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1.0 Executive Summary

Owning and caring for plants, whether it be a small houseplant or a garden of
vegetables or fruit, has always been a hobby for many people. Although some
are not at all hard to take care of, many are; especially if you intend on ensuring
that your plants are in the best environment possible. This will not only allow your
plants to live longer, but for food bearing plants it will allow them to grow healthier
as well. There’s nothing worse in plant ownership than putting your all into taking
care of a plant only to have it die because one of its environmental factors was
lacking, and this is the problem we aim to solve.

When it comes to taking care of plants, nothing is more important to their
livelihood than the environment they are living in. This is the reason many fruits
and vegetables have to be grown in certain states or countries, as their climates
are best suited for those plants. We want to make monitoring the most important
factors of the environment easy for anyone, and the best way to do that would be
to allow an owner access to all the information they might need in one place: in
their pocket.

Our project aims to allow for easy monitoring of one plant with the eventual
possibility of multiple at a time. These monitors include sensors for moisture,
humidity, light, temperature and pH. The physical sensors themselves will be all
put together into one main monitor PCB that is as low cost and low power as
possible while maintaining accuracy.

These monitors will be available on a mobile app that is accessible on Android
that utilizes wireless connection via WiFi or Bluetooth, depending upon where the
user is located relative to their device. The companion app will also have access
to a database of information regarding many different plants so that even the
most uninformed plant owner can know the specifics of caring for whatever plant
they may have. Although there is something that can be said about being
self-informed and monitoring your plants yourself, our goal is simply to make this
easier and more accessible for everyone.

Page 1| 134
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2.0 Project Description

The motivation and the goals of the project were one of the first things that were
nailed down when first discussing this project. During the early portion of
researching, the team found a number of similar projects. These projects were
analyzed, and critiqued by the team, identifying portions of the systems that were
liked, as well as portions that were disliked. As the project moved forward, using
these goals and motivations as a baseline, we were quickly able to move forward
with developing the desired functions, requirements, and specifications of the
project.

2.1 Motivation

One of the most popular hobbies in today’s age, especially during and after the
Covid-19 pandemic, is gardening. A large issue, however, is most people
consider themselves very poor plant parents. This lack of “green thumb” could be
due to the lack of time dedicated to understanding the plant’s requirements.
Some people decide to go to a plant store, pick out any random plant that they
think looks cute, and then take it home and place it anywhere in their home. They
think that all plants are cookie-cutter, that they all require the same basic needs.
Although this is true to an extent, plants all have individual needs and
requirements that are needed to help the plant thoroughly thrive. These needs
can be as basic as the amount of water needed, to elaborate as the amount of
relative humidity in the air.

The main obijective for this project was to attempt to design a product that helps
even the most inept plant owners be able to grow any plant they desire and have
it thrive with ease. On top of this, we wanted to provide information to anyone
who wanted to learn about common plants that would be grown, whether that is
vegetables, herbs or just common plants you could find even outside of a garden.
We believe this will give us a head over similar products that just serve to allow
someone to have a basic monitor of their plants by providing education as well
through the application.

We also did not want to create a system that runs itself entirely, as we want to
allow the user to have some control and allow them to learn themselves. This
means that we can make the device a lot more portable and manufacturable for
most people, as a smaller device ends up being easier to move as well as
cheaper for the average consumer. This will allow even more people to have
access to the knowledge we are providing.

2.2 Goals

Page 2 | 134
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The team had multiple goals in mind when trying to come up with a solution for
this problem that was identified.

e Cost effective

o The project should be cost effective, down to a point that any
individual would be very inclined to purchase the item.

o Another consideration would be to have the project be low enough
cost if the team decides to try and scale the project out, meaning
that with multiple units so there could be multiple units on one
home monitoring different plants, as compared to having a single
unit that had to be transported

o One of the bigger expenses of the project would be some type of
enclosure as it did not want the monitor to be too exposed in case
water was introduced into the environment

m 3D printing was considered as it is relatively cheap as long
as the system is already setup (strictly the cost of filament)

m 3D printing could be utilized to create a custom enclosure, in
any color that a customer might want, while still being
conscious about the cost associated with it

e Smallin size
o The overall design of the project is needed to be small in size, as it
is meant to be used in conjunction with a pre-existing plants
m Too large of a size would not be good for perhaps a plant
with a small pot, as the monitor could be too large for the
plant and pot
o The rough desired dimensions are large enough to contain all
necessary parts of the monitoring project, while also being small
enough to move if necessary

e Improved plant health

o The device should ultimately aid in the overall health of the plant.
This device should in no way get in the way of plant growth but only
help the user keep an extra eye on it to help keep up with the plant.

o This device should be able to detect what a plant needs based on
what the sensors read

o The device will be able to record plant data and should be able to
estimate what will need to happen next

e Ensuring success when growing plants
o The device will act as an extra hand for the user when they are not
around. This device will alert the user if something is low and needs
to be done asap for the plant
o This device will allow for the user to be away from their garden or
plant for a long period of time and able to care for the plant when
the device alerts them of any problems

Page 3| 134
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e Help user control what the can not see
o This device should act like a second hand to the user as well as
eyes where the user can not reach, feel or see.
o The added sensors will allow for the user to see the health level of
their plant which they would not be able to see without our device.
m pH
Nutrients levels
Light levels
Moisture levels within the soil
Temperature surrounding the plant
Humidity levels surrounding the plant
Overall plant health under and around the soil

2.3 Related Work

In terms of related products, there are a number that are already out on the
market. These all vary in execution immensely, from one utilizing the idea of an
“all-in-one” plant monitoring and plant caretaker system, to another using an
array of smaller probes to monitor various plants from a central hub station.
Some companies also offer the ability to use an entire enclosed system from
which a plant can be automatically grown. These systems take advantage of an
overarching concept of hydroponics, where traditional soil is replaced with
nutrient enriched water and supplements.

The issue with these devices is that they are often large and require
maintenance, mainly being changing of pH solutions. Although there is a
significant amount of overlap in the parts used between the hydroponics systems
and our project, the methodology of being small and cheap are diametrically
opposed to this design and therefore our project leans toward monitoring rather
than growing. This is easily observable as in a hydroponics system, they utilize
tanks for liquids as well as light systems meant to regulate the amount being
received by the plant. The addition of those subsystems would require a
significantly large rig/case in order to house the entire system.

We are aiming to create a product that is the culmination of all of these different
executions. Having a user be able to monitor multiple plants, from a mobile
application, without the need of purchasing a large, expensive self-contained
system. We aim to reach a target audience of plant owners that want a quick
overview of their plants' health, with easy to identify vital signs that can be easily
monitored and fixed by the user in a clear, discernable way.

Page 4 | 134
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2.3.1 Northfifteen Connected Home Plant Monitor

This device keeps tabs on your plant and allows the user to use an app while on
the go. This device uses sensors to track various plant life such as water life,
overall lighting, fertilizer, and temperature. This device uses bluetooth to connect
to the app for the user. The main feature of this device is the water tracker for
plant life that you are able to see through the app.

Figure 1 - Northfifteen Monitoring Device

The SmartPlant Hub differs from this because the app is able to ping the user
when any of the levels are near dangerously low and the user is able to interact
with the app to know exactly what to do for the plant. It also makes suggestions
for what to do.

