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(Using LED oriental melon cultivation technology and light

environmental control systems research and development)
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Summary

[. Title

Research and Development of LED-based Oriental Melon Cultivation Technology and a

Photo-environment Control System
IT. Objective and necessity of research and development

The objective of this study is to develop LED lighting fixtures and a
photo-environment control system in order to boost productivity in the cultivation of
oriental melons by examining the wavelength-by-wavelength influence of LEDs on the
growth of oriental melons on the basis of the fact that LEDs can effectively radiate
photo-wavelengths required for the growth of plants, without being affected by the

environment and changes in weather patterns.

The artificial light source plant cultivation systems, which are available in the
domestic and international markets, show relatively low efficiency, while exhibiting
other downsides, such as light shortages resulting from capricious weather patterns, as
they only provide a simple on/off function that can be arbitrarily controlled by users.
The application of a photo-environment control system for the stable growth of plants
may lead to an increase in output, in addition to a wealth of applications as alternative
lighting facilities that can reduce the amount of energy consumed by the conventional
incandescent and fluorescent lamps. In particular, the future growth and possibilities of
this project can be identified by examining the operation cases of LED-based plant

cultivation sites.
[I. R&D details and scope

A. Manufacturing of LED lighting fixtures suitable for the growth of oriental melons

* Manufacturing stable prototype LED lighting fixtures by providing solutions to the
waterproof and heat resistance issues that have been raised over the course of the
tield application of the available LEDs intended for the growth of oriental melons, and
by redesigning the PCBs and housings for the use of high-luminance LEDs

* Design and installation of LEDs that can cope with diverse environments through the

development of a LED prototype of a light bulb type

B. Development of an integrated photo-environment control system that can intelligently

-5 -



operate as outside environments change (weather patterns, seasonal changes)

* Development of a photo-environment control system by the following: display
configuration design, the design and development of databases, the development of
related programs, and the implementation of integration tests

* System design for the analysis of the requirements for the implementation of an
integrated photo-environment control system, system configuration design, and the
estimation of optimized light environments and the transformation of growth
environments into databases

* Design of lighting fixtures in the form of a growth chamber, controllers, and the
manufacturing of lighting fixtures intended to be used in laboratories and tissue

culture facilities

C. Research on the wavelength-by-wavelength impact and effects of LEDs on the
cultivation of oriental melons

* Identification of optimal wavelengths and wavelength combinations for an increase in
outputs and the impact of manufactured LED lighting fixtures on the growth of
oriental melons

* Investigation of seeding quality, graft union rates, the initial growth and development
after transplant, the number of flowers, the outbreaks of diseases and pests, quality
and quantity

* Daily investigation of seeding quality, graft union rates, the initial growth and
development after transplant, the number of flowers, the outbreaks of diseases and
pests, quality and quantity for 30 minutes (from 19:00) for the period between a point
right after completion of sowing and a harvesting point in accordance with the
investigation standards released by the Rural Development Administration

* Development of LED-based technology for an increase in the growth and quality of
oriental melons during the wintertime

* Development of technology that can increase the number of pistillate flowers at low
temperatures using the P, and Py of each LED wavelength.

* Verification of the effects of the manufactured prototype LED lighting fixtures on an
increase in the productivity and growth of oriental melons by applying the LED

lighting fixtures to three selected farming families growing oriental melons.

IV. R&D results

In this study, the effects of LEDs on the growth and responses of oriental melons were
investigated by applying the LEDs to the cultivation of oriental melons, and LED lighting
fixtures optimized for oriental melon growth facilities were developed, while implementing

a photo-environment control system that can cope with changes in nearby light

-6 -



environments using the lighting fixtures. In addition, the investigation methods required for

the verification of optimal light quality and light amount, plus the application methods and

usefulness of LEDs in terms of the stable production of oriental melons, were identified.

A. Development of diverse types of agricultural-purpose LED lighting fixtures

A diverse types of agricultural-purpose LED lighting fixtures, such as bar-type, growth
chamber-like, semi-circular acrylic, bulb-type, panel-type LED fixtures, and the like,
were developed, while securing core technologies essential for the application of LEDs
to the agricultural sector by performing the manufacturing of LED arrays designed
only for the cultivation of plants, the manufacturing of power supply prototypes, and

the development of housings for lighting facilities suitable for the cultivation of plants.

B. Development of an integrated LED-based growth environment control system

C.

The scope of development not only covered a photo-environment control system
providing optimal light environments, but also covered a more general system that can
monitor and control environmental factors required for the growth of plants. A
reduction in production costs and the production of high-quality produce will be
realized through a decrease in labor costs by performing system design appropriate for
the cultivation of plants, the systematic management of cultivation and growth
environments, the standardization of light environments and environmental growth
data for the cultivation of plants, the design of sensor networks, the development of
light environment detection sensors and environmental growth sensors, the
development of sensor nodes and control units, and the development of applications

for the integrated photo-environment system.

According to the results of this research, the impact of LEDs on the cultivation of
oriental melons can be boiled down to the following:

The application of LEDs resulted in an increase in the number of pistillate flowers,
and the seeding quality, initial growth rates, weight, and quantity of the oriental
melons. However, there was no significant difference in sugar content, and the reason
why this was the case was assumed to be the gradual decrease in the number of
photons emitted from the LEDs at later stages. In particular, it is thought that photons
play a pivotal role if the impact of LEDs is reviewed in consideration of changes in
the growth of oriental melons and the fact that fruits and vegetables require long
development and growth periods and their vegetative growth and reproductive growth
occur concurrently.

Radiation of blue, red, and infrared light over fruits and vegetables, such as oriental
melons and strawberries, tended to stimulate the growth and development of such

fruits and vegetables, while increasing the quantity by about 20% as a result of an



increase in the number of pistillate flowers. In addition, the number of aphids, moth
larvae, and outbreaks of downy mildew tended to decrease when they were radiated
by blue, yellow, and infrared light.

However, the chromaticity of fruit skins in the non-radiated holes tended to
outperform the radiated holes. The growth and development of oriental melons in
hour-by-hour radiation conditions tended to be similar to those of 3-hour and 6-hour
radiation holes, and the chromaticity of the fruit skins in the 6-hour radiation hole
was slightly superior to other processing holes, but the biggest output was found in
the 4-hour radiation hole. The can be down to the impact of radiation during growth
and development periods. Compared with the 30-minute processing hole, it is thought
that LED radiation has a bigger impact at low temperatures than at high temperatures.
Given the volumes of photosynthates according to the amount of light, a significant
impact of LEDs on the growth of oriental melons may take effect at a light

compensation point higher than 250umol + m™ - s™.

However, as it is assumed that an
increase in the amount of LED light may lead to a slight reduction in respiratory
consumption under insufficient sunlight conditions (cloudy or rainy days), further
studies on the amount of LED light and radiation time are required.

An increase in the amount of photosynthesis accelerated the growth of oriental melons
as a result of four hours of supplemental lighting a day. However, the effects of
supplemental lighting may vary depending on radiation time and the amount of light.
It is thought that such growth stimulation effects can only be achieved through the
application of a minimum amount of supplemental lighting--mixed with red, blue, and
red+blue light--higher than a light compensation point.

Although UV radiation has been known to affect the coloration of fruits, this study
found that it was red light radiation that caused the coloration of fruits. Therefore, it

is thought that further studies on this issue are required.
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F< A e o, AFAELAATLANNE Tl H2E FA A LED
ZzH7|ES o] &ste A mFYol|(AHH)E Awiste AEITH PSR QAo A
+ & QAEG AF7TEe] GEEHG e &% WX e Alxdo] BjoA= 2~31),
A E 5~108Y FE2HE 59 EFE AFAE

Ab (F)IAEI e &<lol 50% TR H¥F flo] LED ZAvE o] &3 AHE34E &
FoE Ao 9 1% 53 278 AMaALte] Jhedtthal BHasta glom, AEEAdel
&5 LED Al&®lE vl &A= FFTol mls] 7] AX8]&o] of 200 A%
H Ao s FALHAT, AA Al2=®el 3 § AR&AIZIo] oF 58F A ZFo =, 25004



5

%] Al

7170 o] A A AEA 228 ) k3t
24 LEDO| FF":

1t

=<

I

ARS

L —

| .

o]

=

=

shel ALgEE AT A

2}, =23} zAu|okA] LEDH o &7}

S

}

3 A4 LED

oh. AT T
o =g
SRR

)

b, YA A o] Lokl A

_ﬁ_ﬂ

)

2) 07 u-IT7]
6) 08'd u-IT7|

o

7) 08\ u-IT Z
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Bl ~EH| = 7L

A 371 717k
F3% (g
_ | B30 T
lT}LE]? ]7119} @io% | ewede | gl Gyauael zEun 2009.07
9%t dAl7|% 2 BEA -2010,
9l 1% 2RI s, (]l 2010.08
2758 LED 31 oo HZ) 2009.10
ZHA| 2= Zhod: Aok E| 3, B4 cholo] -2011.01
71548 2 213844 =3 T EIA|(F
Fe e ° T 1) 2009.12
ABARE ol golelzelol )
LEDZR A 27 (Foe oo
T (PHeyHE
B RER TSy 4o (:@;ﬁjﬁw s 2009.10
o T X as
ZH A _/_\_Eé! H _ '
/] 2~El ) e 201111
ZA oA Al B =
i .Wlﬂ FEAHS 23 AAEEATY
AN A7 ) 2009.04
ol (P 2| =27
TES 27 -2010.03
z3 323759
LEDE o183 A,
- ol ()Y 2009.04
AAREATY -2010.03
RHEMES E8F pmma (=
NEEA A FEZ3 (LG CNS 201001
ANE 571 ~2010,09
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Al 28 =elo ZleNd d&

sfele] LEDS] zh&ol wE 71353 e 2 AA 3 7% A7, #F oldas s %
a5 A SHEA B 8 2HTe, 3ExH, e F AT B AIREAo o digk

U E R

1. £ LED A& a7 &%

7} LEDe] A A3 Ha4e] mlgof o3 A AP T ezt & zol7F s (FIFIER,
2006)

1} 400nm~900nme| LED F-& o] &3t FEEZ 4xA 3 LED AR 3 A28 (F
R, 2009)

o A& 7EeAd 4 T o] FA(735nm)H &) 41(400nmo]sh) o] AT e
dol A= UGBS, 2006)

g}, LED HH&E3FS o] &3l A2AF EvfE B43S 4AZ (KiEHT 5, 2004)

nl, LED 23 -& 2 &34 A A7y A] Ak 9 FA, o efr]
= 98t AEE ThsA ol E5 (St 2007)

v}, Kagawat]ste] Tanakanw 5 T4 E JENA= A EAE AFFdoZA el LED 9

|

Ab. Chibathghe] Kozain 48 742} vl A2 EAS o] 83 LED J2A &3 H
of. AujAjulel] gk LED ZH7|= of&7tA] AMAL] A Aol &2 o, A& A
LED71&0] 74 UM 7t BN E A3 A Fo] /fetgo] ATE 1 o ol 7tx =
z7] 9AY
b e s K
» ()LANDMARK A4 d& LEDx™7] “<ZACE” A4+
b otz AA F2 A AUl § A E SALEDA-E “My Plant® A4k
P oA A Z(F) AE SA4 A28 "HORTILUX® A4k
» 2HlE H7|e} EFto|tigo] FF Adg LEDE o] &3 Aldd |
=

2b A=Edd LED /WE= ofA AE37t HA @2 SAR suZledt 2 437 §lof ¢e
2 AN BAol 7hsste] 7le gE 3 AF Aol o7 A¥Ear F Aom AT,

7h A2 71dE0] HEdd A AE0] oloAHA ZHE e A el 4= 3l
o & AF g 2 22 A Aol o] B2 Ao, sigA A HAg Al
£ 4ststal, 715 Eel s AdolA =3 Ade FX Tl JdoH -AA =
HE AeE3ds dFE 3 MY S a4 oz Jdaxy AdS e 935t 3o
W, ¥Fss T2 A T

2. vl=re] LED A& A A%

7F NASAE FAHo=E st dTH
Phytochrome Ay 2]l it A5 43

%

. GEARE W& 21 B $Ald 4234e Esn #UeE GE/b 5938 )

oft
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R EERE X!

o Aot FEE F& ZE =AY WY e ‘4 FA(vertical farm)’ &
A& “Vertical farm” Z2ZAHEE 218 Foln QAFFU Y7 LEDE &3t S+

gt v=o AEFAL 7] FFAFETE FHOE ALEHASY, H2 B4 tiE 1
STA AETFORZ g Fo o, AYuloly] A=sty, deElxold ATE, T
H AZAFA20 A 15 A& WS A 528 2 &34 (vertical farming) 7'E<
FA3L U+

of, Aduloltje} Aot AL 305, 505 7R AEFH e zgsid, Y
2 gy o AAYAAA AL, 15 HAR A& AuiHEAH F7F Al ZHE
FeEge Y WA ok FAAEG 108 AEY FFHFS JHAH, 3052 4
= ¢ SutHolA BA FEE 2S4S TE F AL FoE FAHY S

. e LED A& dF 43

7L oA e AT oS BdE AE3Ae Ads] st w849 F-AEs) (2]
of MSGAE3& ~ddxy AEF4, Uda= KP-HOLLAND &34 =34 5), 3¢
24 ZA 9 AU LT 2 EzY-HEdTE 2 EFTH) 5o BobolA] &g A+

g U5y s,

=
ug Feje] YA A5 4

NEFFE L, BFET TYUEE JLE JAT UL
Agatel BAE AM olA W3t B, G B AR AT F U BHS AFHow
2A}E AOE FAEAY BHES AY s A29H 59 FHE AT7F

4 A o] A 2~EI(USN/RFID) 71& &AL

ol EFA B AE BEUEE Al2H (o]2gtd) - AEY FAEE S BUHP e Al
Aol AZEQ O E st QA Al A&

King Family Farms th7]€%= 2ZUEH A28 Gyt . REMotes) AAS &g, FA
AA HESLZE ol83ty T= 49 tr|ex 54 Al=d" /E

AN8Ed8 L= HAH3 Z2AE(RY) - 94 o8 ¥ "UAE HoHE 7§

X% w7t AFEHAA 28 7sd A 2" 73
=9 AEE 2UEHE A2" (1)) 0 X A0 AME BAsie] oy 3 24
Al, AIZEOE Ha, HA &2 =4, BEY EFF
e AR AR RUEIR A" (P8) - A AR RS FAAY 2A 9
g FHEgS 83 AR T AL

fEUelF A2 A9l 7 #el A=
S

)
2T
) ]:]._‘l_, /1\_]_—_/_]\_.%1:

ea AujA o=

o ML MY X oof &
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M3 g aitizsd 8 X 2

A 14 #e) AME 1% LED 29) A 29X AL 2 43
AT

1. A7+ 3 e

. Z9) Aulol Wad LED wgd 5717 9% 2 &y A7
o o] Aol ;‘4"%5]“ g4 LEDS] 23(H, A, =,8,9,%4,UV LED) &3 d+
o AZBAEIAS2 QB DAY AFY H2E D AE HE A, A o

F So AZvole Hn
A% AW s 2 F AN B
o H9 AWl FER o] 2FEL = a AZA AR 5T AR
. 7 A% ® LEDS| HSHAS ZRAAE Adsel 445 T

N{N' r&

Esiste] ¥ BAE LEDE ol &3] HelAulel Qojx FA= wahs
dgstel ASTAME 87 HolAx Fe Aue FHA 2k = %
ZAEADT S, 9719 A7) 7] & HHo) zAow AZI] A%
B Zolm, AL AAFS HAA AF%7H
ga7ol D@ Fole AT BAR B B W
st Fol Aol Bag Ao LEDEA st 24 7§ 55T
A7 GolA Aot AoE Bz 2s) AWE LEDS] AF A, 74, A
A, PAHA 5 FHSEL, dSAHE AEA Heskel ALARE Eo] HA A
Wl§ LED AAE MEe stud 3.

