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Project Motivation

People all over the world decide to take on gardening as a hobby. Even if you have a
green thumb, it is easy to kill your plants by forgetting to water them. It is estimated that
40% of all plants die as they are grown and sent to stores, and 35% of surviving plants
die once in the hands of customers. Members of our Senior Design group are excited to
develop a product that will help to solve this problem and continue to promote such an
enjoyable and fulfilling hobby. The goal for this Senior Design project is ultimately to
create a Smart Herb Garden that takes having a green thumb out of the equation by
automating various gardening tasks for you. With this project, we will be able to spread
the joy of gardening, grant users the satisfaction of harvesting homegrown herbs, and
most importantly - make it convenient.




What does the Smart Herb Garden do?

The working principle of our
project is that each plant has
a moisture sensor inserted
into its soil. When the
moisture level drops low, a
robotic arm moves to the plant
and activates a water pump to
give it water. Plus, the user
can log in to a web application
to view the readings of the
sensors, even if they are
away from home. No more
forgetting to water your
plants!!
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Specifications

e The Smart Herb Garden’s physical structure should be no greater than 36in x 36in x 36in.

e Sensors should not vary +/- 10% in 20 minute period.

e The Smart Herb Garden structure should be able to hold at minimum 2 plants.

e The microcontroller should be able to connect to Wi-Fi and send readings to the website.

e The robot should move from its original coordinate to its destination and water the plant in
less than 30 seconds

e Website should show readings retrieved from the sensors within 10 seconds (with a stable

internet connection)




Demonstrable Specifications

, S Less than 31t x 3ft x 31
e The moisture sensors’ precision will be demonstrated by
testing and comparing the data from the same plants in the Moisture Sensor Within +/- 10%
span of 10 seconds. This is how the sensors are being Precision

tested to ensure that each sensor used is working and
sufficient. Plant Capacity Equal to or more than 2 plants

e The device page on the web application provides the user
with all of the information regarding the most recent and
historical data associated with their garden and plants.
Therefore to ensure quality user experience, the time to load
for this page will be demonstrated.

- Lal : Robotic Motion Time | Less than 30 seconds
e The stepper motors will assist in the autonomous watering
aspect of the garden. It is expected from the stepper Water Pump Time Less than 20 seconds

motors to bring the tubing to the location it is needed in less
than thirty seconds. The time it takes for the robot to go
from its original place to the low-moisture plant will be
timed to demonstrate.

Time to load for the | Less than 5 seconds
Device Page on the
Web Application




Project Block
Diagram

This diagram represents
the overall flow of the
Smart Herb Garden
project which also
highlights the work
distribution of the group
members.
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PCB Design Overview

A prototype PCB (v1.0) was designed using KiCad. It was manufactured by
JLCPCB and has been delivered. Most components were manually soldered.
The PCB has been tested using the Arduino IDE and works successfully. It is
used strictly for testing purposes and serves as a backup.

A second PCB (v2.0) with significant PCB design was designed using Altium
Designer. It was manufactured by JLCPCB and has been delivered. Due to
part shortages, some components were not available. Using problem
solving skills, some components were desoldered from existing
development kits. This PCB is the final product since it has significant PCB
design.




PCB v1.0
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PCB v2.0
Schematic
Overview

Designed
using Altium
Designer

Contains
significant
PCB design
and includes
several
integrated
circuits
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PCB v2.0
chematic Close Up P2
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PCB v2.0
Schematic Close Up P3
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PCB v2.0
Schematic Close Up PAR

e Buck converter to step down
oV to 3.3V. Capacitor, resistor,
and inductor values are
specified by manufacturer
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e LED status light

e Reset switch with various test
points




Start’Herb Garden
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PCB v2.0
Final Product

e The Gerber files
were generated
and sent to
JLCPCB for
manufacturing.

e Components were
desoldered from
another
development kit
and transferred to
this board by
professionals




PCB inside of
Project Box

e The PCB was
placed inside of a
water-resistant box

e Motor controllers
and a relay were
installed alongside
the PCB in the box

e Sensors connect
through holes on
the side




Sensors Overview

We chose to use the Songhe capacitive soil moisture sensor and the Adafruit DHT11 temperature and
humidity sensor for our project. Both sensors were purchased on Amazon and were chosen due to their
low cost, availability, and accuracy. The sensors connect directly to the PCB.




