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Development of a Fully-Controlled Phytotrons

—Temperature and Humidity Control System—

x E B W oR K O 5 % E R
K. C. Lee, K. H. Ryy, S. H. Noh, S. H. Hong

Summary

The aim of this study was to develop a phytotron for studying the effects of environmental factors
such as temperature and humidity on plant growth. This equipment consists of the growth chamber,
and the measurement and control system including control algorithms required for optimum operation.
As the first step of the study, a temperature and humidity control system was developed. The results
of this study are summarized as follows ;

1. Pt-100 was selected to measure temperature and a linearized op-amp circuit was developed for signal
conditioning.

2. Pt-100 wet bulb thermometer based on Asmann’s principle was developed to measure relative hu-
midity.

3. Temperature and relative humidity conditions were controlled by ON-OFF and PWM operation
using a PID controller. And an autotuning algorithm using the characteristics of step response was
developed to determine optimal PID constants which were independent of the size of apparatus and
environmental factors. '

4. Under the ambient temperature of 20C~25C, the temperature was kept within the error of + 0.3C
in the range of 10C~40T, and the relative humidity was kept within the error of +5% in the
range of +50% ~90%
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Fig. 1. Schematic diagram of phytotron.
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Table 2. PID constants measured by autotuning

algorithm with sampling time of 6 sec.

PID constants R L |Kp|Ti|Ty
Operate heater only 0.0083 (26| 6 |52 |13
Disturbance effect by light | 0.0128 [12| 8 |24 | 6

Table 3. PID constants measured by autotuning

algorithm with sampling time of 20

sec.
PID constants R LIiKe| Ty |To
Operate heater only 0.0123 |24 | 5 |48 |12
Disturbance effect by light{ 0.0136 {10 | 9 |20} 5
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Fig. 6. Step response of heating apparatus.
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for phytotron.
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