Engineering Conference
UNIVERSITY OF CALIFORNIA, IRVINE

Tall Farm
by The Green Giants

2" Annual UCI Engineering Conference
February 16-18, 2019

Members:

Starberry Farm Famine Fighters

Violeta Castillo Mohammed Almudhry
Juan Carlos Guzman Blake L. Byrnes
Aurora Jael Rocha Omar Casarrubias
Sonoma Saito Nick Gurnard
Janet Song
Samantha Drake John Ak
_ _ Maximiliano Flores
Pablo Javier Esquivel Mugared Khalifa
Stanley Oliver Radic Jacob Laxamana

Vincent Thomas Vang



Design Report

Table of Contents

Design Prompt
Overview

Goal

Objectives

Project Outline
Design Breakdown
Bill of Materials
Conclusion

Citations

29
33
34



Design Report E}

Design Prompt

In order to produce high-quality food and feed a growing world population, new methods
of sustainable farming must be developed that are designed to increase yields and reduce
ecological impact. Unlike traditional cultivation, vertical farming has the potential to reduce the
need to create additional farmland and increase the productivity of a farm by a factor of 4 to 6
depending on the crop due to year-round productivity. Our goal will be to establish a
robotic-centric approach to agriculture that takes advantage of modern engineering simulations,
mathematics, the revolution in sensor technology, controlled environment agriculture,
fertigation, and indoor farming techniques to transform modern food production. The spire will
have an 18-floor, 256.5 x 114 ft farm located around the UC Irvine campus, and our goal is

optimizing it to produce 15,000 tons of food annually.
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The planet’s current population is around 7.53 billion and will only continue to grow. In
order to keep up with the increasing demand for food new and efficient farming methods must
be developed. One of the larger limitations regular farming has is its current need for a large
surface area, resource consumption, and labor. The Agrispire aims to maximize the amount of
crop that can be produced per horizontal area by building an 18 story vertical farm on the
University of Irvine Campus. 15 of these floors will together yield a minimum of 1500 tons of
crop. The system will diminish the need for human labor by creating a completely autonomous
farming system which will be controlled through a wireless sensor network. The network Al
will collect data throughout the whole farming process into an NoSQL database. The data
collected within the database will allow optimizing and controlling all mechanized functions
such as:watering,sowing,weeding,fertilizing,and harvesting with a robot equipped with
SmartShift. The building will retrieve its water from two primary sources such as the San Diego
Creek and rain. The water will be filtered onsite with a simple and efficient filtration method
comprising of coagulation, flocculation, sand filtration,and ozone disinfection. The facility is

cost-effective, environmentally conscious, and technologically controlled.
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Our objective is to design an 18 story vertical autonomous farm with a water filtration
system, an autonomous crop farming mechanism, and utilization of Al to optimize the different
structure. All the systems within the farm will be utilized to ensure an optimal growth and
picking of a minimum of 3.6 million pounds per year of our target crop, strawberries, within the

building.

e C(reate a system and web application to monitor a farm through sensors to collect data
and store it on a network where an Al will generate responses for optimal crop growth
and determine when specific crops are ripe.

e Provide a water filtration system with the ability to purify water effectively in a
economical methods in order to support strawberries in an 15 story Green Skyscraper,
keeping in mind the pH and nutrient levels of the water.

e Produce an autonomous crop farming mechanism that can be integrated both vertically
and horizontally designed to optimize the balance between cost, functionality,
performance, and practicality.

e Design the structure of an 15 floor vertical farm with the purpose of minimizing

environmental impact, determining best material, and the structural design.



