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Functions and features
The web application was designed to intake data from all the 

sensors sent by the Raspberry Pi 3 and display it to the user. To do 
this the application had to intake .csv files uploaded by the user and 
then sort the data into its own database. It also needed to store all 
past data of  the plant so that it could be referenced later by the user 
to see a long-term summary of  a plant’s development, as shown in 
Figure 1. One design parameter that limited the project from the 
start was that the application needed to be a web application 
opposed to an Android or Apple application. This was due to 
limitations and monetary costs in producing apps for those 
platforms.

Sensors
A variety of  different sensors were connected to the Raspberry Pi 

3. The three that were present were the Adafruit Si7021 
Temperature and Humidity Sensor, the Adafruit TSL2561 Digital 
Lux (light) Sensor, and the QLOUNI Soil Humidity Detector. 
Design Strategy

The web-application was developed using Ruby on Rails which 
utilizes the Model View Controller (MVC) programming method 
alongside a combination of  Ruby and HTML code. Within the 
framework, the application was developed to encompass all of  the 
features listed in the Functions and features section. It was necessary 
to perform calculations to convert the voltage reading, which the 
Raspberry Pi 3 received from the sensor, into a number with 
meaningful units. For the application, Python code was written on 
the Raspberry Pi 3 to automatically water the plants in the 
experimental group when water levels were low, and to output a 
reading of  every sensor to a .csv every 10 seconds. The plants and 
the sensors were kept in Mrs. McDonough’s room, as shown in 
Figure 2, were exposed to 18 hours of  light a day, and were 
completely enclosed when not watering the control group. The 
plants were placed in positions so that they had equal light levels, 
and then the lux sensor was placed in the center of  each cluster of  
four plants to take periodical readings. The temperature sensor was 
centralized between the control and experimental plants. The plant 
in each group that was closest to the center of  the shelving unit had 
a soil moisture sensor in the pot, placed as closely to the plant as 
possible without interfering with the growth of  its roots. To validate 
the system, a comparison was made between a plant being 
maintained using data recorded and subsequently interpreted by the 
application compared to a plant being raised manually to look for a 
significant difference between plant mass after 4 weeks.

Data was collected on the mass of  each lettuce plant after 4 
weeks, as shown in Graph 1. The groups were analyzed to see if  the 
experimental group had greater mass than the control group. A 
Mann-Whitney U test was conducted with a U statistic of  0.0, a 
median of  6.8 grams for the control, a median of  4.45 grams for the 
experimental, and a p-value of  0.99, failing to support that the 
experimental group had greater mass than the control group.
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Figure 2 (right): The lettuce 
in the shelving unit that is 
artificially lighted. The four 
plants on the left are the 
control group and the four 
on the right are the 
experimental group.

Figure 1 (right): A screen 
capture of  the database for a 
plant in the web application. 
The data was imported from a 
.csv file generated by the 
Python code on the Raspberry 
Pi.

Conclusion

Graph 1 (left): The 
mass of  each of  the 
plants is shown in the 
graph. The control 
group is on the left and 
the experimental group 
is on the right

The application was able to accurately present data from the 
sensors to the user and store it for later reference, fulfilling the initial 
goals set for it. The application also proved useful for collecting 
quantitative data on plants and automatically watering them, though 
it was not proven that this method was better for overall plant 
growth. The validation testing could have been improved with better 
sensors and a greater amount of  sensors spread out amongst the 
plant enclosure. This would have a more accurate reading on the 
conditions inside the enclosure. One such sensor that could be used 
for future testing would be a Quantum sensor, which instead of  
measuring light, measure the amount of  light used for 
photosynthesis by the plant. Moving forward, the application could 
have some additions that would increase its usefulness. One such 
addition would be a built-in database of  standards on how to grow 
certain kinds of  plants that the user could reference and compare to 
the real-time data on their own plant. 
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The idea of  home gardening is mainly driven by observation and 
qualitative data. For instance, if  a plant dies, the gardener may 
simply make the conclusion that it was too heavily watered and  
decrease the amount of  water that this plant receives the next time 
they grow it. What if  it were possible to quickly and accurately 
collect quantitative data on plants kept in one’s home or garden? 
The purpose of  this project was to develop a user-friendly web 
application coupled with a group of  sensors connected to a 
Raspberry Pi 3 that could be used to collect quantitative data on 
plants. Part of  a user-friendly application is the user interface, or UI 
(Tidwell, 2011). The UI is everything that is part of  how a user 
navigates through an application including aesthetic factors like 
colors and arrangement to coding factors like buttons and other 
types of  inputs and screen navigation. Another important piece of  
the project was showing how the final product is useful in 
conducting research (Li, Tang, Xu, Lie, & Han, 2012). After it was 
designed, the product was used to run a scaled down test on lettuce, 
showing its usefulness.
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