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1. Executive Summary

The transportation of plants is often an overlooked aspect of horticultural industries such
as nurseries or botanical gardens. To mitigate this problem, people often treat it as a
logistics issue and ship multiples of the same plant in a shipment to ensure that if some are
damaged or perish in the journey then the customer still can receive the plant they ordered,
but what if the plant they ordered is of a rare and expensive variety or if someone interested
in transporting a particular specimen for scientific inquiry. These cases it may be cost
inefficient or outright impossible to take the standard approach of just shipping multiples
of the plant. We are proposing instead of treating the issue like it traditionally is to take a
more technologically sound approach via our proposed Portable Plant Preservation Pod (P-
Quad). This preservation system acts as a safe housing enclosure and monitor and response
system in order to assure the safe relocation of the plant in question. This project could
help revolutionize the way industries often attack these issues surrounding plant
management by encouraging an approach not from the logistical side, but rather as quality
assurance issue. While this may start as an increase overhead it did ultimately lead to a
cheaper and more secure method which can become normalized due to intended scalability
of our design and product.

Traditionally the transpiration of plant life in many ways is a fragile and delicate process.
The plants that need to undergo transport are typically exposed to little or no light, a lack
of water, improper humidity levels, and otherwise unfavorable conditions. Our objective is
to build a prototype of a P-Quad for a small plant to be sustained and monitored over an
extended time interval. Most plant monitoring systems are connected to 120V AC current
sources and our goal is to provide a cost efficient, scalable, and portable version that can
not only monitor the plant’s vitals but also sustain the plant for a short time period.

The brains of our pod are the electronic sensors. The sensors job is to keep track of all
different environment variables such as: temperature, humidity, soil moisture, and light
intensity. These sensors then relay the data to a microcontroller that regulates different
pumps and lights to satisfy the plants needs at a given time. Our power to the pod and
various subsystems are utilizing AC power when the pod is stationary. This is
interchangeable with a secondary power system integrated in the pod that is able to use DC
power when the pod is being transported. The backbone of P-Quad's design is the wood
housing enclosure. The design for the housing is a flat box housing all the electronics with
a circular depression to hold the soil and plant then surrounding this depression is another
box shaped enclosure that stands upright and house the plant and hold the sensors and
lighting fixtures.

Currently there is nothing comparable to what we are proposing on the market today as far
as portable solutions. In terms of transportation of plants, the only carrying devices are all
mechanical, usually a bag or box with handles that cradles the plants as they are
transported. Some models have hard cases with wheels on the bottom but none that have a
full enclosure for the plant being relocated. Monitoring systems in the market today are
also very limited in comparison to our design project. In the market, the most resemblance
to our device comes in the form of wi-fi enabled watering systems. Our product aims to
not only solve the problem of monitoring the plant while undergoing transport but also to
shelter and provide correction that potentially cause harmful environmental stress on the
plant.

1| Page
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2. Project Description

In the following chapter we discuss the project and its generalities. We explain the
motivation for the idea and the project as well as our general goals and objectives we wish
to accomplish with this project. We have fleshed out our requirements specifications on
both by the market requirements and user end objectives as well as articulate any
constraints that became apparent in the design. These constraints and specifications address
both on the hardware side and in addition the software and programming side. We provided
a house of quality in order to demonstrate relations between the engineering specification
and the customer requirements and additionally display a block diagram and flowchart
breakdown regarding the construction of our project from both a hardware and software
perspective. A decision matrix is displayed in order to analyze and compare important
criteria corresponding to the user requirements and finally a section which deals with the
projects measurables and aim goals within the defined constraints values.

2.1. Project Motivation and Goals

The motivation behind this project was a desire to improve current methods of
transportation for various flora-based industries such as botanical gardens, agricultural, or
in areas of botanical research. The reasons that these fields present the idea use cases is
because they all often revolve around plant life that the survival of the plant is intrinsic to
the success of the business or area of research. An example highlighting this would be a
field botanist who observed an unusual fungus or parasite on a specific plant species and
wanted to observe the longstanding impact of the relationship between the host and
parasite. However, the stress from uprooting the plant and putting it in a portable soil pot
combined with any potential duress caused to the plant by its potentially harmful parasite
could lead the untimely death of the plant before any proper research could be conducted.
Another case might be a botanical garden received a donation of a rare and exotic plant
and wish to ensure its health prior to its arrival and incorporation into the garden are as
optimal as possible. In cases like these it would be paramount to have a system which
accommodated the plants growth/living cycles which is where our concept of the P-Quad
comes in. Looking into the future revisions of the P-Quad it could potentially see usage in
agrarian industries for instance, bananas growth cycle is very delicate and demanding in
addition they are often highly prone to bacterial infection and diseases. With an upscaled
version of the P-Quad fitted to house the entire tree the bananas could grow in an
environment that not only matches their specific climate needs (highly tropical conditions),
but as well filter out any diseases and infections that could potentially reduce crop. Even
in the event of one unit failing to perform properly the diseased tree would be isolated from
the other trees reducing the negative impact on the crop yield.

2.2. Objectives

Our objectives for this design are most largely proof of concept in terms of feasibility and
the designs theoretical scalability. In order to prove the design is capable of preservation
of plant life for an extended duration, we plan to demonstrate with a plant kept in the
preservation system for at least a day and to showcase the portability aspect we plan to
have the preservation system fully run off battery for at least 1 hour. Additionally, we

2 | Page
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would want the device to able to plug into a wall outlet to so that the battery may recharge
or that during extended stays, say for instance a pod was to be stuck in a building while
shipping details for it were worked out, the battery would not have to see continual use and
remains charged up and ready for when it is truly needed..

2.3. Requirement Specifications

In the tables 1 and 2 below we itemize both our target market requirements and the
objective and constraints. This includes the engineering specifications with what we
observed to be good metrics to meet and the constraints which limit it us in our design
capability.

Table 1: Market Requirements

The electronics device is able to run for a minimum of 3 hours on battery life.

