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Abstract

In daily operation related to watering the plants are the most int@ot cultural practice and

the most labour-intensive task. No matter whichever weather ither too hot and cold or

too dry and wet it is very crucial to control the amount of watesiakes to the plants. So, |

will be effective to use an idea of automatic plant wateraygtem which waters plants when

§Z C v 13X Vv Ju%}ES vE % 3 }( 3Z]° %o ERiZB)ASHToEW X AZ v
reduce manual activities for the human to wilering plant, an idigalant watering system is

adopted. The method employed to monitor soil moisture level continuouslyaddcide

Az 3Z @ A § E]JVP ]+ v 1@ viSU v Z}A%p Z34Fhis)dojéet v lv
er supply, relays, solenoid valvep A&

thatﬁsmsor senses

re level of sensor is less

can be grouped into subsystems such as;

shield, Soil moisture sensor ang .
Essentially,% desi@h and programmed in such wa

the moisture level of plalits at particular instance of timenibis
S§Z v SZ *% ]( Aop }(3ZE «Zlo AZIMEZ} 8260 ® H3V po @ @bolov

water need then the d

threshold value.
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Product Soecification

Requirement ID SRS-GSM-001

Title GSM Module

Description System includes the GSM module, which sends alert SMS
the recipient and receive a SMS from the user.

Version Version 1.0

Requirement ID

SRS-MicrocontrQllefo1

Title ATmega328p

Description System includesie microcontroller which usually comes \
Arduino Uno. thi@microcontroller reads the reading from th
sensor and contMls the overall system.

Version Version 1.0

Requirem

Title

Description d humidity sensor, wh
keeps track of the current tempera@ire and humidity valueg

eading back to
Version

Requirement ID

Title

Description j which takes the
the soil an s the reading

Version

Requirement ID

Title

Description D interface for the user, which disp
the reading py the different sensors in the system.

Vesion Version 1.0
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Chapter 1: Introduction

1.1. Amof the project:

Since nowadays, in the age of advanced technology and electronics, the lgeoftyie

human should me smart, simpler, easier and much more convenienth&efore; there is a

needfo® u vC p3}u 8§ Ce3 ue ]Jv Zpu v[e ]oC ofF TFIES]W]BISE - |
and jobs. Here an idea of one such system named as automatic planingasgstem is very

useful. As many people are facing a lot of problem watering the plants ing#rden,

especially when they away from the honge. This model uses sensor technologres wit
microcontroller in order to make a smarg@witching device to help millions edple.

(Agarwal, 2015), (Duzic&Dumic, 2017)

In its most basic form, system is programmed in such a way that sotlumogensor which
senses the moisture level from the pla icular instance of tinmapitture level of the

particular p v §Z
reaches to the p ined

addition, system repor
plants and gets SMS fra
shield.

E e - o] &J}A%o0 v$ §
mi d tempesdnser
as an induehen wateringy

Circuit Sensars

1

Interface Circuit

Figure 1 system block diagram
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1.2. Motivation:

The motivation for this project came from, that plants are very beradfto all human beings
in many aspects. They produced oxygen and helps in keeping the environmegitalyh So,
many people like to have plants in their homes and backyards. These plantdeendent
on breeding conventionally for instance provide the right amount of water supply to sustain
life and growth. Many people forget to water their plant on a bsshedule of day and due
to that many plants suffers disorder and ultimately diégart from that another big problem
in the modern society is the shortage of water and the unplanrezlaf water inadvertently
results in wastage of water. It is a big task to utilize water supplspurces in a proper way
thus, a system is required to handle this gsk automaticallyautomatic plant watering
system, the most momentous advantage is jat water is only supplies\phe-set threshold
value of the soil moisture sensor goes b . This saves lots of water even inggjez b
irrigation systems. (D Divani, 2016)

All those problem can be rectified b et automatic plaatering system in which

with the pr ' human e them ease
rather than water

Fort
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1.3. Layout of Report:

Chapter 2 (Background Research):

A detailed literature review was conducted on an Automated plant wagesiystem itself and
related areas. A fundamental knowledge was obtained by the author on teadfiesl@and
components which are utilised by the system later and how these itoasts interface with
one another. This chapter will outline the functions of tegstem and different sensor
technologies including GSM module. This section of the report is bgsfeainost important
% ES }( $Z & &ddandhe kelySdspect of the system.