Design Repo

Rainwater
Collection from
San Diego
Creek River

Orange Coun
Water District
(if needed)

ul

g

Flocculation

Centrifugal

Pump

Wired Connection

Disinfection
process -
ozone

Nutrient
Supplements

Famine Fighter

Via Internet

NOSQLDatabase)|

e
Y Y v
”Pﬂug:w[msn Seeding Pesticider Harvester \gjne.eg
Water Tank p 5
Y
@nass
WSN
- ! L ¥ v
Soil [Temperature|
Light pH NIR : o
Sensors Sensors Sensors Moisture Humidity
Sensors Sensors
# WSN
Control
»| Center/
Proxy




Design Report

IntelliCulture (IOP)
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We have multiple sensors to measure variables such as temperature, moisture, humidity,

and pH in the farm. That data will be sent to a network of eKo Pro systems. These systems have

the capability to relay data from one eKo to the next keeping the data separate from its own.

Because of this, as long as one eKo system can reach the next, data can be transmitted to the

main server.

Once the data reaches the server, a proxy will cue the given data in a cue structure, which

will increase the consistency of the data transfer. After that, the data will be given to a program

running on the server that will store it in a database available for analysis and for the client.
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Our Neural Network will analyse the data and find a correlation between them to
optimize the yield of the crops, and detect which crops are ready to harvest. Then based on the
optimum values found by that Neural Network, the proxy will send these values to the actuators

controlling the environment to make it optimum for growing the crops.

AquaRefine (PH4)
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Using rainwater, and river water as water resources to optimize the local resources such
as The San Diego Creek river and rainwater that can be collected from buildings across the UCI
campus. The water will go through multiple processes beginning with coagulation followed by
flocculation then sand filtration, disinfection, infiltrated with nutrients and lastly pH balanced.

Within the Green Skyscraper the water collected from the excess water usage, we would
collect the unused runoff water to return to the filtration system that will go through and reduce
the amount of total water needed for sustaining the growth within the gardens.

Agri-BOT-any (Famine Fighters)

When it comes to the design of most agriculture robots and systems, the design relies on
the use of wheels and multiple arms attached. In order for a system to be most efficient in an
enclosed area, this can not be the case. In order for the system to be completely autonomous, the
robot is able to move both vertically and horizontally. To accomplish its tasks, the robot is able

to change the tools by use of the SmartShift. The SmartShift is a tool changer and will change
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the robot’s in use tool/component to do the necessary task autonomously. The components deal
with the task of seeding, sowing, spraying fertilizer and pesticide, removing weeds, and picking

out the crops.

SkyFarm (Starberry Farm)
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Ground Floor

125
l

Figure 1: The main function of the ground floor is for crop storage and transportation. Six cold
storage tanks are available to preserve the strawberries produced by Starberry Farm. There is a
door large enough for a truck to drive in and out of the facility. Our strategy for minimizing load
on upper levels is to store strawberry yields to the ground floor.
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Figure 2: Floors 2 to 4 are used mainly for office space and administrative purposes.

Floors 5-18
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Figure 3: Floors 5 to 18 are where the strawberry plants are grown. A 120 ft by 125 ft section on
each floor is cordoned off as a cultivation zone.
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IntelliCulture (IOP)

For the network design we will be using a Bluino Nano Arduino Microcontroller to help
send commands from the wireless network to other systems to ensure the crops are being treated
in a proper environment. We are using bluetooth to communicate with the sensors because it uses
little energy to communicate with other systems making it more efficient than other types of
communication. Bluetooth is very universal today and provides data connections to other
systems without the use of wires. It also operates on low energy making it efficient for saving
money. This specific microcontroller was chosen because of its small size making it mobile as
well as its ability to program wirelessly for simpler troubleshooting. The VH400 Moisture
sensor, PS-3204 pH sensor, and THERM200 Temperature sensor will measure and record data
of the three most significant soil parameters - moisture, salinity, and temperature to ensure crops
grow as efficiently as possible. The RHTO03 is a low cost humidity and temperature sensor with a
single wire digital interface. The sensor is calibrated and doesn’t require extra components so
you can get right to measuring relative humidity and temperature. The eKo Pro Environmental
Monitoring System gathers and transmits data from the sensors. This system can use a nodal
hopping mechanism where one eKo system can double as a transmitter of data from sensors
around it as well as a hopper that can relay signals from other eKo systems that may not be able
to reach the server.