2. 9] Ajvjell 2 L3k LED 4

« A= A& LED 7HZ& #% LED H A4AdA & ¢F 7Fed (F)Fa=9 (F)F
ZILED®] LED % =¥ EF #4 43

o AT TNl 28T LED Holl tigk ASHZE 3l 2HAEYH Z45 S8 e AW
of Ao A8L 4 9= LED F 24

¢ LED AEZdA] (FhEda Zled T4 #4 HEES A0E 83t 3

o LEDSY HFH WA 2 25 /| F= /| 2% =4 (2009. 05. 08)

{

- 19 -



LED @94 H TEMPERATURE
100mA HS 583@ C
No. #4 TESTZZ | 483 ( ) (Fo owre 1)
=520 BEZ(u LED BD BD
- 1@0cm) | LEAD FRONT | BACK
o F 472 156
LMT5630 Cover #1 412 145
12.5V/
1 M-R Cover #2 346 119.65 35.2 34.4 34
526mA
(RED) Cover #3 316 109.3
Cover #4 248 84.85
a4 = 2,056 180.8
LMT5252 | Cover #1 181/ 190 24.63
2 M-WZ ’ 35 35.8 36.4
. Cover #2 | 5o x| 1615 21.49
(WHITE) " ver #3 1373 18.22
Cover #4 110.6 13.4
@ = 172 140
ULPW-UB
3 105A-F1B S 192v/ . -~ 40.2 416 51.2
- Cover #2 55 59 0.81 . . .
(BLUE) Cover #3 59 0.79
Cover #4 59 0.67
=% F 156 45.06
ULPW-660
) Lo Cover #1 | v / 130 4141 N - .
Cover #2 590mA 128 38.1 .
(RED) Cover #3 124 37
Cover #4 116 32.29

LED & 34 (2009. 05. 11)

< LED & =4 3l &4 &>

-2 -
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3. Zel A& LED S717 AlAIF A=

hFe A

() LED 29
Dimensi | Luminous | Wavele
Viewing Product . Forward Reverse
Color on Intensity ngth
Angle Name Voltage(V) Voltage(V)
(mm) (mcd) (nm)
. @If=20mA/C
Top-View |55 x 1,800 ~ 618 ~ . @Ir=5mA :
Red 120° hip : Typ
SMD LED | 5.0 2,400 630 Max 1.5
2.2, Max 2.40
@If=60mA :
Top-View |55 x 500 460 ~ @Ir=5mA :
Blue 120° Typ 3.4, Max
SMD LED | 5.0 ~1,200 470 Max 1.5
3.60
(2) PCB Lay-out
3= T
Size(mm) 480(L) x 25(W) x 1(H)
PCBY LED 7§ 64EA
A F3 PCBAS 2Unit
(3) PSU(Power Supply Unit)
) o
Size(mm) 225(L)x36.6(W)x41(H)
Input voltage 220V
Output voltage 48V
Output current 440mA, 550mA
Power 25W
(4) 397 (Housing)
35 BE
Size(mm) 1000(L) x 35(W) x 20(H)

- 22 -




- PCB 1EA T
A A 3}7(nm) LED % LED2=% H| 3L
BLUE 470 128 64
RED 630 128 64
BLUE 470 16 16
oF 3.7
+ RED + 630 48 48

6) AE A

< JAF AL LED 57]F+ AAZ RED, BLUE, RED+BLUE>

U A E 913 A8 LED Array A%}

D Ne

dutx oz FAE 7T FFs Y WEHT o A A8 nF JAYoE HWol] AL
S5 Qo B AFL =W AX7} ol AAhd HAgk AF¢ oust xogts AX|7)
7Hs gk AHo] o 33 E LED &A= ol 100,000A 7] Esle] wrg Aol &

o

el Aej& LEDS] d7/HEe SFET 9 oyA A o= e Aufol 743
&

ERAQ WA WY o] Q=S AT YOoRA ol 5L HAel W sy e 23
shel, ZRAXNE ASFOE A 9 A YoM FHAT GIH Bl HA

21 A FozH HEY ARe tE SIAAA BE Fdel 2A Z1osA 2 A

o

7o
kel glol 744

i
e
o
o
i)
2
> >



Yo ABA U UAE FFFOEM Y YT B FTE o] T LED =9
AT FHOE F9) AW B HAF AE A T AA ASE £ dE FAEE
¥ 295 Tz22 A%z -9, RED w43, BLUE ©413%, RED+BLUE £33 Fej= 1
A g RS

< 259 F9 AujE AAF LED Array >
(2) LED 7]+ AA

@ LED 5717 PCB A A A &A3

NO S RERE
e LED BAR : 60 ~ 70EA
LED && A<
o AEF7]F : 120 ~ 140EA (Board to Board)
1
}ﬂ]‘]—?‘ I":‘—-% iil‘lil::lli.:ﬂ:lillli
LED BAR SIZE * Max. 480(L) X 25(W) X 1(H)mm
— Slim3} ¥4 JAEZE Min. SizeZ Artwork
2 F
i 5
A% = B T
P
. i AT &= e = _ Al o)
Bar A2 w9 I—-Ieatplpeoﬂ IATE & YEF Hole 3-EAN Y
3 3 Screw A2
I
AR =9 ﬂnnzgfgga s
i
* Bar Edgef-ol 4< P43t Wire=
4 Board To Board
Soldering Brldgeﬁ B
5 =4 Point ¢ e LED Barol] A 17} Al LEDO| QA71E = &9

- 24 -



AF/A¢ 24 7158 E2 Test Point 4.

(¢}
* Heatpipe® PSUZY o] SMT Assy¥4s &

6 | LED BARYY AHASAA }
BarthE A SAA 71532 S A QA7 A

* Model : Dasolel-Light (REV 0)
7 LED BAR SILK e LED=A : BardA AU 54 F7] 1EAYT A<
e LEDAAE 7lW¥No. : 59 wWi+Z2 44

e LED Datasheetol] A} Q1S

LED PADA
8 44 . )= PADAA O 2 A3y

@ LED %7]7 ARTWORK A7

» Connector PAD2HA| (271 4)
o A9 9 PAD SIZE W7 : Wire d¥ &
« ZAYF PAD 94 °]F
— LED PKG Outline 7|Z2.2 °]&
: Board”7} A ¥ Case©ll Slide Typel = 32 749
SR =4 E7)(+), () Silk A

W e #92 27a0] BF 2§

ox
(e

7

)

NN R TR NN N RN N NN
R TR N R T N R R R NN N RN TR R NN

e

_____ M —

—--I LF,:;_[.U-_.;.

<LED 57]7 AlA¥# ARTWORK 47>
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@ RED @3 7]+ AA

* RED LED Spec.
Vf max = 22V , If = 0.06A , 3&x7F = 0.055A(about 91.7%)
« PSU /A7
Vf . 35.2V
lIo = 044A (022 * 2 = 0.44A)
o Seto] T4 (1 set = 2 unit)

¢ untor [ nit#2

430

1 unit PCE Lay-out & HELAER
16ea Serieg (Wfmax = 16 + 2.2 = 35.2V)
Alines Parallel ¢ If =4 + 0,065 = 0.224)

=

18,9

@ BLUE @433 577 24

* BLUE LED Spec.
Vi max = 34V, If = 0.06A , 2AF = 0.055A(about 91.7%)
(A A Data Sheet’doll A= 0.055A°14 Vf = 41V <))
« PSU H/AF
Vf : 49.2V
Io = 0.55A (0.275 * 2 = 0.55A)
o Seto] T4 (1 set = 2 unit)

- 26 -



| 480 |
| |
| 2 3 vV 2930

1 unit PCE Lay-out B HE/AR
12ea Series (W max = 12 + 4.1 = 49.2v)
FLines Parallel { If =5+ 0.086 =0,270A)

EEEEN ----------- ll%%

—

1.9

® RED + BLUE €&341) 5717 A4

* LED Spec.
BLUE LED Spec. : Vf max = 22V , If = 0.06A ,
2435 = 0.055A(about 91.7%)

RED LED Spec. : Vf max = 34V , If = 0.06A ,
FAAR[F = 0.055A(about 91.7%)
e PSU AY/AF
Vf: 428 V
Io = 044A (022 * 2 = 0.44A)
o Seto] T4 (1 set = 2 unit)
( witer D[ unit#2
480 |
|
12 A4 29 30 31 3

1 unit PCE Lay-out & B/EH ‘ *_'|

|

16ea Series (Vf max = 4+(2.2+3+4.1)=42.8V) | ey
| T #'!'

aLines Parallel ( If = & + 0,055 = 0.224) ?ﬁ Tl

I

TElcTE St
EISSI

19.9

- 927 -



® ==

A H2E

A\

o W . Z} Color Baroll YL Q7lsle] w9 AgEE 2238 =435te] vlw

)
o
ih)
=

1 REDTHSE 1802 677 303 189 1285  A40mA/2BA~384V ~a0ma /a5y
2 BLUETH & 145 &4 i0 19 15 550mA/384~40.8V 550ma/39V
& RED&SBLUE MIX 1079 486 249 157 105 240ma/3a4-424Y 240ma/ 3Ty

* Distance VS Luminous intensity

1800 r
—e=REDE S &
1600 i g UE R

sl HEDABLUE MIX
1400
/ \

Luminous 120 / \
intensity 1000 "“
S
600 ¥

400 / "ﬂ \%\ 3

200 // 145 : 745 18 128.5

Distance (Cm)

- 928 -



 BF A Ta - =25 B ol FEFA SAH ASTVIE ol &7 A dEE o
8319 LEDS| B4 24o] $2: B4 4% H2E £9
e LED#A2 PCBE Jumper (chip 2012 type 0Q) &&= F&3}

e Powers Vo=48VZ 3s}1l 2714 & BEF
» RED Only ¥ RED / BLUE £33 Al lo = 0.4AE FY
» BLUE Only 4] lo = 0.55A
» 22t = =3 Power= BLUE OnlyolAl 714 Z3l Po= 48 * 0.55A = 264W

Forward Current vs. ZSEE R 0.055A 2 F

Forward Voltage v = ava o

===
=== e -

Forward Current{mA)
=

|

| i | 1 | L

B S 30 35 400 45
Forward Voltage(V)

™

o Y FF A9 AIAF AF
D Ms

LEDE SMPS(SWITCH MODE POWER SUPPLY)U} o}l€E]E HR(DC) HAUS Ag3te] T
Fohe Fevh got ¥ AAE AZAE 48 aF AU LEDE FEHES TAs)
93, ol AT AFAS FA7h WLIHM, FELAE B 2B THR AFY A9
LEDE F537]elE H=rt v Faittn wetg.

LEDE: dwtd oz TEsHs $io] meh 3ol 254
THe HFole a9 LEDe &wdF HASHFORWARD VOLTAGE)# - F(FORWARD
CURRENT)ol®, 113]%= LED& 4 35 4ol ol & B ddnt gtao] A 1= A7)
el $9e B ofele Bol L. o AAsE WHe FAY % PAF =S
g oz THsoksr sEe] SMPSU oldEE AY
go] 2ehrhe agle] HUS.

T A NAsuA A7k P4 sV LED HZE AT A8 HUS.

=

ol {‘[F

H
tel LEDE Fsdt= 45, Al=xv]



13]% LEDE 2z AZA3) ofgolE =W g7 MHASIY A8 wF HAYol| ZLofa Ab
E3EE 3 W/ Yol Jde X AL Fdy HH JHEseE ANdE Ae=wE, =3 JeH
O 2% LED 2302 kst A4S FdE o] kg2 LED dddF J=25& 74

® af PE 29BAE ALY,
S S ERIES L
ili Sgsiel 26l €A LED 75 Aol A
AE o g3 shel, MR F, A A A,
& 711 o)z, gt MG T 2BINTE AEHI] 3, A} gl
=49,

SMPS

ACEE ACE=H=

I.Iﬂi -y i-- u

| e _ b
-hEEEE}SSE’ﬁ—iESEE’;ﬁEEﬁ




Z

S

dEFEA 2A

3)
« PSU B/D ASSY : 165(L) x 35(W) x 26.6(H) mm
PSU CASE : 225(L) x 36.6(W) x 41(H) mm

.

—
=, ] A UM E
AT UM E 25 =
- __"O fiF = O 6.6
¥ $1.6 &
-
41 =
30 AC il
Fil P i inlat
. \‘\ DC Output
AC inlet Casa s
Packing
<9 BF A =@>
e AC Inlet X+%=
SKT Model No. : 0711 , 15A 250VAC 10A 250VAC
[
I THCHNE S5
08~ 1 FW{N~10 55
i | [ O T P 1
E ! MREINLL DETOM COnd DRDER KO
E E | a3 T WIS T
I 4 2 Smen ASCLOTR Tad Ih i~'- g | ari-ee
= | : -
T 1, :
PANEL CUT-DUT 4 mee MEOLTER TAR ‘ﬁf_“ O
t o
¥ " |
L ] _‘F | [ ] cimmyig  MEIORA Ir." ) e,
| 0. SSEADER 1Al /|
. \ [P ||
— —
| = - 1
£ Y /240 I e
!l t T FAST-ON TAB ‘1__1 | =% | ceni-Pw
g [T

<AC Inlet X%
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2k e, Us 5 AAANE S A ARt 57T sk A2

1) Ms
AEARE G337 255 So|dAARE AAT AT = e U740l £ ATE Y3y
29 LEDE FYo=Z 3o U3 FEHY LED 57172 MAeRe. o83 LED AF+E

L A NFE St AW, 35 ARFE EooF sty
< 2ndgoe] mE u2ef HdE st LED| 43 3 LED T

2o 14 Y Eo| FopNER A Wd AA 7L Badt

71&9] LED §7]7%, LED 7|#eA dA" do] A AolxE Fite] i o7z &
HAg, E8€0] Fold4E Bde AA LEDY 3dANE 71EAA AFE FHo B,
3t A e dol BAF e MR FHE FF 7|¢e] HEEHER LED FE4aAe]
He @& et LED A9 £38& A7 2345 29

a9, BE Bes FIAZ7] fske 3] JEG A AT AolxE A e HHE
IHE 7 dou, XA AkS w@ol WA Hol F8&Ago] Hol ‘%OWU:] £3], 392
Wi 71T AXE g 4 o] A ¥, st sk~ R 12 g W
d AAZF g F8EA FEHAS.

olof wg} WIS g LED 7| ¥ LED 755 & $9ste= 33 HE WHEE LED 7]
S EHE HAEHE 45 HLEEH Ao AR EE %A&ﬂ—t— %01 Hoistg +
TE AR URE HAS BdrlsS AT Fe Awlg 1E9Y LED 571+E A &)
17 A

e

AT FRE AAE SR L IR

- 32 -



¢ 3, E}%f& AN AR = A=EF 594 3 Hd A
1=

CBE AH&3ste] W a3t &

37
18.5 13.5
3
M
! —
F I?-"E Lf—.?
Iy LT
[ fii g, ~
[ -
Iy '. f?fir
ll..-".llr".'; ?_:" ¥ i .-
ff}{.l-,.ﬂ'.-‘_:;.} ?. } A vy
Weneis | 37
/ {ﬂﬁé’ﬁiﬂfﬂiﬂ iy
Wi
H{_ . LJ L - .-"l%f;
A IE 4 ' lI.l o
7 T } ,."'llr [--,
s}
37 =30+1000 | E
<Heatsink =5 &> <= 74 =H>
. VYR 9 nel Al
EH”‘ U = 151 AL PCB (1.2T) |
r [ — e = | ITSWELL LED PACKAGE {(1.6T,
J 51 ¢ E _ | COVER (31)
37%30=1000 ﬂG\*EHﬂLEl}'.ﬂ‘ & 2.13mm



(B) <& W3 HAE H2E

o HEUY : 7] AAE AAF LED Bar 1Set(=2 Unit)oll AL 21718t LED g5

2 Metal PCB Sl 9o AZHERZ L5858 Al 2513 Fo] HE

« A 14
No & T4
1 Ta 28.4C
2 Vf 384 V
3 If 550 mA
4 Board BLUE &A%
5 S FLUKE=62 Mini (<] HIHZ4 254)

p I.‘IIIIl'Il“ll‘.l‘lIH‘Fii!ll‘ll1-.-"‘l"Il.l'||‘*|i‘l‘|"‘||i"ll‘ll1|
N I AR LN LA SRR RN PRRRR R

B B
<Z7 POINT=»

2 A’ SA'C  S4°C S4C S4C SA'C 55 S4C STC 53C  SEC STC S6C
3 B A8C S5I°C 49°C S0°C 50T 47C 49°C 53C S0C 52C S0C 53C
4 B’ 38 A0°C 38°C A0C AZC 3T 4XC 4ATC AC A0C 41C 43¢
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Time VS Temperature (LED Lens & Metal PCB)

B0 |
50— o
Temperature
4]
30 |
20 |
0 ¢
u_ L i
W 20 30 40 50 B0 90 120 150 180 210 240 270 30
Time (fin)
4) AA T3F L Ax
o E AAFY AF 7IE9 AE Aul 57T vlE g d g AV 5% AL
Z, Add o ME FAIZE AFEA] AR SEHEE HoF1 5
o T FHe] 32 UlFo AXsle] AT A9 dut 27|79 ALE A= Gy
AA k22 YR o8 7HA] dost 3AH (T2, Ty, 849 s 5)d tsE
T A= 7Y NE StEE AASY =
e 53 7] d ¥ A AAVF 2HHA &2 LED 717 AHEAIS] LED 9 A
HARQ FTFES F+= Ao ZE ot AL
o WETO FEFo] ol Yoz 3 HA AFEA] ¢kF B¥Fo] A& FoZ AT
H, e AeFst 9 ALFslo| digk FrF ANl esty, =3 s9A AA T
AA F7179 Azd7lol vA& FFo] ABE oAH {4F IHSI BEFHA AA
7} 83
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4. s7F A5 Aol At A& LED S717 AAFE Az

7h AR dg B4

deje] AFoR AN FAF d LEDS AAF wgel 23
& Bol AEE AF, QB W 27 7 Fol BFH £4HT 9
KeN

- BAEA ;A=Y S So| FBY JEE AFAA LS

e B A A AR, ASEAEE G2 AFHolok st MBS tE LEe

THEA G, AFY Aeuiv AUXA EL 744 (84,00041)

<AF ARRI>

<AF A ZE ARRI>
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©@ =23 LED 3 &AX

=

A Al
AZNS .

