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Ix o] 29y EE Yehl= &9

Ly A LED 2% %

Lp AA LED 2%

Ly T 2= #

Ly WA LED 2% #

Py %4 LED PPFD

Py 24 LED PPFD

P, % PPFD

Py @ [ED PPFD

LED w3 r}o] @ = (Light emitting diode)
PPFD FerA Fekx<4 = (Photosynthesis photon flux density)

PWM

i)
[>

Z ¥ % (Pulse width modulation)
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+ Lighting scheme: Daylight

+ Size: 1000 x 300=600(mm)

+ Harvesttime: 16 weeks

+ Total power consumption:
26.8 kwh

<Open Typex>

+ Lighting scheme: LED

+ Size: 530 = 340 = 900(mm)

+ Harvesttime: 10 weeks

+ Total power consumption:
60.4 kWh

=Sealed Type>

Lighting scheme: LED

Size: 1200 = 800 = 2200(mm)
Harvest time: 10 weeks
Total power consumption:
504 kwh

<Sealed Type>

a9 1. 78 Ae A S5

Fig. 1 Types of household plant factory
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Fig. 2 Optical absorption spectra of chlorophyll a and b
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Fig. 3 Optical absorption spectrum of chlorophyll ratio is applied
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o] AFe FEIAFAS 7IFoE ¥ FRl WIS £r+ 14,500 Ixola, ¥
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3,570 Ix (32 MAFI 4.06 ~ 4.86W, FF5I 6.16 ~ 7.3799 =&

Aol ®elt, ol A EAuje] o] LED7F 3 && 9 AYF Lo ¢FdS
E

[e)
GERITh mE AR gage] R A AT FEY 0 AN

¥ 1 PPFDY &g+ 3 H 2% 3t

Table 1 Amount of PPFD according to the type of light

Fluorescent LED

Daylight | Incandescent

lamp red | blue | white

Illumination

(Ix)

54.0 50.0 74.0 9.9 | 11.9 | 68.2

A2 = LEDY /A 2% 3H& F3 PPFDE F-8tar Atstes WS

ARg-S

Ly=Lp+Ly+ Ly (1.2)

Pr=Pp+Py+ Py, (1.3)

2 (1.2)olA Ly @4kE LED vk & 255 9vletd, Ly, Ly, Ly+v 7t



A A A LEDC st 7t 225 oulettt 2] (1.3) A P, Aakd
LED #®}e] % PPFDE YelW, P,, Py, Py ZH A4, A wla LED of
3+ 7z} PPFDE omidtt}, A59 HZ 2% g8 7|F0% L[,5 14,040 &
SHAl = g9l SRt obyet LED 4 Fiell wE PPFD7F th27] wjio]
AA 260 PPFDSF thE2A @k ael2z HF FFs AAst] & prol A
g3t A HAa WA LEDS 7z} PPFD #S T8t ke F&o] 260
PPFD7} H =% 3F3ith.
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o Sz A, Aeg A W AL A A, LEE AA
£ B8 A4 847 Aols AASAT o AN, oltsiEs ANE A

g3tol BAAE T gAY Fo7E @A AR 4IBAL et

H Transmitter I\.ﬁl Receiver I

Humidity Sensor I CDMA
I Controller |(—
Photo
Sensor

LED Cooling tube

= Heater

Temperature
Sensor

‘ Nutrient Reservoir

Pump

Mobile devices

a9 4. M Ae A A s

Fig. 4 Configuration of household plant cultivation
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Fig. 5 Circuit design for photo—environment control
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o] 2EAA T VI # ol Hlol HAEHE Ae

N

1Fow B Aurt A

531, o|F ) LEDS] $H¥E AFE A
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P s A B I 7

= 9
ofr

a9 6. A SHS A 2RAAMY A9 e
Fig. 6 Measurement for the optical environment of the location and

direction of the ambient photo sensor
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a9 7. 255 Al 2 ATmegal28 3

