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Project Narrative Description



Motivation

Irrigated agriculture has become one of the most important sectors of the U.S.
economy while being the largest consumer of consumptive water. Methods of using
water smartly have been looked into because of this reason. In hopes of aiding this
situation, our team has decided to design a smart irrigation system using the
Internet of Things technology, or loT.

A smart irrigation system could be of great help in managing water utilization.
We have chosen to implement a more local approach with our project, giving
individuals the chance to help their communities and the global population by
growing herbs from the comfort of their homes.



Goals and Objectives

The goal of this project was to create an easy-to-use and portable smart irrigation
system using loT. Our product, Greenie, allows users to monitor and irrigate herbs
remotely, making the gardening process hassle-free. Given that the system is relatively
compact, it can be placed anywhere inside a home or an outdoor garden.

The user has access to a web application that tracks the plant’s data. The application,
which the user can access comfortably from anywhere, is available on any mobile device or
computer through the use of a link, making our device as easy to use for any type of user,
whether they are beginners, intermediate, or advanced gardeners.



Functions Outline

Hardware

Using our hardware, the user is able to acquire
various information regarding:

Soil moisture

pH level

Humidity and temperature from air/room
Whether herb was watered by rain or not

Software
Using our software, the user can:

e Water their plant automatically through
their mobile device or voice

e Tapontheir screento either select
automatic watering or water their plants
EIELWY

e Observe herb’s dataon LCD



Specifications

Attribute Description

Power Supply Range needed for microcontroller: 7 V -
12V
Duration: At least 12 hours

Relay Module Voice Response Time (Alexa) <=
5 seconds

Water Pump Pump head: 2.5 M/ 8.2 ft (min)
Flow rate: 240L/H 63.4GPH (min)

Microcontroller 1/0 pins: 10 (min)
Operating voltage: 5 V

3 soil moisture sensors

1 rain sensor

1 humidity and temperature sensor
1 pH sensor

Plants Supported 10 herbs total
1 supported at a time

Alexa Commands At least 3 unique commands

Communication Protocol: Sensors




Design






Product Design: Top Compartments

The “Herb and Soil” encasement In the “Water” encasement, the water
houses the user’s selected herb out of the required to irrigate the herb is contained.
ones supported by the software. The user In this compartment, the inlet/outlet water
can fill in the area with their selected soil pump is located. Our pH sensor is located
type, allowing the user to personalize. All of in this.encasement a§ well. 'I.'h.e solenoid
the sensors and the outlet tubings of our VEIVE (el SaEng o2 Soils plaees

; d nutrient located outside of the compartment but still
Yva e.r pum.p ahd nutrient pump are focate connected to the water pump tubing.
in this section.



Product Design: Bottom Compartments

In the “Electronics” section, the parts In the “Nutrients” compartment, the
and components required for the project to nutrient solution required by the current
function are placed. In this compartment, herb is contained. The nutrient pump is not
the PCB, LCD, and any other electronic submergible soitis placed in the
parts needed are located. The smart “Electronics” compartment while the
speaker is located outside, but close to the tubingis inside the nutrient solution. The
encasement so that the user can easily outlet tubing leaves the compartment
access this part when needed. through open handles to reach the herb

supposed to be watered above. The tubing
is long enough to ensure that the nutrients
reach the herb.



Parts



Liquid Crystal Display (LCD)

Attribute LCD-013-420 LCD1602 0.96" OLED
Module

Communication | 12C 12C 12C

Protocol

Text 4 x 20 2x16 128 x 64 OLED

Dimensions

Text Color White White White

Address 0x27 0x27 0x3C

Cost $6.99 $0.00 (owned) $9.99
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Microcontroller (MCU)

Attribute Atmel Texas Texas
ATmega328P Instruments ARM | Instruments

Cortex-M3 MSP430

Communication | UART, SPI, 12C | SCI, SPI, 12C UART, SPI, 12C

Protocol

Memory 32 KB 256 KB 128 KB

Maximum 1/O 23 Y 83

Pins

Operating 20 MHz 50 MHz 16 MHz

Frequency

Operating 5V 25V 3.3V

Voltage




AC/DC Power Adapter

Attribute Corporate SmoTecQ Store | TMEZON Power
Computer Power Supply Adapter Supply
Power Adapter
Supply Adapter

Input Voltage 110 VAC 240 VAC 240 VAC

Output Voltage |9V DC 12V DC 12V DC

CurrentRating | 1A 2A 2A

Polarity Positive center, Positive center, Positive center,
Dimensions negative sleeve | negative sleeve negative sleeve
Connector 5.5x2.1 mm 5.5x2.1 mm 5.5x 2.1 mm
Cost $6.99 $11.99 for 2 $7.99




Soil Moisture Sensor

Attribute SparkFun Soil | Adafruit STEMMA | KeeYees
Moisture Soil Sensor LM393
Sensor