2.3.2 Tulip Plant Monitoring System

This device is not only one monitor, but multiple monitor probes to form a system
of probes for each plant in a garden. This also comes with a handheld
spectrometer that the device sends the data to by bluetooth. The spectrometer
can only be used when the user is in range of the plants it is trying to measure.
The user can plug the spectrometer into their computer and download the data,
which in turn charges the device. This device can measure moisture levels, air
temperature, fertilizer, and light through wifi signals. The user can also use an
associated app to create a virtual map of their garden environment.

The SmartPlant Hub differs because there is an app that the user does not have
to be in the general area to see the status of their plant.

Page 5| 134
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2.3.3 Click and Grow Smart Garden

This is an all in one planter device that you put your plant in. It is quite bulky as
the plant sits on top of the potted bottom with a bar along the top. This device
waters your plant for you as well as changes lighting levels and tracks the
nutrients levels of the plant. This is pretty much self-growing technology because
this planter does everything for you to take care of the plant. This planter requires
the user to purchase the required seeds for this device which can get quite pricey
and make it hard to branch out with different types. And due to the side and
shape of this planter, the plant will only have a certain amount of room to grow
and live.

The SmartPlant Hub is lightweight and small to fit inside the plant's pot or even

just be stuck in a garden. The SmartPlant Hub is also waterproof which this
planter is definitely not. The SmartPlant Hub also keeps the user in the loop and
allows the user to take all the steps to care for the plant. There is also an app
which this device does not have one connected to.

2.3.4 EasyBloom 1000 Plant Sensor

This device is shaped like a flower to hide from plain sight near the plant. This
device can measure lighting, temperature, humidity and water. The device needs
to stay on for at least 24 hours to get the most accurate results of the plant per
day. This device has a web interface that lets the user categorize plants by soil,
color and more. This device has three different modes which include monitoring
mode, recommendation mode, and water mode. Their water mode tells the user
about the water level and the device needs to be removed when watering the
plant.

The SmartPlant Hub uses an app rather than an online interface which makes it
easier for the user to test their plants from anywhere. The SmartPlant Hub also
allows the user to leave the device in the plant and not have to frequently check
on it. The SmartPlant Hub also allows the user to water the plant without
removing the device.

2.4 Engineering Specifications

The following table aims to show how we can take a given, or desired trait, in
descriptive form, and put a tangible, executable value alongside it. As the project
progresses, the team can view this table, and quickly tell if the project is moving
in the right direction by referencing the technical values along the right side of the
table.

Page 6 | 134
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The highlighted portions, in Table 1, are the portions selected for demonstration
during the final project demonstration. The team aims to demonstrate that our
system can enter a sleep mode by ensuring that after a 30 second timer elapses
following the last use of the system, the monitor will enter a “sleep mode”, also
known as a standby mode. This mode will be activated to ensure that the system
is focused on power saving.

On the attached LCD screen, the team aims to have the data values that will
appear on the display update every 5 seconds, just so the customer can ensure
an accurate readout, eliminating the possibility of viewing an anomaly with the
sensors. The team aims to have all data transmitted from the monitoring system,
to the user, in under 3 seconds. This level of speed is on the slower side, but it
allows for all possible forms of communication from the system to the user to be
considered. The team plans to have communication time significantly quicker
than this threshold value, however.

The system shall run at specified | 2.2V regulated
voltage

The system shall be rechargeable | 3.7V rechargeable battery charged via
using specified method 5V solar panel

The system shall enter sleep mode | = 30s after last use, system enters
after specified time sleep mode

The system shall update monitor | = 1 update per 5s period
information on database in the
specified interval

The system shall be connected to [ System connected via WiFi, transmits
database/app through  specified | to database and subsequent user
method

The system shall transmit data to | < 3s response time
user within specified time after user
asks/after wake

The system shall be self-contained in | 15cm x 15cm x 15¢cm
specified dimensions

The system’s app shall run on | Application runs on Android OS
specified OS

Page 7 | 134
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The system shall support single or | =1 monitoring unit
multiple instances of monitoring units
on different plants

Table 1 - Requirements Specifications

2.5 House of Quality

The below house of quality, in Figure 2, was utilized by the team as a quick
reference tool throughout the project development. It was developed early on as
a visual representation of the requirements of the customer, in conjunction with
the engineering specifications.

Viewing the figure below, the middle portion shows a relationship between the
customer requirements and the engineering requirements. The legend on the
bottom right shows the type of relationship as being either strong, moderate,
weak, or having no relationship at all. The upper portion of the figure highlights
the correlation between the various engineering requirements. As the legend
reads, there can be either a positive, negative, or no correlation at all.
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2.6 Block Diagrams

The following diagrams, Figure 3 and 4, show the projected breakdown of all
portions of development. Figure 3 shows the breakdown of all the integral
portions of the hardware system. This figure includes all the major portions of the
project, in terms of the various sensors, displays, microcontrollers, and the
communication of that data to the customer via the software network. Figure 4
shows the other side of that system, the software side. The figure shows the
projected step-by-step of the data, and how it will be analyzed, and dealt with,
when the data comes in from the hardware side.

2.6.1 Hardware

The following hardware diagram in Figure 3 demonstrates the various devices
that interact with the microcontroller, such as the sensors. The arrows represent
that data is being transmitted from the relevant sensors to the microcontroller,
and the transfer of said data from the microcontroller using WiFI or some other
form of wireless communication. Each part is color coded in order to show which
team member is responsible for the corresponding part.

e
Il R e

r_)‘
[ s |
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Figure 3 - Hardware Block Diagram

2.6.2 Software

The following diagram is representative of how the software in this project is
intended to operate. Figure 4 shows how the system will deal with the data that is
sent from the sensors, and where the information shall end up once taken into
the software side. Code will be written for the microcontroller in order to handle
the sleep/wake up functionality as well as process and send the sensor data to
the database and display. The chosen market for this will be android rather than
iOS and it will be done with java and include push notifications for the user to be
told of necessary actions to be taken.

I
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Figure 4 - Software Block Diagram
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2.7 Project Operation Manual

The SmartPlant Hub is designed to be an all-in-one plant monitor that is portable
and easy to set up and move if needed. There is no need to set up any of the
sensors, as they are all held within the housing, even if some are slightly out of
the main casing as needed. The only attachable component to this setup is the
optional solar panel that can be used as a charging component to extend the
usage of the battery pack as a whole.

Setting the hub up is fairly simple, ensure that the probes at the bottom are
placed in the soil close to the plant you wish to monitor. Then, make sure the
power switch is on and the casing is secured and not loose. After this, if desired,
connect the solar panel to the cord designated for it and ensure it is secured in its
spot on the casing. Face the panel in the direction that gets the most sunlight.

After the physical casing is set up and secured, you can download the app off of
whatever store you use and get to setting up the device on your account if you
would like to access it remotely. Otherwise, you can simply connect via Bluetooth
if you’re close enough. Now just navigate the app to your plant and view the
monitors and sensors data.

One of the best things available to you as the owner of the SmartPlant Hub is the
in-app database.

