International Journal on Recent and Innovation Trends in Computing and Communication
ISSN: 2321-8169 Volume: 11 Issue: 9
Article Received: 05 July 2023 Revised: 25 August 2023 Accepted: 15 September 2023

Remote Monitoring, Managing & Disease
Detection of Plantation using loT framework

Dr. Aruna Gawade, Dr Kranti Ghag, Rashmil Panchani, Miloni Sangani, Priyal Patel
Department of Computer Engineering
Dwarkadas J. Sanghvi College of Engineering Mumbai
Mumbai, India
aruna.gawade@djsce.ac.in kranti.ghag@djsce.ac.in

Abstract— Living in a country having an Agrarian economy, one of the fundamental objectives of this paper is to cater to the urban class,
who because of their busy schedules don’t indulge in gardening activities. This IoT Application enables the user to remotely access and irrigate
the garden, become cognizant of its current state, monitor the surrounding environment of the garden to steer clear of potential danger and
obtain graphical representations of the data collected from various sensors. Further, this system allows the user to obtain a live video feed of
the plants, obtain information on the ideal requirements of the plant and detect the possibility of any diseases through leaves. At the application
level, a web-app is designed and implemented that can be installed on users phone, thereby bestowing the users with the power to access the

system at their fingertips.
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I INTRODUCTION

Gardens, as per our understanding of them today, are either
food sources or ways to beautify and protect our property. The
concept of gardens dates back to the times when rulers engaged
in home gardening practices and the gardens in the courtyards of
people were popularly known as vatikas. Eventually with the
rapid industrial development and commercialization of various
food products, the concept of gardening failed to remain a norm
and was reduced to a mere pastime. During World War I,
umpteen Americans planted victory gardens in their backyards,
eventually catering to the nation’s hunger with 40 percent of its
homegrown fruits and vegetables. Once the war was over, these
urban farms withered away, and were supplanted by increasingly
efficient and large-scale rural agriculture practices. Similarly,
even in India, the government has been making numerous
attempts over the years to encourage citizens to indulge in urban
farming as it is rightly observed that a family that practices
gardening tends to be slightly more inclined towards adopting a
healthy lifestyle and have more vegetables and fruits. It further
promotes values of science, environmental stewardship and
healthy eating among children. This practice teaches us to
appreciate the value of food better and thereby provide an insight
into the pain that farmers take for producing food. Further, the
materialistic mindset of the urban class will take a liking to the
natural environment.

The eternal need of every human being in this world is
oxygen. Plants play a vital role in maintaining the carbon dioxide
and oxygen content in the air. Number of plants are being
destroyed each and every day for the urbanization process. The
number of plantings made is also reduced. Apart from these
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things more plants die due to lack of maintenance. The main aim
of this paper is to maintain the nature of the plants by
continuously monitoring the parameters leading to the increased
life of both plants and human beings. At this epoch of time,
people are covetous of automating various mundane tasks in
order to enable them to multi-task. Thus, by making a smart
gardening system named ‘Garduino’, we plan to do our bit
towards contributing to a greener Earth.

1. RELATED WORK

One of the cardinal issues that need to be tackled while
building this smart system includes building a robust system that
can be remotely accessed and further handle network failures or
other impediments. By using the principles of Internet of Things
and the multifarious opportunities provided by the usage of
Cloud Technologies, many people have worked on similar
projects in the past decade. To gain ample knowledge of this
ideology, we studied various research papers [1], [2], [3], [4], [5]
that throws light on the methods implemented in the past.

On scrutinizing these papers, we were furnished with the
different ways in which similar projects were implemented by
individuals around the world. Most of the projects employed the
use of the following sensors and devices:

A. Raspberry Pi

Raspberry Pi was the name given to a series of single-board
computers developed by the Raspberry Pi foundation and it
aimed to provide cheap computing facilities to the users. Its
enticing price, operation on Linux and the provision of various
GPIO pins have appealed to people all over the world to use it
for learning programming skills, build hardware projects
involving automation and solving many industrial problems. To
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remotely access the Raspberry Pi over the internet methods such
as Port forwarding and remote SSH are widely used [6], [7]. The
system will be connected to the internet through WiFi and a
cloud interface will be created to control the appliances from a
remote location. One disadvantage subjective to different
applications is its incapability to read analog signals and its
exorbitant price as compared to Arduino.

