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Control of Environments in Greenhouse Using Programmable
Logic Controller
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ABSTRACT

This study was carried out to develop the control system with PLC and its operating software and to investigate
its control ability of greenhouse environments.

Two experimental greenhouses were controlled by PLC and ON/OFF controller, respectively.

In greenhouse controlled by PLC, target values of air temperature, relative humidity and CO, concentration were
automatically changed. In warm-water heating, the variation of air temperature was reduced to £ 0.6°C by the
method of proportional-integration(PI) control with an inverter. In ventilation, the variation of air temperature was
reduced, since windows open and close with multistage by mutual relation formula among the target, indoor, and
outdoor temperature. Relative humidity at daytime was maintained with range of 35% to 55% by PLC controlled
fogger. CO, concentration was automatically controiled from 300 to 800 gmol - mol~! according to amount of
solar radiation. The suppling amount and frequency of nufrient solution were controlled by total integrated solar
radiation.

Difference in the yield of cucumber in the greenhouse controlled by PLC and by ON/OFF controller was not
significant at the 5% level.

2 8-o|(Key Words): A% A o](Automatic control), @ ©](Cucumber), &4 (Greenhouse), TZ 18 ZE
£#(PLC)
1. M = = HAESEA AE P50 AF FF o2 24
) F+= £ F o]Fo]A o} Fit.
AR A Y BAL EASo] e & 74(19952)2 80286 CPUE Ah-g3td One-boardd

& 243e] FBAYL AU FOEA $3F FUACE TEEAS AZste #4, By, BA
FA Folt Aolth AMsl&o] obfd Holdt D #7) 52 FT A0SR AUNWSH) FL B
D HoE @40 AWPHA GO FBA]  AFH, Byl L PAY A5 ¢ L @719 A
AN 4 FE 7IdsI@ i@k 28D 842 58 Fol #¥ TR ALsD 1 842
Aojstr] A8 Hohe U g FUsE AL v AEAAEW, EF FEFEAE o8t 3B
N84 Rtk 1ER @AW TERY AF FAAZ ol Brg wulE WA

* 5T ABATE BEAN AR
“FRgsa 57 ABLH
L EE PSR PE

—599 -



#5gd7| A8z A23P A6E 19989 1248

HHE(1982) T2 AFL 52ttt #0j7]7] 9] ON/
OFF:= 1Eoith AAIs3a, A3E Hd 30774
O dAZ Ao, EEAEL 164 ol F
d&ol 4 A olgtz HE 29 d& F 2FA
o4 HY FIUEF Y. BAvtAE dEvH
B9 P Fgo] 28 FeoA YAtz U
A o]4H" ON HES 33ith H&(1979) T
S RS AgEgioy, AY 44, 53 21902
vl Ao & sa, gAvtAE @] FA s,
AEHo] &3] 27 AefolA 15831 AddAr
Zoll vlgste A E gATtAEE AP Ao whet
244717} ON/OFF HE% 3ttt AL dALF
% A7) 2o} wet =2 s3Tt Bailey(1985)= &
49 & &40 T&o wet A ER 258 F
&ol e} =AU

0](1992) T2 & - §X AHojE 3 ON/OFF A
of W43} PID =279 dugFe Ao,
H#3 PD A€ 257 A8 248 S4E A
&3 AT dnFS M3t

AS7A Y FB2ERZAE N2 TAFH A
A5 ol FUHE F2 Ao A se 3L
AL AR oA B EEAA 247 Y0 EE
A= AES AT AR Z2a30] Hoj 919
olel thg Bgho] 7= 3 ot

o2t £ AT PLCE o] 83 2HFAo A&
HE T ol AL AT =2 A3
5, AdEs, CO, 3%, 43 E2 ¢ IES A
oG LE ¥ ¢nIYPFE MLt 1 Ao EE
B7bska of volsl @2 E A whE 2019 BS54
€ AESAA FPHAL