Soil Moisture Sensor

To explain the working mechanism of the soil moisture sensor, underneath the silkscreen, sandwiched
between the layers is copper. The working principle is that as the moisture level of the soil changes
there is an interaction with the copper that results in a change in capacitance. This capacitance is
measured as an analog voltage and values can be read using the serial console on the Arduino IDE.




S e n S O r Time Domain Frequency Amplitude Phase Time Domain | Tensiometers = Granular

Reflectometers | Domain Domain Transmitter Transmitters Matrix
C Omp ari S O]_’]_ Reflectometers | Reflectometers Sensors
Cost High ($50+) Low ($0.40+) | Medium (N/A) Mediu-m  Low (N/A) High ($88+) High
(N/A) ($48+)
Footprint SINEURE SINEIRE Medium (9 Large (9 SINEIRE Medium (7 Medium (7
inches) inches) inches) inch inches) inches) inches)
Frequency oot
Domain Complexity or Few Few Moderate Many Moderate Many Many
Number of
Reflectometers o
DI o A ith High (+- 1%) | High (+- 1%) [ High (+- 1%)  High ( Medi ( Medi ( Medi
. ccuracy wi i +- i +- i +- i +- edium (+- edium (+- edium
as capacitive calibration < ° 9 ° 9 ’ 1(5)) 2%) 2%) (+- 2%)
moisture
sSensors A<_=C_ura<|=y with Medium (+- Medium (+- Low (+- 5%) Low (+- Medium (+- Low (+- 5%) Low (+-
minima’ 2%) 2%) 5%) 2%) 5%)
calibration
Sensitivity to air Low (> 1 inch) | Medium (> High (< 1 Low (> 1 Low (> 1 Low (> 1 Low (> 1
gaps 0.5 inches) inch) inch) inch) inch) inch)
Area of detection  Small (2.4 Small (3.2 Very small Very large Large (30 Medium (8 Large (8
inches) inches) (0.3 square (100 square inches) inches)
inches) square inches)
inches)

Media tolerance Low High Low Medium High Very low Very Low




Temperature and Humidity Sensor

To explain the working mechanism of the temperature and humidity sensor, underneath the blue
plastic housing, there are two electrodes with an absorbent insulator in between. The moisture
content of the air is absorbed by the insulator which causes a change in capacitance. There is
also a thermistor inside the housing as well in which the resistance changes depending on the
temperature. The values are measured as an analog voltage.




Humidity Sensor
Comparison

Cost

Footprint

Complexity or Number

of Component

Accuracy

Able to withstand

harsh conditions?

Availability

Linearity

Resistive
Humidity Sensors

Low ($1.37+)
Small (1 inch)

Few

High (2-5%)

Some models

Readily available
for sale

Nonlinear

Capacitive
Humidity Sensors

Low ($5+)

Small (1 inch)

Few

High (2-5%)

Yes

Readily available
for sale

Near

linear except for
cases with low
relative humidity

Thermal
Conductivity
Humidity Sensors

Low (N/A)
Small (1 inch)

Few

High (2-5%)

Yes

Readily available
for sale

Nonlinear

Gravimetric
Humidity Sensors

High (N/A)
Large (2 ft)

Many

Very high; used to
create standards
(<1%)

\[o)

Not available;
normally is solely
used for
calibration
purposes

Nonlinear

Optical and
Spectral Humidity
Sensors

High (N/A)

Medium (7
inches)

Many

High (2-5%)

Depends on the
form factor

Not available;
largely theoretical
and made in labs

Depends on the
form factor; N/A



Temperature

Sensor

Comparison

Cost

Footprint

Complexity

Accuracy

Range

Area

Linearity

Thermocouples

Low ($5)

Large (1 foot)

Many
components

Medium (2 -
10%)

-260°C to
2300°C

Air in surrounding
environment

Medium

Resistance
Temperature
Detectors (RTDs)

High ($14.95)

Medium (7
inches - 1
foot)

Many
components

High (1 - 5%)
-240°C to
650°C

Air in

surrounding
environment

High

Thermistors

Low ($0.85)

Small (0.5
inches)

Few components

Medium (2 -
5%)

-100°C to
500°C

Air in surrounding
environment

Low

Infrared (IR)
Temperature
Sensors

High
($15.92)

Small (0.5

inches)

Many
components

High (1 -
5%)

-50°C to
1050°C

Single point
marked by
laser beam

Low

Semiconductor-b
ased Integrated
Circuits (ICs)

Low ($0.43)

Smallest
(<0.5
inches)

Few
components

High (1 -
5%)

-55°C to
200°C

Air within a
few
centimeters

High



PCB v1.0 Testing

Earlier in the semester while
waiting for PCB v2.0 to arrive in
mail, 5 soil moisture sensors
were connected to the prototype
PCB.

