
Environmental Sensor Networking and Internet of Things Prototype

Abstract
This project aims to set up an environmental sensor network at the Mission of Mary local urban farm using current

Internet of things trends. The goal is to be able to view and log geospatial temperature data from a greenhouse site. The first step is to take
temperature readings from several sensor points located inside and outside the greenhouse to retrieve the ambient air temperature. The
temperature sensors will be connected via Ethernet cable to a low-power, open-source hardware, single-board computer called a Raspberry Pi.
Data will be transmitted via HTTP protocol over a cellular connection to our cloud servers. Our main method for viewing the data will be an iOS
app that Mission of Mary workers can download and view real-time temperature data at each point in the greenhouse. This will ensure that
they are always able to monitor the site regardless of where they are and can take steps to release heat if needed. The app will also allow
them to view historical data for each of the sensors. A secondary method based on RESTful web services is an online query tool where data
can be exported as a .csv file and easily imported into excel. Statistical analysis of the data will be done using a two-tailed t-test comparing the
mean values of redundant sensors. Analysis will also be done using applicable local temperature data from Dayton International Airport and
the Miami Conservancy District. To complete the project partnerships have been created with the Hanley Sustainability Institute, UD Geology,
Intrust IT (a leading cloud provider in Cincinnati), Kore Telematics (the leading global M2M communication company) and KEEN.

Sensors
At the core of the Mission of Mary site is

the Maxim semiconductor DS18B20 high resolution digital
temperature sensor. The sensor uses the 1-wire protocol for
handling both power and data on one wire. The DS18B20 has a 9
bit resolution and is connected to a Cat5e burial grade cable.
Configuration allows for multiple sensors to be dropped on one
line. The multi-drop configuration is used at the Mission of Mary
site to have all of the temperature sensors connect to a single
DS9490R usb bus. The DS9490R is a master bus creating the
bridge between the 1-Wire network and the Raspberry Pi.
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Our project is being carried out in 

collaboration with the Mission of Mary Cooperative and the Hanley 
Sustainability Institute at the University of Dayton. The Mission of 
Mary Cooperative is a non-profit organization that focuses on the 
issues of food and economic social justice, especially the issues of 
healthy food affordability and access in the Dayton area. In total, 
there are 2.5 acres of urban farms under their watch that provide 
local, fresh, and chemical free food to the surrounding areas. The 
greenhouse site in which we are setting up our sensor network is in 
one of the three agriculture plots that Mission of Mary operates 
within the Twin Towers neighborhood. It is a metal framed 
structure covered in a plastic film that may be opened to release 
heat during the summer months. It is approximately 52 feet long 
and 20 feet wide. The Hanley Sustainability Institute is a group on 
the University of Dayton campus that promotes and extends the 
University’s sustainability efforts, and are the ones providing the 
funding for this project. 

T-Test
Once the temperature data has been collected from 

the Mission of Mary site it will be accessible by .csv file where a two-tailed t-
test can be performed. By using a two-tailed t-test we are able to compare two 
different means of values against each other. This method was chosen over 
using a one-tailed t-test because with a two-tailed t-test it will test for two 
possibilities; the mean being greater than x and for the mean being 
significantly less than x. Our x in the t-test comes from other temperature data 
readings that we are obtaining from the Dayton International Airport and the 
Miami Conservancy District. The goal of this test is to compare the mean 
temperature data at the Mission of Mary site against two other sources to 
check for accuracy. These two temperature sensing points are near in location 
to the Mission of Mary Cooperative and will be able to provide valid 
temperature readings with data being obtained daily. Our objective is to find 
no statistical differences between the Mission of Mary temperature readings 
and those coming from the two other locations.

iOS App
A key feature of this project is an iOS app built with

Swift that allows the Mission of Mary workers to check the temperature of the
greenhouse in real time. The app pulls data from the server and parses it so
the workers can easily monitor the temperature at different levels in the
greenhouse along with soil temperature. A big feature of the app is the push
notifications. Currently the main dilemma with the greenhouse is the variation
of the temperature. The plants require a strict temperature range to thrive,
causing the plants to wither if the temperature is too high or too low.
Therefore, instead of the workers checking the temperature manually
throughout the day, they receive a notification if the temperature gets out of
range.
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Software
The software used for sensor data collection

and transmission on the Raspberry Pi is LtSense. This is an open source
software system designed for environmental sensor networks and will
transmit sensor data back to the server component, BigSense. LtSense
allows for multiple sensors to be connected and transmitting data at
the same time, can store the recorded data locally in a database, and
transmit it over the internet to the BigSense server. BigSense then
stores the data on its database and serves up data via a REST web
service.
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Embedded Devices 
The main component of this sensor system 

is a Raspberry Pi 2 single board computer. This system is capable of 
running a full Linux operating system and has a wide range of 
connection options including USB, Ethernet, and GPIO pins. 
Additionally, the low power requirements and small size allow the 
computer to run off a normal USB wall charger, battery, or solar 
panels. The Raspberry Pi will be connected via serial GPIO pins to a 
FONA 3G Cellular GSM and GPS board. This module allows the 
Raspberry Pi to send data over cellular networks to our cloud based 
servers allowing for remote network access anywhere you can 
receive a cell phone signal. The integrated GPS on the FONA 3G 
allows for all data points to be georeferenced without the need for an 
additional GPS sensor.
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