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Development of an Automatic Water Control System
for Greenhouse Soil Water Content Management

D. H Lee

K S. Lee

Y. C. Chang

This study was conducted to develop an automatic soil water content control system for greenhouse, which consisted of
drip irrigation nozzles, soil water content sensors, an on/off valve, a servo-motor assembly and a control program. The
control logic adopted in the system was Ziegler-Nichols algorithm and rising time, time constant and over/undershoot ratio
as control variables in the system was selected and determined by various control experiments to maintain small delay time

and low overshoot. Based on the experimental results, it was concluded that the control system developed in the study could
replace the unreliable conventional greenhouse soil water management.
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Fig. 1 Drip irrigation nozzle.

Fig. 2 On/off valve and servo-motor.
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Fig. 3 A water content measuring sensor.



Table 1 Specification of the soil water content sensor

Properties Specification
Acquisition Soil MC (0~ 100%)
Range Soil Temp (-10~60T)
Accuracy Soil WC (= 3%)
Dimension (¢) 38 mm
Dimension (L) 250 mm

Depth 100 mm ~ 120 mm

+ Al Y Al E FgEl] sl AlojA e
AA, A&kt 11101*] AEL2 ATmegal28(Atmel Co., San
Jose, CA, US.A) PR AEZHE AMZSIg o Q=Y
TEQ 5 sl fsted HE 2789 <A 82C55A
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Fig. 4 A micro-controller system used in the study.
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Fig. 5 Circuit diagram of DATABus of the micro-controller.
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Table 2 Specification of soil used in this study

Composition
_ Texture
Sand (%) Silt (%) Clay (%)
43.7 37.3 19.0 Sandy Loam

Fig. 6 A photo of soil preparation.
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Fig. 9 Configuration of an automatic water control system for
greenhouse soil content management suggested in this study.
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Table 3 Specification of the control system designed in this study

Irrigation system
Soil Moisture Contents
Soil property : Texture, Cavity

Specification

Reference Input

Disturbance Environmental property : Humidity,
Temperature, etc
Control type Open-loop control
Time dependent type Time-varying system
Linearity Nonlinear system

Command following

Stability

Major control objective

Minor control objective

Output signal Electrical edge signal

Output device

Mechanical actuator
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Fig. 10 S-shaped response curve.
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Fig. 11 Variations of soil moisture content with time at various
distances from a drip irrigation nozzle.
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Fig. 12 Variations of soil moisture content with time at various
distances from a drip irrigation nozzle under on/off control for
the target MC of 15%.
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Fig. 13 Variations of soil moisture content with time at various

distances from a drip irrigation nozzle under on/off control for
the target MC of 20%.
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Fig. 14 Variations of soil moisture content with time at various
distances from a drip irrigation nozzle under the condition that the
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Table 4 Analysis of control variables for various control logics in the study

Control Control Acquisition Delay Rising Over/under
Control logic objective interval distance time[L] time[T] shoot
MC (%) (min) (cm) (min) (min) (WC, %)
0 25.8 326.7 19.93
15 Continuity 10 23.5 193.3 16.80
Drip nozzle 20 28.2 328.8 16.23
on/off control 0 40.0 164.7 24.98
20 Continuity 10 30.8 242.6 24.98
20 48.8 424.6 24.98
0 22.8 384.9 15.88
15 Continuity 10 22.8 717.0 15.50
shz?i?;n 20 33.0 1145.0 14.55
control 0 27.5 307.2 21.68
20 Continuity 10 27.5 417.7 21.00
20 46.9 748.3 20.13
10 0 35.7 420.2 15.23
20 0 41.1 410.2 15.09
s 30 0 22.8 380.7 15.48
40 0 22.1 378.0 15.77
Intermittent 50 0 27.5 361.5 16.55
valve opening 60 0 24.5 359.3 1545
interval 10 0 34.6 579.2 19.11
control 20 0 0.7 545.3 19.18
- 30 0 24.5 480.7 20.55
40 0 26.7 421.6 21.07
50 0 22.8 436.0 21.29
60 0 24.3 456.8 22.48
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