Arduino Yes Yes Yes

Compatibility

Number of 2 1 2

Prongs

Operating 3.3-5V 3-5V 3.3-5V

Voltage

Output Type Analog Analog Analog and

Digital
Cost $5.95 for 1 $7.50 for 1 $7.99 for 5




Rain Sensor

Attribute FC-37 FC-37 MH-RD

Manufacturer ACROBOTIC HilLetgo Teyleten Robot

Output Current | 15 mA 15 mA 15 mA

Operating 3-5V 3-5V 3.3-5V

Voltage

Output Type Analog and Analog and Digital | Analog and
Digital Digital

Cost $8.99 for 1 $5.99 for 3 $5.88 for 3







pH Sensor

Attribute DONGKER pH | GAOHOU PH0-14 | BOOTOP
Sensor Sensor Module PHO0-14
Module Sensor Module

Range 0-14 pH 0-14 pH 0-14 pH
0-60°C 0-80°C 0-80°C

Working Current | 5- 10 mA 5-10 mA 5-10 mA

Operating 5V 5V 5V

Voltage

Zero Point 7+0.01 pH 7 +0.25 pH 7 +0.25 pH

Cost $36.99 for 1 $35.59 for 1 $35.19 for 1




Relay Module

Attribute HiLetgo 5V WINGONEER KeeYees 5V
KY-019 5V Relay
Module
Operating 5V 5V 5V
Voltage

Maximum AC

AC250V/10A

AC250V/10A

AC250V/10A

Maximum DC

DC30V/10A

DC30V/10A

DC30V/10A

Cost

$5.98 for 2

$8.49 for 5

$9.99 for 5

-






Smart Speaker

Attribute Apple Amazon Echo Google Nest
HomePod Mini | Dot Mini
Released In 2020 2020 2019
Voice Siri Alexa Google Assistant
Assistance
Microphones 4 4 3
Dimensions 97.9 x 84.3 mm 100 x 100 x 89 98 x 42 mm
mm
Weight 0.76 Ibs (3459g) | 0.751bs (341.3g) | 0.4 Ibs (183 g)
Cost $99.00 $0.00 (owned) $49.00




Solenoid Valve

Attribute Digiten Kako NPT HFS

Rated 12V DC 110V AC 12V DC 12V DC

Voltage

Working 0-70 °C 23-176 °F -5-85°C 23-176 °F

Temp

Pressure 0.02-0.08 0-145 Psi 15 - 70 Psi 0-145 Psi
Mpa

Material Plastic Brass Copper Brass

Size Ya inch 1 inch Ya inch Yainch

Cost $7.69 $32.99 $15.69 $13.99




Wi-Fi Module

Attribute ESP8266 ESP32 Bolt IOT Module
NodeMCU
Wi-Fi 802.11 b/g/n 802.11 b/g/n 802.11 b/g/n
Operating 3.3V KRCAVS 3.3V
Voltage
Clock Speed 80 MHz 160 MHz 80 MHz
Bluetooth X Bluetooth 4.2 and | X
BLE
Cost $6.49 $21.88 for 3 $150.00
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Printed Circuit Board (PCB)
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Software



Software Overview

User Interface: System:
Desktop and LCD Microcontroller and
screen Sensors

Turn on/off water
pump

Back End

Send soil moisture
level

e Continually collecting data from our
sensors and making it available for our e e
web server provider

e Datawill be stored and pulled from

Send rain level

Choose an herb

Firebase Realtime Database View soil moisture HeAIEN
level
Front End View rain level Send temperature
and humidity
e User can remotely control the system View pH level
e Viewdataondemand
e Receive notifications humidity

Check metrics

=
]
=
=
©
3
o
@©
e
a
o
£
@
a
>3
Q




Web Application: Home

© Greenie: The Smart Irmigator x B

e The home page AR & oot ciesdoyoheonchvtvlgesiehomehind
displays the PEIRCE Greenie: The Smart Irrigator
current readings »
e Thereisabutton for . SR
users to manually turn = TR
on the water pump * Nutrient PumLi): Off 59°F
e Weatherdatais -
integrated so user inmrecs

wind Speed: 2.06 km/h

knows if rain can
water herb if placed

outside Soil Moisture pH Level
306 7.38

(0-1023) (0-14)



Web Application: Herb Selection

@ Greenie: The Smart Imigator x [+

(o ANl @ 9bswdrj3xfdea2kzydy2jw-on.drv.tw/greenie/herbs html

Herb Supported | Watering Requirements | Soil Preference Ideal Humidity | Ideal Temperature | idealpH | Action

e 10 herbssupported in

]

total
I f t' h Basil Every Day Well-Drained 40-60% 70-90°F
) nrormation on eac #
herb and itS Wateri ng A Thyme Every 2-3 Days Moist/Well-Drained
SChedu Ie iS prOVided 8 Bay Leaf Every 2-3 Days Well-Drained
L Se | eCti ng an h er b 2 Lemongrass Every 2-3 Days Well-Drained
begins its automatic
Oregano Every 2-3 Days Moist/Well-Drained
watering schedule
® SOi I prefe rence id ea I Mint Every 2 Days Moist/Well-Drained % 60-70°F
’
h um i d ity’ sage Weekly Well-Drained % 60-70°F
te m pe ratu re9 a nd p H Rosemary Every 2 Days Well-Drained e 55-80°F
are given

Chives Every 2 Days Well-Drained 40-85F

Every 2 Days Moist/Well-Drained 40-75°F



Web Application: Metrics

“Metrics” page with
sections including
“Water/Nutrient
Usage Estimate
(mL/sec),” “Average
Sensor Reading
Estimate (5
Automated
Readings),” and
“Manual/Automated
Pump Usage Estimate
(%).”

