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Overview—EarthSense is a network of distributed air       
quality nodes that report data to a server to then display           
graphical representations of the data via the web server. The          
primary objective is to capture data from different air pollutants          
such as carbon monoxide, carbon dioxide, hydrogen sulfide, and         
nitrogen dioxide. 

I. INTRODUCTION 
The objective of EarthSense is to design and 

implement a network of outdoor air quality nodes equipped 
with gaseous and particulate sensors in an effort to focus on 
air pollutants with known impacts to human health and the 
planet’s greenhouse effect. Some of these pollutants include: 
carbon monoxide, carbon dioxide, hydrogen sulfide, nitrogen 
dioxide, and particulate matter. The intent of this project is to 
ultimately provide a platform for the public to view air quality 
levels in areas of their choice by creating a research-grade, 
low-cost, and scalable device that monitors air quality and 
provides the data on an easy-to-use website. With these nodes 
online, more data can be collected and made available to the 
public via websites and document downloads so that they can 
be informed of the air they breathe. In addition, by keeping the 
node cost low and using off-the-shelf components, the 
capacity to retrieve air quality data could be expanded to the 
general public. 

II. RELATED WORK 
Many current devices on the market for monitoring 

air quality are very expensive, limited to just indoor use, and 
work as a standalone unit. EarthSense aims to be a far cheaper 
device that monitors outdoor air levels on a large scale by 
connecting to a large network composed of individual nodes. 
The scope of EarthSense data collection should extend beyond 
data point collection to data trend analysis. It is just as 
important to see the change in air quality over time as it is to 
know its precise value at a given moment; this is an important 
missing aspect of devices and implementations currently on 
the market. It is also important to collect data from more than 
just one location, especially when collecting outdoor air 
quality data on a city-sized scale. The inclusion of the 
distributed network aspect to this project aims to produce a 
broader picture and better understanding of pollution 
distribution geographically in Fayetteville and beyond, if 
possible. In addition, the data collected should be open and 
available to the general public via a web-based platform. This 
way, any resident can use and analyze this data as they see fit 

without needing their own distributed network of air quality 
devices.  

III. APPLICATION DESIGN 

A. Node 
The nodes are the main data retrieval devices. These 

are the physical outdoor air quality sensors that collect 
environmental data from its on-board sensors. A Sensly HAT 
sensor module, made by altitude technology, will be 
connected to a Raspberry Pi Zero W which will provide 

configurable 
sensors for 
pollutants, 
humidity, 
pressure, and 
temperature. 
The electronic 
components, 
such as the 
batteries, Pi 
Zero and 
voltage 
regulator, will 
be stored in a 
durable 
weatherproof 
case to protect 
them. The 
design of the 
case will 
allow the 
sensors to be 
connected to 

the Pi Zero with wires long enough to allow them to be 
exposed outside of the cases’ airtight seal so that they are 
exposed to external air flow. Many sensors that monitor air 
quality require moving air in order to measure the volume of 
pollutant contained as well as fresh samples in between 
measurements. A 20x16 inch solar panel will be placed 
outside of the airtight case with its wires running inside of the 
case, sealed of course, and connected to a charge controller. 

Because sunlight as a power source is not completely 
dependable due to weather, a large lead-acid battery will be 
placed inside of the case so that if the solar panels lack 
consistent sunlight, or experience a failure, the node can then 
communicate the error and still transmit data for a period of 
time (dependent on battery charge). The charge controller is 
responsible for delivering power from the solar panel to the 
lead-acid battery (12 volt, 12 ampere hour) to ensure it is 
being charged. Because the current delivered by the solar 
panels is variable, or inconsistent, the controller allows for a 
buildup of charge that can then be used to charge the lead-acid 
battery in increments. The charge controller has two USB 
outputs that can be used to power the Pi Zero and FONA 
directly. Though the FONA is required to have its own LiPol 
battery to operate, plugging the chip into the charge controller 
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will put the chip in a “charging” state so that it will not run out 
of power. The Pi Zero board will be programmed for power 
conservation by running it in a low-power/idle state by turning 
all components off, and then turning them back on to take 
measurements based on a timer. This frequency of activation 
can be increased or decreased based on power constraints and 
need for data throughout a single day. 