The device size is within a 2 ft x 2 ft x 3ft rectangle

The device deposit 2 oz. of water in 12-hour intervals.

The device weighs less than 20Ibs.

The device provides 250-1000 lumens during the day time cycle.
The cost of the device is under $600.

Table 2: User Objectives and Project Constraints

Low Cost

Easily Portable

Small Size

Low Battery Consumption/Long Battery Life

Plant Environment Monitoring

Soil Moisture Control
Light Level
2.3.1. Software Specifications

The software controlling the system is an event state driven that remains in a low
power/ monitoring state with periodic sensor reads states throw in. If a sensor detects
it is at a threshold for its given values the system triggers an event to switch the system
into a feedback/alert mode to inform the systems users that the plant has passed into
unideal preservation conditions.

2.3.2 Software Constraints

There are a number of constraints that must be taken into account before producing the
software for our device. The first constraint was dependent on the microcontroller used and
that is the language that the source code was written in. Dependent on the processor that
we use, we might have the option to use an object-oriented programming language, such

3| Page
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as C++. In the event that object-oriented languages are not available to us, the language
that we used using was embedded C++. Another constraint that we ran into based on the
processor we use is the amount memory available to us. This includes both the program
memory and data memory. Living in the embedded world requires us to use a minimal
amount of memory at all times. Due to the nature of our product we did not encounter a
situation where run out of memory, whether it is program or data memory. However, it is
still important to understand the possible restraints from the amount of memory available
in the microcontroller. These constraints are reflected in table 3 below.

The software turns on the power LED when there is power supplied to the device.

The software turns off the power LED when power is removed from the device.

The software controls communication with the temperature sensor.

The software controls communication with the moisture sensor.

The software controls communication with the humidity sensor.

The software controls communications with the light sensor.

The software polls all sensors every hour for potential hazards.

The software displays the current status of internal variables to the output display
every hour for fifteen seconds.

The software reads in input variables from the user via the display buttons.

The software, based on input variables, controls the amount of water pumped into
the device.

The software illuminates the internal lamp in intervals based on input variables.

Table 3: Software objectives and constraints
2.3.3 Hardware Constraints

With every hardware/structural design there were inevitable constraints. Since our projects
holds a lot of natural elements, we must make sure the electrical components are protected
at all times. Our major concern is the PCB getting in contact with water. For the initial
design we created, the base was an open box with majority of the space going towards the
soil and a small section barrier for the PCB itself. The fault with that design is that when
the plant’s soil is watered, the evaporated water over time can create a humid environment
with enough vapor to short circuit the components. To prevent that we relocated either the
soil chamber or the PCB. The decision would be to relocate the plant on a higher level than
the PCB, so that any moisture just reciprocates in the chamber holding the plant and prevent
any component failure from the brain of P-Quad, the PCB. With regards to protecting the
sensors, we do not have to worry about any moisture building up in the container because
their built-in feature offers that protection.

Another major constraint is delivering the wires to all needed components. Since we are
going to have a sealed 3-D printed solid structure, we must take that into consideration.
Strategic hole placements can allow the wires to be efficiently extended to their respective
components. Instead of the structure being built and us manually drill the holes We decided
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to design the box to include the small round openings at the needed locations using
Solidworks.

There is a main issue with the PCB wires reaching to the right component(s). Every time
we open the box there is the risk of tension on the wires if they are not long enough. Making
the wires longer also hinder any voltage and signal making it harder to obtain the desired
results while making it shorter can cause the wire to break. There should be a middle
ground to all of this and

To improve upon the lid, we were thinking of creating cylindrical cut at the center of lid.
This would allow the plant’s pot to be resistant to movement while being in a fixed location
that is most efficient when it comes to the PCB and sensor connections. The main problem
that can arise from this is the different pot sizes available on the market. If the pot is too
small it moves around causing it to be in an unstable condition during transport,
nevertheless if the pot is too large it cannot fit at all and eventually tip over or fall off. To
solve this problem there are two of many ways, we can either determine one pot size that
is compatible or even better create two different cylindrical cuts with one slightly bigger
than the other. For the second approach, two cuts might be enough because the more there
are the more instability it causes for smaller pots

In order to meet the consumers requirements, the efficiency of P-Quad should be 80 % or
higher. And in order to achieve the customers specified requirement many different sensors
have to be implemented. While the plant is inside the pod, the temperature of the internal
environment must be monitored in order to make corrections to make sure that the plant is
in its natural temperature. Depending on the customer desires there is a manual
thermometer installed inside the pod so if the customer want to read the temperature they
are able to; however, the temperature is displayed digitally in the display that was
implemented in the outside of the pod if the customer does not desire to open the face of
the pod. In addition to a thermometer in the inside of the pod, there is a thermometer on
the outside of P-Quad as well. This is to ensure that the surrounding temperature is also
measured. The thermometers collect the data from the inside of the pod and from the
outside environment and compare them adjusting the temperature for the best possible
environment for the plant.

P-Quad, having numerous features, required power to function; hence, a crucial
consideration was power consumption of the system. When there is a specimen placed
inside the pod and P-Quad is turned on, the system is provided with power with a local AC
outlet. This scenario is for when the customer only like to monitor and control the specimen
while not being transported. At a smaller scale we showed this by plugging in a wall outlet.
During transportation P-Quad is powered by an internal rechargeable battery that can be
removed. For the wall outlet an AC to DC converter is needed. The adapter is plugged in
the wall and the male part of the cord is directly plugged into the PCB powering the
microcontroller. To regulate the power and make sure there are no overcurrent, a switch
relay was used. The value of the input voltage is around 3 to 5 volts after stepdown which
in turn be enough to power all the sensor that are implemented inside the Pod. The external
sensors required for the P-Quad to be efficient are ambient light sensor, temperature sensor,
moisture sensor and a humidity sensor. If the microcontroller in unable to support all these
sensors, then a different microcontroller was selected, or a combination of multiple
microcontrollers were used, however this did not prove to be the case. Most of the hardware
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constraints are focused on implementing the proper sensors and the right relay switch. For
the relay switch we are using a solid-state relay due to their advantage over a mechanical
relay. Unlike a mechanical relay, which is limited to DC power a solid-state relay is
compatible with AC power or DC power which opens many additional avenues for design.
Another constraint for the pod is the heating element, has to be monitored. However,
implementing a heater or a device that can heat the pod was very costly and took up a lot
on space inside the Pod which in turn had much less space for much needed sensors and
living space for the specimens, so in order to tackle this issue we used LED lights that not
only provide the lumens for the plant but also the heat needed for the plant to survive.