Figure 1. Raspberry Pi and Arduino to show the sensor values on an LCD
Display monitor [14].

B. Arduino

Arduino, an open-source system, which is widely used in
many projects involving the Internet of Things (10T) consists of
a physically programmable circuit board (which is often re-
ferred to as a microcontroller) and the software part (Integrated
Development Environment) which can be conveniently used to
write and upload the code onto the physical board. With the help
of some code, arduino can effectively interact with light,
temperature, pressure, proximity and moisture sensors which
can be used in projects similar to our proposed smart gardening
system. While an advantage of Arduino is it’s easy to understand
structure and libraries, a major disadvantage in such projects is
its lack of internet connectivity, small RAM capacity and its
design of not being able to multitask [8], [9]. Thus, it can be
useful as a dedicated device but not as an integrated one.

C. Relay Module

A key component of any smart gardening system is its
irrigation module since giving an opposite amount of water to
plants is an imperative aspect of gardening. Relays basically
serve as switches that are used for disconnecting and connecting
the circuits electronically as well as electromagnetically. The
advantage of relays is that it takes a relatively small amount of
power to operate the relay coil, but the relay itself can be used to
control motors, heaters, lamps or AC circuits which themselves
can draw a lot more electrical power [10]. Thus, this can be
effectively used to manage the water supply to the plants with
the help of solenoid valves when low moisture content is
detected by sensors.
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D. Temperature, Humidity and Moisture Sensors

For obtaining the requisite values pertaining to the
environmental conditions around the plants, various sensors are
used. The temperature and humidity sensors apprise the user of
the prevailing weather conditions around the plants which play
a crucial role in determining the amount of water that the plants
may need [11]. Further, the moisture sensors available are of
capacitive or of resistive types [12]. Across different papers, the
advantages of capacitive moisture sensors have been delineated
as it is made of a corrosion-resistant material, thereby giving it a
long service life.

I1l.  PROPOSED METHODOLOGY

The various approaches enunciated in the numerous research
papers aid people to locally monitor the plants and automate the
tasks by giving instructions over their local network. Our
proposed methodology involves capacitating the users with the
ability to give instructions and monitor their plants over a remote
network via a web application to provide a lucid interface to
users who are not acquainted with the intricacies of
programming.

The working architecture diagram of our system as per our
final methodology has been shown in the figure 3 below.

A.  Explanation of The Proposed Architecture

The sensors along with the relay modules are connected to
the Raspberry Pi.

The Relay switch will be further connected to the solenoid
valves that will be responsible for controlling the water irrigation
in our system.

The Raspberry Pi will act as the central station where the data
will come from all the sensors, then they will be processed and
then they will be pushed to the Hosted Web Service.

Upon receiving the signal to water the plant, the raspberry pi
will instruct the relay switches to activate and water the
particular plant.

Thus, upon receiving the command from the user regarding
irrigation or the live video feed of the plant, the raspberry pi
activates the appropriate modules and helps the user perform the
desired activity.

Thus, the sum and substance of the connections between the
Raspberry Pi and the web-server are provided in the figure 2
shown below:

Sensor Data
& Raspberry Pi - Hosted Web Sevice - User
Video Feed
Relay Switch

Figure 2. Diagram showing connections between Raspberry Pi and web
Sserver.
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Figure 3. Architecture

B. Proposed Modules

1) Data Collection and Processing:

The Data Collection module forms the basis of the entire
paper as the various decisions are taken by a relative comparison
of the data obtained by the various sensors with the ideal
threshold values mentioned in the information system.

Further, the data collected over a period of time can help
provide valuable insights to the user regarding which approach
of irrigation was a success and which was a failure. The
statistical visualizations can help the user to analyze the data
over a period of time and get a summary of the same. It can
advise the users who are amateurs at gardening regarding the
ideal setup and conditions for different varieties of household
plants.

2) lrrigation Module:

The irrigation module of the system is implemented with the
help of moisture sensors, relay module, the information system,
raspberry pi and the solenoid valves connected to the pipes for
regulated water supply.

