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(A Study on Sensory-Based Intelligent Vertical Farm Control Using Physiological Response Feedback
from Crops)
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Abstract

This study proposes a crop-state-hbased feedback control algorithm that utilizes crop physiological responses as direct

feedback signals to address energy waste and control inefficiency issues in vertical farms. Physiological indicators such as
leaf temmperature, leaf color, and NDVI were collected in real-time from RGB, thermal imaging, and spectral sensors. These
were fused with environmental sensor data (temperature, humidity, OO, |, illuminance) to determine the physiological state
of the crops. The contral algorithm intelligently operated equipment such as lighting, heating/cooling, and irrigation based
on the results classified into noml, stress, light saturation, and stress+light saturation states. Results from the pilot
environment at Suncheon National University's vertical farm demonstrated that the proposed algorithm achieved energy
savings of 27.8% for 1ED lighting, 194% for heating/cooling, and 31.2%6 for immigation punps conpared to existing
threshold-based control. Overall power consunption decreased by an average of 236% Additionally, leaf tenmperature
decreased by an average of 1.2°C, and NDVI values improved, enhancing crop photosynthetic efficiency and growth stability.
This study is significant in expanding the control paradigm of vertical farms from an environment-centric approach to a
crop-condition-hased feedback control structure. Future work is expected to advance this into a sustainable smart vertical
farm model capable of autonomous adaptation across diverse crops and environmental conditions by applying reinforcement
learning-based control models and multi—feedback loop structures.
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