)
=

M o
oy ok

@ Farm LED

ars)

BAF

524 ATABAAZ A4E AFOE 2009de] FAEFALEL 2
Pstgon 7k B BY/ SN AL FAF A% 2ABE ¢
B Aol Basitha Bog

Az} 2 EeE Bo) B G AFHA U

; ZRolA EYuE Fol ofg o] AT B wrh ki gT
ZHo] 22 2AHE BAZ} o gl WA Fo| REde] B
fgo] RESTIL Ferd

<LED @32 &2 AF 22 &8 A>

. EAH
R AR 9 EFHIES REAYHES o83l Y JMed
7155 ATt AF-53= 10-2009-61155
Az 2 E9E 59 BHd dEE ATHA &Fs

: 1W Power LEDE FR4 PCBell A7ste] A& AFO 2 LED WA
AA BeA] BEAA F Bg, Weo] did EA47F At 2o
w E3 OEQIRE F2 ol A, 2AMEE AR BlEEs WH
H HEEYE 2H3ste vy 24& 2533 ki BAAH o= A
SO FFE AuEH AFEA o ik 2w © AE] thE 7]F9
Arjo] BE3itial B3



= 13/ 5), 3R/B 10)

<Farm LED A

A F7F HFAY So2 ARSI e LEDS] o] MEZ<Ql LEDS| #38
AASE =W AA Qlo] AREI fEEE AFl Wol w7 Aol we EA]

LEDO Wit F3+AQl Al EHolAS Bl AF F4 2 ZE g dFs od=
slar, QA 3} st H Ao Auj& LED 2% AAE vlg oz 3 AAFE A
7|0l WMAGFE o] g3t AERAME 3t A= =3, dEA, 2] 59 FE
AjeteE F7te] MAFTuA FAANTS ZIAFOR St AA&, 3, EEAE
AvetE A2 Bk 7 BEFARLS WE AY

N AAEFS ESE RGO ZHN EFAAS] AeF Adste) tEo] B{7]
<o gt WA RIZXE 7HAA Hol AggAlel e JAPAH S Hole &
I} 7|t
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o ARl oiA AlFel AEAE FHRop FAAAAY AT olA Ik
A Sl A FHd g e olH e RS S AHE L AFEe =4

S e Aom o

U LED AAF 7ME 9 2o

e

(1) 2 S LED AAZE A 2 541

o AF ML A Bk olyel AxlF 2L FAFo AES YT AAH e~
USRI PGS Zzxo7 JiEE LED 522 1mZo|2 Bar &
HZ FHo oy o WIdEA P /54 71

<JRE AAEF AR>

* Size(mm) : 1000(L) x 35(W) x 20(H)
« AHAY : 220VAC
o AW : 3B5W
e 3 % : Blue(430~450nm), Red(650~670nm)
e 3474 : Red only (650~670nm)
Blue only (430~450nm)
Red + Blue mix
. I = . 50,000 Hours
* PPFD : 150 pmol/m2/s (25C,Red,100mm)
* ZE&LED : Top-View SMD (viewangle 140°)
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<AAF] LA A E AR

Iso Lux Diagram

lzo Lux Disgram (300
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B VI 150 W

3D Shperical Diagram

Falar Distrib. (ext)

I BRICHRE
20 b ke
el '."la?Jli :51.-I|n

G 24 A I CETE

0 s i E e
B s Vil b 350

17255 ho i corvier

B lum I sl
Exms VI 500

1 05 e Incenler

M s

A2 s s e
b T e

43 1 luw I cevien

el s b 2l
Becan Vil B0 00w

JH A0 [ue I cemien
GRS I el
Eeas WldIn ;10 alim

o o I eene
=g iy 2l
Frae iR 120

§.I. [
B Pin T1300m

15255 e TinZenied
32T b Elde
Erces Vb ;b 30w

1280 s Insenies
2 i B Sl
Eras Al 15 S0m

A0TE luw I cemier
S2dkwinside

Auerage Beam Angle =137 3%
Mz, Bearn Bngle = 161.2° at &1 = 907~ 0@ = Z70®
Mir. Baarm dngle = 927 17 at €1 = 130°~ 92 = 3207

Conical lluminance
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<AAEe B8 AW 2>

A=A Al ol A

NE

(2) LED A A& FsHEA

(b Simulation process
O Data =+
o 5717 =HAE B A HolE i
e Al-& LED spec sheet 3 array =9 &E
@ Modeling
e 3 HlolE 25 E simulationo] 23 717 3D modeling (Catia V5 &)
¢ LED %< modeling ¥ array (SPEOS &-§)
@ Simulation
® Modeling datas 7|¥FS.2 333} simulation A4 (SPEOS &-&)
i FEA/ 25 X A 9 A = (uniformity) &<l
@ A3EH
e Simulation 232} A4

ZH A v
e 22 4 & modeling T74

3T
<
T 7(0

(}) Data o=
» do] 1m9] bar type 717
 TFHEAL 1m x 0.35m o B3
735

* Housing2 heatsink®] 7|5 2A¥

» HE 9] covere {lS
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(th 717+ a3
» AlF E1 dataE 7|¥FS = 3D modeling A A
» 33} gimulationS Y3 A& dFujFoE A
HEA

* LED package®] &|#& =HTFA] 7|FolH 3RO A7]& (93.2mm
* LED array 42 ®BES A7t Qle BAER array dataolA A3
(14mm)

("h AE=EeIA

D Detector setting
= oA Y2 BlS detectingdto] AIE AHET F U detector setting
» detectore= AA SAHZAN FLsA AAHEL AL A-/AN)

(2 Simulation

» 33 /7] 7 /detectors 5 A S AEfoll A simulation A A]
» Azte] ST} 5% oWt HEES ray 5 AYRADA)
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gl R --.4.
T "'

i h.l' Wy ﬂﬂ“

1000 mim

1000 mm

<Detector Setting> <Simulation result>

@ A3 gl
» LED9| FAHZ F&gFS F+= FEHEFo] glorZ LED AAY A& EAY &
AHgH
» view angle> 110~120° 9]l 313
» 0° FHO Ae 1759 Fo| housingoll o3&l YF AEo] F=rF A

<A &zt HH 7]E> <Simulation result>

<Housing®ll 9|3t &>
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e
AN
o2l
Ry
1o
to
)
ghA
1%

A= FAE27F A o) gukH
s FAE 28 A3 BE FEA 22}H 9
Hsimulation 23+ A A WFEsimulationS AX 2LAHE =<2 A3

0% oY

el e #A=1S 28
1

(2719837 R=436 Im ,B=121 Im /A Y37 R=4.8 Im, B=0.81 Im)
= A oMo exe s Ao ATEHY AHAE S FHINE
(&9 - %)
Red only Blue only Red-Blue mix
FH th =% (Emax) 0.05 4.6 7.02
F A& Z% (Emin) 0.5 6.24 2.84
% 25 (Eav) 2.56 22 5.7
A £1(u0=Emin /Eav) 2.06 8.15 8.06
A Z2(Emin /Emax) 0.68 10.4 9.1

e
=359

- A3 ARE AAAE AR

- LED®| A %7 S4= gz

s 2= A AR W
o Bag

(*h 338 component T4

@ 333 Component F7}
@b Reflector 57}

» SHOE EHEE B reflectorgs ©]-83te] 33

B FF2 spec sheet’d?] intensitys WE3tY Z=Z=

T 22 ARz AA FHE SAH F LSk &
43 Aol 8ol 22
v 34 % symmetry A FH B2 BE pointoll Ao S
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b Reflector concept
= I el 7hs

3

R

<Line type>

A58

a7k 482

Reflector 743, AHEA
Line type®| 7d-%- dA=2| A
Circle type®] 7Z-¢ W& HFah

line typed &

H} sk

[e]

Circle type®l Al reflector 7ol we} HhzE 9

3o S}

R

4

3 | 7F&3t circle types AE

2 Tl A AT} i

3 glol =msh Fagol 20 shrtel B
vtz zwoh B 3 oY Wesh) #As
Zg%e Mt FAE A

B Reflector37}
T 2 =714 3

Line (W3}%) Circle (¥13}%)
AN zE (Ix) 83 142 (+71%) 298 (+259%)
#%F (Im) 65.7 120 (+83%) 202 (+207%)
EECH) 19 35 (+84%) 58 (+205%)
(ZAES/ QAR ’ i
A=
] _ 0.675 0.73 (+8%) 0.42 (-37%)
FHExE/HAxE)

© Reflector + lens concept

- FAE P

A8l lens 23 & F7F A=

<Line type+lens>

- 46 -

<Circle typet+lens>



= Line type°ﬂ/‘1 lens—7]‘—7]— A, #AEE AT A FEoA wAZ Fsadrt 9l
» Circle typeoﬂ /H lens —;«7]— %J}, FFY 582 SV HUzREe} dAZoA ¢

= ZHol ﬂ'?——l%}ﬁ] —Lﬂ’“ HE H3EstA = line typeo] AHEE ZoE ATH

T =71A% e (I?Rieﬁﬂ%or ﬂel&i&f}%i}%
AYZE (Ix) 83 155 (+87%) 278 (+259%)
2 (Im) 65.7 125 (+90%) 206 (+207%)
&) 19 36 (+89%) 60 (+205%)
(EAF3/ QA3
FA= . .
i 0.675 0.66 (-2%) 0.34 (-50%)

@ Collimator lens

e 343} component modeling

]

- %

N

N

EA QI freeform¥ 42| Collimator lens modeling
SARE BEE |ROR Bhof HBo| U BEE W el

- Lens array$ RFAA A 9] cover plate modeling

<&@ lens modeling>

<Lens array> <Cover plate F7}>
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- Collimator lens

g

=

B

Il
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g

=

=

1l
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g

=
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1l

R~

g

£

S

Il

o~

g

=
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D

~

il Nrm MM
i iy

L il of

m o0} (o)) (@)Y Lo (42) [ee] \O DN
T = O - SR R
(@) (@)
m DN (o)) (@)Y DN N [ Lo \O
8|2 Y g E|R 2 ¥ ]g
S (@}
m S (@) o\ 0 o <t Lo \O
= 8 S| FIEE IR B TS
S S
m i o (@] [N LO ee] D 0
R E P2 E IR 2T S
o o
m [+9) — N <t \O DN D~ O
EIE| |2 E R |87 4
S <t DN (a») (@) <t DN )
= ~ Ne) <t 139! o) N
15 87 SEg S| 5|7
m & /M =
_ B0 o
~o = \M/ —_ H_m Wm_ ~0 MN = H_m %_
T A A O o | g Xz U
i Mol g |F BTN o Mol s | ST
H_._E m o .E o JHL ~i O.* m o __Q_.._ o JHL _i
s S T =4
W 53 A &)
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L5349 collimator®] 73-¢- FEAHANAM MRkALEo] Srbste] MA o] adt
L5l = Rol 20mm ©]sk]l 7% FFe] W&ol Ar, 30~50mm 2ol A
T FEA] Ws7l A9 flF

B2y dutxow FEH Wiyl Fon, JEEE R=10 mm$] Y
HAHZEE 7|F2E HHspece BG4 R=10mm=E AH

<2 5 R=10mm>

@ Azt 24

)

AAAZ vl

Collimator lens®] 7%, 100% HWHAZ} = A] ¢y A=E Hl
A FFLS Reflector+lensol HI3| thid ¥&

HZ%E+= Collimator lens”} Reflector+lens tH] ¢F 2% A= =
F2 Al #A =+ Collimator lens®t Reflector+lens7FA 2] 221}, illuminance 3
H oA Collimator lensE &3 497} o4& 23

THZAA ™A E of Collimator lensETH= Reflector +lensE -85}
A HoAE vl Jde A= A

IS ARAE TS 1He FUHHQA AE e

U= o] Arjns

2

=0

397

rr

e ZStcomponent # | Reflector+lens (H3}5) | Collimator lens (W3}
- (12} simulation 23) | (22} simulation 23} (3Alsimulation 27}
HzE (Ix) 83 278 (+235%) 283 (+241%)
#%F (Im) 65.7 206 (+214%) 171 (+160%)
BE(%)
(EA BT/ 19 60 (+216%) 49 (+158%)
AN
A =
Hazs, 0.675 0.34 (-50%) 0.34 (-50%)
BAZE)
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@ Nluminance ¥] 1l

ol il 41
ELERLE

saaoEaEHEN

<% &component fE> <Reflector(Circle)+lens> <Collimator lens>

ol b Sideg

<3&3tcomponent fi> <Reflector(Circle)+lens> <Collimator lens>

@ 718t LED AlAF 7

o) B3 2 HAxg NId5 EFJ(PAR TYPE)Q LED 571+
o AF ML AEA] Bed Hx B RPpgow Jjdd LED FoE V& A
28 HIds 27 vE A8 7t FEHE A= 5 JEFS o
g3t kst Felo wMBERS ATY 4 Jdov A o] HY

St== g

- Size(mm) : 90mm

- ¥ 220VAC

- MY 7TW

- FATA
Red only (650~670nm)
Blue only (430~450nm)
IR only (740~750nm)
Red + Blue mix
IR + Red mix

- % ™ : 50,000 Hours

- PPFD : 300 ymol/m2/s

(25T, Red, 100mm)
- 48LED : High Power
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- Size(mm) : 120mm
- YA - 220VAC
- &RAY 12W
- AT
Red only (650~670nm)
Blue only (430~450nm)
IR only (740~750nm)
Red + Blue mix
IR + Red mix
- < " : 50,000 Hours
- PPFD : 500 pmol/m2/s
(25, Red, 100mm)
- J4LED : High Power
(viewangle 120°)

<AF A& HZE Az

@ 71} AHl-& PAR TYPE LED S$7]1 7
o FAAH] L 2 ZAE Al FLo] 7153 o8 P LED TYPES F713 o
2 Jgete, A=A 48 7t &3, A3 55 getste dFdT 4

ANAF Az A&t g
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5. A& LED s7]7¢ ds /M 3 A3 A+

7F ATE4
 AYRS T3
[e)

ok A
Ye} o 4

g HAs A7

(1) LED AlAF M 2

HE vgo g 7|/)dE LEDE /WAste] oA njEst of

* Size(mm)
R
. auAY
o I} ZF
. ST
. & o

: 1000(L) x 28(W) x 25(H)

: 220VAC

: 35W

: Blue(430~450nm), Red(650~670nm)
: Red only (650~670nm)

Blue only (430~450nm)

Red + Blue mix

: 50,000 Hours

* PPFD : 150 umol/m2/s (25T ,Red,100mm)

e ZHELED

: Top-View SMD (viewangle 140)
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LL
(AN ESER R EA A IR IRURNOI ANERICEDT A RE A ANE
o

Baarn Wadth - 1,66 m
ATE0. 50 lux i s rdesr
ARZ 20 luw In slde
B Widih -3 10 m
A D O sl (R O e
B85 lux in mide
Baam WVidth . 485 m
185 50 lux In coantar
5. 8T hus i Sidea
Bassem Vilcith - 6 1
10,08 Tas b Senter
S0 T4 us i s
Bawmn Width : 7.76 m
T a1 fus in Cantar

1. 89 hux in wicis
Bapm Widih . 8.21 m
A8 90 lhux in canter
B85 s iy Sida

Blamm WVadth . 10 86 m
e B Iim iy Comribar

B 508 lux in sids

Baarm Widih © 12,47 m
2T GO lux 0 Canitar
5.0 i i Sbchen

Blanm WAdith . 13, 08 i
&1.73 luax in carber

D B8 i b ol

Bemrm WAgth . 15, 61 m
17 850 jux in casrbar
322 hax in sds

<AAEL AN HE AR>

e AW R eSS A A e

Ayvorage Beam Angle = 137.7°
Max. Beam Angle = 155.2" at ®1 = 16"~ @2 = 185"
Min. Boam Angle = 121,9" at @1 = 80"~ @2 = 270°
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AN EIEEEREERSEE

030 m

0.80 m

0.890 m

1.20 m

"- 1.80 m

& 1.80
= 210 m

2.40 m

= 270 m

3 3.00m
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\ .1 1
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o \ d et 1 . <f ra
g S _— — ol 7 ol ¥ —— -1 - i L r g™ -
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. ""'-:'}_u_..\__\_ - e .
F- = e
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<AAEe Bt AY A>

(2) 259 LED AAE AA A

o AAEZE : AMLT 85T o|5H25C 71, max 40T), R, : 45K/W o]}
* Heat sink H3XAFY¥ : 1000(L)x28(W)xarb.(Hymm, 600g <%

D LED PKG AtY¥ 2 dA3 AlgE# ol

-) \-\ [Edecirical Chnracteristics at 350ma, T, 29°C

Bl —_—
i wrwad akagm W W] Tt Bpnbiisiin ¢ i ‘-h__—.-"-—_._‘
o Is 5 = [ .
¥ [ [

- I
i
-
—
g -
LI+
it e
tarty e I t
- .
ot g s W— T Y L J - -
! . — £ pec i g8 Pt U
o £ — e
| ) - " -
- L s

PKG RE&E

PKG S8 ABHO A
< 10.0K/W fitting
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o i T T i T e ey il
il 0 Sl Siels  Seh,  Siels  Sel.  Siel.  Sel.  Siel 8 el ek, Sfel.  Sel.  Siek.  Siels  Sel. Siel. 8 S

'l T T e

Bas appngs Lgrim 0]
Mmany M Ies 0 O
T N [T Wzizes 18 ¢ miy 10
Bty LK Al e pEmaige. §
g A in

ik trui)

s B

PCBAPKG S L& AMBHOI®
212 K/W litting

i Fin &M Fin & Fin &0 Junction Temperaure"C)
Rt Yokumdiam) {mm) ea) {mim] C B 40°C B
i 50,01 4,94
7 | _HJL‘
e 2 } - | | 4981 G483 |
i _— 1L N | - 1 497 ; BAEY
M2+ LT IBET 1.3 9 13 4R AS 63.45
13 2 15 | 4876 6359
1 ] 11 48,01 6388
115 | k) i o 49.99 ; 64.91
o o D 5415 £9.04 v
<SHUCE @E> h
30.0
s ik = LED Junction 655 T
40T JIE> Heat sink ~562 T

Fin &M : 1.2,1.3.1.3,1.4.1.5mm

<X 13
Fin Pitch : 1.8, 2, 2,2.15mm
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@ A A 8 Az 8

4.1, 25C J|# ©@l LED pkg array

4.3, 40T & ® M LED pkg array

4.2.40°C JIE B8 LED pkg array

Power i |“§:r| i = ”!I:.F-'.;
pr 25 | Atsoc | ()
1w 5149 | B354 | 255-285
® A% WwIA Ash
B Power FAI(g) Junction A A 3R
1000mm(L)~7] & Temperature(C) (K/W)
AA 71E=A= 1w 1,005 46.09 at 25C 21.1
AA A= 1w 683 48.82 at 25C 23.8
51.49 at 25C
W 65.54 40C 265
A% AA=H 564 04 at
3TW 72.93 at 40C 0.89
. JEAE D AL AT A FHLEE B LED pkg 7| FOE HFHoR
&8 /A A s gt $A%