Chapter 3 (Project Design):

This chapter goes ia details that how the h@lware and software design of the system was
completed. It also includes the detail of different componentsemehosen for the
project how they perform in terms of functionality to build@ly functioning system. It also

em. In the sof jgrsection,
ow Whij e hardware.
W deSign ofsglstem which

hardware and software dgsi ' stem nd to ensure Mat the system ig abiat is
supposed to do.

Chapter 5 (S?E i . , \
This chapter s through the briffgist ioR.afaalft safety dmdadtco eration must

be kept in mind while doing thesdlitype 2n surroundethbyheavy types of
machinery.

Chapter 6 (Conclusion and Recorfimen m
In this chapter, of the report auth§ golisdhsaughsiad®how the projgas completed and
what problems that author faced duringg oject and how allsh@roblems solved. Any

recommendation made for the future work which makes the system more reliabte
efficient for the end users.
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Chapter 2: Background Research

2.1. Background of the System:

IS Z v eSu ] Jv §Z < Z}}o (UBqgksthat the plants dre very imperative
for all the humanity in many aspects. As they keep the environmergahdby producing
fresh oxygen time to time. Automatic plant watering system have been seen becomiriy
more with the rise in the everyday objects being connected to the ackériechnologies,
these systems are implemented at a growing rate. Places like homes as well dsigtniah
levels. The main use of these systems is efficiency and easy to use.

Plant watering system provides the ability {8 plant lovers to take of theme plant while
they are awayt through the use of efficient reliable components such asréffit types
of sensor technologies.

There are several different/uncomplica of indoor plant watgesystem, depending

Plant WateMV 8 sful Mem. The basic
premise of the pl ateg@ng spike is the fact that it is a regerv sically waters the
plant through capillary ag paimic. A small plastic tube
goes from the spike to #he nearby reservoir, and when soil nfistureefdil goes low it
automatically draws waller through the devicegat®ghe soil. Thi@ basic systarbec shown
below infigure 2

Indoor Drip Watering Systent this system can take the guesswork out of watering the plant.
As it is not necessary to remember when was the reservoir refilled last tirselbnontained
pots. Instead it is possible to run a drip system to those same pots andtimera However,
for minimal maintenance watering this can be ideal. But one strateggéep kn mind when
using those watering system is that there is no way for the dithépot itself to regulate the
water flow, as it does with most self-watering pots. Timer will tam and drips water for
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certain amount, then turns off. One disadvantage of this is that if plantot require much
water, there is a chance of over watering them.

Dr|p System
B W W

\ ' Over Flow Drain

i Water
\ Pump

Reservoir

Figure 3

frequently. In addition, thé

system will be discu )
the frequenth system 8
to real time e s such as soill

SO on.

art automgtkht watering
hésmwtegies include

Pagel5of 77



Some of the important smart watering system is illustrated below:
Arduino Based Automated Plant Watering System:

Block Diagram:

POWER
SUPPLY

ARDUINO  ____  EXTENSION

MOTOR/PUMP  Se—

BOARD
UNO
WATER MOISTURE
SPRINKLER T 1 v SENSORS
Figure 4 Automatic plant i ock diagram (Devika S, 2017)

According to t em tl@re are two functional compognts i i.e. Moisture
sensor and motor/water gfmp. In its most basic form moistul sensor senseofahel soil
moisture. Then motor/wgter pump supplies water to plants.