Outside of the app, you will have access to a screen on the outside of the casing
with a button nearby. Pressing this button will allow you to view basic data on the
screen relative to the readings of the sensors. If you do not use the screen, you
can also view basic data via the LED lights on the outside of the casing. Each will
be labeled and will glow green or red depending upon how the sensors are
reading, and you can use this to adjust accordingly.
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3.0 Project Research

This section allows for in depth research, comparison, and final selection for all of
the various parts for the project. Below covers the main portions of the project:
enclosures, microcontrollers, sensors, power sources, LEDs, and LCDs. Price,
sizing, availability, and overall capabilities were taken into consideration when
making final decisions.

3.1 3D Printing

Due to the fact that we have multiple sensors, an LCD screen, battery, and
multiple boards it is necessary for us to have a custom casing. Our solution to
this issue is by 3D printing a housing case for all of our hardware and power
systems.

3D printing has been a staple in engineering for decades now, the first
documented mention of the concept occurred in 1945 by Murray Leinster in a
short story. It would finally be realized less than three decades later in 1971,
when Johannes F Gottwald patented the first 3D printing device for prototyping
and manufacturing of patterns. The 1980s saw the largest advancements in the
technology as three major patents were filed which developed the
stereolithography process, FDM printers, and single nozzle inkjets for metal
casting.

The ability to 3D print personal projects has become more and more accessible
in the last 5 years, at an accelerated rate. Prior to 2018 there were few offerings
for consumers to 3D print at home, and of the available options they were
incredibly expensive, often thousands of dollars for an FDM printer. In 2022 you
can get an FDM printer for as cheap as $200 and with the low cost of filaments, it
is incredibly accessible for many people. There is also the ability to have a
design printed by a company with the price varying depending on the material,
but this option includes extended periods of time where there is travel time on top
of build time.

3.1.1 3D Printer Choice

Our printer of choice is the Creality Ender 3 pro, an FDM printer that is incredibly
affordable and offers great performance for the price. It boasts a 220 x 220 x
250mm magnetic bed which gives us the ability to print quite large pieces and in
the case of our device, perfect size for plants considering our need for the device
to be small. The printing precision is +-0.1mm meaning that if necessary we can
be incredibly specific when designing the sensor casings.
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3.1.2 Filament

When it comes to 3D printing, the printer is only half of the battle, using the term
FDM to describe the ender 3, this refers to the way in which the printing process
works.

FDM stands for Fused Deposition Modeling, in this the nozzle of the printer
extrudes heated plastic filament and builds multiple layers from the bottom up in
order to create the desired object. It is vital that the bed is leveled prior to starting
the printing process as if not, the print may be compromised as slight offsets
result in layers becoming increasingly off target. After the filament is layered, it
dries and hardens into a much sturdier final product.

SLA is the other printing process that is often available for consumers, this is
Stereolithography Apparatus. Similar to FDM, the material is added on in layers
but it comes in a liquid form and for SLA, is mostly resin. The liquid is hardened
not by the result of hardening post heating up but rather is hardened by focusing
light on it, almost always a laser. The main distinction here is that SLA allows for
slightly more precise prints as it is done in an enclosed space due to the toxicity
of liquid resin but lacks the durability of thermoplastics from FDM.

3.1.2.1 ABS Filament

Acrylonitrile butadiene styrene (ABS) is one of the most common filaments used
in 3D printing. There is already standard use of ABS as it is a popular plastic due
to the impact resistance, strength, and rigidity compared to something like resin.
The temperature at which it becomes pliable is 220 degrees C, something which
is not realistic from standard temperatures outside. Due to the cheap price and
heat performance, many manufacturers will print prototypes in ABS to test
products that do not need a high number of iterations.

In terms of reliability for our project’s use, ABS would be a poor fit simply due to
the fact that it does not hold up well to UV light. With our product designed to sit
outside in the sun for days on end, we need a filament that can hold up to not
only outside temperature, but also just UV light as a whole.

3.1.2.2 PLA Filament

Polylactic acid, PLA, is the second most popular thermoplastic used in 3D
printing but is also incredibly popular in different fields due to its degradability.
The filament is made entirely from renewable resources and because of this it is
recyclable, making this filament future proof as we move toward renewable
resources in general. One such application of PLA is medical implants due to the
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fact that it degrades into lactic acid. By degrading over time it helps the body to
heal slowly over time similar to how stitches assist cuts. When compared to ABS,
PLA has a far higher tensile strength at about 7,000 PSI compared to about
4,000 PSI of ABS. Due to the increased strength, PLA is incredible for
prototyping projects which need stress testing. Compared to ABS, the
temperature at which PLA becomes pliable is much lower, melting at about
145-160 degrees celsius depending on the manufacturer. Despite it being
significantly lower, both are suitable for our application as it is very unlikely to
reach either temperature.

3.1.2.3 PETG Filament

PETG filament, polyethylene terephthalate glycol, is considered to be a mixture
of ABS/PLA as it exhibits the durability of ABS and the printability of PLA. The
glycol, which is the main distinguishing factor from PLA, the most similar filament,
offers extra protection against corrosion which is incredibly useful for our project.
Soil with high acidic levels or chemicals that could possibly impact the plastic
would be less of an issue with PETG filament. Due to the increased strength of
PETG, PLA can be foregone as the device housing will be able to withstand
more mishandling by a potential user, if they were to drop the device on the
ground. Typically ABS will crack after it has hardened in a similar situation or PLA
would have similar issues with deformity as a result.

3.1.2.4 Filament Choice

This choice was obvious in the context of picking a filament for our project in
general. PETG is our choice for multiple reasons: durability, stronger adhesion
and resistance. Since our product needs to sit outside in varying weather
conditions we need something that is durable enough to stay together through all
of this. Sitting in sunlight especially has an impact on the material itself, and
PETG stands up to sunlight the best. Also, another important aspect is being
able to withstand rain and PETG is not only the most resistant to moisture, but
also the easiest to waterproof in terms of the device as a whole.

Hard (Needs
enclosure/filtering)

Yes A bit No

Yes No Yes
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Yes No

Yes No Yes
Yes No Yes
$21/kg $21/kg $24/kg

Table 2 - Filament Comparison

3.2 Microcontroller

A microcontroller is a small computer that is considered to be an all-in-one
system. They, at the most basic level, contain a central processing unit (CPU),
some form of memory, as well as input and output segments. As they are so
small and compact, they are cheap to manufacture, as well as introduce into
projects. Throughout the years, these have grown in popularity now allowing for
embedded systems to use them as the basis for all computational needs.

Being the brains of the project, the microcontroller choice is one of the most vital
portions of any project. In today’s age, there are a multitude of projects that all
utilize different boards, sensors, motors, etc. to achieve the same end goal. This
device will need to handle multiple sensors and also have wireless connection
integration so that the data can be transferred to the mobile application. On top of
this, we utilized a microcontroller that has good power options and supports
rechargeable power sources as well.

Making sure the microcontroller we select matches up perfectly with our goals is
essential in the creation of this device. With this in mind, the choice of
microcontroller is probably the most important choice to consider, as not having
any of these vital components could change the device entirely.

3.2.1 Arduino

Arduino is the one of the most common choices when it comes to project
microcontrollers. This is due to the wide availability of the boards, from a number
of distributors, while also having the perks of having both software and hardware
capabilities built in. These boards are serviced using the built in API called the
Arduino Language, which is very similar to C and C++. Arduino is typically
considered the more lightweight choice of microcontrollers, as it does not have a
strong enough CPU to handle complex, intricate computations. Arduino’s are
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used in systems where repetitive, non-computationally intense actions are made,
which means that they are used in simple systems.