AAE AF vg of 3~5%= A= B

— HFHOoE FA HRE %ﬁfs}h
: HF JE A=A FA 600g
Fo g A

Z A AE A AHLEE 55 7ZAE ¢ 57E, 05 7|FA BE S

S

A ol AAeE HA 3
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LT e
i I - i [l ™= -
EELL B -] i s
I | Wwir ] .I
IETT L ld
1l ‘ ] —— ]
1 ] []
RN -] - il
—|
S | N - L 1

<g| 2T AF o 8 A

@ %Y grdd
¢ LEDE % 36EAE A83lM, mix typedllAlE Red EA, Blue EA AM§-
* LED #H7]A] ojgol& 7IE F A & == /N8t w4
* LED package®] 2j#2 EHFA] 7|Eo|H EFH-2] A7]= (93.2mm

Array data
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<One-Line LED ojgo] ujd>

@ Reflector 2] =49
eh 3 2~d)

¥ 29 . Max 1,000 Ix/Avr 600 Ix
Ao AFE= e wide 522 &
A1 AMFAA : inputF & 490 Im/workplane W& 0.72m’
o] workplane®l YA - ZE(Avr)= 490/0.72=681 Ix¥
7 Te 2o gn Aojy} tsdte] RE B2 workplaneo] ¥&
—upebA, FE2EH S USEE AL o8FoE BV E Aom oA4d

o 2 WA o]EFQ A4tel] whEl Max 600 1x/Avr 4001xE #H7

ol

Fgle

&2 T
A
0.4m
1.2m
j,aé
Workplane ]
0.6m
<Z=AZ7>
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@ Reflector concept ¥ =™

2 =1
o W THOoR EHEHE FE reflectors ©o]&ste] P

o I %] 7T line type

c = ZA 3+ concept

« U Ae WEsts 29 gn
o

%£0]:8.04mm, %:22mm)

i B

< EeE =9

<A F2E PS>

© 333 component modeling ¥ Al E#H |4

J| & XM reflector

<Line type>
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<AlEdeld A¥>

Reflector=7}
T & No Reflector
Line (W3}
HANZE (Ix) 396 678 (+282)
HAz2E (Ix) 260 407 (+147)
A= 0.45 0.31 (-0.14)
<Al EYolH A 2&>
o FEFFHE el Reflector®] 7755 Hdg &3
o AAZAY RIS Sy HaxEo] wixle] Ao glon, ojx Ao AR
FFo] FFey] WEow Ay
o AAEE 71E AAC BlE FAF
6. el Ajul LEDS| 25 &7F A& & Ad 83 A+
7k A5
e NS fste] ALE LED ol 87eS s/HESAE S T8k 7)o Hg3s
A g
L
) AMEFT : LEEZ/ANERA TS FHESY 7)
(2) A2W& : ORED, @Red+Blue(3:1), @Blue, @Control
() AYAIZE : 12€ 28Y ~ 8¥ 30¥ : 21:00~22:00 (120%/ %)
@) AuiH
T & 271 A A H] 31
At s7F | 129 049 2 ﬂg j &7H
) . o) = PZS
_J_Aé‘_?: 15'17]' 123.35-]_ 152—:} 180cm*40cm _ 12_%]'_ 28%']_"‘5'%]-_ 12021 . X]}\C} Ozm)—q;&]
=9 57 124 06¢ - 05¢ 139 ~89¢ 11 : A4 2.0m AH
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(5) LED A& W
- LED ®X : Z 3cm, Z29] 100cme] ZTF~go 149 15704 24 3071E H-2H3 3=
270 dAsE 200em EHlE SHAH O E At ZF A E AEEHA

d

T 5 Y= AR ALHAS (AR 1)

A

RED

g

J=
Okl

RED+BLUE =&t (3:1)

BLUE CTHHt LED MIO1ZXI
A 1. Aol AFE3F LED B 2 Ao]AHH]

AR 2. E7HESAIE 2] LED A Wi 278 (2010. 6. 19)
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%°| : 20cm)

19 Ze] LED AuiAE <% 274 (2010. 6. 19)

) g 544 =78 2 (PAR)
AEME (nm) (4.9) pmol + m? - s
3. 06 51.3
Red 660
6. 19 50.4
3. 06 93.7
Red+Blue(3:1) 660+470
6. 19 921
3. 06 106.3
Blue 470
6. 19 105.7

- 63 -




2}, LED 38 3ol =745 (LED A g 30¥%)

1) =%

240

FxE|

e —

FX 2

RED+BLUE x|



) |

2|

=
L

RED BLUE

RED+BLUE

bSIE=|

=
L

RED BLUE

RED+BLUE

I

70

10

X 2|

[
L

RED BLUE

RED+BLUE
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(3) SPAD

80

70

60

50

40

30

20

10

8

8 8 8 8 8 3

—_
o

8 8 &5 8 83 8 o

-
o O

L - - - T JERp—
RED+BLUE RED BLUE Fxz
o
dad o2
-I_ - —- - -
RED+BLUE RED BLUE Fxel
| - o
3% 04
____________ I _____
RED+BLUE RED BLUE Szl
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@) A=

500

400

300

200

100

100

100

RED+BLUE RED BLUE F x|

RED+BLUE RED BLUE Fxel
| - o
Ld2 o2

RED+BLUE RED BLUE Szl
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)
i

of

50

40

30

20

10

10

10

RED+BLUE

BLUE =52

RED+BLUE

BLUE Fxel

RED+HBLUE

RED BLUE FxXz|
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vl LED F9d¥ 29 4 54 (528 : 2010. 3. 6~20, A : 33%7] 33 30HE)

e

330
300
270
240
210
180
150
120

90

60

30

Red+Blue Red Blue Control

330
300
270
240
210
180
150
120

90

60

30

Red+Blue Red Blue Control

330
300
270
240
210
180
150
120

90

60

30

Red+Blue Red Blue Control



Red+Blue Red Blue Control

Red+Blue Red Blue Control

Red+Blue Red Blue Control
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(3)

12

10

12

10

12

10

Red+Blue Red Blue Control

Red+Blue Red Blue Control

Red+Blue Red Blue Control
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Red+Blue Red Blue Control

Red+Blue Red Blue Control

Red+Blue Red Blue Control
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16

14

12

10

o N M O

Red+Blue Blue

Control

Red+Blue Blue

Control

Red+Blue

Red Blue
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Control




Red+Blue Blue

Control

Red+Blue Blue

Control

Red+Blue

Red Blue
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Control




80

70

60

50

40

30

20

10

Red+Blue Red Blue Control

80

70

60

50

40

30

20

10

80

70

60

50

40

30

20

10

Red+Blue

Control

Red+Blue Red Blue Control
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) HAAE (@)

18
16
14
12
10

o N bd O

O = N W » 0O o0

10

N

O = N W » OO0

Red+Blue Red Blue Control

Red+Blue Red Blue Control

Red+Blue Red Blue Control
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(b3)

80

70

60

50

40

30

20

10

Red+Blue Red Blue Control

80

70

60

50

40

30

20

10

80

70

60

50

40

30

20

10

Red+Blue

Control

Red+Blue Red Blue Control
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(10) M= (yellow index)

Red+Blue Red Blue Control

Red+Blue Red Blue Control

Red+Blue Red Blue Control
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al LED A% 9130, A718 2e) gul7hs mae) AA ws)

(1) LED A% 02m A

160

o L[e-REOSBLOE]

40 "l —=—ReD

120 L _ +B|_UE _________________________________________
—& 2 iz

T > "\ M

80

60

40

20

O | | |

/1Y 4mey 4E25” 53 22

(2) LED A% 2.0m A

120
—6—RED+BLUE
—5—RED

LR I P
=2z

100

90

80

70

63 5 6& 12 63 19
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Ab LED 39 & % (2010. 3. 6 ~ 4. 17)

Aege | 2EANE | AEARE | gEshe | ERe | AESF | 3F
° &7 (ZH3F) (%) (%) (g/35) A g
At 10.0 88.6 11.4 3,956 118
=S 10.0 88.2 11.8 4,027 122
Red+Blue -
=94 11.0 86.8 13.2 3,486 104
Bt 10.3 87.8 12.2 3,823 114
A%t 9.0 82.9 17.1 3,819 114
Red =43 10.0 88.2 11.8 3,588 109
e
=94 12.0 90.0 10.0 3,530 108
Bt 10.3 87.0 12.9 3,645 110
A%t 10.0 84.6 15.4 3,833 114
=45 10.0 88.2 11.8 3,554 108
Blue
=94 10.0 88.2 11.8 3,426 105
Bt 10.0 87.0 13.0 3,604 109
A7t 9.0 74.4 25.6 3,346 100
=A% 10.0 85.7 14.3 3,292 100
Control :
=9 10.0 86.1 13.9 3,257 100
Bt 9.6 82.0 17.9 3,298 100

of. LED Zd 39 F4 (2010. 3. 6 ~ 4. 17)

100
20 87.8 87 87 8o
80
70
60
50
40
30
20
10
0 !
Red+Blue Red Blue Control
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20

17.9
15
12.2
10
5 -
O 1
Red+Blue Red Blue Control
7. Red+Blue Ao m& o] <7 (2010. 6. 1 ~ 7. 3)

AFSAE dEIHT FEHRE 718 3-& FETE &F
748 (I35 (%) (%) (/35 A
A%t 6 90.5 9.5 2,467 99
=A% 7 91.7 8.3 2,479 99
=99 6 90.9 9.1 2,495 100
4 6 90.9 9.1 2,492 100

2t A7 Q ok

39 69 Red+Blue 79 FFAE 93.7umd - m? - s7o]A o 62 19¥ll= 92.1p
mol + m?-s?, Red H&T9¢ F&EHA+E= 513um0d - m? - stolPg ot 62 19¥0= 50.4p
ml + m? - s, Blue A &]79] F&FA= 106.3umd - m? - sTol o 69 19¥ o= 105.7u
ml - m? - s72 & o) 7t %S

LEDA g] 30¥¢ % #99 =4S AR A3, FA g+ nlste LED A4 o
A& % AFo|al, LED A gitoll= Blue A gl Eth Red+Blue(3:1) £33 8
T EE Red AelTolA ozt S48 HFAL.

LEDA 2] 30¥¢ % F99 24s AR A3, FA g+ o] Bliste LED AgFol4 o
& 5% AFolRa, LED AHE|ztell= Blue %2l 2 th= Red+Blue(3:1) &3 * g
T =+ Red A FolA b 53 HIFAY
LEDA 2] 309 % 9o 245 ARG 23, SPAD &2 FA 7ol Hlste] LED
ATl B 3 AN, LED Aol = Blue # 2 Hth= Red+Blue(3:1)
TG AT == Red AP FolA 4t 43 AFA=

z

o)

LEDA 2] 30¥ % Felo] =4s 2=AR 23, AT FA g7 Hlste] LED 743]
TolA i e FEFeIal, LED A Etol= Blue #8|E T Red+Blue(3:1) &
&3 AT = Red A FolA 3 53 A=
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(6) LEDA 2] 30+ =2
TolA A - F oA, LED ?ﬂﬁ"ﬂ—‘i
&3 AT == Red A TolA ot 3 AEFAS.

(7) LEDA 2ol & Zelo] Ade AR A3, 35S FA gl vlste] LED A2+
oA Thad 4% AFo|a, LED A1t Blue ##]ETh Red+Blue(3:1) &%
F A7t T Red A TolA ofE 53 BEFUAS.

(8) LEDA g]ell w& elo] A4S A Ad, A4S FA gl Hlske] LED A8+
oAl Tha 4% Aol LED A E|Zte= Blue *8]|HtH= Red+Blue(3:1) &%

lj

~

[r

33 AT E=E Red A FolA I 43 AL

(9) LEDA el w& #eojo] s ZAS A, #F2 FAgTe Hlste] LED A+
A tta 8 oI, LED A #ztel= Blue A2 RThE Red+Blue(3:1) <3
F AT EE Red HYToNA L ¢ AFUS

(10) LEDA g w& Fejo A4S 2=AS Ad, #5557 FAeTFol ®iste] LED
Aol tha FAY s LED A1t & Zo)7) 1S

(11) LEDA g w& elo] AAS AR 43, 359 dEe FAg T HEo
LED AglgollA ¢zt 52 Aol eyt LED A 73toll= & #kel7h A+

(12) LEDA o] w2 Fejel S XA A7, Hate dx& FAZ T vty
LED A FollA tha & AFo|A o LED AHEF3tells & 2ol flds

(13) LEDA ol @& eje] #u M E ZAG A, L a, b, yellow index BEF 74
gl Hlste] LED ATl A Tk H2 Ao oy LED A F3tels & 2]
7F =

(14) Fui7tFole 59 oldddl= FA Tl Hlgte] LED A FelA @o] st o,
64 o|Fol= LED Aol Avrd oz HA T3 =

(15) 718 A& FAYTY 17.9%0l Blet] Red+Blue(3:1), Red, Blue A |74 242}
122~13.0% 2 Tha A8, 4F4ES SVt A3+

F

mlm ¥

l~>

(16) A=71oll= BEFFEFE T2 Tl ¥t Red+Blue(3:1), Red, Blue A& F-ollA o
4 F7kete APoldoy, 69 o]Fole BE A FolA zpol7t Ao gl

7). Fgan

ol el AxE FstH, FA ol Blste] LED A FollA Fele]l Aso] w=a
Feole] FAo] i fsta AdFEaEol ot kst AdFeIeH, ol AL
71733 ddd Aow ATH.

20108 9] ¢ dx7F FFshal 257 WAl AU B2 &9 A dx ol F
ol yetston, olz Qg Bgasrt A A8 Aoz AA4HH ol AL
A2, TR A= Fole] 5A4e AUdste] 68 olF A FT|o AR el
FEFol FAlgl et Aol ke Aol sidAsta dvha Ak
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LED o]-& 7]=/d

e 9

A

A 24 FHe] 2t

AT 73 M8

1.

Ho

, WA, UVR, F-Ad)

B, 39

2 A+

el sAAMA LEDE °]&

(&

SAAEA A

=

Red, Inrrared, Green LEDE ©| &

Red, Blue, Red+IR

LED ©| &7« &7}

3+

2 9%

s

R

e

K
10

Jo

2] Ajujell L3 LED

z

2.

7h AT 8 e

<

9 Txo= 1zt 10714 23k 12

A el o

7}A LEDY]

Zo] 1m ¥3¥ LEDE 57179 200719

-
—

O el A" LED

: Red, Infrared, Red+Infrared(4:1, 9:1), Yellow, Red+Blue(4:1, 9:1), Green, Blue,

Ultraviolet, White 57]7 7§
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<2 WE Y AT <% AY 24>

. LED 3o Au) &3 A+

(1) LED #3=}

FEY FPA AEEPED) : ABe] FFHL Aol e ARztae Fastel,
AgAmel BRY BEE TAH AN FRA 54 Fashs LSl - m

2oshE A

QATAYol Wee LED 5717 FAE ALe 2719 2Agkol sl 34L % A
A B BASA HolAE BATL US

12} Auje] 83 LED 57179 49 LED Holu sk Wde] gk A4 1
H7F wFstar, -2l neusdt @40 LED H AAZE A A2 Ae=m
B

NAE ARA olAT BRE ueshe] WAMA, THE LED AHE o2 577
HAN W

wg AATFAN AN BUAT ARFTIOE AT FFA 2ae FFo 3

of AAlF AA WY
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(2) o XA

Rl |

 LED —?ﬂﬂl—?oﬂ ﬂ]’é‘}oﬂ ZANFANA 24| Aol, SPAD e, Hztgo] Alon,

. wwmow made RAde wa ARl S48 ol % LED Aoldli oI}

o HEZzZELS FA g o HlE] Yellow, Red+Blue, Green A& T4 B4 o4

(4) SPAD
* Red-Blue EFFolA wmd T=ZA eI White, Green, Red AT 0]
U, 7248, Infrared, Yellow HE]FolAE 122 ¢ o2 AuAIE A= FA
g ol HlEle] =E LED @ TFoA v¥e Adk ey

(5) =
o A2 AL Blue, Infrared, Red, ¥4+ Blue, Infrared, Red-Blue&%3%, SPAD+=
Red-Blue&3%3%, White, Red-Infrared &5, JAL Infrared, Red, ?3-’?—% Infrared,
Red, =2 Infrared, Red-Infrared &&33, A2 Blue, Infrared & * 8] 3k 3Lol A

$5HE ek

(6) ¥ LAE
o E HWHAIE S X P W3, Infraredoll A 713 ©3kal White, UV, Red &2
ko, GreenollA= ©HE Azl vl3l] AHA EA3 wtH T2A)uj A= Greend}
UVl A Ho] g

7) &5 B Ay A=
o T2 FAHEFANA Histy BE A FolA A¥tHo® FAE AiFSE YEHIL
U d=s & Zol7t gllen, Halo] MeE FA T XA i 7
B) 4F TF
o BAFEFFE FAG HIst LEDE XA oA FEFo] ti B AEFS YEY
31, E3] Infrared, Red, Blue, UV, Red-Infrared &3}, Yellow, Red+Blue& 3340l
Al et Re
9) WallZ
o =THE Yellow HFTFAA 713 &37F £9-oH, UV, Blue, Green oA Ath& o
2 A5
o FHiZFFol= FA gl H 3H, BE AgTolA drkdor AA LA oY, 539
Red-Blue &304 7Hd A A LA
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3. A7) el AujAE