Near infrared radiation causes vibrations in between molecules. If we are able to
measure these vibrations, we can find out what a given sample is made out of. Using the Pika
NIR-640 we can measure the desired qualities of a strawberry, for example. O-H bonds and C-H
bonds vibrate differently. Given their wavenumber of the bonds, we can determine the ripeness
of a strawberry based on its sugar and water contents. This sensor is also good at filtering out
background noise that can add interfering data to the set. A PowerEdge T30 Tower Server will

be located on each floor to process the data of each floor. This will give us the capability to

11
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analyze different data sets and train multiple neural networks to analyse each crops’ data set,
allowing for multiple crops to be planted on each floor.

An application needs to be implemented such that it contains use cases: buying/selling
crops, logging in/out, observing data analyzed by the implementation, and receiving
notifications. The transitions in the application will be smooth and easy to maneuver for the user

to use.

USE CASES ACTORS (User/Admin)
Login/Logout User/Admin

Buy Crops User

Sell Crops User

Observe Data User/Admin

Modify Data User/Admin

Receive Notifications User

Username: |:|
Password: [

12
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A user should be able to traverse through the application with ease and transparency. The
user is able to: login/logout, buy crops, observe data, and receive notifications. Logging in/out is
achieved via user input of username and password. The application should have to capability to
save the user’s username and password to provide quick and easy access.

Buying crops for the user should be intuitive and fast paced. There will be a button on the
application that leads the user to page to browse a list of crops. From there, the user can observe
each crop’s price, description, includes further accessibility such as: adding a quantity to cart and

inspecting further information about the crop.

View and manage
fransactons

Manage farm

L . : View farm
bright red color, juicy texture, and sweelness. It contains high

levels of: vitamin C, manganese, folate (B9), and potassium, :
' g B3 P Expected yield

A strawberry is widely appreciated for its characteristic of aroma, [
More Information [Links to extracted data] [

Motifications

Price: $ X /Ib

Further information about the specific crop will be the analysis of the extracted data
implemented by our integrated sensor system. The data provided will not be exact numbers from
our dataset but a finalized analysis form that is visually appealing to the user and is easily
interpreted. This will be a simple database schema that include graphs, levels of measured data,

and more.

13
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Data collected

B Temperature

B Fertalizer concentrations
Humidity

B soil water level

B Cropyield

Data set 1 Data set 2 Data set 3 Data set 4

In addition to browsing and buying crops, the user will be able to receive notifications
from the application sent by the administrator. Notifications may include information on the
restock of a particular item, discounts, or any customer service related messages. They can also
include alerts from the sensors if the temperature gets too high or one of the equipment fails.

Data such as temperature, humidity, soil water level, fertilizer levels, PH, and also the
content of sugars and water inside the strawberry will be collected from a set of sensors and
hardware on the farm and get sent to a server on the farm via bluetooth. This server will then sort
that data and put it in a NoSQL database. A total of eighteen servers located on each floor will be
used. The use of NoSQL will help implement this horizontal scaling. Each server will store the
data for a specific floor, and will implement an isolation protocol that will lock all writes and
only allow reads to make sure the data it is retrieving is accurate and make only synchronous
reads, since feeding the neural network wrong or corrupt data will affect it adversely. Most
NoSQL databases are known to have low consistency, but by implementing isolation it will be
able to raise consistency. This will decrease availability; however, consistency in this case is
more important as feeding the Neural Network wrong data will make it less accurate. After that,
that data can be sent to any client and use that data to run the Ul. The advantage of using a

NoSQL database is that all the information and fields will be stored in a single document, which

14
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means the programs will spend less time trying to access the data as compared to a
relational-database. This will all be stored on a PowerEdge Tower server with a one terabyte
capacity and a quad-core processor. Having eighteen servers will give us the ability to have
different data sets for different crops. Furthermore, this decreases the load on each server; hence,

decreasing the heat produces in each server, which increase its durability.

