
developed with Autodesk Eagle, and code for an Arduino Uno, in C, was made 
to control and interpret inputs from various electrical components. A 12 V bilge 
pump was used to control the irrigation of the plants; 12 V submersible pumps 
were used to add solution from various tubs to the IBC tote; and float switches, 
EC, temperature, and ultrasonic sensors were used to sense various conditions 
and ISs (Figure 2). When IBC tote sensors detected fertilizer or water levels at 
lower limits, the corresponding submersible pumps turned on. When the tubs’ 
water levels were low the float switches tripped, and triggered an IS. 
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The only requirements that needed a statistical test was the 
automatic fertilizer and water replenishment subsystems. Both 
subsystem tests followed the same testing procedure. These tests 
compared 30 trials of pass-fail type data with a one-proportion z-test. 
The null hypothesis was that the fertilizer and the water level was 
effectively replenished at least 95% of the time. The automatic 
fertilizer adjustment had a pass rate of 90% (z = −1.26, p = 0.104). The 
water level maintaining system had a pass rate of 100% (z = 1.26, p = 
0.896). All the other requirements solely involved software and 
worked 100% of the time (Table 1).

Results (cont.)

The machine properly and reliably irrigated plants, added fertilizer, 
sensed ISs, and communicated with the Raspberry Pi. All the 
requirements for the machine were met, since the p-value for fertilizer 
and water level replenishment tests were greater than the alpha level of 
0.05. When the machine was paired with the Android application the 
farmer controlled various pumps with a manual mode, viewed real-
time data, and submitted parameters for the machine to carry out. 

This machine is intended to be used by hydroponic farmers to 
automate the water regulation processes. When properly paired with 
the Android application, the machine will save the farmer’s time and 
resources while increasing crop yield and quality (George et al., 2017). 
Additionally, the machine, when utilized properly, could decrease the 
farm’s environmental harm by limiting water and fertilizer usage. 

Many improvements could be made to the machine. EC is not the 
only factor considered regarding the irrigation solution’s chemistry, 
therefore automated pH, algae control, dissolved CO2 and O2 can be 
integrated into the next version. Additionally, the overall machine can 
become more compact, accurate, and user friendly.
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Hydroponics is a technological advancement in agriculture where 
plants are farmed in a nutrient filled water medium instead of a 
traditional soil substrate. The nutrient solution used to feed the plants 
must be closely monitored and adjusted daily. Electrical conductivity 
(EC) is a measure of the inverse of resistance within a solution or 
material. In most cases, the higher the fertilizer concentration, the 
higher the electrical conductivity. Farmers generally use hand-held 
sensors to read the electrical conductivity value. Based on this value, 
farmers manually add fertilizer to optimize plant growth. Their 
adjustments are typically not very accurate, thus causing suboptimal 
yield, micronutrient and macronutrient deficiencies, and large 
variations in fertilizer concentrations over time (Camara et al., 2011).

According to a study by Choi (2011), hydroponics is a more 
environmentally-friendly form of agriculture. The same study states 
that the proper utilization of hydroponic growing techniques allows 
farmers to decrease fertilizer and water use, while maintaining crop 
yield. These techniques cause direct benefits to the environment, 
including less fertilizer runoff, water, and land usage (Choi et al., 
2011). The benefits to the farmer and environmental health can be 
strengthened when using machines to automate specific processes 
(George et al., 2017). The purpose of this project was to design a 
machine that would keep the nutrient solution constant to increase 
efficiency and plant health. The machine automatically controlled the 
irrigation, added fertilizer, sensed when user intervention was needed, 
called “intervention scenarios” (IS), and enabled user control with an 
Android application by communicating with a Raspberry Pi. 

A 16-foot diameter silo geodesic dome and a Dutch bucket 
hydroponic system was constructed (Figure 1). A circuit board was

Materials and Methods

Introduction Materials and Methods (cont.)

Results

Conclusion

Figure 2 (above): This is a graphical representation of the machine. There are three tubs: the 
concentrated calcium nitrate tub (CN Tub), the concentrated fertilizer tub (Fert Tub), and the 
water tub. All the components (except the sump pump) were attached to the main circuit box.

Figure 1 (right): This is a 
picture of the hydroponic 
system. It consisted of 36 
Dutch buckets with lettuce, 
strawberry, zucchini, 
cucumber, and basil plants 
within them. The bilge pump 
in Figure 2 pumped 
irrigation solution to 
drippers on top of each 
bucket. The runoff drained 
through the bucket and was 
pumped back into the IBC 
tote via the sump pump. 

Requirements Table
Requirements Pass or Fail

Automatically fertilize water based on parameters Pass

Keep the IBC tote water level constant Pass

Automatically irrigate plants based on parameters Pass

Sense low water levels in tubs Pass

Sense pump malfunctions Pass

Sense temperature sensor malfunctions Pass

Sense EC sensor malfunctions Pass

Sense extreme temperatures Pass

Receive and integrate user parameters from Raspberry Pi Pass

Send data to the Raspberry Pi Pass

Control pumps with manual mode enabled by Raspberry Pi Pass

Table 1 (above): This is a list of requirements that were needed for the machine. All 
the requirements passed their corresponding testing protocols.
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Tub
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Pump
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Arduino and Main 
Circuit Box 
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Sensor Box 