7h

A3

=

1) NIFT : LEERY/ SAEHRSH

(2) A8H-E : ORED, @Infrared, @Red+Infrared, @Yellow, (HRed+Blue, ®Green,
(DBlue, @Ultraviolet A, @White, (0Control

(3) Azt

29 49 ~ 59 149 : 19:00~1930 (30%/Y)

-59 159 ~ 94€ 309 : 19:00~19:30 (30/¥)

(4) A¥n
571 A7 A47] A2 A g AW &
(€.9) (€.9) (€.9) (cm) (kg/10a)
2. 4 2. 18 3. 31 180x40 18.7-6.3-10.9-1,500

v} LED A& W
- LED #3x : Z 3cm, Z9] 50cme| Zet2gol 189 257014 2<¥ 5071 F2H3 3
} s o) A

=
o 27 A3k 100em EVE SHA SR AA e 7t A E AEEEZAA A
& F AEF AFet] ARSI AT (AR 1, 2)
SH4 LED AAWH : F 2m, 4o] 2mo FEAY A4 20cm Eolddl LEDHZ 27)
Ocm tAC = AX] o}al A3 AF (A 3)
LED 239 : Z 18m, Zo] 1.5me 9] AujolF A4 20ecm Eole] LED
27 & 50cm ﬁagi ARt A2+ (AH 4)

O
NF

[k

g

: E

s 3 X
- -
g : £
s = E
Z £ g
- -
£ B :
= B :
EE
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A7 4, ZFe] A 392~ LED F9E A2 A7 (2009. 3. 17)
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(1) LED %<8 ez 24 (24%0] : 20em)
- %k =4d A X (PAR) S 2| (RAD)
Q
HE 8 (nm) (€.9) pmol + m? - s w st
5. 20 16.7
Red 660
8. 18 8.9
5. 20 6,148
Infrared 730
8. 18 6,231
5. 20 15.5
Red+IR 660+730
8. 18 48
5. 20 51
Yellow 595
8. 18 1.9
5. 20 13.9
Red+Blue 660+470
8. 18 24
5. 20 154
Green 530
8. 18 16.3
5. 20 10.5
Blue 470
8. 18 6.3
5. 20 413.6
Ultraviolet A 395
8. 18 119.8
5. 20 14.7
White
8. 18 94

- 89 -




(2009. 3. 9)

A%

(2) $E7It & SPAD ¥FH=4

(2009. 3. 9)

AR 5. &H27|7F % SPAD §%2H A H

(3) $E7I3F 5 SPAD &3 (2009. 3. 9)

Infrare Red+ Infrared

Red
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Ultraviolet

White Control

2. LED 3¢ A B2 (2009. 3. 31)

= > NI T B o =
S S T e
Red 235 9.7 37.0 7.0 1.8 21.0 10.7 0.92
Infrared 24.3 11.9 41.8 6.1 2.1 27.7 10.4 0.88
Red+IR 23.2 11.8 40.3 5.9 1.6 31.6 114 0.85
Yellow 23.8 12.8 38.4 58 1.7 17.6 12.0 0.95
Red+Blue 219 115 40.1 55 1.6 40.2 10.2 0.72
Green 23.3 11.2 37.6 57 15 20.8 11.2 0.76
Blue 21.3 115 399 53 1.9 17.2 10.7 0.76
Ultraviolet 226 12.7 38.7 5.6 1.8 19.8 11.3 0.87
White 241 115 371 6.0 1.7 24.5 11.5 0.91
Control 225 125 39.7 5.8 1.7 27.0 11.9 0.97
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ARzl 6. LED FdH 22 He] HAZ(Red, Infrared, Red+Infrared, Yellow, Red+Blue,
Green, Blue, Ultraviolet, White, Control, &4 $=, 3€25¥%)

A7 7. LED %98 A4AHe 4% e AR 8 LED 398 449 A4% Ju
(Red, Infrared, Red+Infrared, Yellow, (Red, Infrared, Red+Infrared, Yellow,
Red+Blue, Green, Blue, Ultraviolet, White, Red+Blue, Green, Blue, Ultraviolet, White,

Control, ¥J= FHA =2 ANAWWE, 3Y€25 Control, ¥]= FHA 2 AALE, 3Y25

2 2
oo

vk LED ¥ A9 A=Z2E (2009. 3. 31)

T
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A LED 34¥ 734

24
2
20
18
16
14
12
10

o DB~ OO @

16
14
12
10

(428~132) |+
(4215~27) | -

T 10.3
-9 i
Red Infrared Red+IR Yellow Red+Blue Green Blue Ultraviolet White Control
oh. LED #¥¥ =¢d 4=
14
__________________________ .5____________________________ _—— = ——— - ]
4
| T 8_____ ——— e e — ______3____
2
e N NN . -

BLUE uv WHITE RED + IR Infrared RED+IR GREEN YELLOW RED+BLUE

23(2009. 4. 10)

A LED @ guj7pfo] dAe] A4 st

350
300
250
200
150
100
50
0

68152 6®22e cE290% 7E€H7Y 714 7220¢

=g CONTROL
== B|_.UE

uv

WHITE
=}&=RED + IR
=@=—|nfrared
—+—RED
—=— GREEN
—=—YELLOW
=¢=—RED+BLUE

Z=AFE Y (2009H)
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Z}. LED 3¢ 32 EA

(1) Z7]A¥) (2009. 5. 25 ~ 6. 5)

- Sz | 9% | 9% |#as54]  9E (B | A=
HEHE e e | ) | ) [ ms | E® | /)
Red 4324 13.3 7.7 19.5 11.9 14.7 2,005.8
Infrared 461.2 13.5 7.9 21.0 10.7 14.4 1,791.7
Red+IR 450.6 13.6 7.9 21.1 11.5 15.0 1,805.6
Yellow 407.1 13.2 7.7 19.3 12.5 15.3 1,768.3
Red+Blue 387.0 13.0 7.78 19.0 12.7 16.5 1,969.0
Green 407.1 13.3 7.7 18.8 13.0 17.2 1,958.5
Blue 345.7 12.5 7.6 19.8 10.4 15.8 1,625.8
Ultraviolet 413.5 13.1 7.8 194 11.7 15.3 1,799.2
White 462.3 134 8.0 19.6 11.9 154 900.5
Control 361.0 11.3 7.6 19.3 114 15.3 1,635.8
(2) QA (2009. 7. 9 ~ 9. 23)
wergs | HE | HE | %% [savA]_ 8= (b | A=
@ | @ | @) | mm) | w& | a7 | @/
Red 335.5 11.5 7.3 17.3 111 14.5 1,859.4
Infrared 323.3 111.6 7.2 17.6 111 14.2 1,850.6
Red+IR 310.2 114 6.9 16.5 104 13.9 1,863.2
Yellow 322.7 11.3 7.5 17.2 11.9 15.1 1,771.3
Red+Blue 3194 11.7 7.3 17.2 111 14.8 1,986.1
Green 302.5 114 7.3 16.6 11.6 154 1,882.4
Blue 276.5 10.8 7.1 15.5 12.0 15.2 1,643.5
Ultraviolet 285.8 10.8 7.2 16.6 13.2 16.2 1,722.5
White 3141 11.5 7.3 16.2 11.0 14.5 1,430.1
Control 307.0 111 7.0 16.8 10.9 14.3 1,832.7
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7k LED Fdd #yo] A=

(1) Z71AH] (2009. 5. 25 ~ 6. 5)

A& L a b Yellow index
Red 81.8 -4.3 781 102.2
Infrared 81.7 -1.9 84.1 108.1
Red+IR 84.4 -4.1 79.3 101.6
Yellow 81.8 -1.6 83.1 107.4
Red+Blue 81.2 -1.7 78.2 104.0
Green 79.2 -4.0 80.1 104.8
Blue 84.7 -5.0 84.3 102.5
Ultraviolet 82.4 -4.1 80.5 103.1
White 81.2 -29 80.8 104.8
Control 81.9 -1.8 82.2 108.8

(2) Q7&AE (2009. 7. 9 ~ 9. 23)

& L a b Yellow index
Red 81.0 -1.9 80.0 107.0
Infrared 81.1 -1.5 75.7 102.8
Red+IR 80.8 -0.5 79.3 106.3
Yellow 81.1 -0.3 79.9 107.2
Red+Blue 80.1 2.1 75.3 102.8
Green 80.1 -0.7 79.9 107.0
Blue 80.8 -04 75.9 1074
Ultraviolet 81.1 -0.8 80.7 107.2
White 821 -2.3 80.4 105.4
Control 81.8 -39 67.3 1004
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(1) Z7]1A1H) (2009. 5. 25 ~ 6. 5)

T THgdHs | AEHAT FEIE FETE &F
(F/35) (#+/35) (%) (8/37) A
Red 22 21 95.4 8,970 170
Infrared 21 21 100 8,640 164
Red+IR 18 18 100 7,730 147
Yellow 18 18 100 7,120 135
Red+Blue 22 21 95.4 8,480 161
Green 15 15 100 6,130 116
Blue 15 15 100 5,260 99
Ultraviolet 23 22 95.6 8,910 169
White 22 22 100 9,940 189
Control 14 14 100 5,270 100
(2) AAAIE] (2009. 7. 9 ~ 9. 23)
ST Ty | AFEHT FEIE FETE Ch:
(#/55) (#+/5%) (%) (8/57T) AT
Red 109 109 100 31,786 128
Infrared 102 101 99.0 28,010 113
Red+IR 104 103 99.0 27,930 113
Yellow 83 83 100 21,996 89
Red+Blue 77 76 98.7 21,710 88
Green 129 127 98.4 32,100 130
Blue 102 101 99.0 26,940 109
Ultraviolet 119 119 100 32,480 131
White 93 91 98.8 26,280 106
Control 98 98 100 24,740 100
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3

SEE T

59 20Y Red A #]7¢ FFAE 16.7uml - m? - s?o] oy 8¢9 18U o= 8.9umdl - m?
sTE g goked o2 MR v AEFUS.

FH717t F SPADE ZAFSH A3, Red+Blue & FollA 713 118 2 Y
White, Green, Red 8|7 ooy, F-* ], Infrared, Yellow * ] FollA+= 12X
k=
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Fol Ba ol RHL FEFLFE F715HE AUAL. DU BE 5 FAL 2 Aol
b Gt olAe A% F712 B5E LED BT BaHYY) BEoE F49. 5
5, FAFe] A A%zt D JYAF D A A FA G o] Fol A& M A
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4. 317] ] AuA

1) ANRAEFT . LEERS/SAEHS
(2) AgH& : DRED, @Red+Blue(4:1), @Red+Blue(9:1), @Blue, GRed+Infrared(4:1),

®Red+Infrared(9:1), @infrared, @Yellow, @Green, (0Ultraviolet A, (DWhite,
(2Control

(@) AYAIRE 2

- $E57] 49 19 ~ 59 10€9(19:00~22:00, 3, 6417/ <), A4 20cm A}

- Aol . 5¢ 159 ~ 5€¢ 31¥€(19:00~01:00, 3, 6A1Z/ ), A& 20ecm Ak
- AAo]% : 6¥ 19 ~ 10€ 10¥(19:00~01:00, 3, 6A17E/ <), A% 100cm Ak
@) A=
571 =7 A4 7] A2 A 2 LI
(2.9) (2.9) (2.9) (cm) (kg/10a)
4.1 4. 15 5 11 180x40 18.7-6.3-10.9-1,500

SHA  AE 19 A7 AuiA el AH8E LED9F L (A 1, 2, 3).

2 X 12 APolA AFES LED= AHEAIg o] BaL FEATE Bk (AR 9), 23}
ANgollA = BARES M3 98t Ste=d o=z AMEARR 10)3H9s. 23 Al g
A& LEDE £ 3cm, Z29] 50cme] &g 199 50702 F2Hgk 3|23 67 A A5
LED#Z 30071 & % 8cm, Z°] 100cm ZE|I# 2 st-AHo2 A2ste 247 AEE8)

zolA Al @ 5 UEE AAs] AL (AR 11, 12)

AR 9. 12k Al gl AH8¥ LED & AFZ 10, 23F Algoll AFR¥ LED =&

- 100 -



ARZl 12, LED 3-8 22+ AufjAIE 74 (2009. 10. 10)
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o Al A
(1) LED @ FFA 54 (SHL 5¢ 209)
; Sy ZA9A | FHA(PAR) | FHX(RAD
A e <] S o(_z )1 0(_1)
(nm) (cm) umol - m™ - s w:*s
20 9.8
Red 660
100 29
20 15.8
Red+Blue(4:1) 660+470
100 3.8
20 17.4
Red+Blue(9:1) 660+470
100 29
20 19.8
Blue 470
100 53
20 15.8 2,318
Red+Infrared(4:1) 660+730
100 6.7 779
20 17.4 2,004
Red+Infrared(9:1) 660+730
100 7.4 794
20 3,037
Infrared 730
100 1,354
20 10.0
Yellow 595
100 29
20 214
Green 530
100 5.2
20 319.9
Ultraviolet A 395
100 140.1
20 21.6
White
100 530
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B9 A2 24 (2009. 5. 11)
qe)| =2 | 94 2| 3 3| 2 2p A A
Z: ZA A A = =
- o azry T Ho | g= |70 (g/——r) (g/—r—)
HEHE g2 (cm) |0/ STAP | em) | com) fem)
)45 A S5 A | A 3
3 1265 | 113 | 43.0 |77 96 (274 14.7 3.9 14 04
Red
6 | 264 9.3 393 |78 | 9.8 |1285| 13.3 3.0 1.3 0.2
3 1263 | 103 | 379 |74 (94 (292| 15.7 42 1.7 0.3
Red+Blue(4:1)
6 | 266 9.3 365 | 71|93 285 135 42 1.2 04
3 1260 100 | 415 |701|92 |31.0| 149 49 1.5 04
Red+Blue(9:1)
6 | 263 | 107 | 403 |76 |95 |30.1| 15.6 41 1.4 04
3 | 275 9.3 286 |77 194 (222 14.2 5.2 1.4 0.3
Blue
6 | 26.6 9.7 38.6 | 7.8 110.2/129.4| 15.0 4.8 1.3 04
3 | 277 | 100 | 37.8 | 81 (10.0(37.2| 15.1 3.9 14 0.3
Red+Infrared(4:1)
6 | 257 | 103 | 376 |77 |97 |283| 16.8 4.0 1.5 04
3 | 278 9.0 365 |79 |95 30.1| 15.8 3.6 1.6 0.2
Red+Infrared(9:1)
6 | 268 8.7 388 |74 |9.0|27.2| 14.7 3.6 1.3 04
3 1265 | 107 | 395 |77 96 (274 14.7 3.9 14 04
Infrared
6 | 258 9.3 425 |69 | 87 |324| 144 3.6 1.6 0.3
3 1274 | 107 | 399 | 81 |10.1/36.9| 17.8 43 1.6 0.3
Yellow
6 | 275 | 107 | 391 |80 |98 |254| 18.6 44 1.9 04
3 1265 | 113 | 406 |76 |95 |25.7| 16.0 6.1 1.6 04
Green
6 | 270 | 103 | 386 |78 |98 |28.0| 16.0 44 1.6 04
3 | 269 9.3 364 | 76 | 95 |52.0| 145 3.9 1.3 0.3
Ultraviolet
6 | 263 9.7 411 |76 |94 |36.4| 15.2 35 1.4 0.3
3 | 275 | 100 | 409 | 81|99 |329| 153 44 14 0.2
White
6 | 27.7 7.7 35.0 | 80|98 |30.2| 13.6 3.1 1.2 0.3
Control - | 244 | 103 | 441 | 69 | 86 (263 14.6 3.8 1.5 0.2
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AR 130 8 3AIZE A%k 9o HAE (Red, Infrared, AFR 14, 31 6AIZE Ak 3He)o] BAE (Red, Infrared,
Red+Infrared(4:1), Red+Infrared(9:1), Yellow, Red+Blue(4:1), Red+Infrared(4:1), Red+Infrared(9:1), Yellow, Red+Blue(4:1),
Red+Blue(9:1), Green, Blue, Ultraviolet, White, Control, =z Red+Blue(9:1), Green, Blue, Ultraviolet, White, Control, =z}
A $2, 59 1Y) oA $=, 59 11%)

AR 15, 81 3A1ZF e e Fee] BEAF (Red, Infrared, Red+Infrared(4:1), Red+Infrared(9:1), Yellow,
Red+Blue(4:1), Red+Blue(9:1), Green, Blue, Ultraviolet, White, Control, &4 =2, 59 11
%)

AR 16, 3 3AIZE A E Feje] HAaE (Red, Infrared, Red+Infrared(4:1), Red+Infrared(9:1), Yellow,
Red+Blue(4:1), Red+Blue(9:1), Green, Blue, Ultraviolet, White, Control, FolA =, 54 11¥)
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(5) LED 38 HHAEAH

