

@ Single Shot : Charge time <t 13 =4 & A3 do]H

@ Continuous : ¥rEA o7 I A% HolHE HEdE R
=

# of Average : A% Charge time 5¢t HolHE FHE53F=
I

A4 E sl HolHE F538he] Hardh

3) 54 deolE HaEd ol

i i Tide | & -
7| Spectra File Save %|D:#Red = 4B )

- Spectral File Save: M9 -+ =44 do|g 7| sid A= AAH}.
- SAE dolHr7t daZEde] ¥ B4 Fde] S 47t 7hs st

3) 94 F =A A X(Telescope) 2+ A o] F-

NexStar Telescope Telescape Height [m]

/
) =27
1§ COM4 - o 27

N [~ [

1020, 30
0.0

¥

Current Angle X [deg] 19.725201
T T T O X G YR
=50 -50 40 -30 -20 -10 O 10 20 30 40 50 &0
Current Angle ¥ [deg] -12.270827

O O O D e ]
50 -55 -50 45 40 35 30 -25 -20 15 -10 5 O

Target Point [m] Set Angle [deg]

% (far0 X il 19.7252
= IF
¥ rlﬁ‘_‘.ési ¥ ief -12.2708
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3-1) PC9] serial portell Telescope?] &2 vlEV} AAY = portE A Ao}

=0 T

MexStar Telescope

® COM4 -

3-2) A A9 e 4 s AAS] S8 ZeE e 94 AA A7 AAE A3
o] AnE YH
Telescope Height [m]
Fy =
o 27
3-3) PCE Aol & A2 vEES -5 £E At Sk AolA. nhe28 7HES

Speed Gauge § 15

Ay 20 30
1.U.| i b '.:
c.cdu‘ 5

3-4) AEH EES] TE WFL vEAE o] g3e] £EOE Aok TF WFE 4, o,
A, ¢, A ggo FEAL FYo] 95 NES FEu Bae] FAA

3-5) A4 v E ¥ A gAge] 49 914 = "Telescope Height (m)"& 239
FABe) FHANR FANE ol &3] 5

=
(deg)"’ "Current Angle Y (deg)}i -{’\—jé Hg—‘égi wl ./3’17(] Hg—‘é‘]:g T—']‘OJZ:)] 7]—EO]]’:I—‘ 7]—];; 7} L

= =1 (o] o = = =
JYstA 4 BEHe) RErL ANH T NE Y ZEYY RTE 4G5I A9
Ausk g AdAr 243 s Ade FEE 9YHD Go WES F2d
hu]

T974e Aros =4 YAZ targeting T
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Current Angle X [deg] 19725201

I I L L L R
=60 -50 -40 -30 -20 -10 O 10 20 30 40 50 &0
Current Angle ¥ [deg] -12.270827

O O L
-60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0

Target Paoint [m] Set Angle [deg]

x g X ﬂ 19.7252 —
f £ GO

y (11685 v ioll -12.2708 _

®* Measurements page

78 Measurements pages U2 Ax AA g #3474 HEH
A3 9} Chlorophyll 8% A5 ¢ tyAaZdole ANTEe] £33
baseline B4, =4 A% fitting 5 ol &3 A% 24 <
A&

* Measurements page? 3}H-4

& Water Raman Signal 1l Chlosophyl-a Fluorescence Ll

100
w0

0
o
0
Lt
0.
30
.

o+

450 453 300 505 310 315 320 523 330 333 340 43
e Largen i
Ampitude  Canme Sigma V_Raman Ampltude  Center Wwigm _Chigeophil
RREIS e BANIES [Romecs Twse | [oeeie jmaan o fiaeee
; Lineshipe Fiesng Cption
Red Tide (Cells/mL} Error (%) i
Noelinear Curve Fitting
5 2

& General Liner Fitzng

D 24 AR e g AE 24

e e e e e
490 495 500 505 510 515 520 525 530 535 540 545 5

Wawve Length [nm]

Amplitude Center Sigma V_Raman
179.0237 518.146 551643 5.78608 ]
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A A9 sge Rt AU A= 97 Oﬂodoﬂ/ﬂfﬂ AT A7 HaEde] dt

%2 nanometer 9 91E BEA Y= BAS YEHE, YES gR 2159 A7]E YETL
sl ol = white dot, red line, blue line©] ¥ &% ™, white dot= A¥ =A X, blue lines
Z2ANZ 9 baseline ¥4, red lined shape fittingS EFYITE.