Arduino is open-source, both in terms of hardware, and software, making them
easy to find documentation on, as well as modify for your own needs. One such
way to modify an Arduino is by utilizing a shield. A shield is typically a printed
circuit board that is made compatible with a pre-existing Arduino using the
header pins. These shields allow for many various applications, such as acting
as a motor controller, to holding navigational equipment, to just containing a
breadboard allowing for “on-the-board” prototyping.

The software of Arduino is written utilizing the built-in integrated development
environment (IDE). This IDE serves as a single place for the developer to write
the code, debug any errors, and then flash the code to the microcontroller for
testing or execution. The IDE supports languages such as C and C++, allowing
for a developer who has no prior experience with Arduino to be able to write a
program quickly and efficiently. As the developer becomes more and more
familiar with the system, there are a number of libraries that are available to
import into a project, allowing for a vast number of applications. These libraries
allow for a wide ranging number of projects to be developed, ranging from a fully
functioning cube satellite to a handheld game console. With the open source
capability of the Arduino, developers can utilize both hardware modifications as
well as software, to build just about any project using an Arduino as the base.

3.2.1.1 Arduino MKR1000

The Arduino MKR1000 is a perfect merge between the computational power of
the Arduino Zero and additional low power wireless (WiFi and Bluetooth)
capabilities. This board comes in at a relatively small, rectangular form factor of
2.42 inches by 0.98 inches (61.5 millimeters by 25 millimeters). The MKR1000
has a Li-Po charging circuit built-in, allowing the system to run off of either a
battery, or an external 5V power source. The circuit also lets an internal battery
be charged while being plugged into an external power source. The price of this
system comes in around $37 USD, but with the capabilities built in, makes it a
valid overall choice.

3.2.1.2 Arduino Nano 33 loT

The Arduino Nano 33 loT is the smallest form factor of all of the boards that were
researched. This rectangular board comes in the miniscule size of 1.77 inches by
0.77 inches (45 millimeters by 18 millimeters). The Nano 33 has built in Bluetooth
and WiFi capabilities, and an always-on gyroscope and accelerometer. The
downside of this particular board is that it solely operates on a 3.3V circuit, rather
than a 5V like the vast majority of other boards, making the Nano’s power supply
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a very important factor to consider when moving forward with development. The
price of this system is about $19 USD but could possibly be found cheaper. In
terms of price to basic performance, this is by far the best choice, but may result
in the rest of the system cost more due to the 3.3V input voltage restricitons.

3.2.1.3 Arduino MKR WiFi 1010

The Arduino MKR WiFi 1010 is considered the professional version of the
Arduino Nano 33 loT. Adding in the more traditional 5V power capabilities to the
already more-than-capable Nano, makes this board an extremely solid
contender. The MKR 1010 comes in at a relatively small, rectangular form factor
of 2.42 inches by 0.98 inches (61.5 millimeters by 25 millimeters). This board
utilizes a Li-Po charging circuit, allowing the system to run off of either a battery,
or an external 5V power source, while also charging a LiPo battery while hooked
up to the 5V source. The price is $35 USD, making it the cheaper choice than the
MKR 1000, with even more functionality.

3.2.2 Raspberry Pi

The Raspberry Pi was originally developed to be a small, lightweight computer
for students to learn basic computer skills. As the system grew in popularity, so
did the overall functionality of the system, with improvements to the CPU,
memory, as well as the number of peripherals attached. Now, in today’s age, it is
usually regarded as being a lightweight computer replacement. Having more
peripheral adaptability built in from the factory, makes these the ideal choice for
developers and hobbyists that do not want to try and make additional parts to be
compatible with the board. The Raspberry Pi is very much plug-and-play in terms
of not needing additional features. Using pre-existing standards for interfaces,
such as WiFi, or USB, the Pi can communicate with any number of additional
devices, making it the perfect all-in-one system for projects.

As the Raspberry Pi has been developed over the years, the computational
power has grown significantly. The first iteration of the CPU was already faster
than the Arduino boards that were available on the market, As the system grew
in popularity, the development capabilities of the factory grew, allowing for faster
CPUs to be integrated into the system. Now, the CPU integrated within them
allows for complex calculations to be performed, very similar to a full size
computer.

In line with the CPU growing stronger, this allowed for more peripherals to be
added. The more that were added, the less additional functionality was desired,
as it was already contained within the board from the factory.This caused the
board to grow in popularity even more with the hobby community, due to the
ease of use that was associated with implementing a Raspberry Pi into your
system. Now, in today’s age, the Pi is considered to be the de facto standard
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when it comes to a project that needs lots of computational power in a small form
factor.

3.2.2.1 Raspberry Pi Zero W

The Raspberry Pi Zero W is the original board Zero family. They come with a
small form factor of 2.55 inches by 1.18 inches (65 millimeters by 30 millimeters).
Although it is the older version of the Zero board family, it is just as functional as
the newer version, albeit with a slower processing speed. The power supply on
board utilizes a 5V circuit, but also has on board WiFi capabilities. The stock of
the base board, priced at $10, is very slim, but there is stock limited to the
ultimate starter kit, priced at $45.

3.2.2.2 Raspberry Pi Pico

The Raspberry Pi Pico is by far the cheapest board, $4 for a version without the
headers pre-installed, or $6 for the version with headers installed. One of the
biggest downfalls of this board is there is no on-board WiFi module, requiring an
additional $20 WiFI module. There is a WiFi hat that has a built in 1 inch LCD
screen, potentially bypassing the need to purchase a separate display. This
system also has an on board temperature sensor, although it seems as though it
reads ambient temperature only.

3.2.2.3 Raspberry Pi Zero 2 W

The Raspberry Pi Zero 2 W is the successor to the original Zero board. The Zero
2 has the same exact form factor as the original, with just a new faster processor.
This new processor runs at an incredible 1 GHz and is also one of the only 64-bit
microprocessors that was considered. The power supply on board utilizes a 5V
circuit, but also has on board WiFi capabilities. The stock of the base board,
priced at $15, seems to be non-existent, but there is limited stock of the ultimate
starter kit, priced at $55.

3.2.3 ESP32

ESP32 is a set or series of low power microcontroller chips developed by
Espressif Systems. Not very well known, Espressif Systems is a semiconductor
manufacturing company established in 2008. Their headquarters are located in
Shanghai and they are responsible for the ESP line of microcontrollers. One of
the staples of ESP32 is that it is generally low cost compared to other
microcontrollers with comparable specifications. ESP32 is also fairly new, as a
successor to the ESP8266, it was released in 2016 and has been fairly popular
since then. Also since the release of ESP32, many variants have been created
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all with differing capabilities but still falling under the same SDK as the original
ESP32.

3.2.3.1 ESP32 Feather Board - HUZZAH32

The HUZZAH32 is a Feather Board based on ESP32 boards and developed by
Adafruit Industries. Similar to other boards, the HUZZAH32 commands
seemingly comparable hardware and support while exceeding others in a lot of
areas. it is a small form factor at 2.0 x 0.9 x 0.7 inches. It has an integrated WiFi
transceiver as well as dual mode Bluetooth that can run classic Bluetooth and
Bluetooth Low Energy. 4MB flash in its WROOM32 module and an onboard PCB
antenna. It also allows for micro-USB input and has a Lithium-lon charger built in
that automatically steps voltage up or down. On top of all this, it can work with
the Arduino IDE so we can take advantage of 12C, SPI and analog reading from
the sensors we are using. To finish, it also boasts a price point of $21.95, which
is a good price for the product.