For the battery implemented in P-Quad must be a cadmium lead electrode or other type of
battery that complies with Title 42, United States Code, Chapter 137, Section 14301-
14336, which makes it a requirement that the regulated batteries be easily removable from
the rechargeable consumer product. Even though P-Quad has a standby technical service
department for the consumers, all the batteries that are used in P-Quad has proper labeling
including a three chasing arrows or comparable recycling symbol; furthermore, the battery
compartment has the proper battery type, so the consumers know exactly which type of
battery is safe to use for proper functionality of the product.

2.3.4 Hardware Specifications

The entire design team for this project constructed the hardware specification plan. The
first specification that is going to be apparent is the actual enclosure that houses the entirety
of the Plant, Sensors, PCB and the pump. The actual P-Quad that is able to house many
different sized plants. The Dimensions are 1.2 by 1.2 by .5 feet for the demo; however,
when in actual production P-Quad should be able to hold larger specimen.

The sensors should be able to monitor and control the environment that is specified by the
customer. The data that is collected by the sensors should be stored in the internal memory
of the system. And the stored data should also be displayed on the screen outside the pod,
so the customers can read the data and swift through the past stored data to better manage
the life of the specimen. All the sensors should be installed in a manner that increases the
accuracy of the reading. The sensor should not be installed solidly inside the pod, so they
may not move around when P-Quad is in transit. The wiring should be implemented in
accordance to National Electric Code (NEC).

The system is a collection of sensors utilizing a microprocessor unit to as a driver. A
printed circuit board contained all the sensors circuitry. Finally, an attached housing unit
holds the battery bank and the charging circuit to supply power to the system.

2.4 House of Quality Analysis

The house of Quality for P-Quad illustrated in figure 1 on the following page we visualize
this house of quality shows the relatability between engineering specification and customer
requirements. In order to begin construction of a feasible idea research is done to find out
what customers' requirements are. For P-Quad we determined that cost, portability, lower
power consumption, efficient monitoring, and safe data storage are some of the most
important requirement the customer asked for. Now has a designer of this idea we came up
with numerous engineering specifications to provide the answers to the customer
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requirements. Battery life, lower cost, display, power usage, memory, these are the most
important specification needed to solve the customers major concerns. The house of quality
also helps with the determination of how engineering requirements affect each other either
a lot, which is represented with a plus sign, or does not affect each other much, which is
represented with a minus sign. For example, the battery life and illumination affect each
other a lot thus there are two plus signs. This makes sense because if more illumination is
needed or used this drain the battery much faster. House of quality also shows the
importance of customer requirements. Some of the most important customer requirements
include cost, portability, power consumption, monitoring and data storage. To meet these
customer requirements certain engineering specifications are implemented in the design;
furthermore, a chart of “Importance” is created to set a numerical value that is added up
for all the engineering requirements and that gives a number value to determine exactly
how important is the certain customer requirement. In the case of P-Quad the most
important customer requirement is the battery life, which makes sense because the most
distinguish feature of P-Quad is the transportability of the specimen for a long distance.
Another very important information house of quality gives is the measurable and testable
engineering specifications. In the case of P-Quad making sure the battery life is over 3
hours, providing over 1000 lumens of light, making sure providing enough power of over
600 Watts are some of these measurable and testable engineering specifications.
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Figure 1: House of Quality
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2.5 Block Diagram

The block diagram shown in figure 2 on the next page gives a description of the system
architecture of PQAUD. The MCU communicated between the various sensors and
serialize the data to manage the various output devices such as the display, lamp, and pump.
The legend at the bottom shows which group member were assigned to the equivalent
portion of the project. Each color in the diagram represents the responsibility for that
member or team. This block diagram represents the entire system from the battery
providing power to the sensor system power circuit and also the maintenance system. From
there the sensor system providing data to moisture sensor, temperature sensor and the light
sensor. From these sensors the data and instructions going to the individual components
like the pump fan and the lights in P-Quad.

Sensor
Systems
Power Circuit

v ¥
Moisture Temp. Light
Sensor Sensor Sensor

Battery MCU

Pump Fan Light

T

Maintenance
Systems
Power Circuit

’,

Display
System

Workflow Breakdown

Ni z :
ick Poidomani N SW Team
Alexander Meade

Kareem Rahounji
) HW Team
Syed Bukhari

Figure 2: Block Diagram

2.5.1 Software Engineering Design Flowchart

The following image in figure 3, shows the design flowchart for the software used in the
embedded electronics for P-QUADSs system. The microcontroller software utilized state
machine framework based on the user input as well as communication with the various
sensors contained in P-QUADs environment. The only interaction the user has with the
system is when the environment variables and conditions variables are set.