AO1L><1

“Amplitude” = =4 A5 Al7] 3, "Center” += fitting @ 259 T4 & gk, "Sigma’+
7} A ek skl EFEHAF FE, "V _Raman® & A9t 8 kel WA Ay Hir =, ¥4

7 ERiT

M

2) 24 AR 59 e A5 24

2 Chlorophyl-a Flucrescence @
18-
16~
14
12-
10+

640 650 660 670 680 690 700
Wave Length [nm]

Amplitude Center Width V_Chlorophil
17.9054 679.914 222111 138863

2R AHe Ax A& g3 FF M3/ 2AEE (A JAoae A3 7F 2=
o] "t} XF & nanometer @9 2 A= v4-S YENY, Y 33 A5 MY|E yE
Al sl = white dot, red line, blue line¢] T E W, white dotS 23 =A%

o

ZAAN 5 9] baseline B4, red line2 shape fitting2 e T}

, blue line

“Amplitude” = =4 Az A7] zk, "Center’:= fitting ¥ Az o] T4 7% Zk, "Width'+=
fitting ¥ A1%9] ¥FX]Z(Full width at Half Maximum), “V_Chlorophyll® & =73 * <} 3§
el HA Ao He & 4F e e

3) A A3 fitting WS AA

Lineshape Fitting Options
Nonlinear Curve Fitting

@) General Liner Fitting

=2 A5 9 fitting W24 2% “Nonlinear Curve Fitting”®t "General Linear Fitting” W2]-&
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4 4 A
=74 2 H"e] E2] Raman A% ¢ Chlorophyll &3 215 43 F A5 E o83t Hdx 5=
Azl daYES B 249 Fdx v AFEE AFow AEd)

Red Tide (Cells/mL) Error f%}
5 29

= Scan control page
N8 ¢ Scan control page® FUY F4 99E mesh e = o
AAG svh =3 99 2A mesh point 7, =3 99 Scan W2 58 AAFA o=
A

[e)
AAEL FH =3 AHe) AXx TrE AT F

* Measurements page ¢ 3974

Definition of mesh points relative to current target point Measurement Points
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7| File Save On File Path File Mame Header
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g 200 o CETRE B g oo -5.00 §1.78E-
R e R S o = Hooo fi7se-| .
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- "Start(m)"= Fo FAHLZFH 4] HH AEHE AH
- "Stop(m)“ & 4ol #v& A
- “Span X(m)”+= | "Start(m) - "Stop(m)” | $to= s AEHH FA do =79l
- “# Ponit X" 1 A A3 9 AF

1-) Y5 34 99 44
- "Center(m)“+= &4 < Y
- "Start(m)"= %9 FHOEZEYH 3
- "Stop(m)“E Aol #uE AHE
- “Span Y(m)” ¥ | "Start(m)-"Stop (m)" | $t o2 A& AEH0 SA 999 A7]4.
- “# Ponit Y" 1 54 A3 JF

1-5) &4 A% Scan 2=

- 24 A HL Scan <413= Unidirection® ZigzagE A gsk 4= lt}).

5 18
L

of A& AlAtE= A

Gl

2) =4 A9 #Hxs
Measurement Points

F? 12195 -204103
E-i 34297 -16.7351
EE'I}SESE -14.656

Add Mesh Points
Add Current Point

Clear All Points

- "Add Mesh Points” HES A4dE 54 949 2 mesh points /IFE 7|¥e =z 4 Hi3
Zo BdA 7% FTE SANE Aoz Aol =AH A (measurents points) v el F
Hia=g

- "Add Current Point” W& 4740 dA targeting 3t U+ AHS =4 H (measurents
points) Hj ol F7}3kc},

- "Clear All Points” B &2 =X 4 wjde %73} 3o}

3) &3

4| Busm Rvguiarty
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- “Start Scan” HES T+249

A 2

- “Run Regularly” 7} A=2¥ o gl+= A%

urg g,

4) 4 A A= w59 A

iRy

H ¥ time interval #k

+| File Save On

[ow
i
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Wailer  Carolanods
Raman :
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000 - i K Piycoeritin
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SRR
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UF intensity [rel. un]

o

PSS
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g
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U d% Ax AES doARE dFHe=E J=F 54317
cell @ chlorophyll-a 49 <ol sk AH7l B a3k v}
3 A S 3k celld chlorophyll-a 249 %8 Hol=