3.2.4 Microcontroller comparison

Given our seven choices, we can then narrow the list down to a select few and
compare them. Our project requires us to use a board that is able to handle
many sensors and transfer the data via WiFi and Bluetooth. On top of this,
choosing a board that is compatible with easily accessible and supported
software is important as well. Arduino seems to be the clear choice when it
comes to easily accessible and well-known and maintained software.

We narrowed this list down to the three best boards that meet these
requirements at a minimum. We can eliminate the Arduino MKR1000 simply due
to the existence of the Arduino MKR WiFi 1010. This board matches or exceeds
the specifications and capabilities of the MKR1000 at a lower price point. We can
also eliminate the Arduino Nano 33 loT as this board, even with its good price to
performance ratio, does not match up to the full capabilities of what we need.

Another board we can eliminate is the Raspberry Pi Pico due to the fact that it
does not have an easy to configure charging circuit or WiFi module built in.
Finally, we can eliminate the Raspberry Pi Zero W because of the existence of
the Zero 2 W which has all of the same specifications but with a better processor.
This means we narrowed the list down to the Arduino MKR WiFi 1010, the
Raspberry Pi Zero 2 W and the HUZZAH32 Feather Board.

Constructing a table to compare the specifications of each board will allow us to
more easily compare them and make a final decision.
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61.5mm x 25mm 65mm x 30mm 51mm x 23mm
32-bit 64-bit 32-bit
23 40 21
240 MHz 1 GHz 240 MHz
256 KB 512 MB 4 MB

1 x UART, 1 x 2 x UART, 11 x 3 x UART, 3 x
SPI, 1 x12C, 7 x SPI, 4 x 12C SPI, 2 x12C, 12 x

ADC, 1 x DAC, 8 ADC, 2 x 12S, 2 x
x Digital 1/0 DAC
3.3V 5V 3.3V
Yes Yes Yes
Yes Yes Yes
$35 $55 $21.95

Table 3 - Microcontroller Comparison Table

3.2.5 Microcontroller selection

The choice here ended up being the HUZZAH32. Although the others had
comparable hardware and capabilities, if not better, this board had the best price
to performance ratio and will allow us to take advantage of Arduino’s software
and connections on a cheaper comparable board. The biggest contender was the
Raspberry Pi Zero 2 W but there is a large issue of lacking availability. We would
need to purchase the full kit in order to get the board itself, and one of our
considerations is manufacturability. Having a main component be hard to find
means that this area is heavily restricted. On top of this, the Raspberry Pi Zero 2
W draws much more power than any of the other boards due to its build, which is
entirely unnecessary. Also, although the Zero 2 W boasts such great
specifications, we do not need specifications that high for the product we are
creating, so going with a board half the price that will still work is the best option.
This is a clear example of the impact of marketability. Price: $21.95
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Figure 5 - ESP32 Feather Board HUZZAH32

3.3 Wireless Communication

This section works to break down the intricacies related to the wireless
communication methods related to the project. Starting with a general overview
of the options, followed by an in depth analysis of the possible means of
communication, all major avenues will be discussed and analyzed in order for an
effective decision to be made in regards to the most ideal choice.

3.3.1 Overview

Wireless communication is essential for products entering today’s world. Almost
everyone should have access to the Internet and wireless communication, as it is
one of the most significant technological advancements in the last century.
Transferring data via wire is still faster in many instances, but with the
consistently expanding wireless technology, wireless speeds are going up
considerably. Having to transfer data wired is a lot more cumbersome, however,
especially when considering how small the device will be as well as the fact that
it will be transferring data to a smart device. This device also needs to transfer
data to mobile devices that are far away, which means that WiFi will be essential
to the data transfer of this product.

However, what if the user is in their house while the sensor is in their backyard,
not very far away? Well, Bluetooth is a better option for this short range. Looking
at Bluetooth, normal Bluetooth would not suit this product, as it is meant for large
and fast data transfer. However, this device will only be transferring small packets
of data from sensors on the board, meaning regular Bluetooth would be pointless
since WiFi might as well be used for that purpose. One bit of technology, though,
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exists to make Bluetooth a bit more viable for small data transfer, and that is
Bluetooth Low Energy. This version uses a lot less power and transfers small bits
of data, mainly meant to be used in small 0T projects. This means that BLE is a
contender for this device compared to WiFi, and they both need to be weighed
against each other relative to this device.

3.3.2 Radio Frequency (RF) Communication

Radio Frequency (RF) is the measurement of oscillation of electromagnetic radio
waves. RF is the integral base of nearly all wireless communication that we use
today. The unit of measurement for RF is Hertz (Hz) which is the number of
oscillations or cycles per second. Frequency in (Hz) is represented in an inverse
relationship with the wavelength of the waves in the form f = ¢ / A where f is
frequency in (Hz), c is the speed of light which is a constant value of roughly 3.0
x 10 m/s, and A is wavelength in meters (m).

1Hz 1KHz 1MHz 1GHz 1THz 1PHz 1EHz
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Figure 6 - Electromagnetic Spectrum Chart

The Radio Frequency spectrum falls under the electromagnetic spectrum in the
range 100 kHz to 300 GHz. All of our electronics and appliances that use RF are
within this range. The length of the wave has a lot to do with its capabilities in
terms of distance as well. Longer wavelengths on the lower end of the spectrum
are able to travel much further distances than the short length waves on the other
end. The chart below shows the electromagnetic spectrum and common
electronics or appliances that run at specific frequencies.
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The SmartPlant Hub will utilize both WiFi and Bluetooth, and both operate on this
spectrum. Bluetooth, even Bluetooth Low Energy, works on a frequency of 2.4
GHz while WiFi works on a frequency of 2.4 GHz as well as 5 GHz. Following our
rules for wavelength, 2.4 GHz tends to allow for a larger range connection
compared to 5 GHz, but at a slower speed.

3.3.3 WiFi

It is fair to say that most people living in the United States and most of the world
know what WiFi is at the base level. Based on the IEEE 802.11 standards, WiFi
is essentially a group of network protocols that allows for connection between
multiple devices on a single network. This connection allows multiple digital
devices to connect with one another on a Local Area Network (LAN) and transfer
data between each other utilizing radio waves. WiFi is nearly synonymous in
society with the word Internet in basic terms nowadays. It is a crucial aspect of
our wireless communication, as it helps connect all of our devices worldwide.
WiFi routers are used in public or private places in order to act as an access
point for wireless devices to connect to and transfer information.

The reason for choosing WiFi for this project is the fact that we want to be able to
connect to a cloud server that receives data from the device. The mobile
application we developed will connect to that database and receive the data as
well, sending it to the user on their mobile device. WiFi will allow this to happen
even if the user is not nearby, and with WiFi being almost essential in many
households nowadays, it was a clear choice for gathering and transmitting data
from the device.

Our project will be utilizing WiFi, meaning the user will need to have an access
point within range that the device can communicate with and connect to in order
to transfer data to the server we are using. There are common issues present
with WiFi that exist for nearly all radio wave communication, mostly including
interference. Anything between the access point and device connecting to that
access point will cause interference including walls or other appliances. Even
with this in mind, the range value of WiFi is still a large benefit.