8 | Page



EEL 4914 — Senior Design | Group 4 -120 pages

Initalization

Phase
Power On
[ Key

Green: Start / Stop State

Orange: Decision States
Blue: Choice States
Sensor Purple: Data Processing State
Standby
User Manual
Manual Power Off

Read Trigger
Capture

Sensor
Data

Store Data

Transmit to PC
via Bluetooth

Clock Based
Trigger

User Manual
Send Trigger

Clock Based
Trigger

Figure 3: CpE Design System Flow

2.5.2 Electrical Engineering Design Flowchart

The electrical engineering design flowchart depicted in figure 4 shows the over view of the
electrical part of the system. The AC power went through the relay switch which is a solid-
state relay, which has the ability to switch off AC loads at the point of zero load current
which protected from any power surges or any type of arcing, or electrical noise making
the system safer and more efficient. From the solid-state relay the microcontroller was then
be powered according to its power rating of 3 to 3.6 volts. The replaceable battery was not
be connected directly to either the AC power or the relay switch to increase the protection
from surges when P-Quad is being transported. The micro controller has received data from
moisture sensor, humidity sensor, temperature sensor and the light sensor, and according
to this data from the sensor the micro controller then relays instruction to the LED light,
water pump, and other hardware to control the environment inside the pod to nourish the
specimen; furthermore, all the information that is needed to alter the pod is sent from the
micro controller to the LCD display for the consumer. This helped the consumer read and
note the status of the specimen inside the pod without the need to open P-Quad. When the
user needs to change the setting or see stored data, they need the access to buttons that then
relay data to the micro controller which in turn send the data to LCD as described above.
To dive in a little more detail, the alternating current provided the main power however,
when the main power is not plugged in then the battery takes over and for that to happen
we implemented a switch system that seamlessly alternate between AC power from the
wall wart to the battery power. This was accomplished by an automatic switch. We had
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been leaning towards manual switch to give the user more control and decide when they
want the battery to take over and provide the power. This is due to the complex nature of
the transportation of plants.

User Button

A Bluetooth

Output

Moisture Light Temperature

Humidity Sensor
Sensor Sensor Sensor Y

Figure 4: EE Design System Flow

2.6 Decision Matrix

P-Quad is a great peek into an alternative engineering application of transporting not only
plant but other plant like specimen that require transport with temperature control, moisture
control, and that has certain other needs that require power consumption. The P-Quad has
presented many opportunities for users to develop interests in unique and rare plants
without the fear of safely transporting them from one place to the other. The following
image in figure 5 is the decision matrix which has a list of values that provides us to
systematically identify, analyze, and rate the performance of relationship between some
important criteria and the choices the consumers have. This matrix is very useful for large
decision factors and assessing each factors significance for example the Survivability of a
specimen which is weighted the highest value of “5” and then its value is compared to all
the options that are available to the consumers. This particular decision matrix represents
a best option and to choose from those options on a rating system. This shows the users
their options by comparing all the things that the customer demands and how each of those
demands are being fulfilled and how well those demands were met.
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Figure 5: Decision Matrix

2.7 Project Measurables

The goal of this senior design is to develop a sophisticated, yet easy to use system that
makes the transportation and Maintenance of any plant or flower virtually effortless. With
Changeable environment with a press of a bottom, readily available sensor data may it be
temperature or moister level, and an easy to learn setup process, P-Quad promises
following project measurable specifications to the consumers.

A. Battery Life

a.

Transportability is the most crucial aspect of P-Quad and to achieve the
highest distances that can be traversed before reaching an AC source, a
rechargeable battery source was implemented for the longest possible
survivability of the specimen. To show the battery life for this project at a
smaller scale we used a 9-volt lithium battery, which demonstrated that all
the features that are required to monitor and maintain the P-Quad remains
functional at the very minimum of three hours.

Replacing the rechargeable battery is also something that can be achieved
by the consumer without the assistance of a trained professional thus
reducing the Maintenance cost for the customer. However, P-Quad has
several dedicated technical service representatives that assist any customers
that call for help with processes like change of battery. In order to show the
change of battery we demonstrated to the judging committee in person
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during our presentation how to change the battery to simulate a real-world
situation.

B. Memory

a.

Storage of data and information are extremely important parts of P-Quad or
any system that has supervisory control and data acquisition used for
reliability and control of a system. The internal memory holds information
on various plants and or flowers that the consumer desires to transport. With
a press of a few buttons the user can set the P-Quad's environment to the
desired plant.

Furthermore, there is a large library of different environments that can be
used in a sort of custom setting if the specimen is very rare, so the user
should be able to choose a certain setting for moisture control, and
temperature control, and how much lumens of light to provide to the plant.
We believe that the right number for internal memory space is no less then
500 MB, this provided ample space for data and information storage, may
it be default plant settings for custom settings that are implemented and
saved in P-Quad by the consumers themselves.

C. Power Usage

a.

Having an LCD to display information, different number of lumens of
lights, temperature control, moisture control P-Quad consumed power at a
rate that was challenging to balance with distance traversed and battery life.
To remedy this problem, we used LED lights for the plants, and have power
saver settings for the display to reduce the power consumption as much as
possible. We have the power usage to be around 600 Watts

D. Temperature Control

a.

P-Quad has a feature implemented to monitor and control the temperature
for the plant or a rare specimen that is placed inside during transportation
and when P-Quad is idle. All most all the plant has a requirement that is
unique to their type when it comes to temperature demand. Therefore, to
tackle this P-Quad has various function sensor that not only monitors the
temperature and display it on the screen for the user but also it provided the
plant with the correct temperature. We had the sensor set up so it can
monitor and adjust the temperature from 20 to 40-degree C, this covers all
the plants.

This leaves out how the plant that are rare and have unigque requirements.
For that like described before, the user has the option to input custom setting
hence, having the proper environment inside P-Quad.

E. Light Control

a.

b.

Providing adequate light is the next essential part of keeping a plant healthy
during transportation. We used sensor for this as well. The ambient light
sensor relates the amount of light that is present in side P-Quad and LED
lights are mounted inside the enclosure to light up or dim down accordingly.
The target for the light is estimated to be over 500 lumens.

Different color lights (add later)
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F. Humidity Control

a.

The last measurable project engineering specification is the monitor and
control of humidity in P-Quad. For that we are using board mount humidity
sensor which relays the amount of moisture that is present for the specimen.
The measurement bounds that we implemented are one to two oz of water.
That is injected in P-Quad with the use of a pump that has water in a
reservoir.

Many plants require different amount of water for their nourishments and
health if a plant receives to much of water it can burn under the light or if it
receives to little water then it is becoming dry and might die. P-Quad
guarantees the safety of a specimen when being transported or when idle,
and to provide the customer with the best product we included the feature
of controlling the water dispensing in the storage, so the customer can input
custom value of the amount of water to be dispensed.