IS
s
T7HE. N Y m .
T Bl
w— RESET Ard 0L o Ici
w— RESETZ Un RO fe
— AL (RW3) 0] e |
— 03 e !
: ! SERVO 1
O p— | {
MOISTURE SENSOR 1 )
L
e half
IOISTURE SENSOR 2 o7
l H-bri SERVO 2
A3 ) | 1 1.26N 16 S v G
MOISTURE SENSOR 3 MDA PAM DS 2 3] -
w |
— A SYPAM 019 1A 15
MOSLPWM D11 ; 3 1Y & i-——-au
MISOD12 13
i HEATSI)
ann | 5] / AND GROU! 12
w i J
1CSP2 NISO e —
1C5P2 SCK frmm L o upl
KD MO fomem et Vs 14N
GO
1l:
I
Vee

Figure 5 Schematic of the system (Devika S, 2017)
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Schematic above ifigure 5 describes the overall behaviour of the system. Project uses
Arduino Uno to controls the motor. It consists of H-bridge which rsitthe flow of servo
motor i.e. clock or anti clock direction. Moisture sensor measures the lewsslilodind sends
the signal to Arduino then Arduino will open the servo motor if wisigts required. Then the
motor/water pump supplies water to the plants until the desired nwais level is reached.

Fam the prototype aboRe iri Gl @ moisture level and sends
[ ith tleép rof H-bridge and
soft2egika S, 2017)
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Arduino Based Automated Plant Watering System with Message Alert:

Block diagram of the system is shown beloigare 7

Wireless
Medium

GS5M
Module

Arduino

Sensor
Circuit

edure of tR®grammed
t forwardly associdied w
efduthis project is to notify
rall systhowin below in

the user by sending S
figure 8

$8:. BE 2szza858 w2

: S
E =
o "
el w
F BRS
s 1 &|8
" ;i ulz
2 < als
»
): nl\‘-,
- ? GSM Module
Note Voc depenay Upan GSM Modide Input power =
@0

CircuitDigest

Figure 8 Schematic of the System (Scribd, 2018)
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2.2. Sensor Technology:

AN yel@E - Al AZ] Z % E}A] « pe 0*%Bu3%d U3 u]veEE % ws 3}
(Engineering.nyu.edu, n.d.)

Sensor is a device that perceives and reacts to some sort of contributionthe physical
environment. The specific data could be light, heat, motion, moisture, pressuaay of an
incredible number of other natural marvels. The yield is general a banaeistohanged over
to understandable show at the sensor location or transmitted electronicaliyppleted a
framework for examining or further taking care of.

Input Signal Output Signal

N sor Block diagram (Engineeriigyu.edu, n.y
He }( 8Z ~ velE-URSZ Alpuo v} upslu §

(Engineering.nyu.edu)

Sensors obtains a phy@cal amount and cha = ' flag addesdor handling.
These days sensor chaflge over egi [ Pinto eletaygcdnsors are

in figure 10indicates how
part of life. /

Chemical
Science

Biolog .a
Scient 2

Mechanisms

Sensor
Material Devices
Science

Figurel0 Sensors Importunate
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The noteworthiness of sensor innovation is always developing. Sensors pdmatisng the
surroundings in ways that nobody could scarcely envision a couple of years backeiNow
applications are being distinguished everyday which widens the egfaht innovation and
extends its effect on regular day to day existence. (Discover Sensors, n.d.)

The figure underneath indicates where the sensors is utilized @artaof day by day life
schedule irfigure 11

Traffic Environmental
Monitor Monitor
WER —— Satellite-borne
g X Imaging device
Strain :
Gauge
eSS

Airborne - All sensors reporting position
Imaging - All connected to the web Stored
Device - Al raaae RLE Sensor
eadable remotely Data
Some controllable remotely

Industrial |
Process |
Monitor \

Figurell

2.2.1 Temperature and

Temperature
an object }

Memperatul

*C*S uU %o Ne e }E " ]eS]vPu]Z

put.

There are many different types J§f te
gualities relying on their real applifatio
types:

or available and all havactlis
sensor consigtgo basic physical

perature seng
A temperaturt

X Contact Temperature Sensor Typé€
X Non-Contact Temperature Sensor Types.