2. M= A Yy

2 A7 0] &% AL t2 6m X A E 12m F
p o RAHFH FZT Zg|7}=ulo] E(Polycarbonate)
2400 @7F2 mgAENog Y4 g &
Fog Hoj gith # 52 PLCE Witst 719 9
§ 2=E 2o, foge] I F FES =
AR 1, CoOF x| me} COE FFs8od, 4
A3 GRo) o8 23WL A, A4
Abgol| wpet Fdg FIFEAT OE ¢ T2 A9
2E|Eo} A% v LEZ A7)0 9§ F7lo 2
3 258 2891, PLCE 3~4A|17 1h 032
TEsAY eholnj o] o8 233g A
A=}

5232 37 gttt
b B ETHER

24 FRZEANAGELE 24U - 9 84S AS
87] 9 MM, A3 vn - B X g B
st PLCH, &% ez /¥ EE, Bde, 4,
CO; ZA7), fog FAZ FAHAE TERZ TAH]
Stk ¥l £¢ W FF AAWL EC AM, pH 4
A, & AdxXsg A FUED, Ax GEHPET Y
AABEE FAHH Ut

A4 " PLCE 7l=4]2 2 Ho] ¢l Maxcom s
series(CPUD-04S, F kA A)E AMLslgl o, ¥ 13
25 47 83z AHEE PLCY EA T AlFo)
AHER AXEY E4E e Zolm, 1% 1%
29 28 47 4 AF2E NAYH ¢d 2847
7 AAHY EFEE vebd Rojtth

Tabie 1 Specifications of programmabile logic controller

Item Type Specifications
CPU CPUB-16S 16k Word

CPU link module CLMA-328 Maximum 32 link
Power module SPSA-60S AC 110V~220V
Analog input AGIH-04SX 12 Bits, 4 channel
Analog output AGOS-04SX 8 Bits, 4 channel
Relay output DAOR-16SX 16 point
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Table 2 Specifications of sensors used on environmental control

Sensor Model Range
Temperature RTD (PT-100Q) —200~600TC

Humidity RH/ T transmitter (HI 8666) 10~100%

Radiation Pyranometer sensor (LI-200SA) 0~3,000W - m~2

CO, CO, Monitor (GH 250E) 100~3,000 zzmol - mol~!
EC Conductivity controller (DC-604) 0~5mS - cm™!

pH pH controller (pH-6000) 0.0~ 14.0pH

Fig. 1 Schematic diagram of environmental
control system in greenhouse.
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Fig. 2 Schematic diagram of hydroponic sys-
tem.
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Table 3 Method of environmental control in PLC and ON/OFF control greenhouse

Division PLC control ON/OFF control
Heating PI control ON/OQFF control
Ventilation Multi stage open/close Full open/close
Night temperature Change Unchange
Humidity On and off -
CO, control Solar radiation -
Screen Multi stage open Full open

Table 4 Formula to decide the amount of control for the ventilator

Window status

Amount of control

Open

Close

a X 034 x | Setting temperature — Indoor temperature |

b X 0.34 X | Setting temperature — Indoor temperature |

a : 15 — Open step of present.
b : 15 — Close step of present.
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Fig. 3 Main flowchart for environmental cont-
rol in the greenhouse.
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Fig. 4 Change of air temperature in green-
house controlled by the methods of PI
and ON/OFF control in warm water
heating (Nov. 16, 1996).
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Fig. 5 Change of air temperature in green-
house. Greenhouse was ventilated at 3
and 5-minute intervals in the base of
the difference between target tempera-
ture and present temperature(Oct. 10,
1997).
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Fig. 6 Change of air temperature in green-
house controlled by PLC and TC (Apr.
26 to 28, 1997). TC : temperatute cont-
roller.
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Fig. 7 Change of relative humidity in green-
house for 3 days. Fogging system
was operated by PLC (Apr. 26 to 28,
1997).
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Fig. 8 Change of CO, concentration in green-
house. CO, generator was operated
by PLC (Apr. 28 to 29, 1997).
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Table 5 Yields of cucumber fruits on environmental control (Apr. 10 to May 31, 1997)

Control Type Fruit weight (g) No. of fruits per plant Yield (kg/10a)
PLC control 193.0 18.4 6,172 (114)
ON/OFF control 181.3 16.6 5,417 (100)
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