A Flowchart depicting the working of the irrigation module
has been shown in figure 4.

The air temperature, air humidity and soil moisture values
are taken from the sensors and are compared with the threshold
values in the data management system to decide on the
appropriate quantity of water that the plants may require.
Further, there are two provisions provided in the web
application: Automatic irrigation (where the system takes timely
readings and decides on the quantity of water) and Manual
irrigation (where the user controls the system and instructs the
system to water the plants). A toggle button is provided to switch
between the two features.
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Initialize all the
parameters.

Sync Sensor Status,
Manual Settings and
Update Sensor Values
Execute Manual Manual Execute Automatic
Watering Mode? Watering
Ring Ring
Buzzer Buzzer
Sync Manual Control Sync Automatic PassSensor Data to
Settings Control Settings Fuzzy Logic
Controller (FLC)
Perform Sequential
Irrigate According to Irrigation for all the Usa the Defizzified
{«— Irrigation Time output
the Control Signals valid plants according from FLC
to the FLC output.
Update Hasura
GraphQL Engine

Figure 4. Flowchart depicting working of irrigation module

3)  User Module and web hosted service:

The other part of the entire project consists of the Software
part where the user gains the ability to tap into the garden system
and perform various functions that the person wishes to perform.

The user will use the web app to control his/her garden. The
person can perform the various activities such as:

e Setwatering schedule.

» Visualize Temperature, Humidity, Soil Temperature

and Moisture and light data.

» Search information of the various plants.

«  See requirements by the plants in the various stages of

growth

» To maintain soil temperature water can be regulated

automatically.

»  Automatic and Manual Irrigation.

»  Keep track of the age of the plant.

»  Ability to view and store the information of each plant

grown.

To visualize how the user will get to communicate to the
Hosted Service refer figure 5.

Send Instructions

Request Information
on palnts

Live video leed

&

Cloud Hosted

S Send latest
Sensor data

Send R
Information

Involves:
Viewing current plant state(Live Feed)
Sensor values

View historical data
Record various plants grown
Ability to track plant's fruit cutput count

Manage and Schedule Irrigation time

Figure 5. Web Hosted Service and User Implementation
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As clearly seen from the diagram the Web app will be
communicating with the Hosted Web Service which will be our
center point. It will be the place where all the data will be stored,
and one can access the information stored there anytime and
request the latest data also.

This will trigger a request to the Raspberry Pi where the data
will be collected from the sensors and will be posted to our
hosted runtime.

With the other features, our main goal is to provide the user
with a database of various plants with their climate, water and
soil requirements that are essential for the growth of the plant.
We will try to provide a step-by-step guide on how to take care
of different plants and help them detect any deficiencies that the
plant might be facing.

4)  Fuzzy Logic Controller for smart irrigation:

A fuzzy logic controller is designed to determine the time
required to water each plant. A rule base is designed for 2
different sets of input variables; for air temperature and air
moisture and for soil temperature and soil moisture. The
intermediate variables (s1, s2, s3, al, a2 and a3) from the air and
soil components are further used to compute the final time in
seconds according to the output rule base (the output variables
being w1, w2, w3, w4 and w5). The different parameters are
divided into 5 distinct categories: very low, low, medium, high
and very high respectively. Further defuzzification is performed
by using Mean of max method.

The mean of the recommended range is taken into account to
give a crisp output value for the irrigation time.

The basic rule base of the methodology has been shown in
the in the figures 6, 7 and 8.

STemp\SMois VLow Low Med High V High
VLow X X X s1 X
Low X X sl s1 s1
Med s2 s2 X s1 s1
High s3 s3 sl X X
V High s3 s3 s2 s1 X

Figure 6. Rule base for Soil Parameters

ATemp\AMois V Low Low Med High V High
Viow X al al X X
Low al X a2 al al
Med a2 az X al al
High a3 a3 a2 X a2
V High ad ad ad a2 X

Figure 7. Rule base for Air Parameters
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A\S s1 s2 s3
al wi w2 w3
a2 w2 w3 wid
a3 w3 wid w5

Figure 8. Output Rule Base

5) Leaf Disease Detection:

The economy is highly dependent on agricultural
productivity during a year. The farmers have to be vigilant about
potential diseases that the plants may be exposed to are already
suffering from. Thus, the existing method of naked-eye
observation of the plants becomes very inefficient. An automatic
detection technique would take less time, effort and would be
more accurate. It has been found that the first signs of diseases
are conspicuous on the leaves of the plants and thus various
researchers have used image processing techniques to detect
potential diseases.

