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A Study on the Implementation of Plant Factory LED
Lighting Control System using Artificial Intelligence

Ryu, Chang-Wan

Department of Electronics & communications Engineering

Graduate School of Korea Maritime University

Abstract

Currently, LED plant factory have been using colors by fixed red and blue
colors spectrums. This has the disadvantage that can not be applied to

organic, depending on the situation around.

In other words, if the type of plants according to the growth stage or the
appropriate light environment can not be controlled, but rather hinder or

promote the growth of plants, can cause unnecessary energy consumption.
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Growth progresses, the environmental conditions suitable for the growth
period of the plant will vary, but always maintain the same environmental
conditions, plant growth promotion and growth of plants can be inhibited in
order to save energy when appropriate according to the step-by-step growth
of plants formulation of the light source is needed. Because it has been using
for secondary source energy is not the main source of energy in
photosynthesis, also used in LED plant factory directly, depending on the
external environment affect the growth of plants, do not give. In addition,
LED unit price formation and also expensive because typically tend to be
reluctant to use. In this paper, we present a system that is controlled by the
organic as well as the use of LED lighting as the main energy source rather
than a secondary energy source, according to the surrounding environment
(temperature, illumination, humidity, soil conditions, etc.) Plant Factory Lighting
System has been implemented. Existing fixed wavelength of LED, without
using Variable LED wavelengths, and changes the system in the environment
to be controlled organically by introducing the fuzzy inference system has

constructed.

KEY WORDS: Fuzzy theory, Plant Factory, Artificial intelligence, lighting, wavelength
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Fig. 14 Fuzzy inference process
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A 4 & Plant Factory Lighting System
4.1 Plant Factory System

215 FAA|~E(Plant Factory System)o]@, x4
A WA #F, 255, CO,¥E ¥ A Z

A ol st ﬁl’%ol"} Ao BAGlel As3E T FTHYNTL LT AES
A AN = A= A"l tH19]

o|Z QA A4kl AFA, AV i FEFE A G AK Aot
7Feal Rl on, @r13te] tRste]l Thesi AL, FEEe] dd A AT F
F R T FEY aRE VHH A HAY =

s %7333%?49] A5 3}, Xﬂﬂﬂ?ﬂrﬂli’%ﬂ(ﬁr}* o] 4, XHHH, T, 7)o AF3 2
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A AA 20008 A=2Ege] 55e 23 G ofeel Fig 16 A%
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Fig. 16 Inside the Plant factory
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Fig. 17 Block diagram of Plant Factory Lighting System
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deo] #4-S LED RGBEEZ Y7 fsiAE o ©2 RGBY
A Ldolof g} Table 19 W85 Fxste], spio] @& RGBY
A4bste] JeEIR AT A4S Fig. 249} o] efg’ s computer labe]
Z299l spectra® T3l ol FolHom(23], 7 A= Table 29
Zo] JehRa, 1o wE RGB Hl&-2 Fig. 250 YeElfATh

Il spectra &t a - = [

Visible Light | FIGE Graph | Info about Atomic Spactra for Hydiogen | Disclsimer |

IS

T 9. = Wavelenathfnm]
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Spsctun -
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Fig. 24 Spectra Program

Table 2 RGB ratio of wavelength band

4] & (nm) R G
730 200 0
660 255 0
600 255 190
440 0 0 255
400 131 0 181
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Fig. 25 Ratio of RGB
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of olal AAET. A BaA HAED Ao AzHE AEI BUASE
=

FU e ROE ofHlF F UOBE, HA el Ao Axge AR Ax
del AAH AzE Aol ggolm, HAAwe Ao Axde P 9

e 1A d2rke] BEE AH e ZEstoior il

FEG g0 Axg Aol Wad 4L BESL Y= ARIE 5

/1% 5 Ak 53 [F-Then 84 A4 A4e w@shsy Helstel 7}
4 gol AEHBE B = 1

= Azde] deasst sAjolw, 2 4y
S 2 FeU2t SAR EolA D8y gRe] FH & =G o)

gol WE 4 gk,

At

AHRFES WS e a3 2ol 2E= T, WsEs Hl, EYFES
H2, 25 [ olitggtas e CE Yt =& 294 4y =@
730nm-2 OA, 660nmi= OB, 600nmi= OC, 440nmi= OD, 400nmE OE® ZH2t

JERRQT o2 9le) A4E 7F38& O o)A Table. 302 Lehiit).
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Table. 3 Fuzzy Rule

