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Abstract

This study was carried out to develop a fuzzy control technique of ventilation window for control-
ling a temperature in a greenhouse. To reduce the fuzzy variables, the inside air temperature slop was
taken as one of fuzzy variables, because the inside air temperature variation of a greenhouse by ven-
tilation at the same window aperture is affected by the difference between inside and outside air tem-
perature, outside wind speed and the wind direction. Therefore, the antecedeni variables for fuzzy
algorithm were used the control error and its slop, which was same value as the inside air tempera-
ture slop during the control period, and the conclusion variable was used the window aperture open-
ing rate. Through the hasic and applicalive control experiment with the conirol period of 3 minutes,
the optimum ranges of fuzzy variables were decided. The control error and its slop were taken as 3
and 1.5 times compared with target error in steady state, and the window opening rate were taken as
30% of [ull size of the window aperture. To evaluate the developed fuzzy algorithm in which the opti-
mized 19 rules of fuzzy production were used, the performances of fuzzy control and PID control were
compared. The temperature control errors by the fuzzy control and PID control were lower than
1.3°C and 2.2°C respectively. The accumulated operating size of the window, the number of operating
and the number of inverse operating for the fuzzy control were 0.4 times, 0.5 times and 0.3 times of
those compared with the PID control. Therefore, the fuzzy control can operate the window more
smooth and reduce the operating energy by 1/2 times of PID control.
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Fig. 1. Experimental system.
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Table 1. Specifications of control equipments.

Equipment Specification
Computer Intel 80486 DX4 - 100MHz, RAM 16Mb
0OS, language  Windows 95, Boland C++ ver 4.5
Resolution : 12bit
A/D converler 32 channel single-ended
Reference voltage : £ 5V bipolar
D/O board 32 channel

Reed relay output

Table 2. Specilfications of sensors.

Sensor Specification
- "T" type thermocouple
Temperature g nee : -130°C—400°C max
Element : photo silicon diode
Solar radiation  Range : 0-1500 W - m™

Error: 30 W« m?

Element : potentiometer (5KQ)

Range : 0-360°

Element : photo coupler (0500Hz pulse)
Range:0.5m- s"'~45 m - s

Error: & 0.6 m -

Wind direction

Wind speed
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Table 3. Fuzzy production rules for decision of the opening
rate of ventilaton window aperture (AlU) depending on con-
trol error (E) and its slope (AE).
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Fig. 3. Effect of wind speed on inside air temperature drop.
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Table 4. Control performance.
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Comol R ST e
(m- s (min.) (°C)
1 2.3 6.4 0.6
2 3.6 16.9 0.8
Fuzzy 3 4.0 10.1 1.1
4 24 18.3 1.3
1 2.2 14.8 1.0
PD 2 3.7 4.2 22
3 1.5 8.3 1.6
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Table 5. Window operating variations.
Transient state Steady state
Control
method Number of Number of Accumulated  Number of Number of Accumulated
operaling inverse operating  operating (%) operating inverse operaling  operating (%)
1 1 0 30 10 4 51
2 0 50 7 2 38
Puzzy
3 2 0 30 13 3 48
4 1 0 25 2 26
Average 15 0 33.7 9.2 27 40.7
1 7 4 131 12 3 27
2 1 0 53 17 11 138
PID
3 2 1 102 14 11 113
4 2 1 96 17 13 84
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