The classification of common diseases is done by training the
model with a dataset consisting of 14 different plants and testing
on the picture of the leaf captured by the User’s phone which is
to be uploaded on our web app. The basic workflow of the
methodology has been shown in the flowchart in the figure 9.

NAME OF THE
DISEASE

1

Figure 9. Flowchart for Leaf Disease Detection

6) Live Image stills of the Garden:

This module is implemented to help the user in monitoring
the plants by obtaining the live feed of the plant and protecting
it from possible intrusions.

C. Workflow of The System

The flow of data in the system has been explained in figure
9 with the help of a data flow diagram depicting how a user will
be able to interact with the system and what data flows from
where to where.
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Figure 10. Data Flow

The various features which involve the movement of data as
depicted in the diagram, are as follows:

1) Ability to Add a plant:
The user can add a plant to the garden and attach several sensors
to it such as solenoid valve, soil moisture/temperature sensor,
etc. The information of this plant is added to the Hasura
GraphQL engine and the Ul of the user is updated.

2) Read Sensor Values:
The user is able to track the sensor values such as the temperature
and humidity of the environment around the plants, the soil
moisture and the amount of light falling on the plants. The
Raspberry Pi collects this data from the sensors and forwards this
information to the cloud platform after processing it. Finally, the
App can access these readings from the cloud.

3) Irrigation System:
The user sets the irrigation schedule for the plant or uses the
recommended settings. The system automatically updates the
Raspberry Pi to irrigate the plant. The Irrigation System uses the
Information System to decide whether the plant requires water
or not. Then the user is notified about the same.

4)  Information System:
The amount of water that needs to be supplied to the plants relies
on its current conditions. The information system consisting of
the ideal growing conditions required for these plants will
facilitate the system to determine if the soil needs more water
supply based on the current temperature and humidity of the
atmosphere around.

5)  Fuzzy Logic Controller for Smart Irrigation:
The concept of a fuzzy logic controller is used to decide the
opposite time required for irrigating different plants. The
atmospheric temperature and moisture values, along with the
soil temperature and moisture values are taken into account to
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decide on the irrigation time for each plant. A rule base is
constructed for the input and output variable which aids in this
process.

6) Tracking Plant Growth:
The system facilitates the user to update the status of the plants
by entering various stats like the height, fruit output by the plant,
the number of harvests done etc.

7)  Live Image Stills:
If the user wants to have a visual overview of the garden, then
the user can request live image stills of the garden via the
webcam installed in the garden. This feature then sends an auto-
generated email with 10 images from the garden to the users
registered email-id.

IV. IMPLEMENTATION

A. Irrigation Module

The irrigation module is implemented using raspberry pi,
Arduino UNO, solenoid valves, PVC pipes (lead-free), relay
switches and Capacitive Soil Moisture sensor.

TABLE I. IRRIGATION MODULE COMPONENTS

Name Quantity | Specifications

Raspberry pi model | 1 RAM of a minimum of 2 GB

4 is required.

Arduino UNO 1 A standard board  for
recording analog data from
moisture sensors is required.
A relay switch with 8

8 Channel Relay |1 channels working on 5V input

switches from raspberry piisrequired to
at least operate 24V
appliances.

8 8 x 24V DC solenoid valves

are required to operate on 8
different plants.

length of pipe varies on a use
case basis. Required 7ft. long
pipes along with connectors to
directthe flow ofwater.

The versionused is V2.0 which
is an analog sensor. Operating
voltage range of 3.3 5.5V.
Output Voltage DC 0-3.0V.