W Cables X ( Proxy + W EM Waves ( :
Sensors J LDatabase J LChent
EM Waves

{

ID: 1

Crop: Strawberry
Temperature: 30
Humidity: 70

PH: 7.3
Mitrogen: 4
Potassium: 5
Location: “3,4"

}

To maintain optimal conditions for the crop we are growing, we will use a Recurrent
Neural Networks to keep the conditions in a negative feedback loop. When the sensors detect
the specific values it will send the info into the neural network system. The Recurrent Neural
Network will analyze each of the values given and makes suggestions to stabilize the values if it
is not in optimal growing conditions. We chose a Recurrent Neural Network because instead of
just giving outputs, it propagates the output back through the system until we get the desired
output. This translates well into a farm system because we want things to be in a steady state to
ensure the optimal growth of the crops. For example, if the soil is too dry then we want our
network to tell us when to stop watering the system rather than just telling us to water it.

We will also have another neural network to determine if a strawberry is ripe or

not. The NIR sensor gives data in the form of the frequency of waveforms. Water and sugar are

15
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what we are looking for most in strawberries so finding when the amount and ratio of water and
sugar is the best is what our Al will be trained to find. We will use a feedforward neural network
for this because determining ripeness of a strawberry is essentially unchangeable. Training the
Al to determine the ripeness of strawberries with the given data can tell us whether or not a
strawberry is ripe or not. There is no need to propagate a signal back through as one cannot
directly decide to make a strawberry ripe or not.

AquaRefine (PH4)

The decision to use river and stormwater was because of the convenience and
practicality, aside from the optional contribution of the OCWD water supply. These two water
sources would be cleaned using 3 continuous stirred tank reactors and coagulant to catch
pollutants that will reside at the bottom of the tank. The water is then filtered using a multigrade
sand filter instead of the reverse osmosis since it is more expensive and that the water does not
require to be treated to safety drinking standards. The remaining pollutants (pathogens, viruses,
bacteria, etc) will instead be removed using ozone. The use of KCI and fish emulsion is due to
the productivity of micronutrients for crops without the formation of any harmful compounds
that may possibly affect the environment. Finally a balance in the pH is performed before water
is sent to the crops.

e (alculations:

v0 (river)=5800 GPH

v0 (rain)=2000 GPH

V (CSTR)=792 gallons (3x) -> time to fill up all three reactors= 28 min

V (tank)= 100000 gal

Fertilizer = 0.0039 gallons of fish emulsion /per gallon of water

v_out_filter= 10000 GPH

feed gas ozone=10-12 wt%

Mass_coagulant=50 to 200 mg / per L of water.

MAX Pressure at bottom of final Tank= 178755 Pa (assuming full tank)

16
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The plant housing uses a system of columns in a matrix to minimize the use of soil and
reduce stress/strain by reducing the load on the frame. Each plant bed is a triangular shape that
lets the soil sit within the triangle, and a hose runs along the bottom that allows for irrigation to

flow to sprinklers that can me mounted in the holes protruding underneath the plant bed.

Agri-BOT-any (Famine Fighters)

Material selection was optimized thoroughly. Choices of materials keeps in mind and
considers various trade-offs and utilize the mathematical and scientific concepts to produce the
optimum design. This includes using stainless steel for components undergoing highly cyclic
stress load. The choice of stainless steel here prevents these components from failing by fatigue,
which is the biggest reason for failing for variety of materials, especially metals.

Aluminum, on the other hand, does not approach an asymptote, which means after a
certain number of cycles, fatigue will definitely happen and in a low stress. This is the reason
aluminum was used for parts like extrusion, since these parts does not undergo highly cyclic
stress loadings, which shows that these parts were used in the optimum place in the design.

The figure below shows the fatigue curve for aluminum and steel. The lighting needs will
be met by providing LED full-spectrum light sources especially made for growing plants. There
will be 45 of these light sources in each floor. Each will provide light for the four adjacent units
and will alternate a little bit in height in order to provide all of the seed beds with enough light to
grow. These units will be in 15 out of 18 floors, which means there are a total of 675 of the
growing strawberry light sources in the entire building. Each of these LEDs consume 45 Watts.
For strawberries, there is a need for partial light for growth and the strawberries need at least 6
hours and the decided operating time for these LEDs will be eight hours. The amount of energy
that will be consumed per day is 243 kW and it will be provided by the power collected from
solar cells on the building. For maintenance, these light sources have a lifetime of more than
50,000 hours (more than 17 years), which is the highest number for these kind of lights with this

low price.