Fig. 7 Humidity and temperature sensors, ATmegal28 chip
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i i = ] i i = i
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Fig. 8 Specifications for LED the wavelength combination
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3.1.1. LED &% =¥ 7%

% 99} #Zo] 371 LEDE A% SMD #H 12715 7I¥2Z A4 LED 8
N, 2 LED 270, W& LED 270 vl&= 34 Hd+x Pl Bl, B2, B3
2 dskelon, A LEDSE WA LED 7+ WA 0% 9 A|st=5 A5kt
iAoz Fazp W] we) @2 A4 LEDO 44 2 ¥ A= wjds
A, vieel FAs WA LEDE Ast=s Adskelon 120 2 WAbsE=
LED Fdsol M2 F3¥ol HH9 g& FAst== sp3lth LED 9 =
Abzre] 120 ‘el 39 W™ o) JEjellA ZF LED wh kel 7] zpef o
af wle] FHE= A A7 #43 F 80 m Ao EE T o) YA

fA)8holof dtet.

292 mm

576 mm

%9 9. LED W +x%

Fig. 9 LED array structure
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a9 102> 27% LED W =29 Fd #d=E A9s 1delrh 99,000
x7HA] #5 7bse 2EA (LX-1010BS) & AHgste] LED #d 2% s =
dekint. AA Aaa e HH G Az g el 1 AH, 2 A

A, 3 A4 7k 3709 LED ¥t Bl, B2, B3 Age] 9X& F 9 & 43t
W 54 25 #@ 2490 kE VFeR #YEE FAST == # 24
ASE #H2 5 IxelA Ho 509 x2 FY #AR7F T 87.9 %ol HTHE

a9 10, 3 7dE SS9 A4 AH

Fig. 10 Positioning the light source for the measurement of

uniformity
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E 2 FA A SAe mE 25 g

Table 2 Incident light illumination values according to the position

1 XA [Ix] 2 A48 [Ix] 3 A4A [Ix]
Bl 1,990 2,495 1,985
B2 2,580 2,991 2,555
B3 1,981 2,018 1,986
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(b) A=l el W& LEDS] PPFD %k ¥3}
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Fig. 11 Illumination of PPFD change in distance between the LED and

the incident surface
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3.3. AE Ay ¥ 7=z

5 5
Zito] FHo| go)dt FxE AA st =o] 880 meolA 1,500 m7bA 2A
o] 7bedll 2d A= Al AL Thsst FxE A e 7FE 590 mm, Al

2 440 mn, o] 880 me A% TXE Ed ¥z v YAES =9

Heater

a9 12, A A A ZA

Fig. 12 Experimental setup of plant cultivation
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Fig. 13 Lettuce growth figure for harvest
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Fig. 14 Changes in the LED voltage by daylight
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¥ 3 2o wE A A W)

Table 3 Lettuce growing in the way the lighting changes

LED %4 +LED
<l <l
A5 [g] A A5 [g]
7] [mm] 7] [mm]

15 18 1.8 18 1.8
dko}7) 2T 35 3.5 35 3.5

35 44 4.4 44 4.4

45 64 6.3 62 6.1

57 89 9.0 82 8.2
X371 6T 123 12.5 111 11.3

75 135 13.7 127 12.6

8T 157 16.0 145 14.6

95~ 202 19.8 188 19.1
s 105 240 20.6 231 23.5
._'_3_:]1‘7] =

11+ 248 25.5 240 24.6
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Table 4 Lettuce growing in the way the duty ratio changes

A B+ Al A2 A3 A4 A5
50 33 25 0
T EI] [%] 100
(200 ps | (133 ps | (100 ps | (EHSFH
(on/off) (d5x9)
/200 us) | /266 us) | /300 us) ZHl)
BN 1.8 0.9 0.6 0.45 0
28] 9 [whl] 21.6 10.8 7.2 5.4 0
e AAF (gl 382 362 318 347 231
A3+ 100 g
5.65 2.98 2.26 1.55 -
28] 2 & [Kih]
gloFd W8 A
43 78 85 89 -
Ay a8(%]
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Table 5 Compared with conventional electricity rates