Some of the benefits of utilizing WiFi to transfer data from our sensors/board in
general is the range and speed. WiFi tends to be able to reach further distances
and transfers data at a much faster rate than BLE. However, WiFi tends to have
less privacy than BLE. On top of this, the part of the microprocessor that works
with the WIiFi utilizes considerably more power than BLE when it comes to
transferring the data. Although, we did not need to have consistent use of this
part, as it is possible to send pings at intervals that checks if the user would like
to connect to the device or not and then activate or sleep the module based on
the response.
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The biggest benefit for this device that WiFi provides is the distance aspect. A
user can not connect via BLE to the device if they are away from home, however,
using WiFi allows the user to get the data from anywhere they like. Although it is
a bit more cumbersome in terms of power consumption, this feature is essential
and WiFi is the only one that can do the job and is readily available in most
places that a user would be utilizing this device.

3.2.4 Bluetooth

Bluetooth has been around for over two decades, since 1999 when a wireless
voice headset was released that had bluetooth. Just like WiFi, Bluetooth
transfers data via radio waves in the Ultra High Frequency (UHF) range.
Specifically, Bluetooth operates at the 2.4 GHz frequency and is meant for short
range transfer of data between devices. Usually, instead of using a router like
WiFi uses for a hub, Bluetooth is meant for shorter range connection between
devices. One of the most common examples that has existed for a long time is
the connection between our devices like cell phones and either speakers or
headphones to listen to the audio that would normally come out of the speakers
on your device.

Bluetooth uses Personal Area Networks (PAN) as opposed to Local Area
Networks (LAN) which is a network that connects wireless devices in an
individual's space. Bluetooth is mainly used for small spaces to connect short
range devices. This means that Bluetooth is a lot more energy efficient than WiFi,
sacrificing range and data transfer rate.

Bluetooth has come a long way since its initial creation, now being much faster
and gaining more connection range while still maintaining its lower power
consumption. However, when it comes to devices that need to transmit very
small packets of data like those from sensors, it becomes a bit over the top to
utilize either WiFi or Bluetooth, especially when Bluetooth has a different subtype
that is meant for small devices.

Our device will have a microprocessor that already has a built-in module that can
use Bluetooth. In the instances where the connecting mobile device is within
range of the device, it can use Bluetooth to transfer data so that it can run at a
lower power consumption compared to WiFi. Lowering this cost even more will
be a good idea as well, and can be achieved via Bluetooth Low Energy (BLE).

3.3.4.1 Bluetooth Low Energy (BLE)

Bluetooth Low Energy (BLE) is a wireless personal area network available past
Android 4.3 used to create short connections that can transfer small bursts of
data. It was created in 2006 under the name Wibree by Nokia but became BLE in
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2010 after being marketed as Bluetooth Smart. The reason for creation was
specifically for small devices that could be powered with a button battery for even
years at a time with such low power consumption while maintaining the transfer
range. BLE is different from normal Bluetooth, Bluetooth is used to transfer a lot
of data quickly but uses a lot more power, while BLE was developed for
specifically small packet data transfer, a seemingly perfect solution for small loT
projects such as this one.

BLE, while being more secure, can also send small packets of data such as
those from sensors a lot more efficiently than WiFi over smaller distances. BLE is
also a lot more energy efficient and uses less power overall. This alone means
our device will use less power when transferring data, which is arguably the most
power-consuming aspect of the device as a whole.

3.3.5 WiFi vs BLE Selection

If this product were intended to send data locally to a device without
consideration of speed, BLE would be the optimal choice for its security and low
power consumption. However, this product almost requires the ability to send real
time data quickly to a mobile device from anywhere. This means that WiFi is the
clear option, considering the user should be able to access this data from
anywhere, not just in a small radius around the device.

The final consideration made was the idea of swapping between the two. Utilizing
WiFi for users who are physically further away from the device and BLE when
they are close. This would be the most efficient option and would allow us to
utilize the benefits of both, so this is our choice.

3.3.6 Structure of the System

The device will be in a casing with all sensors correctly placed. Temperature and
humidity will be near outside the casing to monitor ambient conditions. The light
sensor will have access to the ambient light outside the casing to get the same
amount of light that the plant is getting. The moisture sensors will sit planted in
the soil as close as possible to the plant to monitor water levels.

The microcontroller will be powered by a battery pack with an optional solar
panel connection, which will also sit outside the casing with access to sunlight if
needed. All sensors will be connected to our chosen microcontroller which will
then transmit data via WiFi to a server if no bluetooth connection is found, or BLE
if there is one possible. The user will then be able to view that data within the
mobile application.
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There will also be a few LEDs that display simple readings from the plant, and
generally give the user an idea of if there is an issue with one of the readings. On
top of this, there will be a bit more detailed information given on the LCD display.
The LCD will be toggleable via a button on the device and will only activate for a
short time to give the user a quick reading of the sensors without the use of
wireless communication.

3.4 Software Technologies

This section will highlight possible avenues in regards to all portions of the
technology execution. For the monitoring project, as 3D printing is planned to be
used, 3D modeling software must be considered. In addition to this model, the
team must decide on a model slicer, in order for the 3D model to be broken down
so that the 3D printer knows what portions to print, in what orientations, and in
what order. As a mobile application is desired, the platform of which the
application will be released has to be considered, as to whether or not Android or
iOS is the platform of choice. The mobile application is not the only code-related
portion, however. In order for the sensor interface to be understood by the
Arduino microcontroller, a code environment that is compatible with Arduino’s
must be decided.

3.4.1 3D Modeling

In order to 3D print the casing for our hardware, we must have a design realized
in an STL file. STL files were first released in 1987 and developed by 3D
Systems, a company which provides multiple services related to 3D printing,
including printers, materials, and scanners. Unlike CAD models which contain
attributes such as texture and color, an STL file only refers to the surface
geometry of an object. Also STL can not represent circular edges and therefore
does so by approximating with triangular planes. In order to construct the STL file
there are multiple softwares which need to be wused including
AutoCAD/TinkerCAD and Ultimaker Cura. The workflow for 3D printing an object
from scratch goes from designing a model, splicing the model, then printing the
object.

3.4.1.1 AutoCAD

AutoCAD is an industry standard software and has varied uses outside of just 3D
modeling for printing. Architects as well as mechanical engineers have been
using AutoCAD in order to make precise and complex models for their designs
for many years now.
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3.4.1.2 TinkerCAD

A simpler alternative to AutoCAD is Tinkercad, a browser-based CAD which is
free and is far easier to navigate. It includes multiple shapes/objects that are
combined in order to create something much more complex. Considering that our
design is not too complex and simply needs to house the necessary
sensors/components, Tinkercad should meet it easily. The CAD software creates
the model for our housing but that is not enough to actually 3D print from.

3.4.1.3 SolidWorks

Solidworks is a similar design to AutoCAD as it is a computer aided design which
is more in depth than something such as TinkerCAD. This is the design program
which we have had the most use with, as solidworks was used in previous
courses at UCF and taught at length. It has sold over 3.5 million licenses since its
release and utilizes a parametric feature based approach as opposed to
AutoCAD. There is ease of access as we are provided access to solidworks as
UCF students and the feature rich software makes it appealing to fulfill our
requirements.