17
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A shelf like structure is used to support the array of plant beds along with the robot

mounted on tracks. The tracks are mounted on aluminum extrusions that make up the shelf.

Single Aluminum Extrusion

Two tracks run along opposing sides of the shelf, with a stainless steel connector running
between the two tracks. This is where the multipurpose tools that can plant, harvest, and maintain
translates across. With this system, three directions of freedom are allowed to be navigated. This
is critical because a single tool can manage a large quantity of crops with little hardware. As the
scale of production increases, the system can duplicated and reiterated in an array consisting of
multiple “units”. Multiple units can fit in a single room and can stack both vertically and
horizontally. If speed is essential for a certain crop or farmer, the amount of columns of beds can
be decreased (smaller amount of crops per unit size) to increase harvesting/seeding time. A tool
changer known as the Smartshift Automated Tool Shifter, can swap out the multipurpose tool in
order to decrease clutter and chance of failure due to an increase in mechanical components. One

of these is contained in each unit (it lies upon the cinder block looking object in Figure below).

19
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Single Unit Array of Plants Beds and Shelf with Tracks

For the Harvesting tool, a claw mechanism with a sensor is used to detect where the
strawberries are. A simple change in code can also make the harvester act as a weed control

device to pluck the weeds.

20
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For the seeder, a simple syringe will puncture the soil at a optimal distance between seeds

in order to yield the highest amount of healthy strawberries.

Figure 7 - Seeding Syringe

The pesticides can be run through the irrigation or will have a seperate tool to spray

pesticides to eliminate insects, rodents, and mold.

21
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Figure 8 - Smartshifter

A static analysis on the multipurpose tool track shows that the stainless steel rod can

withstand the current design specs without deforming.

URES (mm)
6.697e+000
6.139e+000

_ 5.581e+000
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A Je
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| 223004000
| 167424000
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Static Analysis of Moving Bars
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Static Analysis of Seed Beds

23
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Static Analysis of Extrusion Bars

SkyFarm (Starberry Farm)

Ground Floor

24
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Figure 1: The main function of the ground floor is for crop storage and transportation. Six cold
storage tanks are available to preserve the strawberries produced by Starberry Farm. There is a
door large enough for a truck to drive in and out of the facility. Our strategy for minimizing load
on upper levels is to store strawberry yields to the ground floor.
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Figure 2: Floors 2 to 4 are used mainly for office space and administrative purposes.
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Figure 3: Floors 5 to 18 are where the strawberry plants are grown. A 120 ft by 125 ft section on
each floor is cordoned off as a cultivation zone.

The vertical farm is designed to take into account for the 140 psf dead load on each floor.
The major factors for the dead load include the floor, the walls, the unit, and the conveyor belt.
Following the ASCE 7-10 code, the dead load of the floor and walls were found. The major
factors of the live load include maintenance staffs. The value of the live load was taken from the

ASCE 7-10 code. In order to support the dead load of 140 psf, the wide flange section used is

W18x60.
33.33 ft
a a a o a 0 0
31.25#
o a o o a o o
o o 2™ o o a g o
o o o o a o o
o a o o o o o

Recycled Geopolymers Concrete

Recycled Geopolymer Concrete (RGC) was chosen as the primary building material because the
CO2 emissions from using RGC is about half that of ordinary concrete. The use of RGC instead
of ordinary geopolymer concrete, depending on feedback source location to the location of

building, the emissions from geopolymer concrete can be 97% lower than RGC (McLellen,
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Williams, Lay, Riessen, & Corder 2011). The use of this material reduces waste in the landfills

and reduces the consumption of natural resources.