Solenoid valves

PVC (lead-free) | T7ft.
pipes and connectors

The capacitive | 8
soil moisture sensor

B. Data Collection and Processing

The data collected is used for further processing and for
enabling the system to make smart decisions on its own. Various
sensors are used to implement this module, the details of which
are specified below:
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TABLE II. DATA COLLECTION AND PROCESSING
COMPONENTS
Name Quantity | Specifications
Operate VVoltage: DC35.5V, !:4
DHT22 air temperature | 1 TemperatureRange:-40°C 80°C ,o."
and humidity Humidity Range: 0 100% RH, Qgﬁ
Temperature Measurement ‘g

Accuracy: £0.5 °C
HumidityMeasurement Accuracy:

2% RH.
DS18B20 soil Temperature Range: -55t0 125°C
temperature sensor 1 (-67°F to +257°F), +0.5°C

Accuracy from-10°Cto+85°C,
Usable with 3.0v to 55V

power/data.
LDR lightsensor 1 Operating voltage: 3.3V — 5V Figure 12. Fig. 11. The connection of various sensors for data collection
Output: Analog & Digital d
Raspberry pi 1 Covered in TABLE I. D.  Fuzzy Logic Controller
Arduino UNO 1 Covered in TABLE . The graphs for the fuzzy logic controller are shown in figures
C.  User Module and Web Hosted Service 12 & 13. They depict the range selected for both input and output
. . variables.

The remote access to the smart garden is a crucial aspect of e s
this paper. The details of the technologies used for implementing ”° —
the user module are specified below: ;(q = :&w

1)  Hasura GraphQL Engine: > } GRS SRt N BN

This provides us with a hosted- cloud platform through U A m;.j ® & % &
which we can query and mutate the database using the GraphQL et | .
language. It also pro- vides us with the functionality of |, S
subscriptions through which we can keep track of any updates in uas o
the database. R S T S T s

2)  Heroku Microservices: 10 {

Various NodeJS Servers incorporating business logic are t‘ - E—d:
hosted using Heroku microservices which ensure smooth ey g
interaction between users and the Hasura GraphQL Engine. wos z e =
Information, disease detection and Authentication systems are S b o sadis -
implemented by hosting them on Heroku. s st e

3)  Web Application: S =="

The user web application is built in React JS which . = = ‘ = ';
communicates with the database and microservices to provide a
user, who is a novice at gardening, with an easy interface of Figure 13. Fig. 12. Plot of Input variables to the fuzzy logic controller
autprpatmg procedurs. : i e

. ’ i 20 ] z ‘ ,

: \

Q64 ’/ \ \ " : :::. Low
— Mo
‘ \ A = toon
as 4 \ f e Nty Mighy

Figure 14. Fig. 13. Plot of Output variable from the fuzzy logic controller

Figure 11. Fig. 10. The setup of our plant with the valves and sensors
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E. Leaf Disease Detection

To implement leaf disease detection module, a convolutional
neural network architecture is built that consists of various
Convolution layers, Max Pooling layers and Dense layers with
relu activation functions. The model summary can be seen in
figure 14. The data set used for the training consisted of 15
classes and over 1000 images in each class. The dataset is picked
from Kaggle named PlantVillage Dataset [13]. The model is
trained in Google Colab using Keras, Tensorflow and Sklearn
for Model building, training, data preprocessing and evaluation
of the model.

One key feature to be noted here is that the model is only
trained to differentiate between 15 classes of various diseases in
some plants. A much deeper and much wider range of dataset
has to be collected to build a model that is able to generalize well
over any inputs provided to it.

apprising the user about the environment around the plants.
Further, the user can be notified of possible intrusions around the
plant. The image stills are sent to the user on his registered email
id.

TABLE IlI. LIVE IMAGE STILLS COMPONENTS
Name Quantity Specifications
Web Cam 1 at least  720p
resolution.

