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Materials and Methods (cont.)
The two main objectives in establishing a network were to allow data flow 

between the hardware and Raspberry Pi, and to make the database available to an 
external client over the internet. Figure 2 displays the general network structure.

Introduction
Agriculture is essential to the production of both food and raw 

resources like cotton. Greenhouses allow farmers to grow crops in 
harsh environments or out of season. Enabling remote monitoring 
and control options would allow farmers to assess the current 
conditions of the growing environment, as well as remotely interact 
with hardware to improve these conditions. The purpose of this 
project was to facilitate communication between greenhouse 
hardware and an Android application over the internet. Using this 
system, farmers could spend time and effort elsewhere while 
ensuring that the greenhouse conditions are optimal.

Creating such a system required internet networking via a web 
server. Servers and clients communicate using the Hypertext 
Transfer Protocol, also known as HTTP. Clients can make GET 
requests, which retrieve a resource from the server, or POST 
requests, which post data to the server (Fielding et al., 1999). The 
data involved in this project were environmental conditions, 
status of hardware, and greenhouse parameters. 

Servers do not directly store all the data that clients want to 
receive. Instead, the data are usually stored in SQL (structured query 
language) databases. This server and database system has been 
implemented in environmental monitoring systems in the past. 
Ferdoush and Li (2014) utilized an Apache web server and MySQL 
database for storing and serving temperature data in their system. In 
addition, Boonsawat et al. (2010) used Arduino Uno boards for 
interacting with the environmental monitoring hardware like 
temperature sensors. Along with Arduinos, both projects utilized 
wireless sensor networks with XBee radio modules. 

In this project, low-cost hardware components were implemented 
to establish a flow of data between remote greenhouse hardware and 
an external Android application. 

Materials and Methods
A Raspberry Pi computer was 

used to host the software for this 
project. An Apache HTTP server 
and MySQL database were 
established on the Pi to handle 
communication with a client over 
the internet. Additionally, XBee 
radio modules (see Figure 1) were 
connected to greenhouse 
hardware and the Raspberry Pi to
allow wireless data transfer.

Verifying the success of the networking was simple. Since code 
either executes properly or fails to execute properly, basic tests of 
the programs were sufficient. When making HTTP requests to the 
API, environmental data was returned and both hardware status and 
parameters were alterable, showing success. The user-set parameters 
in the database are shown in Figure 5. In order to assess the success 
of the wireless communication program, request and response cycles 
were printed to the console and analyzed. It was found that every 
request made by the program was met with a response. Then, 
through printouts like Figure 5, it was verified that the program 
changed the database according 
to the responses. Both software
components were able to fulfill
their requirements, creating a
communication network.

Conclusions
The purpose of this project was to facilitate communication 

between a remote greenhouse system and an Android application 
over the internet. This communication was achieved with the 
successful implementation of software and hardware as described. 
Despite its functionality, there are areas of the current 
implementation that could be improved upon. 

There was a delay between a user changing a parameter or 
hardware status in the database and that change being recognized by 
the greenhouse system. This is due to the time it takes for the 
wireless communication to cycle between requests and responses. 
This delay could be shortened with a more optimized protocol. 
Furthermore, the current system only handles text and numerical 
data. A more advanced implementation could include live video 
streaming or video recordings, furthering monitoring capabilities.

Results
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Figure 2 (above): The general networking of the system shows that the Android application can 
communicate with the hardware through the database and vice versa.

Figure 4 (above): The path of data flow between the Android application and database.

Figure 3 (above): Wireless communication between hardware and the database through XBee radios. 

Figure 1 (above): The Raspberry Pi 
computer and XBee radio module.

The communication between the hardware and database was facilitated by a 
Python script run on the Raspberry Pi. First, a request was made to each hardware 
node for data. This was done through the XBee radio modules as shown in Figure 
3. The hardware would then send a response with environmental data. This data 
was added to the database to be later accessed by the Android application. Any 
user-made changes to the status of hardware or environmental parameters were 
included in the requests and carried out by the hardware upon being received. The 
Python script was set up as a service on the Raspberry Pi to run in the background, 
allowing the server to operate while keeping the hardware and database in sync.

Allowing connection between the database and an external application required 
special software to be written. Using the Flask Python framework, an Application 
Programming Interface (API) was created. This program allowed the Android 
application to retrieve data from the database and manually change hardware 
status or parameters, all through HTTP requests. This system is shown in Figure 4.

Figure 5 (right): A printout of the 
user-set parameters and their 
associated values.
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