The PCB was plugged in to a
computer and the Arduino IDE
was used to set the multiplexer
to take in readings from specific
sSensors.

Different sensors were placed in
both wet and dry conditions and
the values were measured.




PCB Testing with Water

479.7
479.6
479.5
4794
479.3
479.2

479.1

The sensors were placed in a cup of water (100% moisture) and the data values were
retrieved. The readings vary between 479.2-479.6. Although the graph looks like it's
wildly fluctuating, if you look at the axis, you will see how close the values really are.




PCB Testing without Water

The sensors were placed on a dry paper towel (0% moisture) and data values were
retrieved. The readings vary between 860.45-860.80. Although the graph looks like it's
wildly fluctuating, if you look at the axis, you will see how close the values really are. In
summary, for 100% moisture, we have around 480, and for 0% moisture we have around
860. These will be our maximum and minimum values to generate moisture percentages.

860.80
860.75
860.70
860.65
860.60
860.55
860.50
860.45

860.40




Significant PCB Design

One of the requirements for SD2 was to include significant PCB design by
including a microcontroller in the design. In regards to this, our group
chose to use the ATSAMD21G18A-MUT microcontroller since it offers
plenty of resources and functionalities that allow the Smart Herb Garden
to work most effectively. The microcontroller has extensive library support
in the Arduino IDE and also provides 256kB of flash memory. It is low
power and provides support for up to 52 programmable I/0 pins. This will
allow us to connect many peripheral devices and be able to have
substantial space to upload our software.




PCB and Sensor Successes and Difficulties So Far

Successes:

e Got to work early during summer to design PCB v1.0 so group could get a
head start.
e PCB V1.0 and 2.0 were manufactured, soldered, and work as expected.

Difficulties:

e Due to part shortage, PCB v2.0 required us to desolder very small
components from another development kit to get the parts we needed,
requiring us to consult soldering professionals so that components would
not get damaged.

e Wi-Fi module was extremely difficult to solder and was damaged. A
backup Wi-Fi module was connected externally and works successfully.
Our board still contains significant PCB design.
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Robotic System Design Overview

The robotic arm was modeled off of an XY-plotter used to build drawing robots. It
includes Linear Motion Shafts, timing belts, stepper motors, and stepper motor
drivers. This type of robot was chosen due to the precision of motion and the
ease of plotting all of the plants in an xy plot. Each plant has an xy coordinate
assigned to it and the robot moves to each coordinate with ease. The robot is
programmed to move to the center of the plant’s location in order for the hose to
water the plant sufficiently. Due to the simplicity of the design, the group decided
to opt out of 3D printing the parts of the robotic arm and instead used brackets
specifically made for NEMA17 stepper motors. This involved various
measurements and testing in order to line up the linear motion shafts correctly.
The next slide will show the inspiration for this design.




Design Reference for Robotic System

As you can see, the robotic arm provides the
ability to move in the XY direction




»
Watering System 6 ‘
The watering system is designed using a submersible pump and relay. Once the
robotic system carrying the spout reaches the correct destination a water pump
is turned on via a relay. The water pump will be submerged in a small tank next
to the planter and will need to be filled by the user biweekly. The water pump will
feed water directly into the vinyl tubing that is connected to the robotic system. It

has one opening at the end that creates a singular stream. The water pump is
programmed to stay on for 6 seconds for optimal watering.




Stepper Motor Consideration ,

Cost
Motor Size

Step Count

Shaft Style

Wiring

Creative 3D NEMA17
Stepper Motor
17HS4401

$9.19

NEMA 17

200 steps/revolution

“D” Shaft

Bipolar

N

5V 28BYJ-48 Stepper Nema 17 Bipolar

Motor

$6.62
NEMA 17

64 step/revolution

“D” Shaft

Unipolar

59Ncm (840z.in) 2A
42x48mm 4 Wires w/
1m Cable &
Connector

$13.37
NEMA 17

200 steps/revolution

“D” Shaft

Bipolar




Stepper Motor Consideration

The selected motors for the robotic system are the NEMA 17 stepper motors
because of its size being very common in robotics and it being readily available.
These stepper motors were chosen because of the high step count at 200 steps
per revolution and because it is a bipolar motor which allows for higher torque at
low speeds, which is a perfect choice for the spout, as it needs to move slowly
from plant to plant to prevent water spillage. The motion of the stepper motors
will allow for smooth, precise movement at a high torque.