(7h 27149 (2009. 7. 9 ~ 29)

ot
trt

I Ag | #F | A | AF | Hg (Brx) | A=
A | (g | (m) | (m) | (mm) | ge | gz | (8/m)
3 478.3 14.4 8.0 19.4 10.4 171 | 14317
Red
6 391.2 12.8 8.0 20.1 10.5 126 | 1,720.8
3 426.4 13.2 8.1 18.4 9.3 12.8 | 1,593.3
Red+Blue(4:1)
6 552.3 14.3 8.6 17.8 10.7 152 | 1,683.3
3 484.8 13.6 8.5 225 10.9 14.5 | 1,769.2
Red+Blue(9:1)
6 483.4 14.1 8.5 20.3 12.6 155 | 1,541.7
3 444 8 13.8 8.0 18.5 10.2 14.0 | 1,564.2
Blue
6 510.3 14.0 84 21.7 11.2 14.5 | 1,730.0
3 572.2 12.7 8.5 20.5 11.0 147 | 2,011.7
Red+Infrared(4:1)
6 487.2 14.1 8.3 19.3 12.8 143 | 1,447.0
3 530.3 14.3 8.3 19.9 124 14.6 | 1,711.7
Red+Infrared(9:1)
6 427.7 13.5 8.0 21.6 12.2 152 | 1,791.7
3 349.7 12.1 7.2 16.9 8.1 8.9 1,805.0
Infrared
6 304.3 10.5 7.6 18.8 11.8 14.1 | 1,530.0
3 498.1 14.2 7.8 21.5 11.0 13.7 | 1,865.8
Yellow
6 457.8 13.6 8.3 17.7 11.0 14.0 | 1,856.0
3 458.3 13.4 8.1 18.7 11.6 13.1 | 1,835.0
Green
6 416.2 12.9 8.3 213 13.5 15.8 | 1,632.5
3 405.8 13.1 8.0 19.3 11.8 144 | 15117
Ultraviolet
6 498.3 13.4 8.7 21.8 12.5 144 | 1,845.0
3 519.5 14.3 8.3 21.0 11.8 14.0 | 1,530.8
White
6 577.6 13.4 8.7 223 124 144 | 1,704.0
Control - 393.5 12.2 7.9 21.3 13.5 153 | 1475.0
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(W) QA (2009. 7. 29 ~ 10. 10)

3= (°Brix)
e Ag | BE | BF | BZ | B85 A=
ks (8) (cm) | (cm) (mm) se | gz | (&)
3 389.3 12.7 7.8 17.7 10.8 146 | 1,717.5
Red
6 280.0 12.7 71 14.6 14.2 15.2 | 1,580.0
3 380.0 13.6 7.4 18.6 11.2 15.6 | 1,210.0
Red+Blue(4:1)
6 239.7 99 6.8 12.0 12.1 143 | 1,397.0
3 483.0 13.4 8.2 17.7 10.0 135 | 1,835.0
Red+Blue(9:1)
6 278.5 10.9 71 13.5 12.5 15.0 | 1,640.0
3 355.0 13.2 7.5 16.0 11.8 14.7 | 1,600.0
Blue
6 302.5 11.8 6.8 14.4 10.2 14.3 | 2,025.0
3 420.0 12.9 8.2 18.4 11.0 15.2 | 1,750.0
Red+Infrared(4:1)
6 2414 10.3 7.7 12.1 12.7 142 | 1,669.0
3 358.0 11.7 7.6 16.4 10.6 13.2 | 1,870.0
Red+Infrared(9:1)

6 240.0 104 6.6 12.8 12.8 144 | 1,670.0
3 361.0 12.5 7.5 154 11.6 14.0 | 1,655.0

Infrared
6 341.0 13.5 7.7 18.0 8.6 114 | 1,990.0
3 220.0 9.6 6.8 14.2 13.6 15.2 | 2,050.0

Yellow
6 303.5 11.6 71 14.0 9.9 12.3 | 1,795.0
3 310.0 11.6 74 16.5 10.3 151 | 1,510.0

Green
6 500.0 13.8 8.1 17.2 11.8 13.0 | 1,600.0
3 246.0 10.3 6.9 14.6 9.5 11.9 | 1,750.0

Ultraviolet

6 351.0 11.8 7.5 12.8 10.2 13.1 | 1,780.0
3 370.0 12.9 7.7 18.4 11.8 14.6 | 1,635.0

White
6 416.5 13.1 7.8 17.0 9.2 13.2 | 1,665.0
Control - 356.1 12.2 7.6 17.9 11.0 145 | 1,926.4
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(6) LED ¥ 3y A=

(7h) 7144 (2009. 7. 9 ~ 29)

} 217 Yellow
Aedg AlZE L a b index
3 82.8 5.1 73.4 98.1
Red
6 80.4 2.0 75.1 103.1
3 80.1 2.3 68.9 98.2
Red+Blue(4:1)
6 80.4 -0.5 83.9 108.7
3 77.1 1.0 754 107.6
Red+Blue(9:1)
6 80.2 0.8 78.2 99.5
3 80.5 0.7 76.0 106.1
Blue
6 80.6 -0.5 78.5 105.7
3 80.3 1.2 75.5 106.3
Red+Infrared(4:1)
6 80.7 2.7 80.7 104.7
3 80.3 2.3 69.9 98.9
Red+Infrared(9:1)
6 79.6 -0.1 75.6 105.5
3 80.9 25 70.9 99.3
Infrared
6 81.1 0.0 75.8 105.0
3 79.8 1.7 77 .4 108.2
Yellow
6 80.1 -1.7 75.8 103.5
3 794 2.6 70.9 99.9
Green
6 72.7 46 76.5 111.0
3 81.2 -1.8 76.7 104.1
Ultraviolet
6 78.3 1.8 74.3 107.3
3 78.6 2.3 62.8 93.0
White
6 78.0 -0.3 73.2 104.8
Control - 82.4 -0.5 78.8 105.8
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(W) QA (2009. 7. 29 ~ 10. 10)

N =] 2] Yellow
Q
Hed8 A7 L a b index
3 79.9 0.8 77.1 107.2
Red
6 80.5 1.8 73.6 106.0
3 80.1 -5.0 70.5 105.3
Red+Blue(4:1)
6 80.4 -0.5 83.9 108.7
3 79.1 -1.7 81.0 107.7
Red+Blue(9:1)
6 81.3 0.8 824 109.7
3 81.9 -04 78.9 104.5
Blue
6 81.9 -04 80.8 107.6
3 824 -1.3 771 100.0
Red+Infrared(4:1)
6 80.7 2.7 80.7 104.7
3 84.4 54 74.7 98.7
Red+Infrared(9:1)
6 81.4 24 80.2 105.5
3 81.5 2.8 75.4 102.0
Infrared
6 84.0 -6.1 78.7 100.2
3 82.5 2.8 80.6 104.9
Yellow
6 84.3 7.1 77.3 102.2
3 80.0 3.3 76.4 102.8
Green
6 75.7 3.6 76.7 1119
3 83.7 3.3 80.1 103.7
Ultraviolet
6 81.7 -1.0 775 100.8
3 78.7 1.5 78.9 109.6
White
6 83.5 -7.0 68.1 915
Control - 79.8 0.8 77.3 1074
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(7) LED Zd¥ e FFEA
(7hH =748 (2009. 7. 9 ~ 29)

- Aol | Fegve| dEds | dERe | dErY | H4F
C A | @57 | (5T | (%) | (/57 | AF
3 17 17 100 8,220 143

Red
6 10 10 100 3,460 60
3 11 11 100 5,260 92

Red+Blue(4:1)
6 6 6 100 2,680 47
3 13 13 100 5,010 87
Red+Blue(9:1)

6 19 19 100 7,620 133
3 19 19 100 8,700 152

Blue
6 17 16 9.1 6,660 116
3 16 16 100 7,390 129

Red+Infrared(4:1)
6 9 9 100 4,320 75
3 13 13 100 5,580 97
Red+Infrared(9:1)

6 8 8 100 3,540 62
3 22 22 100 9,220 161

Infrared
6 11 11 100 4,400 77
3 12 12 100 5,700 99

Yellow
6 11 11 100 4,240 74
3 8 8 100 3,240 57

Green
6 11 11 100 4,760 83
3 22 22 100 7,940 138

Ultraviolet

6 6 6 100 3,010 53
3 12 12 100 6,360 111

White
6 8 8 100 3,650 64
Control - 16 15 93.7 5,730 100
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(B A= (2009. 7. 29 ~ 10. 10)
. Al | S | dESS | AERE | AEFT | AFE
i Ct/57) | GH/5F (%) (g/57) | A=
3 14 14 100 4,290 127
Red
6 6 6 100 1,700 50
3 11 11 100 3,156 93
Red+Blue(4:1)
6 11 11 100 2,200 65
3 13 13 100 3,920 116
Red+Blue(9:1)
6 9 9 100 2,177 64
3 13 13 100 3,120 92
Blue
6 12 12 100 3,000 89
3 7 7 100 2,200 65
Red+Infrared(4:1)
6 15 15 100 3,160 93
3 16 16 100 4,780 141
Red+Infrared(9:1)
6 9 9 100 2,760 82
3 8 8 100 2,420 72
Infrared
6 6 6 100 1,840 54
3 11 11 100 2,660 79
Yellow
6 20 20 100 5,060 150
3 11 11 100 3,500 104
Green
6 8 8 100 1,590 47
3 13 13 100 3,580 106
Ultraviolet
6 8 8 100 2,402 71
3 14 14 100 3,400 101
White
6 14 14 100 3,160 93
Control - 12 11 91.6 3,380 100
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Al
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59 20¢ A4 20em EololA AT Red A7 FFAE 9.8umd - m? - sto] YL
100cm Eolol A= 29umd - m? - s12 Wi Bp=d e A TE v A

XA HAFL FA o Hlete] LEDA 8 FolA 24, 4, 94, o =%

AAY ol AFo] 73 Ao =], 343 & 6A1ZE A Ztell= & AFol7) §l =
27& FAe ol wiste] LED A Aol A 73 Ao, 341X AeTollA+=
Infrared * 2] T4, 6A1ZF 2] T4 = Green 3 Red A FollA 7Hd 53 A A=
Fre FAET vst LED A A FrollA B AIFolA=T, 3AIRE A FollAe=
A groll= 2 zkol7t gl 641 Aol A= UV 3! Red+Infrared(9:1) A 2]+l

A B BEUE

6~k ﬂﬂ——r“’ﬂ/‘iv: 2E X%“/]:r%ﬂ/‘i S 73@9,1%
FAS FAE Tl Bsted LED A A olA 21 FEFold=H, 3/\]7} ATl M=
Infrared # 2] -0l 4], 6A1%F A2 Fol A= Green # Red AHgFoA -3 AFA=.

FEH2 FAE Tl Blsted LED A A olA 21 FEFold=H, 3/\]7} ATl A=
Infrared A 2Tl 4, 6A1%t A E]T-o| A= Red+Infrared(9:1) ¥ Red A FollA 3

AFA=. 18 Infrared ATl e FAZTETG &2 A=

AE BAEL Tl 8] ZE LED Al TollA B AFolle Ur Red #} 2|70l A

e A= 3/\]7} 2 6AIZF 5 Green % UV Aol B2 ﬁfﬂ:ﬂ?

A = AgFolA Rt ow FAL Aol Z7]A )
Jrf Aol = & i}OE ARNS. 1} UV 2 White 3] 2ol A &= 71%HHH L]

A F3] 3AIE YR 6AIF A FolA FAE IS

Fulo] ME= LED ATl Mgt g FollA tha -3 Aol 27 A
SHoARAN 25 vt AEFAE Ly 3AE AYETE 6AIE A TolA tha 5
T BEFI=

FETEFE 27| AW A = A2l Ftoll B8t Infrared, Red, Blue, UV, Red+Infrared(9:1)
AZA A el = Yellow, Red+Infrared(9:1), Red, Red+Blue(9:1) A&l 7ol B Ao 3
O 6A1ZF AP BAIZE ATl A ta bk A &A=

ol’del AAE FHeA, FA g Ftol Hlste] LED A2l FollA Had 9 27| o] ¢
shal b TAEol STkt AFo] FHA AFTFHE TN U BE 2 AR
2 A7t glla HH o] Mee 23]y FAFANA 5T o A=

AIZPE Aol A= el o] A5 34 B 6AZE AP &8 vt g B, 3
o] MEE 6AIZE AP TolAH Ba FFatd oy AEFES 34 AYTolM vda B
K=

olH g AL AFHA7I9} BHo] = Aow FAHET, AP 19149 308& A2l v
Wt e AujAl LED A Ele L27|Bus A27|dA 53 9 deles Ao
= deg.

uetA Wdzels Bad, A5, g, Hals 24, 54 5 s34 5o Al A e
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Fabx o] A atg (12 A4, 68wl StFoiA FES] HESOOF &

st o) F44
Ao Ay,
5 9 §317] 428 F21& 93¢ LED o] 87« &4
7} s
(1) A E= . oﬁ.gxl—g,]/ /\]E_,,].}:}:ﬂ-
(2) A& : ORED(660nm), @Blue(450nm), @Red+Blue(4:1), @Infrared(740nm),
(®Control
(B) AAIZE : d& F 14171(19:00~20:00)
(4) A=H
F7] HE7] A7) A2 A 2 AlH] =
(4. ¢9) (2. 9) (2. ¢9) (cm) (kg/10a)
3. 18 4.7 5. 10 180x40 18.7-6.3-10.9-1,500

(5) LED-& : Z°] 55cm, 3z 157}

<Algol Ag-¢ LED5>
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(6) LED $EAY

<SHA 77 (A7 35emol|l LED AAA])>
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el
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Blue(450nm)

160 LT

140
120
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B0 -+ No41
50
36
40 -

AeF(pmol-m2.s'1)

. 159
20 + : = i
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ek pmol-m 2.5}

Red+Blue

250 716

200 +

150

1UD i

50 +
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Red+Blues3d Az¥ F&F
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Ade & 5 @l AER

Infrared(740nm)

35 T 306
30 -+

25 f
Iﬂ . AT b
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10
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el
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S
Ho
kd
0%
fo
—
w3l
)
o
(o
%
o
ol

34 & A B C D
Red pmol + m? - s 37.1 95 3.7 0.3
Blue pmol - m? - s 13.2 7.0 1.8 0.6
Red+Blue pmol - m? - s 29.3 4.6 6.4 0.4
Infrared W -m? 6.2 1.0 1.0 0.1

) " o 2= oo A A F(g) A=3(g)
TE e o | e | A | Aee | aww | Ase
Red 16.7 114 172.6 11.3 3.3 1.1 0.5
Blue 17.3 9.6 138.2 10.2 3.5 1.0 0.5
Red+Blue 18.5 12.0 163.3 10.8 3.8 1.1 0.5
Infrared 20.4 13.2 202.3 12.6 4.0 14 0.5
control 19.1 10.6 192.6 12.2 3.3 1.2 0.6
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=
o
1>
o
0l
N
ox
Ho

(84 159 %)

= A+ o == o = g = X 7} A
A9 T | em | e | em | D
Red 51.8 13.9 8.7 104 6.1 434
Blue 58.0 14.6 9.7 11.2 7.2 442
Red+Blue 55.9 16.6 94 11.3 5.6 42.0
Infrared 66.2 18.2 99 11.6 5.8 46.0
control 57.6 13.9 99 12.0 6.9 45.2

(5) LED <4 ¢+ Mt (AFE 6~1411H)

260
~ 14,2
i 20.0
=
k150
el .
ol
10.0
K.0
0.0 ' '
Red Blue Red+Blue Infrared conirol

ok Al aof

O A&ol AH&3 LEDY ##o] 10cmolA = 150umol - m? - s'o] A& %gko1} 20cmoll
AE= 64~9%umd + m? - s, 30cmol A= 36~54um0l - m? - st E Ayt HojdFE 3
Fe w478 AAasslE

O HSHAFAE =o] 35emF-Hol LED AAstd AEA Rl FFes A 27
LEDS HIE o}lelE= 13~37umol - m? - s'o] 3, 5 Aol 10umol - m™ - sto]dto] RS-

O 9 B AFL Infraredd 2] T4 7ol 21 AR o] Yo AKo] ¢31A 1,
A2 159 % ol AsE B ASH FARE FEFAS.