G. Water Pump

a.

In P-Quad a feature that is needed to keep the health of the plant at a good
level, we implemented a water pump that included rubber pipes pump
mechanism and a small spray at the end of the pipe that is attached to the
water pump. Initially our group was thinking about having the pump on a
time delay so that it can pump in water that was set so a certain
predetermined amount of water dispensed. However, we did look at another
option which was to include the information in the software and have the
user pick how much of the water that was dispensed. Both of these ways are
great, and we had to implement some degree of both.

The pump works on a timer that is controlled by which setting the user as
chosen. From there after that set time is up the pump dispenses the water
inside the pod to water the plant. However, to properly dispense the water
on the plant and soil a small spray is installed on the end of the pipe so
ensure the water in sprayed uniformly. For the proper moisture control we
have moisture sensor that detected the amount of water in the soil, however,
with the help of humidity sensor we are able to gauge the humidity outside
of the soil hence, proving water directly to the plant not just the soil.
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3  Research and Investigation

With this chapter we aim to dive into the various and potential technologies with close or
approximate relation with the P-Quad. This section dives into existing product or products
and projects that are highly contemporary to our proposed project. In addition to this we
wanted to gain a thorough understanding of the core technologies that are integral to the
project’s final vision so that we could be more educated in the options and selections to be
made. Next, we look at each specialized part and break down the various functions of it
before selection a list of parts comparing them and then choosing one to use for the P-
Quad.

3.1 Existing Similar Projects and Products in Market

In terms of existing marketed products there aren’t many that match this one on the same
conceptual level. Certain hydroponic systems have similarities such as controlled lighting
systems. Additionally, at the home market level there exists automatic self-watering
systems for houseplants. However, these systems are fed into an already existing plant
enclosure and offer no control or feedback of the environment surrounding the plant as a
whole. A highly similar project recently just went to its end of life cycle from the vendor
Parrot Electronics was their Parrot Pot smart plant pot system. The parrot pot was designed
less with the intent for travel and more with the intent for an automatic growth environment.
That difference aside however there were a lot of similarities in concept between our P-
Quad and the Parrot Pot. The most noticeable similarity was the fact that both utilized
embedded sensors in order to monitor the plants health levels. Another feature both shared
is battery power the Parrot Pot however only runs off of battery power compared to the P-
Quad system which would offer interchangeability between battery powered and AC outlet
power. There also exists differences between the two beyond the difference in power
methods, first for instance the Parrot Pot has no direct way of controlling the pot on the
device and instead utilizes a phone application in conjunction with a dual LED feedback
system on the plant to indicate status. Whereas on the P-Quad we plan to have the controller
for the system directly integrated into the container with the control inputs being
underneath or attached to the display unit which showed the plant’s current environmental
readings. The final notable difference is that while the Parrot Pot has the ability to monitor
luminosity levels, the pot itself cannot perform any sort of correction or adjustment to them
and merely provides a feedback to the user to move the pot to a location with more light.
(15)

Aside from the market presence of the Parrot Pot, there is also a patent dealing with the
preservation of plant life for the shipping of floral arrangements numbered US8250805B2
(hence force referred to as B2). While this one shared some similar concepts to our P-Quad
its main differentiator is the fact that this proposed system exclusively deals with plants
who have been severed from their roots meaning that while our system aims to deal with a
plants growth cycle and help keep it alive and thriving, this B2's system deals with the plan
in state of dying and trying to preserve that plants life in that state for as long as possible.
Despite this core difference there are similarities. First B2 proposes enclosing the plants
with an antimicrobial preservation media in order to prevent the plants from catching any
viruses or diseases which is directly comparable to P-Quad's filtration system and model
of isolation for multiple plants. Additionally, the B2 proposed a protective box enclosure
which would serve the two-fold purpose of both shielding the plants from harm as well as
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simplifying the process of shipping the plants over long distances. Similar to the P-Quad's
water reservoir and pump system the B2 has miniature water vases that encapsulated
around the stem of the plant so that it may drink water in order prolong its life, however
unlike the P-Quad this system leverages no mechanical parts or soil and relies on the stem
of the plant to do the entirety of the work. Lastly B2 proposes the incorporation of
temperature and humidity control for the plants but makes no documentation on how to
accomplish this making it another similarity in concept. (16)

3.2 Relevant Technologies

The most pertinent relevant technologies to the P-Quad are its embedded sensor systems
which are comprised of light, temperature, humidity, and soil moisture as the main sensors.
The temperature and humidity sensors are typically bundled into one combination sensor
in today’s market, in both cases these are capacitive meaning they use a metal oxide which
stores or dissipates electrical charge based on the surrounding humidity value. For the light
sensor we chose to use an ambient light sensor which in short measures the amount of
ambient light around it. Additionally, we want to look into pH level sensors in order to try
and monitor the amount of nutrients provided to the plant over a given timeslot. More
technologies that are included are a light fixture to act as an artificial sunlight supply for
the plant, so it can carry out the process of photosynthesis successfully. Next there is a
water tank and pump system in order to provide the enclosed plant with a steady supply of
water through a small pipe or jet into the soil. The pump mostly utilizes a small motor in
order to drive the water throughout the pipe system. Filtration is another present technology
in our P-Quad system, the goal of the filters is to assure that the plants only receive fresh
clean air cleared out from any potential diseases, bacteria, or fungal infestations. (12)

3.3 Microcontroller Introduction

Perhaps the most crucial component for the entirety of the project is the microcontroller
(hence force MCU) as it acts as the brains of our project. The most important thing the
MCU does as it acts as the driver for our sensors as well as the way we collect data from
them so that we may build a picture of the systems environmental surroundings. Next the
MCU is in tasked with the containing the subroutines and/or interrupt service routines
responsible for maintaining ideal environmental conditions for the pod and the checks to
see if any of these conditions are not met.