S
Y



Motion of Stepper Motors

Alternating clockwise and counterclockwise
motion of the stepper motor shafts has been
tested to move the spout in both positive and
negative X and Y directions. It was found that
when the stepper motor oriented in the X direction
moves clockwise, it moves in the negative X
direction, and counter clockwise moves the spout
in the positive X. The stepper motor oriented in
the Y direction moves in the positive Y while the
shaft is rotating clockwise, and negative Y when
moving counter clockwise

Clockwise CW




Robotic System Successes and Difficulties So Far

Successes:

e Stepper Motor Functionality
o Stepper motors have been tested and move as expected while interfacing with the PCB design, ensuring all components can
run at the same time.

e Program for XY motion

o The stepper motors have been tested going clockwise and counterclockwise in order to create X and Y motion smoothly.
e Design Layout

o The layout for the planter and the mounting of the stepper motors has been successfully implemented.

Difficulties:

e Mounting Stepper Motors on Planter
o The team has been researching the most effective way to mount the stepper motors on the planter while maintaining
structural stability and allowing the stepper motors full range of motion, this was solved by finding clamps that mount on to
the wood.
e Finding correct hardware for robotic system

o Since the team opted out of 3d printing, custom pieces of wood need to be found and cut at our local hardware stores. !"‘E R
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Purpose

An inclusion of a web application in our project will enable the user the
opportunity to view data obtained from the sensors included in their garden
graphically.

This allows the user to remotely monitor the garden. As customer demands
change over time, the team is prepared to adapt and adopt stretch goals to
include more functionality such as two-way communication or a mobile app.




Software Design Overview

What makes a good software design?

e Maintainability
e Testability
e Loose Coupling

These factors drove the decision behind what technology was ultimately chosen
for use in the Smart Herb Garden web application development.




The Microsoft Stack

The Smart Herb Garden web application Why Microsoft ASP.Net Core?
features the following:
v . e Cross platform
-> icroso . ore
-> Microsoft Razor Pages * Open source. e
>  Microsoft Web API e Dependency injection
- Microsoft Azure ® High Performance
- Microsoft Entity Framework Core
-> C#C ® Testable

ASP.NET was designed for modern web
experiences.




Database Considerations

Entity Framework (EF) Core is an object-relational mapper which:

e Enables developers to work with a database using objects
e Rids the necessity to write data-access code
e Automated mechanism for database access and storage

The web application is created using an architecture that supports over 25 different database providers.

EF Core enables the team the flexibility to interchange the database used in the program without the need of
changing any code (aside from some configuration) This allows the project to be easily maintained and
adaptable to the needs of the project may it change over time. For testing purposes the team will use an
in-memory database, for development the team will use SQLite since it is lightweight and fast, but as the
team gains customers and as the demand grows we will scale the database appropriately.

For instance, if demands grow we can opt for SQL Server since it is ideal for enterprise-level data
management and can better handle the increased usage.




Database Considerations

Database Model Product Server Operating System
Stage

SQL Server Relational DBMS | Production Linux, Windows
SQLite Relational DBMS | Development | Serverless

In-memory Relational DBMS | Test MacOS, Windows, Linux,
Solaris, FreeBSD

EF Core supported
database providers

Database

SQL Server

SQLite

MySQL
PostgreSQL

SQL Compact

In-memory




API Protocol Considerations

The team has decided to utilize a REST APl and JSON

Along with REST, MQTT was considered since it is a popular protocol in the world of l10T. This is due to MQTT's
attractive qualities for loT use cases such as being battery friendly (due to its level of simplicity), lightweight,
and ensures reliable messaging. REST is an architecture style and has simpliflied communication between
devices on the web. REST has gained immense popularity and it has has proven to be an effective way to
leverage HTTP. When it comes to selection, using Microsoft’s .NET Web API for building REST APIs is familiar
territory for the team and this is also a big factor as to why REST was ultimately chosen.

Protocol Messages Broker Necessity Transport Protocol Security Protocol
REST GET, POST, DELETE, PUT | Not Required TCP/IP HTTPS
MQTT Connect, connect ack, Required TCP/IP TLS

publish, publish ack,
subscribe, subscribe ack,
disconnect




API Protocol Considerations

A media-type formatter, in ASP.NET Web API, is an object that is capable of both reading and writing CLR
objects from an HTTP message body. Media-type formatters for both JSON and XML are provided out
of the box.