F5
Algae | Cells conc. [cell/ml] | Chl-a [ug/ll | Chl-a [pg/cell]
Dianoflagellates
Prorocentrum minimum 6X10" 296 49X10°
Prorocentrum micans 3X10" 440 1.5X107™
Alexandrium lusitanicum 5X10" 360 72X107°
Alexandrium tamarense 3X10" 220 73X10°
Chlorophyceae & Bacillarophyceae

Platimonas suecica 84X10" 6333 75X107°
Dunaliella terctiolecta 72X10" 7044 9.8X10°
Clamydomonas sp. 70X10" 6360 9.8X10°
Pheodactylum 82X10" 8110 9.9X10°°

tricornutum
Nitzschia closterium <10* 2757 >2.8X10™*
Nitzschia delcatissima 60X10* 3530 5.9X10°°
Fragilaria sp. <10* 4524 >45X10™*
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%34
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= o349 f3 A% AE-E chattonella
Fom 4¥A de

Az A& T #3rd EHRE: A YgAF2)
Species Pty BA
Diophyceae($}H 2. %) oy A7z FHx ~¥EZ] B4 w4y A ~HEH
Alexandrium catenella Yellowish brown - g o= 2
Cochlodinium polykrikoides 7 400nm &5 =7} HE -7
Gymnodinium catenatum " 400nm &4 =7} bR AT
Gyvmnodinium sanguineum " 400nm S5 Z=7} i B A
Gyrodinium sp. " a3 2A A
Gyrodinium aureolum " 575, 625nm WAL F
Gyrodinium impudicum Brown 400nm &5 =7} b A A
550nm hump

Heterocapsa triqutra

Yellowish brown

460nm, 500nm

”

Katodinium rotundatum
Prorocentrum minimurm " 460-470nm, 490nm 550nm hump
Prorocentrum micans Brown 525nm 550nm hump
Prorocentrum dentatum | Yellowish brown 525nm
3 =3

”

470, 490, 525nm

Prorocentrum triestium
550nm hump
Serippsiella trochoideax Red 450-550nm HAAE, 2
550nm hump
Raphidopeaceae( 3 1322
Chattonella sp. Golden brown - Fupa Z2ow 7hA
Chlorophyceae (¥ %)
Chlamydomonas sp.* Green 450-500nm, 650nm 550nm hump
Chlorella ellipsoidea * 7 450-500nm 550nm hump
Chlorella schroeteri * " 450-500nm, 650nm 550nm hump
Euglophyceae( f+=#d 4D
Eurtiptiella gymnastica Green 450-500nm, 650nm D A A T
Haptophyceae(ZH 2 %)
Isocrysis galbanax Brown 440-460nm, 490nm, 635nm 550nm hump
Bacillariophyceae( 71 %)
Coscinodiscus sp. Yellowish brown 400nm &5 =7} 1A AN
7 480-490nm, 630nm 550nm ¢F hump

Phaeodactyrum tricornutum
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[1] Palucci, Optical and Morphological Characterization of Selected Phytoplanktonic
Communities, Applications for Remote Sensing, NATO Science Series II; Mathematics,
Physics and Chemistry, v238, 165-192, Springer, Netherlands, 2007)

[2] R. Barbini et al., Int. J. Remote Sensing, 24, 3191-3024 (2003)
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a8 4. &5 v A E(synedra algae)
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	적조발생 조기경보 원격 레이저 센서 개발(수산실용화기술개발사업)

	제1장 연구개발과제의 개요

	* 연구개발의 목적, 필요성 및 범위 등을 기술


	제2장 국내외 기술 개발 현황

	* 국내·외 관련분야에 대한 기술개발현황과 연구결과가 국내·외 기술개발현황에서 차지하는 위치 등을 기술


	제3장 연구개발수행 내용 및 결과

	* 이론적, 실험적 접근방법, 연구내용 연구결과를 기술


	제4장 목표달성도 및 관련분야에의 기여도

	* 연도별 연구목표 및 평가착안점에 입각한 연구개발목표의 달성도 및 관련분야의 기술발전에의 기여도 등을 기술


	제5장 연구개발 성과 및 성과활용 계획

	* 실용화·산업화 계획(기술실시 등)

	* 교육·지도·홍보 등 기술 확산 계획 등

	* 특허, 품종, 논문 등 지식재산권 확보계획 등

	* 추가연구, 타 연구에 활용 계획 등

	* 연구기획사업 등 사업별 특성에 따라 목차는 변경 가능함


	제6장 연구개발과정에서 수집한 해외과학기술정보 
	제7장 참고문헌

	* 보고서 작성 시 인용된 모든 참고문헌을 열거