@ Greenie: The Smart Imgator x &

S C O

@ 9bswdrj3xtdeadkzydy2jw-on.drv.tw/greenie/history. html

Metrics

Water/Nutrient Usage Estimate (mL/sec)

i i — = ]
=

Water Dispensed: 769.2 mL Water Saved: 230.76 mL
Nutrient Dispensed: 520.6 mL  Nutrient Saved: 156.18 mL



Web Application: About

@ Greenie: The Smart Imgator x &

e Includesinformationon € @ ¢ o QR il

Greenie’s motivation .
and goals About Greenie

I}

*
«“«
e Includes “How to Use )
. » . . The Problem
Greenie” section with R _ _ _ Ak e
B Water scarcity is becoming one of the biggest global issues. The unnecessary use of water is a notable problem in worldwide agricultural activity since the
T f 1 irrigation systems used by farmers supply inadequate amounts of water to crops. Using traditional mass irrigation techniques such as manually operated
I n o rm atl 0 n O n setu p sprinklers and/or water channels contributes to the waste of the limited resource.
. . -
instructions, automated .
Our Solution
U Se, m a n U a I U Se, Greenie is an easy-to-use and portable smart irrigation system that allow users to monitor and irrigate herbs remotely, making the gardening process hassle-
. . free. It takes care of different kinds of commonly used herbs in @ smart manner by providing careful maintenance and data that is going to help the plant to
Weathe ri ntegrat 10N y stay healthy. Using real-time information from the sensors, the system will decide whether to turn on/off the water pump automatically. A weather information

is also provided to the users so they can turn on/off the water pump manually based on weather conditions on a given day. Greenie implements a more local

an d recog n i Zed A I exa approach, giving individuals the chance to help their communities and the global population in water utilization
Commands

® Also includes How To Use Greenie
(« Freq ue ntly AS ked Setup Instructions

1. Place the soil and herb on the top container

QueStiO nS” SeCtiO n 2. Fill up the water and nutrient compartment

3.Plug in Greenie




Prototyping












Prototyping: pH Sensor

e Measures the pH level of the plant’s
soil to maintain plant’s overall health

e Current pH level was compared to the
pH scale

e Test Results
o TapWater=7.13
o Vinegar=2.34




Administrative Content



Budget and Financing Proiections

e Estimated costs
Self-funded by the group

e Other components are owned by
the members

e Goal: $500

Total

LCD1602 Module $0 00 $0 00
(already owned)
e, | _-

Atmega328P
(already owned)

Power Supply - |$25.00 $25.00
Portable Battery

Temperature  and | $0.00 $0.00
Humidity Sensor -

DHT-11

(already owned)

o sensor [ sa000 [ e

Piezoelectric $10.00 $10.00
Sensor

Relay Module $10 00 $10 00

Water Pump $15.00 _ $15.00
Wi-Fi Module $15.00 _ $15.00

Wires $0.00 $0.00
(already owned)

Breadboard $0.00 $0.00
(already owned)

Voltage Regulator $1.50
12v

vonage Regl"ator _ %
5V

Final Total = $152.45




Final Budget and Financing

— (Number | fem | cost |
4 | SolWoisturesemor |5 799
5 | Ransemor |5 588
6| Temperature and Humidity Sensor [ - |
8 | Voltage Regulatorkt___[ 51399
9 [ Siiconetubing [ 5 1299
[ towi[s 27sas.




Work Distribution

Task Primary Secondary
Design Angelica None
Sensors Angelica Patricia
Power Supply Kevin Angelica
PCB Kevin None
Database Elliott None
WiFi Communication Elliott None
Hardware to Software Patricia Elliott
Web Application Patricia Elliott




Work Progress

Research

Prototyping

Testing

Overall




Final Comments



Difficulties/Challenges

® Atmega2560 was desired but was out of stock
o Two Atmega328Ps were chosen instead

e PCB hadtwo iterations but LCD did not work as desired
e |Implementingideas planned in SD1 such as
o MERN stack
o Weather prediction included in weather integration
o External battery supply in case of power outage



Future Upgrades

e Minimize space needed by components to optimize system'’s size
e Potential to add more than one herb to be supported at a time
e Incorporate the following

o Automatic pH balancing system

o Weather prediction

o External battery supply