3.3.1 Microcontroller Selections

With the importance of the microcontroller in mind, we decided it pertinent to setup
guidelines to what is most important for us in terms of achieving functionality. The first
and foremost is the amount of GPIO (general purpose input and output) pins the MCU is
able to access since having multiple sensors and systems being driven by the MCU proved
difficult if we cannot directly interface them with the MCU itself. Operational voltage is
another important factor due to the fact that most of these embedded sensors are designed
for low power environments (sub 5V) we wanted to make sure that they would be able to
link directly to the MCU without having to worry about overloading the sensors this also
ties in to power consumption. Memory, both program storage and RAM, play a large role
in ensuring the projects functionality. First if our compiled code cannot fit on the program
memory space then we would have to reduce functionality arbitrarily and if there isn’t
enough RAM the program could experience delays in runtime functionality or loss in data
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integrity both of which are deemed unacceptable. Finally, there is the matter of the CPU
which while we prefer it to be fast enough to keep the processes executing in a timely
manner a bigger concern is the level of programmability of the clock and the various sleep
modes it supports after all since this is a low power portable system a large portion of the
time won’t be spent executing the control systems, but ideally keep it in a less power
consuming standby state for monitoring.

3.3.1.1 Texas Instruments MSP430

One of the microcontrollers that we considered for P-Quad was the MSP430 from Texas
Instruments and the reason we really liked this MCU is because it is an ultra-low-power
microcontroller that has features numerous peripherals targeted for various applications.
With the help of five low-power modes in portable measurement applications the battery
life can be extended which looked to provide P-Quad longer battery life when being
transported. The main reason we decided not to use MSP430 is due to its BSP being a
UART. Bootstrap loader is basically a built-in application of MSP microcontrollers, and it
allows its user to read and write to its memory. Now UART which stands for Universal
Asynchronous Receiver-Transmitter, is a computer hardware feature that helps
transmission of data while also giving the user the ability to customize the data format;
furthermore, Universal Asynchronous Receiver-Transmitter allows the user to configure
the speed of the data transmission. Asynchronous communication allows us to send
message only after the preceding message is finished and this can cause a latency issues
when interfacing and therefore, we did not use this microcontroller. This MCU provided
up to 500MHz of clock speed which was deemed far more than would be needed to keep
the program execution flow running at expected rate, however the faster clock speed could
lead to issues with power consumption even after the mutability of the clock the speed
would still be higher than needed in most cases.

3.3.1.2 SMTicroelectronics STM32L451CCU6BTR

Another microcontroller we had in consideration was the STM32L45 which is an ultra-low
power ARM 4 CPU. One of the main reasons for consideration for this MCU was its variety
of communication channels which included one CAN, four 12C, one Low Power UART,
one SAI, three SPI, and one regular UART which makes for a total of 16 communication
lines. The data bus width in this model was 32-bit lines and in all cases our sensors only
transmit at 16-bit width meaning that 32-bit would be unutilized fully. The MCU contained
11 total timers allowing us for more precise sampling control. The chip contained 83 fast
I/O’s the majority of which were rated for 5V tolerance. One unique feature noted about
this family was the nest vectored interrupt controller (NVIC) which allowed support for 16
separate priority levels with 16 separate interrupt lines and allowed up to 67 maskable
interrupt channels. This allowed for low latency interrupt processing due to the NVIC
tightly coupled design paradigm.

3.3.1.3 Microchip Technology SAMA5D2

The SAMAS5D?2 chip is another ultra-low-power ARM cortex A5 processor based MPU. It
runs up to 500MHz and has ARM NEON SIMD engine. Now this chip provides many
security functions to protect the consumer’s code. Moreover, the external data transfers are
secure. Some additional features of this MPU are low system cost and high integration with
4-layer PCB with less than 200uA retention mode with fast wakeup. A downside of this
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particular MCU was that it included 2 communication lines for 12C which would prove a
problem considering we have three sensors that utilize 12C. Some plus sides to this
particular model was it came with support for LCDs, keyboards, and touchscreens built in.
In addition to this it came with 7 different types of RAM controllers as well as 10/100Mpbs
ethernet support. The bus width is 32-bit wide which again presents some issues of
underutilization of the data buses again since our sensors are only 16-bit.

3.3.1.4 Texas Instruments F280049PMSR

Another Texas Instrument controller we looked into was from the TMS320 family aka the
Piccolo series. This system in particular features real time control making it perfect for
close loop control application. However, like many previous MCUSs it once again lacked in
I2C lines having only one it does however have two of each of the following CAN, SPI,
and SCI as well as one LIN (Local Interconnect Network), one power management bus,
and FSI (Fast Serial Interface) transmitter and receiver. This series did have some
interesting features however. One such feature is its several on chip math units such as the
Trigonometric Math Unit which contains predefined common trigonometric operations and
functions optimized for runtime and the Virterbi/Complex Math Unit which allows for
calculations involving complex numbers. The board also features a wide array of self-
diagnostic tools including a missing clock detection circuit to inform the user it the external
clock has been disconnected or there is an issue with the on-board crystal. A brownout
reset circuit to help the board recovered from a brownout, which is an extended drop in
voltage supplied extended being defined as minutes or hours. Additionally, this is all
managed by an embedded real-time analysis sensor in order to rectify problems as soon as
they occur.