JSON has been chosen as the format for which the data is sent to and read by the API. JSON is already
integrated to work with directly with JavaScript and thus compared to alternative formats such as XML,
JSON is preferred. The speed messages are transferred are also notably faster by use of JSON since the
file sizes are smaller than that of using XML.

Payload Format File Size Message Transfer

JSON Smaller Faster

XML Larger Slower




Sensor Data JSON Payload Example

{

"sensors": [
{

"id": 1,

"values": {
"moisture”: 32,
"temp": 99,
"humidity": 44

Sensor data will be sent to the API using
the industry standard JSON format, which
will include each plant’s moisture,
temperature and humidity as key-value
pairs.

Once this data is received, the API will
validate and store the data.




Cloud Service Provider Selection

Microsoft Azure

s '. Microsoft

Oracle @
Google )

In 2021 Gartner® Magic Quadrant™, Microsoft

was named a leader for Cloud Platforms. @ Sovieie W gem
Naturally, the team has decided upon using @ ibaba Coud S
Microsoft Azure as the cloud service provider to e i
seamlessly align with Microsoft stack. The

advantages the team recognizes with working b

with Azure is as follows: Sigesio: g /75

MariaDB @
(] HUAWEI CLOUD

e The team has experience working with
Azure

e Builtinto Visual Studio IDE

e Azure implements DevOps practices with
use of Azure Pipelines for CI/CD

ABILITY TO EXECUTE

COMPLETENESS OF VISION As of December 2021

2021 Gartner® Magic Quadrant™




Cloud Service Provider Considerations

Provider

Computing Services

Storage

Visual Studio IDE
Integration?

Microsoft Azure

Windows and Linux Virtual
Machines, containers (Docker,
Kubernetes), Azure Functions

Blob, Disk, Queue, File, Data
Lake storage

Yes

Amazon Web Services

Google Cloud Platform

Containers, Virtual Machines,
Serverless Computing

Container security, Virtual
Machines, App Engine, GPU

File, Object, Block Storage

Google Cloud Storage,
Persistent Disk, Transfer
Appliance and Service

No

No




UI Mockup

Smart Herb Garden

e To help communicate the ideas of the web Current Basil Data
application design for the Smart Herb Garden, a Ul “ n
Mockup was formed.

e Adobe Xd is simple to use, powerful, and
conveniently cross-platform. This tool was used to
develop a mockup to visually depict what a user Basil Data Historically
may experience. ~

e The user will be able to click on an herb from the
device page and view heaps of data associate
with this specific herb belonging to their garden.

e This page will strengthen the positive user
experience through the ability to monitor
important aspects of their herbs.

e Here, the user can view the current Moisture,
Temperature, and Humidity levels.

e As well as the current data, from this page the
user can also view the historical data associated
with the herb to gain an understanding of the
trends.




Web Application Successes and Difficulties So Far

Successes:

e Have not faced a large learning curve which has allowed for steady progress
due to familiarity with the microsoft stack and thorough documentation
available online for technology used for development.

Difficulties:

e Storing timestamps in UTC but displaying it to the user in their local
timezone.




Design Constraints

O

02

03

04

Economic

Environmental

Social

Political

Expenses are kept to a minimum
A high cost will impact the product negatively and possibly hinder
its success on the market.

The Smart Herb Garden will not affect the environment negatively at
a notable scale

The team leaves the door open for the possibility to use solar energy
to drive the Smart Herb Garden

As time allows, the team will develop a user’s guide. This way,
customers of all gardening experience, education level, and
experience of device setup can enjoy the Smart Herb Garden

The product will be affordable in an effort to be accessible to more

people

After serious discussion and careful consideration, political
constraints do not pertain to our system and have been disregarded
due to its irrelevance for the team’s project




Design Constraints

0o

06

0/

Ethical

Safety

Manufacturability

The developers will never sacrifice the experience of the user for the
benefit of profiting or completing development at a faster rate.
Shortcuts in design have not been taken nor will short cuts be taken
during development to align with the team’s values and be true to such
ethical constraints.

The group has meticulously and carefully adhered to the different safety
standards which include very detailed soldering standards given by both
IEEE and Qualcomm.