Model: "sequential”

Layer (type) Qutput Shape Param #
conv2d (Conv2D) (None, 256, 256, 32) 896
activation (Activation) (None, 256, 256, 32) o
batch_normalization (BatchNo (None, 256, 256, 32) 128
max_pooling2d (MaxPooling2D) (None, 85, 85, 32) o
dropout (Dropout) (None, 85, 85, 32) [e]
conv2d_1 (Conv2D) (None, 85, 85, 684) 18496
activation_1 (Activation) (None, 85, 85, 64) o
batch_normalization_1 (Batch (None, 85, 85, 64) 256
conv2d_2 (Conv2D) (None, 85, 85, 64) 36928
activation_2 (Activation) (None, 85, 85, 64) o
batch_normalization_2 (Batch (None, 85, 85, 64) 256
max_pooling2d_1 (MaxPooling2 (None, 42, 42, 64) o
dropout_1 (Dropout) (None, 42, 42, 64) (]
conv2d_3 (Conv2D) (None, 42, 42, 128) 73856
activation_3 (Activation) (None, 42, 42, 128) (o]
batch_normalization_3 (Batch (None, 42, 42, 128) 512
conv2d_4 (Conv2D) (None, 42, 42, 128) 147584
activation_4 (Activation) (None, 42, 42, 128) o]
batch_normalization_4 (Batch (None, 42, 42, 128) 512
max_pooling2d_2 (MaxPooling2 (None, 21, 21, 128) (o]
dropout_2 (Dropout) (None, 21, 21, 128) o
flatten (Flatten) (None, 56448) o

dense (Dense) (None, 1024) 57803776
activation_5 (Activation) (None, 1024) o
batch_normalization_5 (Batch (None, 1024) 4096
dropout_3 (Dropout) (None, 1024) o]
dense_1 (Dense) (None, 15) 15375
activation_6 (Activation) (None, 15) o

Total params: 58,102,671

Trainable params: 58,099,791

Non-trainable params: 2,880

Figure 15. Fig 14. Model Summary for leaves disease detection

F. Image Stills of the garden

Live image stills of the garden can be remotely obtained even
when the user is away from his local network. This can help in
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V. RESULTS AND DISCUSSION

By | ol

Figure 16. Fig. 15. Plant Information Page

Your plantlings

MG

Bell Pepper

Tomato Tomato

Your Schedule

Your selected timings

Figure 17. Fig. 16. Dashboard of Plants in User’s Garden

’ Tomato o
\ Age: The Plant is 80 days old! Date of Sowing: 2021-01-09
Channel: ch_3
- T =

Tomato

Cherry tomatoes are small, round, ch
highly-priced culinary as well as it is ar

fruits of the family Solanaceae. Cherry tomato (Solanum Lycopersicum var. cerasiforme) is a
ntal vegetable

Cherry tomato is a shallow-rooted crop. Thus, it is not drought resistant It is mainly sensitive to water stress during fruit setting period. When
the weather is hot and dry flowersand fruits drop simply. Therefore, irrigation must be applied frequently to maintain steady growth.

Popular Varieties of plants that you can grow
~Sweet Million : bears long clusters of sweet yet tomatoey red fruit
-SunSugar: produces super-sweet, richly flavoured golden fruit

+Black Cherry: tomatoes have a complex, rich, sweet flavour.

Figure 18. Fig. 17. Plant Detail Page
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Figure 19. Fig. 18. Visualization of Sensor Data

a5 Garduino 2, Welcome John Doe (@
A
Age: 8 Manths 12 Days Old  Sawing Date: 3rd March 2020 c’
Eait
Fruit Count: N/A Growing Stage: Adult
\ Uproat
Maonitor Plant
Aloe Vera
Plant Details  Growth-conditions Planting-instructions  Recommendations ta boost growth  Current S data v
Temperature
Biot of Daily tamparatura trands
L=
§ =
g 3
E
= =
Haver or click ta view the values

Repository of Plants

Description
The radish (Raphanus raphanistrum subsp. sativus) is an edible root vegetable of the family Brassicaceae that was domesticated in Asia
prior to Roman times. Radishes are grown and consumed throughout the world, being mostly eaten raw as a crunchy salad vegetable with a
pungent flavour

Climate Requirements:

suited to a cool or moderate climate. A

Radish is very specific in its climatic Iy, Radish is
fong day as well as high temperature results in boltings before proper root development. Also, the roots become hard, pithy, and pungent
before reaching maturity. It develops best flavour, texture, and size at cooler temperatures between 10-15 C.