3.4.1.4 Ultimaker Cura

Ultimaker cura is a splicing software that is open source, beginner friendly, and
allows for integration with our 3D printer. Due to the open source nature, there
are a multitude of community made profiles that can help to simplify the setting
choices for different filaments. There is a large amount of variation between the
temps, print speed, and thickness. A thicker print will result in a stronger print but
result in a drastically longer print time. Attempting to increase print speed will
critically affect the accuracy and structural integrity of the final product. The
printing temperature will vary depending on the filament type and will even vary
depending on the manufacturer of that type of filament. The cura software works
by taking the CAD model and allowing you to “splice” the model into a
combination of triangular planes which are printable.

3.4.2 Mobile Application

There are multitudes of plant monitoring apps on the market as of today. The
vast majority of these apps however are intended for the users to essentially
make a calendar with their plant(s) and track its needs with reminders. Such
apps include Planta, an app where you can add your own plants and get told
through reminders when you should water/care depending on the plant and
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location you live. This process is good but lacks in comparison to what our
project intends to do. Rather than going off of averages for plants, we intend to
create a device that lets users know the exact diagnosis of their plant. This
eliminates any guess work or errors that can occur due to lack of lighting or
irregularities in weather that something like Planta could not account for. Planta
offers in-app purchases to their users and seeing that they have over 7 million
plants monitored in their app, it is safe to assume they are seeing large profits
over it.

Our project is relatively cheap compared to other devices that aim to deliver a
monitoring device and the app would feature no in-app purchases, all
functionality is available upon ownership of the device.

3.4.2.1 Mobile Application Operating System

The operating platform, when choosing to create a mobile application, can be
daunting, but regardless, an important decision. When choosing how to develop
the app there is a very important design decision to be made which is whether to
support both iOS and Android or only one. Both have significant pros and cons
when determining which platform we want to develop for.

3.4.21.1i0S

To develop an iOS app the developers must be running on macOS, use Xcode
which is the development environment for macOS, and have a developer
account which costs $99 annually. Xcode was initially released in 2003 and has
since been the staple for their app development, it supports Swift and
Objective-C as their standard languages. Swift is a language which functions
similar to that of python, where there is less syntax necessary and is considered
to be a functional programming language. One large difference is the use of type
inference, meaning that when you declare variables you do not need to
determine its type as it will be inferred by the language depending on what is
being read/written. With it being a less structured language, it is undoubtedly
easier to code in than something like Objective-C which is merely an extension of
C language. After finishing an app, it must be submitted for an extensive review
by Apple and it is necessary for the program to run on the latest iOS version
otherwise it can not be accepted.

3.4.2.1.2 Android

Android offers developers the ability to use the android software development kit
and use languages such as Java and C++. The development environment
offered is called Android Studio and can be run on any OS unlike Apple’s Xcode.
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Android studio also supports an emulator which allows multiple android phones
to be tested in order to ensure the app is correctly adjusting to varying sizes of
devices. Unlike the iOS counterpart, the version for which the app is supported
does not have to be the most recent, there is also no need to pay for a developer
account when submitting an app to the android market.

3.4.2.1.3 Operating System Comparison

The two most prevalent operating systems when it comes to mobile application
development are iOS and Android. Despite iOS being the most prevalent
operating system throughout the world, Android tends to be the most popular.
This popularity can most easily be seen when viewing the table below. The
comparison shown compares the development language options that are
available, the possible development environments, the end market, as well as the
cost associated with developing an app.

Language options for iOS are limited to Swift, a language made specifically for
iOS app development, whereas Android has more compatible languages such as
Java and C++, allowing for a developer to easily migrate from other projects to
creating an Android app. When considering development environments, a similar
story arises. For iOS, Xcode is the exclusive app development environment,
whereas Android has much more flexibility, although the most popular is the
Android Studio due to the ease of integration with various phone types and sizes.
Cost of development also comes into question when considering the operating
system for development. Because iOS requires the use of Xcode for any
development, a user is required to pay the $99 annual subscription fee to have
full access to the development environment. Alternatively, Android has free,
extremely popular options for development such as Android Studio. This free
version allows for any individual regardless of financial status to begin to create
apps for Android, most likely helping build its popularity for smaller app
developers. Last but not least, the end marketplace needs to be considered.
Although initially, it is free to upload an app to the Apple Store for iOS and the
Google Play Store for Android, there is a large difference when it comes to the
upload experience. iOS requires an extensive compatibility test, as well as app
safety review to be performed by a 3rd party prior to release, whereas the
Google Play Store does not have any of these requirements. The lack of
requirements result in a bad, non-compatible app to be uploaded, but allows for
any aspiring app developer to upload their app, with ease and speed.

i0S Swift Xcode Apple Store $99 per year
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Android | Java/ C++ Android Studio | Google Play | Free
Store

Table 4 - Operating System Comparison Table

3.4.2.1.3 Operating System Choice

From this knowledge of app development in both environments, it becomes a
question of which we are most comfortable in using for our project. Considering
that iOS uses swift and objective-c, languages none of us have used in the past,
the choice becomes much clearer. Our previous knowledge of using java in
multitudes of classes makes the android development path much more desirable,
especially with the ability to emulate multiple devices to ensure it works correctly.
There is also no need to make a developer account and pay an annual fee
should we choose to push the app to market. Taking all of this into consideration,
the production team decides to move forward with making an application for
Android, forgoing the decision to create an iOS application. This is due to the
ease of emulation in terms of software testing, as well as the public release of the
application for users on platforms such as Google Play Store.

3.4.2.2 Hardware Code Environment

In order to create a functioning device, we must use a compatible development
environment for our microcontroller, the HUZZAH32. When considering possible
development environments, we are going to focus primarily on environments that
we have experience with prior.

3.4.2.2.1 Code Composer Studio

In previous projects at UCF, we have written code for physical boards using Code
Composer Studio, this is because we have mostly worked with Texas Instrument
boards. This environment only supports the C language, and would not be
compatible with the HUZZAH32 considering that it is an Arduino board.
Compared to our previous work in Code Composer Studio, we did not have to
work in assembly code and lower level things such as registers and allocation will
be irrelevant to our workflow. This makes our development process far simpler as
there is much less to worry about in terms of lower level development and the
most important thing is our logic.
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3.4.2.2.2 Arduino IDE

The Arduino IDE is the standard development environment for all Arduino coding.
The environment has built in support for hundreds of Arduino boards, with the
ability to import additional libraries for more boards if the board being used is not
natively supported. Arduino requires code to be written with a combination of
C/C++ languages. This means that for our development, we are able to take
advantage of object oriented programming which gives us much stronger
capabilities. There is a large amount of crossover between that of java and C++,
therefore it would make our development process simpler overall.

3.4.2.2.3 Hardware Code Comparison

There are many possible choices when considering possible software
development environments. Two options were primarily chosen based on the
prerequisite of having experience with these environments previously through
school. The following table compares the two possible choices for development
of the project code. The comparison criteria are native language support,
Arduino compatibility, and OS support. These are the core differences between
the two integrated development environments that we have previously had
experience with.