J-STD-001 by IPC

IEEE 802.11

Since 2020 there has been an industry-wide chip shortage
Due to chip shortage, the team has faced difficulties revolving around
the PCB design as a result of part availability




Design Constraints

08

09

10

Sustainability

Time

Testing

The produce will maintain sustainability by having as low of a power
consumption as possible by including parts that have low voltage input
Solar power integration has been considered by the group and remains a
stretch goal

The project faces a near deadline and to combat the constraints of time
the team discusses progress regularly, has created milestones, and
leaves implementations that do not belong in the minimal viable product
as stretch goals (including Solar Power mentioned above)

Each major system in the project (sensors, robotic arm, web application)
is capable of being testing easily and individually without dependencies
placed onto another system

The Smart Herb Garden itself is not large and it is easy to test due to its
small scale

The team does not face a notable amount of testing constraints




Work Distribution

e Lucas is working on testing the sensors and designing a PCB that will work for this project. He
will be working closely with everyone else since the microcontroller interfaces with all
components.

e Charlee and Marcus are working on the build of the robotic and watering system. They are
testing the stepper motors and programming the motors to move in the x and y direction. They
are working closely with Lucas to communicate the motors and water pump with the
microcontroller.

e Jordyn is working on the Web Application that will receive the data collected by the sensors
and display it to the user. She is working closely with Lucas to receive data from the
microcontroller.

Sensors and PCB | Robotic System Web Application

Primary Role

Group Member with Lucas Marcus, Charlee Jordyn ’

Secondary Role

- "‘l ’?«
Group Member with Jordyn Lucas Charlee, Marcus%”




Overall
Project
Budget
Breakdown

ltem Quantity Price

Songhe Capacitive Soil Moisture Sensor Module 2 packs of 5 $10.99 each

Corrosion Resistant

Marvel Star 63 GPH Mini Submersible Water Pump 1 $13.99

EZ-FLO PVC Clear Vinyl Tubing 30 feet $0.16 per foot

Final PCB Design 1 $47.25

PCB SMT Stencil 1 $40.83

SoulBay 30W Universal AC/DC Adapter 1 $16.97

Creative 3D NEMA17 Stepper Motor 17HS4401 2 $9.19 each

Arduino Nano 33 loT 1 $15

Herb Plants 3 $10

Hardware for Pulley System N/A $99.01

Web Domain 1 $2.00

Web Hosting 3 months $55.47 / month ' ’ A
Total ( Estimated ) N/A $411.54 !
Total (to date ) $320.86 '




Robotic
System
Budget
Breakdown

Part Quantity Price

60 Teeth 42mm 2 $6.49 each
Synchronous Wheel

20 Teeth 5mm Pulley 2 $6.49 each
Wheel

6mm Wide Timing Belt 5 meters $14.99
Nema 17 Stepper Motor 1 pack of 2 $11.99
Mounting Bracket

including screws

8mm Linear Motion Shaft |1 pack of 2 $17.89
450mm

8mm Linear Motion Sliding | 1 pack of 4 $15.99
Unit

Linear Motion Rail Clamps |1 pack of 4 $12.19

Total

$99.01




Progression - Sensors and PCB Design

Designed PCB v1.0 using KiCad

Designed PCB v2.0 using Altium Designer

Acquired sensors on Amazon

Manufactured both versions of PCB using JLCPCB

Soldered all components

Tested both PCBs to ensure proper operation

Wrote software to take in readings from sensors and send readings to
website via Wi-Fi




Plans Going Forward- Sensors and PCB Design

e All work for Senior Design 2 has been completed.

e Beyond the scope of the project after graduation, in the future, it would be
beneficial to design a second PCB for the soil moisture sensors that uses
Bluetooth communication to eliminate the need for wires.

e Inthe future, it would be needed to use different PCB components since they
are no longer available due to part shortage.




Progression- Robotic System

e Successfully built the garden’s structure

e Met our stretch goal

o Engineered both X and Y motion
o Programmed X and Y motion

e Programmed the water pump via a relay




Plans Going Forward- Robotic System

e Optimize movement by having x and y move at the same time

e Create an expanded size garden that include multiple linear motion shafts
allowing more plants to be housed

e Add a z direction of motion to allow for plants to be stacked vertically

S
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Progression- Web Application

Created user stories to guide software development
Bought and registered domain name

Setup web server

Created .NET web application project

Added NuGet package for databases

Created object relational models for plants and users
Created database services and seed data

Designed user experience and interface

Developed an API

Added unit tests




Plans Going Forward- Web Application

e User experience and user interface will continue to be modified and
perfected based upon customer demand.
e Creation of a mobile app.




Progression Summarized (% done by category)

Smart Herb Garden - Progress Done

Research
Design

Prototyping
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Testing

Total

50

Percentage Complete




Questions?