Hl H2 C [ OUT1 OuT2
VL VL VL VL 100% OA
L L L L 100% OA
S S S S 75% OB
H H H H 75% OE
S S S VH 50% OD
H H S VH 50% OB
S S H VH 75% OB
VH VH L L 50% 0C
VL VL H VH 25% OE
VH VH H L 100% OA
S S S VL 100% OA
H H L L 100% 0C
VH VH S VH 25% OE
VL VL L VL 100% OE
L L S L 50% OE
S S S H 75% OB
H H H VH 75% 0C
VL VL 9 L 25% OA
VH VH S S 50% OE
H H S VH 25% OE
S S H H 50% OB
VL VL L VL 100% OA
L L S L 5% 0oC
S S S S 50% OB
H H H H 25% 0C
VH VH S S 25% OD
L L S VL 100% OA
S S H L 100% OB
VL VL L S 75% 0oC
H H S H 75% OD

9 FHE BN BEE A P5E 47 oed 2ol 4 20-65)2 v

g o Adn

30 30
}Bll=' \/1{ ]Ei)/\OUﬂ(i) }, }312=' \/1{ ]Ei)/\OU‘,ZQ(i) } (26),(27)
1= 1=
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30 30

Ry= VvV { HlyANOUTL ) 3, Ry= VvV U Hlg AOUT2, 3 (28),(29)
i=1 i=1
30 30

Ry= Vv { R, ANOUT;, 3, Ry= vV { R, ANOUT2, (30),3D)
i=1 1=1
30 30

Ry= VvV { GyNOUT; 3, Ry= VvV { Gy ANOUT2, |} (32),(33)
i=1 1=1
30 30

R51= V { ](,)/\OUﬂ(Z) }, R52= V { [(L)/\OUTQ([) } (34),(35)
i=1 1=1

o2 Q7 WA FA RS v 2ol 4 (36)~(45)= yehd & SlrH24]

(0.0 1.0 0.5 1.0 1.0 1.0 0.0 1.0 1.0 1.0]
0.0 1.0 1.0 1.0 1.0 1.0 0.0 1.0 1.0 1.0
R, =100 1010 10 05|, R, =|100.5 1.0 1.0 0.5 (36),(37)
0.0 1.0 1.0 1.0 1.0 0.5 1.0 1.0 1.0 1.0
0.0 1.0 0.5 1.0 1.0, 1.0 1.0 1.0 1.0 1.0
(0.0 1.0 0.5 1.0 1.0 1.0 0.0 1.0 0.0 1.0]
0.0 0.5 1.0 1.0 1.0 1.0 0.5 1.0 0.5 1.0
R, =10.0 0.5 1.0 1.0 1.0|, R, =[0.51.00.5 1.0 1.0 (38),(39)
0.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.5
0.0 1.0 1.0 0.5 1.0] 1.0 1.0 1.0 0.5 1.0]
0.0 1.0 0.5 1.0 1.0] 1.0 0.0 1.0 0.0 1.0]
0.0 0.5 1.0 1.0 1.0 1.0 0.5 1.0 0.5 1.0
R, =10.0 0.5 1.0 1.0 1.0, R, =]0.51.00.5 1.0 1.0 (40),4D
0.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.5
0.0 1.0 1.0 0.5 1.0] 1.0 1.0 1.0 0.5 1.0]
(0.0 0.0 0.5 0.5 1.0 0.5 0.0 0.5 0.0 1.0]
0.0 0.5 1.0 1.0 1.0 1.0 0.5 1.0 0.5 1.0
R, =10.0 1.0 1.0 1.0 1.0|, R, =[1.01.0 1.0 1.0 1.0 (42),(43)
0.0 1.0 1.0 1.0 1.0 1.0 0.5 1.0 1.0 1.0
0.0 0.5 0.5 0.5 0.5, 0.5 0.0 0.5 0.5 0.5
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0.0 0.5 0.5 0.5 1.0 1.0 0.0 0.5 0.5 1.0

0.0 1.0 1.0 1.0 1.0 1.0 0.5 1.0 1.0 1.0

R, =10.01.010 1.0 0.5, R,=1.01.0 1.0 1.0 0.5 (44),(45)
0.0 1.0 1.0 1.0 0.0 1.0 1.0 1.0 1.0 0.0
0.0 1.0 1.0 1.0 0.0 1.0 1.0 1.0 1.0 0.0