Code Composer Studio | C No Windows, MacOS
Arduino IDE C/ C++ Yes Windows, MacOS,
Linux

Table 5 - Hardware Code Comparison Table

3.4.2.2.4 Hardware Code Selection

In terms of hardware coding environments, there can be a multitude, however we
limited our possible selections to options that are either required, or we have
previous experience with. With this in mind, it is very easy to remove Code
Composer Studio from the running due to the lack of compatibility with the
Arduino board. This requires the selection of the Arduino IDE due to the native
support of the program with the board we chose to use, the Huzzah32.
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3.4.2.3 Databases

As the monitoring system plans to contain and house both sensor data, as well
as possibly housing plant information in the future, allowing for the end customer
to import data about the plant they are wanting to monitor. Having the information
regarding the plant information would allow the program to custom tailor the
sensor levels to more accurately imitate the actual plants necessities.

3.4.2.3.1 MongoDB

MongoDB is considered to be a fairly easy to access database, allowing even a
user not extremely familiar with databases to create a fully functioning database
in a quick and efficient manner. MongoDB MongoDB is a database that is
considered non-relational. Non-relational databases allow for flexibility in the data
types that are input into the system. The lack of relational requirements help fuel
the popularity and mass adoption of this database. Although MongoDB is
considered to be non-relational, the database truly shows its flexibility when
considering the ability to dynamically house relational, and non-relational data,
on the fly, and simultaneously. Compared to other databases, this open fluidity in
terms of data structure was something not before seen with databases that could
scale to the level that MongoDB can.

3.4.2.3.2 MySQL

MySQL is a play on the base ideology of SQL, which stands for structured query
language. This structure is one of the biggest limitations of the database, as it
requires relationships to be formed between all data within the database. This
relational requirement causes an issue when considering data that is
unstructured in nature. The data that the plant monitor may contain most likely
can be forced to have relationships, although in terms of development ease,
using a database that does not have this limit may ensure a quick and effective
development process.

MySQL truly shines in regards to performance, however. As the data is already
indexed, and has pre-formed relationships, data access is quick and extremely
efficient. When data is needed to be recalled from the database, the database
systematically goes through the individual relationships, finding the appropriate
data trace, as compared to say MongoDB which requires a “lookup” function to
brute-force search the entire database to find a given data value. This lookup
performance comes at a price, however. Entering values into a MySQL database
requires entries to be entered row by row, as compared to a non-relational
database that can input values without the need for input to be in a certain
orientation or structure. This row by row entry style can cause the program to
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take longer to input the same data, although this time difference is fairly
negligible to the end user.

3.4.2.3.3 Database Comparison

Databases come in a wide variety of options. When considering the different
options of the databases, we chose to focus on the relation type, data entry type,
as well as the flexibility of the data types within the database. Further expanding
upon these criteria, relation type means whether the data within the database
has to have a specified relationship or structure to it, or can the data be input
freely regardless of possible relationships, or lack thereof. Data type entry
consists of how the data is input into the system, once it is received. This means
that there are multiple possible features that have to be checked and input at the
time of data entry, regardless if that is the data being input, or alternatively, is
there not a defined way that the data has to be input into the system. Lastly, the
flexibility of the data types. This flexibility could possibly allow for a database to
quickly and easily input new data types and data structures as needed, without
the need to fully restructure the entire database.

MySQL Structured Line by line No

MongoDB Unstructured As received Yes

Table 6 - Database Comparison Table

3.4.2.3.4 Database Choice

When considering the options available, MongoDB seems to be the better all
around option. In terms of overall performance, scalability, and flexibility of data
types, MongoDB objectively is the better choice. This decision comes from the
viewpoint of future project progress. As it is early on in the design process, all
factors may not have been fully considered or explored, possibly allowing
another option to be considered in the future.

The dataset that the project team is aiming to work with has not been fully
defined as of yet, meaning that the flexibility and acceptance of all data sets
allows for the development to progress forward in any way that the team sees fit.
This openness in terms of development allows for the team to not be tied down in
any way, allowing for full creativity when designing the system and structure of
the software.
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3.4 Sensors

Sensors detect small changes and thus produce an output signal which is sent to
a processor to make the allotted changes. Sensors make it easier for humans as
well as machines to distinguish small changes in which they can not see or make
sense of. Sensors take data from the real world and convert that information into
a stream that will be known to the machine. Advantages of sensors include but
are not limited to accelerating certain processes as well as increasing accuracy,
allowing access to data in real time, and increasing productivity for the user or
machine.

The sensors are a key portion of the project, allowing the system to take in data,
process that data, perform some key operations via the software, and then
perform an output. The key sensors that were researched were temperature,
humidity, moisture, and light. Focuses on accuracy, power consumption, and
price were made when making final decisions. We considered a pressure sensor,
however we felt as though this project would be better without one as most plants
will not require such changes to pressure in this area. Sensors are important for
our device because they are needed to make the measurements that humans
can not make when it comes to plants. In this case the probe will be inserted into
a potted plant or a garden and the sensors will measure various components for
the user to then make a change or act upon it.

In order to get a final product that is cohesive and works as a unit, we made sure
that all components are compatible and work well together, especially when it
comes to the sensors. Many sensors will not be compatible with the
microprocessor that we have chosen, especially when it comes to operating
voltages or general pin connections.

Some advantages of sensors in general are improving data capture and storage
if needed. Another advantage is that because of the sensor we can have almost
no transmission loss and continuously be sensing data during real time analysis
because sensors can make that possible if that is needed. ANother advantage of
sensor readings is that they will always be more accurate than a reading a
human can take by interpreting data.

Some disadvantages to sensors can be limited or narrowed range due to some
problem or a wrong choice in sensor for a specific project. Another disadvantage
is that some sensors have a limited shelf life or time it can be used, while we
would like our device to work forever unfortunately many sensors have less time
they can be used. So the possibility of having to change out one component and
not all the others is pretty high. Another disadvantage is that some sensors are
that they use data from a chip that can be programmed and the decision making
then comes from the sensor, this is only a problem in programmable chipped
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sensors. Another disadvantage is that these sensors can be sensitive to
environmental changes if they are quite extreme over time.

3.4.1 Temperature Sensors

Utilizing a temperature sensor will allow us to ensure that specific species of
plants are not placed in temperatures that are too hot or too cold. This will allow
the user to adjust the location of the plants that are being monitored accordingly
if needed. Temperature is an incredibly important aspect to a plant’s
environment, because all plants have a temperature range that they can live in.

Many plants, specifically those that bear fruit, that grow up north in colder areas
might not grow as well in Florida due to the fact that plants in Florida do not get
as many chill hours. Chill hours are defined as hours that the plant is in weather
with a temperature between 32F and 45F. One example of this is apples. Apples
need a fair amount of chill hours (roughly 1700) in order to grow fully. Some new
varieties of apple do not need this many chill hours anymore, however, so they
can grow in places that do not get as cold. One opposite example that this team
knows well is oranges. Orange trees can withstand temperatures as low as 27F,
however, any lower can risk damaging any fruit, which is the main reason it is not
grown in places that get colder than that often.

Fruit trees are not the only examples of temperature impacting plant health,
however. Temperature affects plants as a whole, because lower temperatures
lead to the natural processes of the plants slowing down or stopping completely.
Most plants that would be grown in a garden can not even survive sub-freezing
temperatures. Freezes can cause many issues for plants, especially if they are
unprepared. It can freeze the plant itself, stopping any processes keeping it alive
and on top of this, sub-freezing temperat