O & JMsles Azt zoles ey, Infrared ATl FAE Rt 4] A=

o3
Boke

O FEA F4H3 vpolgfx F4o] AL, FFo] H=3te] LED2|9 t& 2739
ol AMe Aoz AGHo FAF FFol e LI AHEVF 29D Ao=
Ragaes
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SAAEA A B

3T

=3

ZAgAS 93 LED o] &87]< 7

1) NBEFF : LEEI/SAHAEHR Y
(2) A8 . ORED(660nm), @Blue(450nm), @Red+Blue(4:1), @DInfrared(740nm),
(®Control
(3) AZAIZE : dE T 1A13120:00~21:00)
(4) A¥n
7] 57 A2 7] A2 A 2] A H] 2
(2. 9) (2. 9) (2. 9) (cm) (kg/10a)
3. 18 4. 7 5. 10 180%40 18.7-6.3-10.9-1,500

ﬂgﬁﬂmmi

H27 (A’ 80cmell LED A A))
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(1) ENFZe] A7PE B
=AY = S FZF(umol - m? - s
+ X 1,835
34 30¥ oo
H D392 1,500
> A 15
49 19 H] -
g 3¢ U] 21
i + = 520
6¥ 30¥ 2! -
H L&} 320
+ X 218
8¢Y 3¢ H] -
EIRERS RN p! 190
(2) B227e] LED 38 F7F
3 9 o ¢ A B C D E
Red umol - m? - gt 9.7 8.6 24 3.5 1.3
Blue umol * m?2 - gt 6.0 6.4 1.7 25 1.3
Red+Blue umol - m? -t 7.9 7.8 1.8 2.8 1.2
Infrared W - m? 1.3 1.2 04 0.6 0.2
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gl 2 pmol CO2m-2 5-1)

2 (pmol-m-2-5-1)

I} SFA
A C ?C;g (umol Jélgz % i-z - s
Red 8.9umol - m? - s 21.7 7.6
Blue 6.7pmol - m? - s 21.7 7.8
Red+Blue 8.0umol + m? - st 22.0 74
Infrared 1.4W - m? 21.2 -84
control 0 21.7 -7.9
(5) LED 3 A2 & 39 A%
"HA152F =4 3025
1800
1500
~ 1200+
g 90.0
¥ 600l
300
0.0 . . . .
Red Blue Red+Blue Infrared control
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& =(ol/=5)

1200
1000+
80.0
60.0
400
200+

0.0

A4 52E 2 M4 302E

a

Red

Blue RedtBlue Infrared contbol

2 E(cm)

16.0 -
140+
120
10.0 4~

8.0
6.0

40 |
2.0

0.0

Red

Blue RedBlee Infrared confrol

SPAD

60,0
50.0
400

30,0

200

1001

“HA15UE = HMA 302E

0.0 +

Red

Blue RedtBlue Infrared confrol
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(6) LED #{d %

225} 3} 2 o~ ar AZEglomak | A ZIS
A8 s | eees | G | o | A
Red 38.3 17.8 11.0 60.0 93
Blue 40.0 16.6 11.4 61.7 9
Red+Blue 39.3 18.0 13.6 74.6 115
Infrared 42.0 18.2 11.9 61.1 100
control 38.0 16.7 11.9 66.7 100
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(7) LED 3948 7183 A&

712 2E (%)

Red Blue Red+Blee Infrared control

P 3} F % % o = 55
(@) (mm) (mm) (mm)
Red 455.3 134.5 82.4 19.0
Blue 433.6 133.6 81.1 18.8
Red+Blue 452.9 136.3 82.1 19.1
Infrared 470.3 136.0 83.0 19.2
control 434.4 131.0 82.2 19.1

(9) LED F<3 3o} o] g%
14.1

Red Blue HEd+BIue Inframd control
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(10)

LED Z99 34 A=
A g L a b
Red 78.0 4.7 66.7
Blue 75.5 6.5 70.4
Red+Blue 76.0 6.8 69.5
Infrared 75.5 6.2 69.8
control 754 6.4 69.3

(11) LED #¢¥ A4 A=

- 159
160 - 14.2
12.0
3
Ll
oo 8.0
=1
=
a0 -
0,0
Red Blue Hedl-Bh: Infrared control
o Algd3 9ofF
O #49 kg2 W BFEe FFo] B EE 1,500uml - m? - 57, HleE g% 21umdl - m? - s
Argorn o249 38 Fe 320uml - m? - s, Bl 2= Y-S 190umdl - -5t ATYS
O #ejo] FFAdL Fol %7}?%#% Z7vst o, FRAHE LS 250um - m? - st A E0)
3, 33 3A-L 2000umd - m? - sto] Aol
O Okﬁoﬂ LEDZY¥ & h“% 2SS =23 A 74~-842 AT Z zol= AT
LEDY] ##Fo] 6~9umd - m?-s? AEE Wgly] W& Aow Ay, Lo 21
2~220CE g 7o 74017} A=
O o] T AF e At A4 Fo48S e, Red+Blue A&
oA 71g 3} Aol 2401 FE FgEo) —‘%ﬂal?-ir:} 15% AT =3
O IF, #A, HZF, AE5F/4, T At Zol7F i, FA e M= redx T
oA Lrel %L, as b%k° wgkon, Fale] AxE zol7} ¢l
o )

Glasl ARE FUARY I M IANY
7]

250umdl - m? - s"o] ol ghop AT} I o] Tt B3 7]
Zﬂowh 59 doju HleE EHET LED FHFE HolH TFOE QI £2RE o
2 Y F e AU AS Ao® AGHBEERE LED #FH Azt S #F

| A
T7F 28 AR dATH.
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7. 3] kgAY A% LED ol871e

D NFEFF -

3 AHAITT

D FE S

LEEAET
(2) x8)W-& : RED, Red+Blue(4:1), Control

F7F ASAE

= A 247 948 T 247
@) F7HESAIE %173

] =7 A A = AEZ
el (cm) () SPAD @ ©
Red 12.0 6.6 43.0 17.7 1.8
Red+Blue 13.2 6.8 37.9 15.8 1.4
232 12.8 6.2 35.2 16.0 1.6
@ AN F A%
_ =7 A7 a4 | SiE
o (cm) (cm) (=) (cm) (cm) SPAD
Red 93.1 19.9 31.1 8.3 9.8 35.4
Red+Blue 81.4 17.3 337 8.1 9.9 39.1
227 69.6 16.0 28.0 8.5 10.7 38.3

. AgA} 2ok

o FHO AKL Red+Blue EFFoNA Ao Zal, RedFollA &0 & AEFo] =
o A2 Zo] o] AFL LEDZF Ay olA =R Aol 41 455 B
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8. LEDE o] &3 X374 Ajuid i

D NFEFFT : LEEF/=HEHTY

2 A=WHE
24 7 B
Red 660nm 76 ¢ md-m s
Blue 450nm 49 1 mlm s
Red+Blue 660+450nm 55 zmolm s
Farred 740nm 10.3W-m™
(3 AYAIZE : FF ~ AL E A 243 LE F 243D
(4) AwiH
571 1571 4207 A S
1€ 5¢ 1€ 21 29 22¢ 180 x40 18.7-6.3-10.9-1,500

G) AFTFeA - G 3NE(FF 65F)
6) SEAE HH

L AEE

(D ¥ Hojz=o] H3H2010. 12. 4~2012. 4. 24)

1F0000
1 O00o0 -
f
BOOOO l
; i i
wi soooo . } b X X ‘ [

K* Ly
|
anooo

OO

L] i
Z2010-13-04 2011 -01- 04 Zoii- D204

Z201ii-05-04 2011040
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— S JDIC-1 213
il JOLO-1I-TF
i 4 - L
g L L~V -Z
e 201 -0 -8
e T )

= 20T L =03 T

—— L B -Cr@ -3 3

2TL L-O=8-22

nal

(3) A71E 3

1200 |
__ 1200 |
:_v- 1000 |
g soo i
E 600 i
&0 4aoo |
fn |
200 I
o - 2
BHE | =g | = ] =2 | BE | Bs ‘ = gy ‘ BE | my | =g
118 | 119 | 125 (129 | 122 | olm | 02m | o2 | ozm | oz= | o3m
| 102 19 (o=l 13",‘.| 28<d = | (o n =1 o8 ok 22 282 1.8 |
4) 3% 1693 FBEAS
_ Hjj =4 o] a4 & A =
el (mm) (mm) (mm)
Red 338 b 25.0 a 26.6 a
Blue 319 b 19.3 bc 21.2 c
Red+Blue 305 Db 210 b 241 b
Farred 411 a 15.1 d 151 e
T4 g 30.3 b 17.1 cd 17.5 d
5) BA7] FEAAS
. S A a3 A&
el (cm) (=) SPAD (cni) A 2 H- A 5H5-
Red 25.6 a 16.4 a 42.0 a 328.2 a 16 a 0.3b
Blue 226 a 14.8 ab 44.4 a 289.5 a 15 a 05 Db
Red+Blue 22.7 a 13.6 bc 484 a 311.8 a 18 a 0.8 a
Farred 169 b 11.2 ¢ 348 b 126.5 b 0.7b 04 Db
T4 g 150 b 13.0 bc 414 a 1740 b 1.0 b 05 b
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Blue

Red+Blue Farred T3 g
6) A2 15¥4% A5
2] =% T A% A% A=
(cm) () (cm) (cm) (cm
Red 42.5 bc 9.8 ab 10.6 a 8.0 a 10.1 a
Blue 519 a 11.0 a 12.7 a 8.7 a 10.6 a
Red+Blue 47.8 ab 110 a 125 a 8.4 a 10.0 a
Farred 375 c 88 b 13.1 a 8.5 a 10.3 a
g 41.8 bc 95 Db 14.2 a 8.6 a 104 a
D A4 309F A%
_ Z=7 AT A% Rilo'y A+ PR
Al (cm) () (cm) (cm) (cm) ST
Red 101.1 b 19.7 a 153 b 12.2 b 141 Db 7.0 ab
Blue 117.3 a 19.7 a 18.5 ab 125 b 144 b 8.2 a
Red+Blue 1156 a 20.2 a 18.5 ab 12.2 b 14.3 b 7.2 ab
Farred 100.1 b 170 b 19.6 a 134 a 16.3 a 6.3 b
T4 g 107.8 ab 178 b 20.8 a 126 b 156 a 6.8 b
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)

dx sk FE st

- STE TS
e @ et
Red 3. 19 18.3 a
Blue 3. 17 19.9 a

Red+Blue 3. 18 18.9 a

Farred 3. 21 134 b
X2 3. 20 16.9 ab

o AgAd a9

SESA Yo 2EE 20109 129 4U5E 20119 49 2447k 2ASALS.

A7 Hrjzss 12900 60,000Lux, 1290 80,000Lux, 22l 90,000Lux, 32l 100,000Lux,
400 100,000Lucl 0.2 Akl A% 257} F7hehe S

g2 g2 s7F & F =57 943 STt 134170l Aol oj2a vAl §43] fHast

EI

G 2€¥ 27¥0l= HUIZRET) 4,857LuxE M]3 A]7]9] gt o] 5% AT FFol%S-
gho o o 3o Bk 1199 12¢€6= 700 g mdm s, 29 o= 1,000 4 mo-m™ S1 A Z 0|
A, 9 F 200 ymlmZs!, Q= e 75 ymlmisT AEo| L

F & 169 #H29] 452 Red, Blue¢} Red+Bluex 8] Al vl F 4ol F-4g]9} vl 53}
R Y TRt & Hol o, Farredol|l A& B7F E4E o] wjSo] 21 e 2
.

A7 e HEEY A5E Red Blue2} Red+Bluex] gloll A 7o) A A3 A
%] ol FAZET AKo] 7383, Farredol| A+ 742l 9F AFo] vl =
A & 15l ol 242 BluedolA A4, Farredoll A #ok+.

A4+ Blue®} Red+Bluegoll Al 2ok

A2 3 30¥ 9= Blue9} Red+Bluedol A 2=%o] AR, 4= Red, Blue¢}t Red+Blue33ol
Al Bk

A2 Farredst F-xgollA AL, Redoll A &3k

£0k= Blueol Al @3kar, Farredel F-AglolA AL

N&}7]+= Blueoll Al 7} wkgkar, Farredoll A 7Hd =&

T3 4% /sl Red, Blue9t Red+Bluegoll A & Hol
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) NBEE : oBRBRe) A ER T}

2 A&
ZF i T
Red 660nm 107 g mom™s!
Blue 450nm 92 17 mol'm s
Red+Blue 660+450nm 103 z mom st
Farred 740nm 13W-m™
(3 HYAIZE : A2 T A= A 247, B ZT 247
(4) #}nfH
~ A2 A Al 8] =
il = Z B A
S H571 8471 (cm) (kg/10a)
12¢€ 6¥ 124 23¥ 1€ 20 180 %< 40 18.7-6.3-10.9-1,500

(5) AlgTruiA] - G 3R 65)

© AN 14

Y. A@As

(D A2 209 % A&

_ Z A olc] 4= A 7R ol =} o=
ok (cm(; (‘t?q_l)‘ é(cm)o (b;m(; (b;m) SPAD
Red 41.4 ab 11.2 a 9.6 ab 6.9 a 8.2 a 419 ab
Blue 43.9 a 12.1 a 95D 6.6 a 8.0 a 42.1 ab
Red+Blue 39.4 bc 11.6 a 8.7 b 6.8 a 8.2 a 446 a
Farred 434 a 10.7 a 11.8 a 6.7 a 7.8 a 41.0 b
g 371 c 10.4 a 10.6 ab 6.1 a 7.2 a 40.7 b
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@ A4 0T A%

ES nlr] 2= A 7HA =} q =
A | e | e | G | e | S
Red 81.8 a 16.5 ab 6.1 a 8.8 a 10.5 a 44.7 bc
Blue 72.5 abc 16.5 ab 7.7 a 91 a 104 a 454 b
Red+Blue 79.3 ab 17.8 a 5.7 a 8.5 a 9.9 a 50.1 a
Farred 71.8 bc 155 b 7.6 a 8.5 a 9.8 a 40.7 cd
g 64.5 C 153 b 6.1 a 7.9 a 9.5 a 40.2 d
Q) &= M7t = e
5 oLz ) 3=
Al @ il
Red 3. 6 20.8 a
Blue 3.7 19.6 a
Red+Blue 3.6 17.8 a
Farred 3.7 13.2 a
A1 3.8 13.6 a
(4) 2o EA
s} =F 3= Lo =
A1 pk il o
Red 303.5 ab 99.3 a 79.0 a 17.8 a
Blue 309.7 ab 100.4 a 78.7 a 18.0 a
Red+Blue 329.1 ab 102.9 a 80.4 a 18.3 a
Farred 347.1 a 104.2 a 80.3 a 18.3 a
A 296.8 b 97.9 a 77.6 a 17.9 a
(5) Ao A=
A L a b
Red 68.0 a 18.0 a 1004 a
Blue 67.6 a 17.9 a 100.4 a
Red+Blue 68.5 a 17.2 a 99.6 a
Farred 68.2 a 17.8 a 100.5 a
T2 g 68.7 a 15.8 a 98.7 a
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6) HHo] F=9} 4=

2] 9= A=
” (° Brix) )
Red 14.3 a 1691 a
Blue 14.3 a 1763 a
Red+Blue 14.2 a 1674 a
Farred 15.2 a 1793 a
237 153 a 1717 a
(7 %
23] T EI T 718 34-&
(kg/10a) (kg/10a) (%)
Red 1,528 a 1,297 a 85 Db
Blue 1,410 a 1,162 a 23.3 a
Red+Blue 1,579 a 1,392 a 18.8 ab
Farred 1,411 a 1,218 a 19.1 ab
238 1,324 a 1,174 a 16.9 ab
Q) FddE Ho %
1,600
119
ﬁ 208 100
S
—~
S
=
o
¢
=
4o
=0
=4 g4 FH+y4 2N 2N
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B2 00,7 1)
-

=10.0

(10) COx&

35.0

= 150 200 250 300 500 750

-

G001 250 18500 2,000 2 804

A lumol-ms )

=9 g4

(<]

28 9 29.3

40 S0 100 200 400 [1ATH] 800 1.000 11,500 2,000
CO. &5 {ppm)

(1D F=FH Cos=EE FF/A

25
20
15

10

AB4E(umol €O, m? 571)

-10

=15

——1 00 =200  —.—S00 —.—1000

CO. s =(ppm)
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(12) Fdel st
20

FeldE(pmol CO,m* s

(13)

ki

H Elpmol CO, m 5)

15
10

L=
—
—

LED3Z9 A2 ko] Fetd W3}

-

-

-5

el b =TT eanat: =] —iR O
—_— — :& C i [y = £ -.t. = [Ty
s = "l Eeals § T
5 _h b o o Oy o i oy = = — =
2 e = — o e £l
- L s g, W e Wl
: ‘ -~

-8

a0 -10

4

=12

=14

-16

e

(14) LEDZ9® ofzt, sdd3 Hlexs &9 FdA

2H8HE (umol CO, m? s

-2.0

-4.0

&.0
mEA mEA mEAEA o wm D= w22

4.0 :

2.0

0.0

H]
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o} /\lﬁé%ﬂﬁr fof
o A2 % 209 Blue9l FarredgdollA 4] Aa, HA3H-2 FarreddolA 2A&
SPADE= Red+BlueollAl thd =35 A4 & 409 Fe9l9 ASE Red, Blue¢t
Red+BlueA gl A 27, vit]4=¢} SPADZLo] FAglwh =k, Aoy o] a7j&
H| 23l 2. 42 Ml x A8 39 9o 2 Red, Blue2l Red+Bluex| 2] ol A ko
U EAA S 9o

. /\J%—’FEV’ A2 foAde gl oy Red+BlueE 32 19%, Red= 10% =4S H

%2 Farredol| Al 347go 2 7V Egka Fx g7} 297g0.&2 744 Shake.
b, AE3 55 = Aolzt gllem uAe Zpolrh gllou, agke] LEDA 2|7}

. BES AEE Aol7t A E.

o AL A A B FRAHL 100 gmim s, B
= 40, Eﬁr’é% 800ppmA =R+ FHFol =

of

AL 2,000 zmlm>st A=
S4E CO2FE7} =719

oL, COZH A
meh B sl AA SR
+ FYE YEFRE FRACl TSI 1BAA Aol ol23 A} Faste] ey
3L 1 O,

334
Fre FPYol F43 FaHA L.

HE= S =
+ HeRAEE Yo Fo LEDE BFSHE FHA4Cl QA FAsT} ngo] Brhu
A ZasE AFE BAE

t

o O s ¥ WEe 2o F}8e LED BFoA FAYERG FFALEC] U &
gom w7 2= Red, Blue$t Red+Bluer} Hl12=3t 01 Farred7b tha vkl 3o
w2t FFAHEANA 27t NS

« 2 AEE W ANH LED BFo R FPPES
H7F AR o}, A Azt B ot a9t o

o FFA &322 Red, Blue, Red+Blue £33 HA3FS FHAH oo E BPS
stofol AS 319 a7 S AR ARH.

Z7HAA el A%e FAse &
=

Py

8-3.