When in operational mode, the Raspberry Pi Zero 
will take data measurements from all of the connected sensors, 
format this information along with a timestamp of when the 
measurements were made, then push the data to a server using 
a 2G network. To establish connection to the server, a FONA 
808 chip by Adafruit is used to send packets over a 2G 
network using TCP. A SIM card activated by T-Mobile allows 
access to the 2G network because they are the only 
telecommunications company left in the United States that still 
has an operating 2G network. The older 2G network is used 
for the node because it has widespread and consistent 
coverage across the nation and requires less power 
consumption than 3G and 4G networks, however, the FONA 
chip can handle these newer networks without issue, all that is 
required is to update the SIM card through the carrier. While 
TCP is a more intense protocol compared to UDP, it will 
ensure that data is being received by the server and the node 
can verify if data was received before attempting to resend. A 
Python script is used on the Pi Zero along with Cron, a 
scheduling tool, to collect and send the data automatically on a 
timed schedule as soon as the board has power. The TCP 
connection is established by the FONA and once the packets 
are sent, a TCP listener server will receive the data and push it 
to the Cassandra database server. 

B. Server 
The server consists of the TCP server, the Cassandra 

database, and the Spring server. The TCP server is written as a 
multithreaded Python server and initializes the connection to 
the Cassandra database. Also, this is where the TCP listener is 
implemented so that effective retrieval of data that is sent from 
the node can be stored. The server listens for a TCP packet, 
retrieves the data, unpackages and parses the data according to 
the sensor data table schema, and issues a command to insert 
the tuple in the table. It returns an acknowledgement to the 
node of a successful insertion.  

Cassandra is used as our database framework because 
it allows for scalability and high availability without 
compromising performance. Our database structure includes a 
user table, node table, and sensor reading table. The schema 
should be optimized for low repetition of data, efficient 
storage of sensor data from the nodes, and compatible 
communication with the HTTP protocol from the web 
application.  

The Spring server is written in Java and contains the 
connection with the web application as well as all of the 
function uses. It is written as a REST API using HTTP 
endpoints to perform requests from the web application. All 
server based assignments are completed and functioning 

properly by getting data from the node, storing the data, and 
displaying the data to the website.  

The server is hosted on a virtual machine on the 
University of Arkansas Nebula Cloud platform. Because of its 
location behind the the university’s firewall, the web server 
currently also has to be hosted on the Nebula platform in order 
to perform requests to the REST API. Due to the same 
security problem, the TCP server must use Ngrok to allow the 
nodes to communicate across the firewall. Ngrok is a free 3rd 
party service that opens up a HTTP tunnel that we use to 
bypass the firewall. 

C. Web Server 
The web server contains web application and 

protocol to communicate with the data server. The primary 
technologies used to create the web application are Node.js 
and Angular.js. Node.js is a JavaScript extensions framework 
that allows us to handle server aspects on the web and mobile 
applications. Angular.js is a JavaScript-based open-source 
framework that will be used to develop the web application’s 
front-end. Using the Angular framework for page routing, the 
content, styling, and functionality for web pages are dictated 
using the standard HTML, CSS, and TypeScript convention. 
The Google Maps API will be used for the map and 
location-based services incorporated in the web application’s 
displays.  

As the primary purpose for the application is 
displaying data using tables, graphs, and maps, the application 
will be optimized for desktop screens and made 
mobile-friendly by using responsive web design approaches 
when styling. The server and web server will be integrated 
into the SpringBoot RestAPI Framework which will be hosted 
on the Spring server. This will allow the Cassandra database to 
communicate with the Angular application via HTTP protocol 
for requesting and receiving information.  