3.3.1.5 Microchip PIC24FJ1024GA606-1/PT

The final MCU we examined for our project was from the PIC24FJ1024 family. One of
the most noticeable features about this particular chip series was the hardware real-time
clock/calendar with time stamping. This built in feature would allow us to date operations
down to the exact hour/minute/second format in addition to providing the month and day.
This could prove highly beneficial for plant life with highly sensitive and restrictive growth
cycles and ultimately allows us more control over the preservation features present in the
P-Quad. Additionally, the sleep and low power modes are modifiable to selectively shut
down peripherals meaning the process of saving power would be made easier since we
could selectively shut off the power intensive components such as the pump or the light
during standby periods and leave the embedded environmental sensors running in order to
monitor the condition of the P-Quad thus allowing for ease of switching back on of the
control systems. Additionally, this family model supports 3 12C lines, 3 SPI lines, and 6
UART lines which would provide us with plenty of communication lines with for our
sensors and other various electronics we may come across. This chip is also 16-bit
architecture meaning that there would be no issues present with the current sensor
selection. Some downsides were that it only has 5 16-bit times (which however can be
combined into 32-bit timers) and only allows up to 5 external interrupt sources which may
prove restrictive depending on what features we choose to implement. Finally, the chip
lacks native ethernet or wi-fi support which may have to be supplemented with a module.
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3.3.2  Microcontroller Comparisons

Below in table 4 we have a comparison of our various microcontrollers and the metrics we
used to measure and compare them which lead to our decision. In addition to the names of
the controllers we also including the manufacturer to show the variety of options
considered.

Table 4: Microcontroller Measurements of comparisons

MCU F280049PM | ATSAMAS | STM32L45 | PIC24FJ102 | MSP430F

SR D21C-CUR | 1CCU6TR | 4GA606- R2311IP
I/PT W16R
Manufactur | Texas Microchip | STMicroele | Microchip Texas
er Instruments | Technology | ctronics Technology | Instrument
S

Program 256 160 256 1024 3.75

Memory

(kB)

Data 100 128 160 32 8

Memory

(kB)

Clock 100 500 80 32 16

Frequency

(MHz)

GPIO 26 128 38 53 11

Operating 1.2~1.3V 1.2V 1.71V~3.6 | 2~3.6V 1.8V~3.6

Voltage \ \Y

Range

Size LxW|336x336 |14x14 1.58 x 1.58 | .07 x .07 .05x.04

(cm)

Price (USD) | $10.81 $6.71 $6.01 $4.41 $1.62

3.3.3 Microcontroller Selection

Ultimately our group decided to choose the PIC24FJ1024GA606 by Microchip
Technology The decision behind this was several folds. First and foremost, one of the
biggest selling points of the chip to us was the real-time clock and calendar with
timestamping in a project that aims to preserve and monitor a plant’s life over extended
periods of time in order to prolong its life to maximum. This technology would allow us to
implement strict timing controls on things such as watering cycles or allow us to simulate
the time cycle of the plant's natural exposure to light. Another benefit was that this MCU
possessed 3 12C lines which is the minimum number of lines we need in order to properly
communicate with the sensors. In addition to several versatile low power modes the MCU
allows control of shutting off external peripherals such as the pump or the light which
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further aid the P-Quad in its design of being a low-power system. Additionally, it has a
large amount of program memory meaning that we would be able to store code that possess
a larger amount of more complex subroutines or program a multitude of different states in
order to cover as wide array of plant life as possible in the P-Quad. Since the chosen MCU
was a 16-bit MCU there would be no issue of writing backwards compatible code since all
the chosen sensors were 16-bit as well. While it took some compromises in the data
memory, clock speed, and timer amount categories these tradeoffs were considered to be
within a workable amount for the project scope. The MCU contained 53 GPIO a good
majority of which are programmable to different pin functionalities via PPS
(Programmable Pin Selection) which is another factor to why we chose this particular
MCU.

3.3.4 Microcontroller Selection Addendum

Once the PCB board design process had begun we encountered a particular problem with
this and other selections that had not been accounted for and that was that the PCB layout
software we decided to use EagleCAD did not have the part listed in its database and even
after downloading additional libraries provided by the manufacturer (Microchip) the
selected MCU was still not present after some consultation with our Senior Design
professor Dr. Wei, we were advised that we should not attempt to create the part ourselves
nor should we pay for a professional to make the part footprint and schematic and instead
were advised to reselect the MCU with one that has a known footprint and schematic in the
CAD program. While this initially proved concerning after some digging into alternative
MCUs we found a highly viable alternative from the same Manufacturer MicroChip which
was a slightly older model of a chip from the same family and was also present in
EagleCAD. At first there was concern that this chip would prove to have stark differences
compared to the old chip but diving into its specs we quickly put this to rest. First the data
bus width was still 16-bit lines meaning that communication with the sensors would not be
an issue and with regards to sensor communication this particular model had slightly more
GPIOs containing 84 pins to the previous 53. All the communication modules of 12C, SPI,
and UART were still present in the same amounts as the pervious chip furthering the fact
that this chip would be able to handle the communication side of the project. The clock on
this model was able to reach up to 32MHz double the speed of the old clock however this
could be divided down if this proved too fast and power intensive for our purposes. Its
program memory is smaller than the previous choice coming in at 128kB of storage as well
as the RAM dropping from 32kb to 8kB however due to the compact nature of the
embedded processes going into the chip’s program both of these were considered
acceptable losses. Finally, being from the same family as our previous selection the new
MCU is still able to leverage all the features of the PIC24F family such as programmable
pin selection and disabling of external peripherals. Ultimately despite some minor tradeoffs
this chip was chosen because it mostly closely matched the original chip in terms of both
the decision metric’s performance, technologies present in the chip, and price range.
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3.3.5 Wireless Communication for MCU

One thing we had to take into consideration was the fact that our MCU chip did not have a
wi-fi or Bluetooth. This raised a concern for our group as the P-Quad would potentially
need to communicate with external systems which under the current design implementation
would prove impossible. In order to remedy this situation, we needed to look into a
communication module to fit on the PCB so that the data could be communicated to
external sources. Due to the nature of communications we had to decide which wireless
communication medium we would be transmitting over from the common selections. The
mediums we examined are NFC (near field communication), RFID (radio frequency
identification), Bluetooth, and Wi-Fi.