B
™

A&

I

7h 3

ok
L

(D) AET - S 3 vl

(2) A&
¥ R SRR N
Red 650nm 125 105
Blue 460nm 325 101
Geen 530nm 145 100
uv 390nm 21 80
Farred 740nm - 21.5W-m™

- 140 -



3 ¢

Al

(D) f3ae] A= s

Z7 1 23C =74 2447F LED A g

85.00 1.00 80.00
80.00 -
=R
=4=Red 000 - =t=Red
75.00 =B=Blue =B=Blue =B-Blue
L \ =4=Green =h=Green b =h=Green
70.00
\ vy )V 60.00 eV
65.00 aefiorescent | 0 =#efluorescent =#=fluorescent
==control 400 - == control == control
60.00 T T : 1 5000 . . .
0 1 ] 3 50 0 1 2 3
daysaftertreatment daysafter treatment daysafter treatment
(@) 24)7] e A= 9
76.00 /' 6.00 90.00
74.00 40 Py 5500 |
7200 / '
wt=Red 2,00 wh=Red ==Red
7000 - 80.00
=H=Blue =f=Blue =#=Blue
168.00 . 0.00 A G b G
600 : =h=Green a 0 =h=Green 7500 i =h=Green
el 200 Uy )y
64.00
=#=fluorescent -4,00 =#=fluorescent 70.00 =k=fluorescent
62.00
=0=control =0=control =0=control
60.00 . . . 600 ;/ 65.00 . . . .
0 1 2 3 400 0 1 2 3
days after treatment ' days after treatment days after treatment
Py -
() W&o Ax W3t
80.00 10.00 100.00
7000 90.00 —
80.00
60.00
=4=Red =4=Red 70.00 =R
50.00 60.00
=B=Blue ==Blue ==Blue
L40.00 b 50.00
=h=Green =h=Green =d=Green
3000 40.00
e\ =)\ 30,00 =)\
20,00
=#=Farred =k=Farred 20,00 =¥=Farred
10.00 10.00
=&=control == control =&=control
0.00 r T r T T 0.00 T r T r T ,
0 1 2 3 4 5 5.0 0 1 2 3 4 5
days after treatment ' days after treatment daysafter treatment
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(2) 43273 DB AAZ w2l 8 Holg T3 3 EF3)

Zhz o] Aul 5l AR B3] AA A H
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(@ st=slol T4 2=

Oh €94 29 sedlel 74
T3 £ 4 S
-Quad-Core Intel Xeon E54xx
(2.0GHz, 12M Cache) x 2processor
WEB/DB/ =
-2GB (2x1GB) PC2-5300
A1 DCS(Data Collect H/W
] -73GB 10K SAS 2.5" _
Service) A H =8
-HP Smart Array E200/64MB Controller
-OS : Windows 2003 R2 Server
-Port : 10/100 24 Ports 7| &=
Y| E 2] = A 12 Switch -24 auto-sensing 10/100,L2, H/W
|2+ wike Zdual-personaﬁty 10/100/1000T or </
mini-GBIC connectivity 28
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Aol ESol/ - Ethernet, Serial, JTAG, USB, Connectors 1
BAxE - Network Interface : 10/100Mbps Base-T
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USN 8l | MM e (5547]) | AAH o E 4407 12
FTAEE Al Aol e A 7] 2
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Z370 9 & DCRE [24V/4A(EI M EAMA 3 4
ZZNH7] TF
° ° |2CH DCEE Ao, AdAA 79 A% 7% | 2
A o] 7]
i CW, CCW, OFF &% Al°], UP/DOWN
=48 DCEH .
A2 A o] YU E AMHE HE, 2
AA Aoy~
RS-232C,RS-485%F %!
EHzolslH | FFA ol Yot WH 1
PWM Dimming Ao, @4 PWMH A=,
LEDZ® Alo7] 4
RS-232C F41
-802.11 - a/b/g Access Point
TR 77 T AP -10/100Mbps WANXE. 17}, 1
-10/100Mbps LAN X E 170
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wf Sheglo] Abe

(1) Al ESC]
Aol 75 WAstal DCS(Data Collect Service)A®W e} F4le 93 LAN,
WLAN7] &< A&sty AAxto oy 3, AoHaxdEe H&3} DCS(Data
Collect Service)AlH &} A A=E31 Holy FAGES 3
- 33dY : DC 5V, 2A
- USN to BcN(CDMA, HSPDA, WLAN) Wireless Interface
- Ethernet, Serial, JTAG, USB, Connectors
- Network Interface : 10/100Mbps Base-T Ethernet, R]-45 x2 port
- Network Protocol : TCP, UDP, IP, ARP, ICMP, MAC
- Serial Speed : 1200bps to 230Kbps
- Input Voltage : 3.3V internal operation, 5V tolerant I/Os
- s A FREE BE AlE LCD dd

TR B e e —=
—reid e oot il

e - -

<Al Ed o] st=do>

<A sk Alo]Ed o] HA FE>
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Q) AAxr=
A 198 dolHE Aaxs= dAFstr] 98] F4 dlolg BArlss Z2tE
SFAAA
- 537 - 5VDC
- AEAHY : 100mA
- NETWORK :IEEE 802.15.4
- Hl°o]H &% : 250Kbps
- S99 2405MHz~2480MHz

- W/ Al
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- Model : SHT75
= S : 40°C ~ 123.8°C
U5 +/- 03°C @ 25°C
g H2l: 0-100% RH
HEx: +/- 1.8% RH (20-80% RH)
- Interface : 2 wire serial (I12C)

rfo

o AN o N

P zp o
mobob

- =

<&/%= AA - SHI75>

- Model : LX19711DU

b b - 59| : 0~25,000 Lux/25,000~10,000Lux
ff‘;jni - A=9% © Approximate Human Eye Spectral
¥ :f_'_, Response(380~780nm)
o

- 5ZLT . 40~85C
- Interface : 1 wire ADC

<Z% AlA - SHT75>
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(3.3) CO2 AlA

- Model : SH-300-STH

- CO2 &4 M9 : 0 ~ 3,000ppm, 0 ~ 5,000ppm
- 25 A HS 25T ~ 60T

-55 34 U9 0 ~ 100% RH

-Z& 9 :0 ~ 3V (CO2 Value Only)

<CO2 AlA| - SH-300-STH >

- Model : WT1000A
- S . Moisture : 0-99.9% /Temperature :
0-60%=
- 22} : Moisture : +-3%/Temperature : +-0.5%
- Sensor Type : FDR
- Power Supply : 9VDC
- Current : 20mA

T8 AlA - WT1000A>

(3.5) RGB 414

‘-... - Model : VM6101

- 4-channel Y+RGB photosensor

- Optical center location: (+70, +35) um
relative to package center.

- Sensitive area: 220 x 240 pm

- Interface : 2wire serial (I12C)

<RGB AlA - VM6101>
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st NAE Aols A AMEBe

Ao

T2

i

t

m——

Model : SA110
A o] W . Max 600V/8A
- A¥ Ao} #2) : Triac Driver Port Control

Interface :

1 wire GPIO(on/ off)

<AC A9 Aoj§ AHPA o rE>

<# Ao g EEicol= WE>
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4.2) 23719 & DCRH Aol ZEESe

- Model : UGN-CM241

- Channel : 1CH

- AAAF : 8A

- e} L 5V~25V

- Interface : RS-232C/RS-485
- A4ls . CW, CCW, OFF

<% /N# 8 24VDC EE> <% WHE& =Y FEA ZA>

(43) LED 9 Aloj& FTEET

- Model : UGN-CL301

- Channel : 1CH

- FHAAF - 1A

- TEAS - 12v~48V

- Interface : RS-232C

- AAls - 1~255 PWM

<LEDZY Ao]§ ZTEE>
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(5) A= A¥& LED 5717

- Model : UGN-B135

- Size : 1,000(L) x 37(W) X 28(H)

- LED Type : 0.3W 5050 SMD x 128 EA

- W/ s L IP65

- 930w

- A : Red(630~660nm), Blue(440~470nm), Red+Blue(1:9)
- 4839 220VAC@A8VDC In LED Array)

<#& #juj-§& LED &7]7>
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Application

(B) &2ZESo M &=

(7} DCS(Data Collect Service)

e JWE= : Visual Studio 2005 Team Suit

o LA} CH

o ZY 3% : Windows Server 2003, NET Framework 2.0
e FAIEZZEZF : HTTP, SOAP
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(\}) Web Application

W=7 : Visual Sudio 2005 Team Suit
MEAS] . C#, HTML, Javascript
BAIZEZES . HTTP, SOAP

Ul : AJAX (javascript prototype library)

Z A E . Windows Server 2003, ASP.NET, NET Framework 2.0
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4. 79 Avl-& LED Auj 5717 A% A

7h el 8 A8&S A% LED sV A&
1) s

#1% LED 5717 A=
A78t7] 913 LED AZo2 AAFwg st 35 g gdel #
wA 5 F=7AAZ el o

- B9 FHI) A
. SRA Lol HFL
3T
=3

Ad Gz A

< Z9 Au| o} 3 AL LED 57| >

(2) LED 577 AA 9 AEZZ A%
e 1m Zo°]¢ Bard LED EEE 97}x AAEE 2/A LA
e A RES AN M HAEEYH 74

b Part List

S P e MCU : M2CV ATmegal28
: Base Board

. - e Photo Coupler : TLP280
iy L * MosFET : IRF530

! ¢ TR : NPN TR

oo A | * Resister : 4.7KQ

MCU anria 1 £

i

- 182 -



(3) LED 71+ A&

<A AR AA >

(1) Ma

AgA g AFAY e AFANE 2 2224 H 2 LED 717 A&

A F 200mm ¢ 93 PCBel LEDE 1287) AA3ste] A& st ol & w3 ofad =
AFE otlad s =S =2 AT

97}2e] AA LED w33 &3 o=2 T4 . RED, BLUE, YELLOW, WHITE,
GREEN, BLUE + RED, BLUE + RED, IR + RED, IR + RED

Zkzko] Wbty wjekrlel MEe] ofgEE At HAdE I
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@ M A 2 A

- PCB #lolobs

eH R
Size(mm) 200(0) x 1.6(t)
A FR4,2Layer
PCBY LED 75 128EA
A &3 PCB/<F 1Unit

. AAFFHA
FH e
Input voltage 220V
Output voltage 12V
Output current 2A
. 394
= e
- = 1 400(2)x2(t)
Size(mm) .
-5 : 400(2)x400(H)x5(t)
A4 olz gy
o AAEY
| 7eimomo 22 sy i =
28:100 g ~_ o 00
F = e e 5 __,','-' - ,jﬁr;
/gt X
8 e i _,,,.. .’f '.
| ‘ SR 1 o ‘-"f f' i
AR ERNE S B
Y i ' |= P,
L Reat {/‘ 7 e
\'\. = _.___.__'___F_.-" % .__.-'
. N WEONSL
Cr= 2 o £ T >
iy

.....
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3) A=+ e

<Growth Chamber ¥ E|¢] LED 7|7 % A& AZI>

ok el A A 282 A% LED 5717 A&
1) Me

o 27] §EAWMA HE3 LED 57178 E ko] Aol #8str] 1% LED
717+ A=

o A 717 U gd A 2ALE AAE A%

« o] 500mm o] u-¥ PCBoll LEDE 5071 A3l o
°l¢] LED Hg E&< 74

© MR Ao A" B

« Z}Zte] LED Hty =Ed] W
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@) AA 2 A

« PCB #o]o}%-

g= e
Size(mm) 480(L) x 17(W) x 1.6(t)
A4 FR4,2Layer
PCB%Z LED 7} 50EA
A9 PCBA < 6Unit
- HAFTFAA
@ e
Input voltage 220V
Output voltage 24V
Output current 2A
. 3397
3= o
Size(mm) 1000(L)x35(W)x20(t)
7 2 suUS

<LED 577 &A= 7fde 9
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2. Autgl 849 LED 5717 A&
1) Hs
o AFA Z AFAUYY AFANE AT Aviet FH O LED 5
o Z& Ato]zeo] LED 5717 /NEE LED o] tigh ¥kg 2 g¢S g0 3
o3 = JEE AN

() 717 AA 2 Az FH

o AAIEW Y ALY

U H hole

TerIaaRitaIniinciiiieiiiiit * Size(mm) : 50(L) x 50(W)
4o 4 s s bt g oA LY L 160

o A& : FR4,2Layer

* PCBY LED 7l : 16EA

* AlFY PCB/H5* : 1Unit
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1) e
o HEAWME AT An A A LED 717 i
o AW RO &4 & HstA Aort Jhedt AlxHloE T4
=71 350mmx350mm
LED % °F 120070 (10mm 7HZ)
LED 1.Red(ULP-ALR36A-30HH)
S| 2 Blue(ULP-UB36A-30FI)
A A 3.Red+Blue,
4IR(ULI-73036A-30BA)
5.IR+Red
A o] 1h-2] PWM A o]
Aoy Ad 2CH =HA| o
Duty rate 2% (E2=%) 0~100% (5% ¢ =4)
ZE
=g |Duty cycle =4 (22F7]) | 300us~10ps(10us =)

LEDEgo]H 59

120070 (=2 =)

ON/OFF E}o]w

1.AAHAZE ZFA 02 On/Off-30 2T 24 A
2AARE AlZkoll On/Off - A AW
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() 2ALYEF 2 74

e PCB AA
- LED PCB VIEW(11527}))
- PCB 3ol LED 9671 wiX]3td PCB 127 (96*12=1152)< Z+2F 1L
- RED + BLUE Z& 7% 1~6 PCBE= RED CH1 ZEE& 7~12 PCB
ZEE, RED +IR BLUE +IR °]d 23 = 75
- PCB SIZE (¢F 7} 3.5mm * 350mm) * 12 %

rroox

T‘L’_:ﬂ_ rmocu e
1 2 3 4 5 2] Fil ] a9 Lt 1 12

<PCB & T4 : Blue ZE°] 4/ 97l type, ¥17] 24 1244 2F 7>

e T A

400

CR I T

=00

Sodl 1eT
=g/
§ FEE el
H )/ / s nn we
L e o T R e
——— | s e
=X \ L\Lmﬂ ........
\ \ a5 @
La1lara.l eual
{he]
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L
[t
fit
Ay
-4
o,
ot
g
i
X

rot
|10}
r
L

¥
I-_I
&

CH 1 (E8)Adj

A Z7| T: 300ps~10ps

B = : R 100% V5% W 25% E D%
E}O|{ ON : 16h/ OFF : 8h

ESC UP DOWN ENT

CH 2 (2 E)Adj

HA F7| T: 300ps~10ps

EHa 2 : R 100% 75% W 25% E 0%
E}O|O§ ON : 16h/ OFF : 8h

ESC UP DOWN ENT

A91%| T

iii DOWN  ENTER

vh o] Aulg A Aol LED AlAF Az 27
(1) AF A ARF

e W4¥ (HEAT SINK)

- ¢F0F (A6063-T5) PROFILE &% A%t
- w3, AYE, €48, A9

+ COVER
- ok3dg  FEFHE 90%0)d ol Ao
o] Eom(AFAro &} HAE E
2. TS JtgAdolng 29 A
B e
- PC : FfrElell vls) 2508 9] FAAH o] ZaAEA 80%0lde] FHAHoRE P35t #
d (FHE H23, 34dH), A5l F47] 5)8o= AR

e END CAP : PCVAIE & IFAEE o2 A=

Q) =@ 24

* LAMP SIZE < 15w x 1t x 480L> --- SPEC' 7] &4
e 2LE 455, F5 90%

a, g9
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COVER A2} theFstA
=m END CAP (RUBBER)
gy 173 75 % BOLTINGTZ (HY NUT

gl
RS
N
S
ofr

BOLT

END CAP

A9 NUT

_—

 E—

A9 NUT

LED LAMP HS-1530

END CAP

COVER

.\ &
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5.

F873

7}. Grow

(1) Ma

) AE

A oA 2~H LS 93 LED 577 7|t

th Chamber ¥ 4 &

LED 5 7R

A5 2 wAE B 52 A Al Ao g LED 571 AR
thekgt AW Uil 8748 - Aoy JHsd AlaHoez 34

AEA Y FEE WA Y, Y 5o T B3 BE AFs fsko
AZE B4 2y

PWM Aloj2l o2 PPFD#, H2=F7], A /4% Boln 2% 5 485 9%
theke Feje] A4S H8T 5 AS

230z A4 AUy F3dF Eel AFEHE dE AW YR Hxsto
249 7

T4

IZ 223 (Growth Chamber)

- Size(mm) : #F -
W -

- e/EEA 2%

(01‘1_.

LED =% ¥3d
- Size(mm) : ¥3FH

400(W) x 340(D) x 450(H)
300(W) x 260(D) x 330(H)

=AM gz
F3715¢ BRSHT AAE B

380(W) x 260(L)

- A2 774 : Red only (650~670nm)
Blue only (430~450nm)

Red +
IR (74

Blue mix
0~750nm)

IR + Red mix

EE7

- Ao PWM

- A - 2CH HHA o
- Duty rate(Dimming) : 0~100% (5% &1 =4)

- Duty cycle(B 2=+

- LEDEzg}o] B E—:] :

- ON/OFF E}o]H :

rfo
oy

= AlA

/

o o o o

bt

71) : 300us~10us(10psTH¥ =4)
1,2007H (18 )
7<1 ANZIZFA 02 On/Off - 308 T2 AA
AE AZrol On/Off - ANAWNAE
AWM . -40°C ~ 123.8°C
A% +/- 0.3°C @ 25°C
A e 0-100% RH
%: +/- 1.8% RH (20-80% RH)
2550 wek w7 92 s|E T

l-[‘l

o
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<A = ANAZE AR>S <Az AAF AEESH>

() 48 A

<gd) Ay LEDEF AHR1> <gdd) ¥ LEDZFTF AFR2>
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% 4

=]
=

A& LED 5717 /|

- Size(mm) : 1200(L)
- AHAY  220VAC
- 2REE W
- 3474 : Red only (650~670nm)
Blue only (430~450nm)
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t}. Paneld LED
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—15 X F

Size(mm) : 500(L) x 500(W) x 100(H)

AE AL 220VAC
2HAE 0 100W

a} 7 : Blue(430~450nm), Red(650~670nm)

9474 : Red + Blue mix(R/B 7H¥ Dimming 7}%)
PN

I 9 . 50,000 Hours

PP F D : 100 ymol/m2/s

Z AFZh 1407
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@< PCBoll 0.2W LED % 7271 v X|(Red/Blue @37 | F 1:1=2 HA])

PCB Size
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% 72ea

: 17mm x 20mm
: 24ea x 3ea =
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