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ABSTRACT 

DESIGN OF A MODULAR AUTOMATED PLANT WATERING SYSTEM FOR SCALABLE 

AGRICULTURAL APPLICATIONS 

By 

Kelvin 

SWISS GERMAN UNIVERSITY 

This research investigates the development of a decentralized, edge-computed automated 

precision irrigation system to mitigate resource inefficiencies and physiological crop stress in 

commercial agriculture. Focused specifically on the moisture demands of Capsicum annuum 

(chili pepper), the study engineered a modular mechatronic "unit cell" utilizing ESP32 

microcontrollers, capacitive soil moisture sensors, and relay-actuated localized pumps. By 

employing closed-loop feedback logic, the architecture maintains Volumetric Water Content 

(VWC) within strict biological thresholds, effectively eliminating reliance on manual 

scheduling and neutralizing the "cycles of stress" inherent to traditional farming methods. 

Experimental results demonstrate high system reliability, successfully increasing water 

application efficiency while drastically reducing both deep soil percolation and surface 

evaporation. Furthermore, the edge-computing logic exhibited autonomous adaptability by 

suppressing actuation during heavy precipitation events, protecting the root zone from fatal 

anoxic conditions. By delivering precise micro-doses strictly within the active root zone, the 

system also significantly reduced physical fertilizer dependency and minimized nutrient 

leaching. Economically, the modular mechatronic architecture provides a linearly scalable 

framework for commercial deployment. By optimizing operational expenditures 

(OPEX)—specifically through water conservation, reduced fertilizer requirements, and labor 

optimization—while reclaiming yield losses previously caused by moisture stress, the system 

generates a robust financial return. The study concludes that low-cost mechatronic 

automation serves as a viable, sustainable intervention for democratizing precision 

horticulture and maximizing overall farm profitability. Keywords: Precision Agriculture, 

ESP32, Capacitive Soil Sensor, Volumetric Water Content, Edge Computing, Break-Even 

Analysis. 
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