IV. ADDITIONAL TO CAPSTONE 
In addition to the scope of our Capstone project, extra 

attention will be brought to each task of the EarthSense project 
for a more stable and solid finished product. Initially, a lot of 
work went into designing the node around a Raspberry Pi 3 
board. The switch to a Raspberry Pi Zero W board allows our 
group to have a fresh start on hardware development while 
conserving on physical node size and power consumption. 
Lower power consumption and physical board size allows for 
more space inside the case which can be used for a larger 
battery to provide at least 24 hours of battery life, which 
supports the device for a longer duration in case of lack of 
power supply from the solar panels (cloudy day, snow build 
up, etc). This is beneficial for the Fayetteville area where this 
initial node will be deployed because it experiences a vast 
range of weather that could affect power supply from the solar 
panels. The previous version of this project was deployed in 
Cameroon which experiences less drastic weather conditions 
and more consistent sunlight. With the platform that has been 
developed, more external sensors have the potential to be 
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added such as: a photoresistor sensor to determine if adequate 
light is present to power the solar panels, a vane anemometer 
that can measure wind speed and direction to track the 
movement of a weather system, and indicator LEDs to present 
to viewers located at the node with current conditions. While 
the initial scope of this project is to construct and demonstrate 
one node, a heat map will be added on the website to show the 
location of each node placed in the future. 

V. CURRENT STATE 
The physical node is completely assembled and 

functional. The solar panel and lead acid battery are connected 
to the charge controller. The charge controller has two USB 
ports that are connected to the FONA and the Pi Zero board. 
The FONA, while connected to the Pi, is designed to be 
powered by its own small LiPol battery; connecting it to the 
power source will render the chip in constant charging mode 
so that it will continue to operate. The FONA is connected and 
working properly with the Pi Zero by using an activated SIM 
card through T-Mobile. This SIM card is associated with a 
phone number and when connected it is capable of either SMS 
based or packet based communication through GPRS (general 
packet radio service). TCP packet based communication is 
available to the node in even some of the most remote 
locations; the FONA has a high signal strength around many 
parts of Fayetteville and in remote areas such as Mt. Kessler 
using the 2G network. TCP packet communication has been 
established with the server so it can effectively send data from 
the Pi Zero to the server and ultimately to the website, while 
receiving delivery acknowledgements. 

This project revolves around the air quality data that 
is retrieved from the Sensly HAT gas sensors. Due to an error 
made by personnel in the CSCE department, our air 
monitoring sensor was never ordered to the University of 
Arkansas. While it was our fullest intention to implement this 
sensor for the project, the team is preceded on without the 
sensor and instead substituted it for two seperate sensors, one 
that measures altitude and pressure, the other that measures 
temperature and humidity. These sensors will be useful so that 
actual measurements can be taken from the environment and 
then be sent to the server and website, thus demonstrating the 
complete and working platform from node to website. 

All of the components that make up the node are 
contained in a weatherproof casing with a watertight seal so 
that the electronics are safe from the elements. The solar panel 
is exposed to allow sunlight for battery recharging and the 
sensors are partially exposed so that they can get accurate 
readings from a continuous flow of air. The design of the case 
is based around having the Sensly HAT air quality monitor 
rather than the two seperate sensors. All wires that exit the 
case are sealed with silicone caulk that ensures a waterproof 
seal so that the integrity of the airtight case is not 
compromised.  

Lastly, a shell script for the Raspberry Pi that controls 
when the board is active or idle, has been developed so that as 

soon as the board is connected to power and boots up it will 
collect and send data on a timed schedule. Active mode will 
power all of the sensors so that they can take data 
measurements that will then be formatted into comma 
separated values and sent off to the server using the 2G chip 
via TCP packet communication. When the board is in idle 
mode the sensors will be turned off and the Pi will draw 
minimum power to keep it on; planning for the Pi to turn off 
and on using the script is a possibility so it does not draw 
power when idling. If the battery is full when in idle mode, the 
node will draw minimum power and remain in an idle state 
until a wake command is issued at the pre-planned times to 
collect and transmit data. 