71 7HE8 8 A& A7
==

Ajbel= 718 25 A7)

T2 10 & 10 &

T2 6,750 g 6,410 g
AR A 15.5 kWh 1.7 KWh
A5 1A

469 ¥/lettuce 51 €/lettuce

1= AR R=
= A7 F 21,130 ¥

2,324 ¢
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Household plant factory suppling a constant PPFD

Sung-won Lee

Department of Electrical Engineering
Graduate School, Kyungpook National University
Daegu, Korea

(Supervised by Professor Sekwang Park)

(Abstract)

In this paper, we study the energy-saving technology using sunlight and the LED design and
in a form suitable for domestic household plant factory. Household plant factory, it is an
object to obtain a plant of a fixed amount within a period of constant to changes in the
external environment, such as daylight hours. The problem of maximum power consumption of the
household plant factory is too large, did not have much relative benefit than buying the
actual spread of household plant factory, or non-agricultural chemicals friendly to the
recently the need is rise by growing interest in. In order to solve this problem, we adopted
a method used by combining the LED and the light in this paper. We maintained constant
photosynthetic photon flux density (PPFD) of sunshine, while reducing power consumption in
particular, and, to improve plant growth. Utilizing the information of the optical environment

illuminance sensor, it is arranged to supply a constant PPFD.

# A thesis submitted to the Council of the Graduate School of Kyungpook National University in

partial fulfillment of the requirements for the degree of Master of Engineering in December,

2013
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We experiment with household plant that is designed to be applied to "Romaine lettuce" who
take most Koreans. The amount of lettuce that average intake family of four criteria is 280
g, so that three columns optimal placement LED light blue, red, white with artificial
lighting, and design the plant, was produced for the plant. It is a 10-week period consumed
to obtain the lettuce family of four criteria, total power consumption compared to when it

is grown in only the LED by combined use of LED and photovoltaic as 1.7 kWh cultivation

period is the same, it was possible to save the electricity bill 43%.
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Appendix table 1 Residential electricity cost(low voltage)

A% 2w (d/kWh)

100 kWh o]a} AM& 410 A& 100 kWh 7HA 60.7
101 ~ 200 kWh AM& 910 2 100 kWh 7HA) 125.9
201 ~ 300 kWh AF& 1,600 t}S 100 kWh 714 187.9
301 ~ 400 kWh AM& 3,850 t}S 100 kWh 714 280.6
401 ~ 500 kWh AR 7,300 t}5 100 kWh 714 417.7

500 kWh %3} AR 12,940 500 kWh %3} 709.5
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Appendix table 2.1 Optimal illuminance of crops for daylight

O T

=SR2

light saturation point [light compensation point
Crops
Ix (PPFD) Ix (PPFD)
Tomatoes 70,000(1,296) 3,000(55)
Cucumber 55,000(1,018) 2,000(37)
Vegetables Lettuce 16,200 (300) 1,500(27)
Celery 40,000(740) 2,000(37)
Sesame leaves 12,000(222) 5,000(92)
Pear 40,000(740) 300(5)
Tangerine 40,000(740) 200(3)
Fruit tree Peach 40,000(740) 400(7)
Grapes 40,000(740) 400(7)
Figs 40,000(740) 1,000(18)
Cymbidium 10,000(185) 300(5)
Flower Cyclamen 15,000(277) 300(5)
African violet 5,000(90) 500(9)
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Appendix table 2.2 All weather conditions according to solar changes
A& o=
R 87 5252 HE
N2 aaz BT | AAT Rk
EalE Eeald
Daytime [Hour] 14 14 14 9 9 9
Effective
13 12 9 8 7 4
daytime [Hour]
Power
55.9 53.5 46.4 35.1 32.7 25.6
efficiency [%]
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