Geopolymer concrete is produced by mixing aluminosilicate material and high alkali solutions. It
utilizes by-products such as fly ash or metakaolin as aluminosilicate source to react with high
alkali solutions of sodium or potassium based. Fly ash geopolymers have been studied by several
researchers and were found to have high early strength, high later age strength (Sata, Wongsa, &
Chindaprasirt 2013). In order to reduce costs for cooling and improve compression strength, we
are adding ultrafine slag (UFS) to the recycled concrete aggregate, which can reduce the thermal

conductivity coefficient to 0.305 W/m*K and raise compressive strength to 46.7 MPa (Wang, 1).

Passive Cooling Systems

Southern California is notorious for hot and dry weather. For our indoor strawberry plants, we
want to keep temperatures between 60-80F. Passive cooling systems are methods of lowering
indoor temperatures using natural energy sources. Here we implement two passive cooling

systems, a nocturnal convection system and a radiative cooling system.

The nocturnal convection system takes advantage of the natural cooling of air during nighttime.
Starberry Farm is ventilated naturally at night with open windows and sealed during the day to
keep cold air contained within the building. The combined effects of our insulatory recycled

concrete-ultrafine slag aggregate and the natural inertia of heat prevent the cooled mass and air

27
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from heating up during the day. Nocturnal convection cooling is preferable in areas with daytime
temperatures between 30-36°C (86-96.8T) and can reduce indoor temperatures to 7-8°C
(12.6-14.4TF) below the maximum outdoor temperature (Givoni, 9). To improve comfort within

the building, we will allow ventilation in between floors.

Radiative cooling is the natural emission of longwave radiation of any material that is exposed to
the sky. In most instances, this radiative emission is not enough to offset the absorption of heat
from the sun. However, adding large insulating materials on rooftops can reduce heat absorption
as longwave radiation cooling occurs. Solar panels can function as insulators, reducing rooftop
temperatures by 2.5°C (4.5F) in one experiment held in April in San Diego (Dominguez, 1).
Covering our rooftop with solar panels results in a ceiling heat sink, which will draw out heat
from the lower levels of Starberry Farm. Overall, these passive cooling systems will reduce

energy costs for the building and help maintain desirable conditions for strawberry production.

Solar Panels

Solar panels are used as a sustainable way to obtain energy. This is a crucial part of the design
because the strawberries will grow with the use of LED lights and aeroponics which requires a
lot of energy. The dimensions for each panel is 65 x 39 inches. Each panel produces 15 watts per

square foot.
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Irvine is a good location for solar panels due to the large amount of exposure to sunlight. The
solar panels also act as insulators for the building which helps to keep the building from getting

too warm for the strawberries.

Energy cost is increasing (solarnation) as the cost of installation and design of solar panels are
decreasing (sunpower). Even though solar panels are an expensive sustainability component in
the design, in the long run not only will money be saved but also the environment. In this case

the solar panels will also support the stability of the strawberries.

& SketchUp

Figure 5: The image above demonstrates where the solar panels will be installed.
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Triple Pendulum Isolators

Keeping in mind that Starberry Farm falls under Risk Category III due to enormous height,

seismic hazard analysis was calculated according to reference document ASCE7-10 and stiff soil

site class. The following parameters and horizontal response spectrums calculated.

Basic Parameters

Name
Ss

84
Sms
Smt
Sps

Sp1

Value

1.585

0.579

1.585

0.868

1.057

0.579

MCER Horizontal Response

Spectrum
Sa(g)

1.80

1.00

0.50

0.00

8

CR;

Fpga

Period (s)

Value PGAw 0.622
D T 8
1
SsRT 1.585
. SsUH 1.666
0.951
e SsD 3.393
S1RT 0.579
0.622

S1UH 0.585

S1D 1.212
PGAd 1.272

Design Horizontal Response
Spectrum

Sa(g)
1.00
0.80
0.60
0.40

0.20

0.00

Period (s)
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Our solution to this seismic risk is to install triple pendulum base isolators. These
apparatus have three pendulum mechanisms nested on top of one another. When our building is
struck by seismic activity, the isolators shift along the same direction. The isolators take the
brunt of the motion and relieve lateral load on the farm, significantly strengthening the structural

integrity of the building’s vertical structures.