Y1, 71 E% EFe s} Fan,

H
57k Asie, 250k vow el AYlE T5%E sty el 3

ofxhah gk

e 440nm= sto] FFAEe AWM= sHAlE 2ddve Ao

=8, Ao FAE BT S duw, 2557} 10] Fof Axglo]l Lol
2 SHHAAT, dAe Wste] wel asEed dEFe MXER O A3y &
g zkol7F YAl Ho o] =5 wbE Aotk orjA LG HAAZH
oAlA 03} 1Abole] &&e) HAEE Yelles ZAS T3 AT o|FA A

3 AR HAgor Yo HA =¥ AoE A= XTI
= AA AL F de HoE WHEstE Aol o, o A&
Bl 23 oAl k. M A3 Bldl= o JHATE oy, dAlRs

A FAME F2 A7) "l d7IAE FA SAHEE AHEste] Aldtst

A& o] &3 B3 A4k 2 Axt= MATLABS &3t Simulation
o] YetHth ot o] Fig. 262> mlES] A A4k

T L
\‘\ d’t
‘h-“" 3 ”‘

Ryu_fis ouT1
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“l ‘\‘."
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]

Fig. 26 Block diagram of MATLAB fuzzy
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Al 5 & Q1FA %4 Plant Factory Lighting System &
5.1 =] 74

st=dols A AA BRE, 2% 53 ARER Uro] FAS SAh AlA
HEE 7b sl 25 FE, 25, olifwd ¥EE YU M9
ol ety HA A4S Psh= AVRAlOIR 18y 29 BF AojRs==
ARE HEste BARE FAHYAG 24 FF AJREE 29S Aoy
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RGB LED Modulee ©&at= LEDAIOJR, 18li ojtJAE A& 4 A
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Fig. 33 Block diagram of Plant Factory Lighting System
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52 29 T AoRE=
5.2.1 A%

ZzW 53 AR =9 RGB LED Moduleo] A& AYLLS FF3dh7] 8l
SMPSE AAst] T4t

SMPS+ Switching mode power supplye] ¢FAtZ HAYFF7] £ shjold, A
g8 EMA2E T WHEA £AE o]&dt ARF AYS FIIHY MY
2 H%g & FHE o] §ste A/FANESE A& AXolth oy AF{ &Y A

o}

be 2917 9] ON, OFF7I7He Aol $o2R o Fojdth SMPSY BaHe =&
AN AFZe WEe 7o 7] HFo] SMPSE DC/DCHME 2 F-2.
NEe] AFA N ERA2EE SFEGGoNA FAAT]7] BFo] £Ho] A
slo] Hz Tgo] Asiut wilo]l glou) SMPSE EUA~EE 29AZ A

|Fo=H 8& 9 Aol2E FY F A FH] A &F0] AW FFE
ol LED moduled] 7H &, 2] A7|E © #HA 24 5+ o, FEW)
o I} EEFE AV oFr] wiEdd B =EdAHs 200WHe SMPSE A
At Ay AdAS ZARSEAT. Fa= 200W &7 49, RGB LED
Module 37 R4S 7|22 200/1E S2AZE F A7l £ Alz=gleA 227]
of &3 &#olt}t SMPSe| Test BoardZ Fig. 343 o] A3t ar, Al &
F &< HAEE Fig. 353 2ol JeRdTh

220V Q! 2 CF

Fig. 34 Test board of 200W SMPS
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PAGE {4 LED_FUNCTION_6
PAGE {4 LED_FUNCTION_5
PAGE {4 LED_FUNCTION_4
PAGE {4 LED_FUNCTION_3
PAGE {4 LED_FUNCTION_2
PAGE {4 LED_FUNCTION_1
PAGE {2} BLUE_3
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PAGE {4}  SWITCH_FUNCTION_1

Fig. 35 Test operation of 200W SMPS
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Fig. 36 Circuit of ATmegal28
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Table 4 Output of fuzzy arithmetic
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No5 | 268 3.8 | 287 | 472 20 142 | 557
No.6 | 244 39.6 | 39.9 | 392 | 246 | 271 | 612
No.7 | 113 10 15.6 | 446 5.6 155 | 569
No8 | 277 30 666 | 380 0 332 | 64l
No.9 | 277 30 666 | 432 | 0672 | 319 | 647
No.10 | 219 407 | 417 | 371 | 455 | 234 | 586
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