NFC: This communication protocol is an extremely short range (no greater than 4cm or 1.6
in) protocol which enables two-way communication between electronic devices. This
protocol method is often used between two small electronic devices to setup extremely
short-range communication system typically used for electronic identity documents,
contactless payment systems, or keycards as opposed to a full blow communication system
in itself. The reason for this is several fold starting with the fact that NFC despite being a
highly simple setup its speed rating is very low speed compared to most other protocols
offering an operational frequency of around 13.56 MHz and a selection of data transfer
rates of 106Kpbs, 212Kpbs, or 424Kpbs. In addition, NFC offers no internal cryptographic
protection and despite its short range of broadcasting it is susceptible to man-in-the-middle
attacks and this vulnerability can be exacerbated by the use of antennas used to magnify
the strength of the radio signals making these attacks even more trivial to perform. Despite
these flaws NFC often is useful for establishing a bootstrap to a more powerful and secure
connection protocol creating a multi-authentication network. (55)

RFID: This communication protocol uses electromagnetic field to identify and track tags,
which contain electronically stored information, attached to an object. Consisting of 3 tag
types active, semi-passive, and passive. Each of these tag types is able to store up to 2KB
and despite the three classes of tag most function the same as all store the data in the RFID
tag waits to be read until a RFID reader’s antenna sends an electromagnetic signal to the
tag’s antenna then the tag sends radio waves back to the reader either powered by an
internal battery or uses the power generate by the reader’s electromagnetic field finishing
with the reader picking the tag’s radio waves and interpreting them as data. The main
differences between the tag types are fairly simple passive tags rely entirely on the RFID
reader for a power source and can be read up to 20ft, whereas active and semi-passive uses
internal batteries to supply power to the circuit with active tags using the battery to
broadcast radio waves to the reader while semi-passive tags rely on the RFID reader to
provide the power for broadcasting similar to passive in this regard also these two types
broadcast around 850-950MHz and can reach up to 100ft or in some extreme cases with
extra batteries 300ft away. Regarding storage type RFID storage has three categories read-
only, read-write, and WORM (write once read many) the first two working as their name
indicates and the WORM tags being able to write additional data once in addition to their
default setting but after this one time use the data cannot be overwritten. Despite these
many options for RFID it ultimately doesn’t work as needed for the project as it is stuck
with one-way communication meaning sending anything back to the system as
acknowledgement or control would prove impossible with it. (55) (56) (57)
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Bluetooth: The next wireless communication technology is Bluetooth which aims to be a
two-way protocol able to exchange data over short distances (around 330ft) utilizing ultra-
short wavelength UHF radio waves in the 2.4-2.485GHz range. Bluetooth uses a packet-
based protocol alongside a master/slave architecture meaning that one master may
communicate with up to seven slaves with all the devices sharing the master’s clock and
basing packet exchange around the master clock, additionally a slave may belong to more
than one master and communicate with both of them. Bluetooth devices are classified into
4 distinct classes starting with 1 as the highest and ending with 4 at the lowest the dividing
factors for the classes being based around both range and max power. Class 1 is the
strongest of the devices drawing 100mW and broadcasting approximately up to 330ft.
Class 2 drops significantly from class 1 only being able to broadcast up to around 33ft but
taking only 2.5mW of power. Class 3 and 4 are both the low powered implementations
with class 3 being able to broadcast up to 3ft while only taking 1mW and 4 taking only
.5mW but reaching distances of only 1.5ft. All of these versions possess a fairly fast data
transfer rate of 22Mpbs, and Bluetooth devices are a two-way device structure making
them a possible candidate for the P-Quad. However, it should be noted that the
effectiveness range can be decreased by certain factors such as material coverage,
propagation conditions, battery power levels, and antenna configurations. (55)

Wi-Fi: The most commonly used wireless communication technology today it was created
as a radio wireless LAN (local area network) allowing devices on said LAN to
communicate large amount of data with each other tow-ways in a trivial manner. Access
to wi-fi network is permitted to any device in the range of the signal that possess a wireless
network interface controller (NIC) which does lead to a concern as Wi-Fi is more
susceptible to eavesdropping attacks than its wire counterpart due to this. Different
standards of Wi-Fi exist however the two most common are the 2.4GHz and 5.8GHz bands.
Wi-Fi is one of the stronger broadcast signals with the max cover range being around the
same as Bluetooth class one at 330ft. However, unlike Bluetooth Wi-fi is capable of
delivering data rate speeds of 144Mpbs making it infinitely more suited for larger scale
wireless communication. Wi-Fi transmission is somewhat susceptible to interference
which can be caused by a number of devices in the same broadcast region beyond the load
bearing capability of the Wi-Fi network infrastructure which can lead to slowed data
transfer speeds or sometimes loss of performance. Wi-Fi ranges and speed are directly
correlated with the antenna type and gain as well as the radio power output and receiver
sensitivity making it a highly varying but highly configurable communication protocol.
One benefit to Wi-Fi over the other methods mentioned here is large breadth of support in
both technical documentation and support in libraries and hardware. Despite the flaws these
beneficial factors together make it the best candidate for the P-Quad’s wireless
communication system. (55)
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Legend: Shaded pins indicate pins that are tolerant to up to +5.5 VDG

Figure 6: MCU Pin Diagram

Above in figure 6 the pin layout for the MCU we have chosen and below we have a
mapping of each pin to its various functionality along with if the pins are programmable.
The other benefit of using the Simulator provided by Microchip is the ability to start writing
code for our project without having any of the hardware physically. We can write, compile,
and debug our application without ever having the microcontroller on hand and
programmed.

3.3.6 Compilers

The MPLAB X IDE does not have an incorporated compiler upon download and install to
the host machine. The user must download a Microchip microcontroller specific compiler
based on the processor used. There are options dependent on the processor size, the 8-bit
processors require the MPLAB XC8 compiler, the 16-bit processors require MPLAB
XC16, and the 32-bit processors require the MPLAB XC32 compiler. Upon the creation of
the project the user selects the specific compiler specific to the processor selected.

The PIC microcontroller that we have elected to use is the PIC24FJ1024GA010. PIC24s
fall within the 16-bit processor family, therefore we used the XC16 compiler for our design
project.
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3.3.7 MPLAB Code Configurator

Another interestin