Ideal temperature requirements: 18°C and 29°C.
Ideal moisture requirements:80% to 90%.
Potential Diseases:

Radishes can he attacked by anhids and mot mannats Pinch aut infacted foliaos |isually radishas arnu sn auickly that nests ars not 2

Figure 22. Fig. 21. Information System for 15 commonly home-grown plants

Figure 20. Fig. 19. Plant Sensor Data Page

’ Tomato

\ Age: The Plant is 142 days old!
Status: Alive

Channel: ch_1

-

Date of Sowing: 2020-11-08

Fruit Count: 1

Manual Control

Move the Slider to adjust the time for which you want to irrigate the plant

ime: 20 saconds

—_—

Figure 21. Fig. 20. Manual mode Irrigation of a particular plant
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A5 Garduino 2, Wetcome John Doe Q@)
Choose Irrigation Mode %¢® Sensor Control Panel &
Automatic Moisture: | ©]
@® Manual

Note: You are on Manual mode,
selecting this will disable the
automatic irrigation and you will have
to manually control the valves.

Temperature: [ @]

Motion - detector [ @)

Figure 23. Fig. 22. Plant Monitor Page with video feed from the camera
installed in the garden.

Apart from the web app, the model we have trained earlier
for our Leaf Disease detection, has tested to be 89.09% accurate
on the Training data and 68% accurate on the Test data. The
training and the validation loss and accuracy plot provides
enough information that there is scope of improvement in a
better model approach. We simply lack the resources to build the
network and train it. Figure 23 and 24 depicts the graphs of
Training and Validation Loss and Accuracies.

1550



http://www.ijritcc.org/

International Journal on Recent and Innovation Trends in Computing and Communication

ISSN: 2321-8169 Volume: 11 Issue: 9

Article Received: 05 July 2023 Revised: 25 August 2023 Accepted: 15 September 2023

Training and Validation accurarcy

0.8 1

0.6 1

0.4 1

0.2 1

= Taining accurarcy
— Validation accurarcy

0 5 10 15 20 5

Figure 24. Fig. 23. Plot of Training and Validation Accuracy.
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Figure 25. Fig. 24. Plot of Training and Validation Loss

VI. FUTURE SCOPE

The paper can be extended to include various other features as
well:

Early detection of diseases is a major challenge in the field of
agriculture science. In the early days the pest identification was
done manually. It is very time consuming and it also requires
continuous monitoring by experts. The farmers try to organize
regular spray programs without considering the presence of pests
or the density of pests. This process inversely affects the
environment.

Thus, the scope can further be extended to automating the task
of detecting pests. An IR sensor and ultrasonic sensor can be
used to detect the number of insects and their subsequent growth.
Further through OpenCV and Neural networks we classify and
recognize the type of pest.

Further, pH sensor can be used to determine the quality of water
being supplied to the plants since much of the water today is
highly polluted. This can prevent the plants from getting
affected.

By using motion sensors and appropriate image processing
techniques, an alarm system can be set up to alert the user if a
bird or an animal makes an attempt to harm the plant.
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Further, a disease detection module can be implemented to
detect potential diseases from the leaf by image processing
techniques.

This system can also incorporate Hydroponic/Aquaponic
method of growing plants in order to obtain higher efficiency
and yields by controlling Air Temperature and moisture, Water
Temperature and its nutrients.

VII.  BENEFITS AND SCOCIAL IMPACT

Promotes a healthy lifestyle by imparting the values of
appreciating nature, cultivating home-made, organic vegetables
and fruits and ensuring that greenery is sustained amidst the
rising levels of pollution.

Encourages people, who tend to avoid gardening due to their
busy schedules and frequent travelling, to continue taking care
of their plants by automating tasks and educating them with the
ideal conditions for plants.

Prevents the untimely death of plants due to diseases.

Aids in the conservation of water as the system decides on the
appropriate quantity based on multifarious factors and
requirements.

It will help in water conservation which in turn will have a
positive impact on the environment. The system will help in
increasing the green cover in cities.

VIIl. CONCLUSION

The authors were successful in implementing the proposed
design and the prototype of the smart garden for agriculture.
There are various features that can be added as a part of the
future scope which are mentioned above. This prototype can
further be used as a part of a bigger paper catering to huge
agricultural fields and greenhouses.
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