A script to run the server has been added to run the 
server with one command which had not previously been the 
case. Due to the compilation of many components and 
services such as Cassandra, Java files, Python files, and 
Ngrok, it was a complex task to recompile the server until 
now. Additionally, relevant put, post, and delete endpoints for 
the tables have been added to the Spring server. The user 
authentication endpoints are still being modified in order to 
allow secure account creation and log in. The Cassandra node 
table schema has also been updated to reflect the currently 
available node sensors which consist of temperature, pressure, 
humidity, and altitude. 

The web application can route between a home, 
login, sign up, data, and map page. The home page delivers a 
general introduction to the project and the team. The data page 
contains line graphs for a visual representation of the sensor 
data over time. The next step for the data page is to add 
greater filtering abilities to the data. The map page displays a 
map based upon the Google Maps API to show the location of 
the node and basic information about it in a InfoWindow. The 
next step is to display relative concentration of pollutants 
using a heatmap visual display. Using the Angular 
HTTPClient protocol, the web application makes requests to 
the database and stores the information using interfaces that 
match the schema of the database tables to populate the 
preliminary charts and maps. The next major functionality 
addition is to complete the server-web server interaction in 
order to maintain a secure log in as bringing a user’s password 
to the web application is dangerous practice. 

VI. RESULTS 
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VII. FUTURE WORK 
One of the most vital components of this project’s 

future potential is scalability. Once a single node has been 
made, thorough testing will be required to ensure that the node 
can withstand the elements while performing its intended 
functionality. This will allow for refinements in the hardware 
and software of the node, server, and website to be made so 
that the project can continue to increase the scope of its 
functionality. After a single node has been tested, it can then 
be duplicated with confidence so that the network of nodes 
can expand without the risk of nodes failing in the field. The 
more nodes that are created, the larger the network and area 
covered will be which will then start to create meaningful 
maps and sets of data for public use. This procedure of 
expansion will allow for a doubling rate of growth of nodes up 
to (potentially) 100 nodes. While that number appears large, it 
is important to note again that the cost of each node will be 
cheap (exact cost TBD) and that the success of the project 
depends on a large network of nodes with a growing amount 
of data being provided to analyze. 

VIII. DISCUSSION 
One of the major perks our team has with this 

assignment is that we are sponsored by Dr. Bobda’s embedded 
systems research lab here at the University of Arkansas. 
Though most of the previous work towards this project was 
scrapped, it provided our team with a clear-cut path of what 
needed to be accomplished and how to pursue the future of 
this system. The scope of this project for our team is 
drastically different than the original goals set out to 
accomplish in central Africa, but it still requires the same 
basic architecture. This sponsorship provides us with 
monetary funding for the project that is being used towards 

creating a scalable and efficient node design, a reliable server 
and website, and any incidentals that might be needed to help 
us create this network of nodes, like experimenting with 
different ideas in regards to power, connectivity, and 
durability of the nodes. While he is not a part of the 
completion and scope changes to the project, graduate student 
Taylor Whitaker provides expertise in this area and provides 
technical support and guidance to our team; we are grateful to 
our sponsor for his participation in this assignment. 

Our team picked up this project from a previous 
group that did the initial development of the node and 
corresponding software. The original node was composed of a 
Raspberry Pi 3 which was significantly larger than the Pi Zero 
W that we have migrated to. The sensors were all 
independently made in the research lab which required more 
components and technical skills pertaining to the electrical 
engineering department, as well as physical soldering and 
construction which would add a significant amount of labor to 
the project as it expands. Most of the tasks that were 
previously done lacked in many areas, both hardware and 
software, that are crucial to the growth and success of this 
project. Power management and durability of the node 
previously designed were virtually nonexistent. While solar 
arrays were attached, the nodes lacked ability to function 
without consistent sunlight and had no enclosure to protect the 
electronics from the extreme conditions that Fayetteville faces 
year round. 
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