o i il -l

Triple Pendulum™ Isolator Inner Pendulum Motion Lower Pendulum Motion Upper Pendulum Motion
Center Position Service Level Earthquake Design Basis Earthquake Maximum Considered Earthquake

(Source: Earthquake Protection Systems 2019)
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Part Price Quantity Total URL Comment

80 inch 416

Stainless Steel

Round Bar 3/4" $ 36.07 1 $36.1 Link

115 inch 416

Stainless Steel

Round Bar 3/4" $49.54 2 $99.1 Link

Mounted Linear

Ball Bearing 3/4" $ 66.60 7 $ 466.2 Link

1" X 1" T-Slotted

Extrusion 115" $30.00 4 $ 120.0 Link

1" X 1" T-Slotted

Extrusion 80" $20.70 8 $ 165.6 Link

Inline gearbox

GBPH-060x-CS $217.00 3 $651.0 Link

Stepper Motor

23MDSI006S-00-

00 $ 152.00 3 $456.0 Link

Aluminum Sheets $170.73 30 $5,121.9(Link

Conveyor Belt $1,995.00 270 $538,650.0 Link
Total
Price/Unit
Units/floor=

All Units (15
Total Price -  floors)

$7,116
$ 100

$ 11,212,425
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https://www.midweststeelsupply.com/store/416stainlesssteelroundbar
https://www.midweststeelsupply.com/store/416stainlesssteelroundbar
https://www.mcmaster.com/9338t3
http://www.controlresourcesinc.com/store/proddetail.asp?prod=650000
http://www.controlresourcesinc.com/store/proddetail.asp?prod=650000
https://www.anaheimautomation.com/products/gearbox/planetary-gearbox-item.php?sID=4&pt=i&tID=109&cID=30
https://www.anaheimautomation.com/products/stepper/stepper-integrated-item.php?sID=50&pt=i&tID=82&cID=50
https://mcmastercarr.com/
https://www.ultimationinc.com/replacement-parts/buy-belt-conveyors/belt-conveyor-24-in-wide-x-16-ft-long-ultimation/?gclid=EAIaIQobChMIsf33gsLG4AIVFMZkCh1vIQAAEAkYBiABEgLUnPD_BwE
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Aqua pulse 5200
GPH

Large Flow Rate
Multigrade Sand
Filter For River

Water Treatment

Aqua pulse 2000
GPH

Stainless Steel
Stirred Tank
Reactor 3000L

$170.00

$ 3,500.00

$125.00

with CE certificate = $ 8,000.00

Water Tank

Ozone Gas

Fish Emulsion

Potassium
Chloride

Fine Pore
Diffusers

$4,510.00

$50.00

$28.50

$98.95

$ 64.36

10

312

$340.0 Link

$3,500.0 Link

$125.0 Link

$24,000.0 Link
$9,020.0 Link

$500.0 Link

$ 8,892.0 Link

$99.0 Link

$ 64.4 Link
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https://www.amazon.com/Aqua-Pulse-Hybrid-Drive-Submersible/dp/B005NBR7DY?th=1
https://yldwater.en.made-in-china.com/product/KeAEMmgUOCth/China-Large-Flow-Rate-Multigrade-Sand-Filter-for-River-Water-Treatment.html
https://www.amazon.com/Aqua-Pulse-Hybrid-Drive-Submersible/dp/B005N0G1AU?th=1
https://www.alibaba.com/product-detail/stainless-steel-stirred-tank-reactor-3000l_60310639806.html?spm=a2700.7724857.normalList.36.13cc561fPDVGoH
https://www.purplewave.com/auction/120508/item/B6544
https://www.made-in-china.com/products-search/hot-china-products/Ozone_Gas_Price.html
https://www.amazon.com/Dramm-Corp-10-24000-Drammatic-Fertilizer/dp/B007TFV09Y
https://www.makeyourown.buzz/potassium-chloride/?gclid=EAIaIQobChMI0qjhgNLE4AIV9x6tBh0cMgHCEAQYBCABEgI2TfD_BwE
https://pentairaes.com/sweetwater-fine-pore-diffusers-for-ozone-and-pure-oxygen.html?gclid=EAIaIQobChMIv-uG_7HE4AIVMCCtBh1yzQy3EAQYASABEgJQuvD_BwE&gclsrc=aw.ds
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10000L Tank

Bluino:
Atmega3?28

Pika NIR-640
RHTO03

PS-3204
VH400
THERM200

PowerEdgeT30To
wer Server

LED Light Source

$5,439.95

$24.90

$2,500
$9.95

$65.00
$45.95
$41

$399

$23.99

2

15

1500
50

400
400
400

675

$10,880.0 Link

Total
Price/Unit

Unit/floor=

Total Price -

$375 Link

$3,750,000 Link
$500 Link

$26,000 Link
$18,380 Link
$16,380 Link

$400 Link

$16,193.25 Link

$38
$100

All Units (15
floors) $ 57,420
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https://www.rainharvest.com/norwesco-10000-gallon-above-ground-water-tank.asp
https://www.robotshop.com/en/bluno-nano-arduino-ble-bluetooth-microcontroller.html?utm_source=rb-community&utm_medium=blog&utm_campaign=the-best-microcontrollers-2017
https://resonon.com/product-10
https://www.sparkfun.com/products/10167
https://www.pasco.com/prodCatalog/PS/PS-3204_wireless-ph-sensor/index.cfm
https://vegetronix.com/Products/VH400/
https://vegetronix.com/Products/VH400/
https://www.newegg.com/Product/Product.aspx?Item=9SIA7AB8KE4857&ignorebbr=1&source=region&nm_mc=KNC-GoogleMKP-PC&cm_mmc=KNC-GoogleMKP-PC-_-pla-DealKing-_-Desktop+PC-_-9SIA7AB8KE4857&gclid=EAIaIQobChMIgMW259fE4AIVlddkCh2XjAxMEAkYAiABEgLCxPD_BwE&gclsrc=aw.ds
https://www.amazon.com/dp/B075JFPLY1/ref=sxbs_sxwds-stvp_3?pf_rd_p=03dd84f0-0dd9-4d32-b6cb-02a32e0ba336&pd_rd_wg=bheoV&pf_rd_r=N92Q20NV6VM1Q2773EKK&pd_rd_i=B075JFPLY1&pd_rd_w=w5OUH&pd_rd_r=7c393220-f841-4904-b1c2-b3150c3408e1&ie=UTF8&qid=1550536167&sr=3
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Solar Panel (w)

Steel (per 1b.)
Recycled
geopolymer
concrete

Total
Price/Unit
Unit/floor= $ 100
- All Units (15
Total Price  floors) $ 3,828,228
$
$4.25 1296 1,790,100.0
$
$22.26 96 10,764,288.0
$
$38.50 901080 34,691,580.0
Total - $ 47,245,968.0
Grand Total - $ 62,344,041
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Grand Total: $62,344,041

Sky Farm
75.8%

IntelliCulture

6.1%

Agri-BOTany

18.0%

AquaRefine

0.1%

9,
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The problem proposed is to develop an autonomous system capable of creating 1,500
tons of food annually. The final design created is an autonomous system that can produce 1,800
tons of food annually if the food is harvested every 6 weeks as planned. The design offers an
alternative to current forms of farming using fields by using advanced farming techniques,
technologies, and automation to create the most sophisticated design.

Compare to others possible ways of automating farming, the created design offers a
feasible way of achieving the task. While working through the design, the main priority was
feasibility. In automating processes, the design is made in the most simplistic manner to support
reliability and repeatability in the real world. Compare to most modern solutions to farming, the
proposed design is capable of achieving a much greater level of accuracy and repeatability than
most.

It is the team’s hope that in the future, engineers will look towards the proposed solution

when tackling the problem that is feeding the people.
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