Contact Temperature Sensor TypEkese sorts of temperature sensor are required to be in
physical contact with the object being detected and utilize cotidacto screen changes in
temperature. They can be utilized to identify solids, liquid or gasses owxtansive variety

of temperatures.

Non-Contact Temperature Sensor Tyddsese sorts of temperature sensor utilize convection
and radiation to monitor changes in temperature. They can be utilizetigtinguish liquids

Page20 of 77
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and gases that emanate brilliant vitality as heat rises and cold settles t@t®eib convection
currents or recognize the radiant energy being transmitted from an olgecinfra-red
radiationfrom (Electronic tutorials, n.d).

These two basic types of Temperature sensor can also be subdivided intdldvarfg:
Bi-Metallic Thermostat

Bimetallic thermostat is used as an electrical switch or as a mechanical wagm@iting an
electrical switch in thermostatic controls and are used extensivelgdotrol hot water
heating elements in boilers, hot water storage tanks as well as in velaidiator cooling
systemfrom (Electronic tutorials, n.d). Fig undernedtburel2 shows how bi-metallic
thermostats works.

Electrical

connection etallic strip

. a— Higher Metal Strip

Electrical Contacts Lower Metal Strip

\ Closed

OStaflElectronics tutorilag
Thermistor.

Thermistor is ano [ . i speal df resistor
which change [

%he relation between thermistor te ) sistance islyigdgpendent upon the
us$ ] o (E}u Az] Z 1t

NTC Thermistor Resistance
vs Temperature Curve

Temperature

Figurel3 Thermistor (Factory F, 201¢ Figurel4 Resistance Vs Temperature curv
(Khatri P, n.d.)
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Resistive Temperature Detectors (RTD):

Resistive Temperature Detector sensor is another type of electrical resistance tenmperatu
sensor. RTD have positive temperature coefficients (PTC) but, dissimilar tioethaistor
their output is extremely direct creating exceptionally precise estimations of teatpis.

However, they have exceptionally poor thermal sensitivity, that is an adjustnrent
temperature only produce a very small output change, for instand@, } from (Electronic

tutorials, n.d).

Sy

Figurel6 Resistance

Temperature in RTD
Pointing.sjlraxsarco.cogg

e

Figurel5 Reflistive Temperature Detectors (sourc

@ommons.wikimedia.org)

Table 1 RTD §
Standard R
Element | Resistance Available
Material * at 0°C Accuracies at 0°C
+0.5%
_ -200°C to +0.1%
Platinum 100 Ohm 0.00385 500°C +0.6%
+0.01%
. -200°C to +0.1%
Platinum 100 Ohm 0.00291 800°C +0.6%
-200°C to +0.2%
Copper 100hm 0.00427 204°C +0.5%
' -200°C to +0.3%
Nickel 1200hm 0.00672 204°C +0.5%
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Thermocouples:

A thermocouple is a simple, robust and cost-efficient temperature sessdiin a wide range
}( S u% & SPE u pE u lvconiriEes oftwoe divergent metal wires, joined
toward one side. At the point when appropriately arranged, thermocouples camigeo
measurements over a wide range of temperatures.

Known for their adaptability as temperature sensors, as they are manufaciieedariety of
styles, such as thermocouple probes, thermocouple probes with connectorghetg are
commonly used in wide range of models and technical specificatfoors.(Omega.com, n.d).

figure underneatHigure 17;shows how simple thermocouple circuit works,

Figurel7 Basic thermocouple Circuit (Source: Duff, M and Towey, J, 2010)
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Sensor ICs:

There is a wide assortment of temperature sensor ICs that are accessible novaripe
broadest conceivable scope of temperature monitoring challenges. These &ioparature
sensors differ fundamentally from the previously mentioned types indwiiree imperative
ways. The first is operating temperature range. A temperature sensor |1C a&nower the
ostensible IC temperature scope of - 55°C to +150°C. the second majoertiffers
functionality.

Diverse types of temperature sensors which are used as an integratedt cire describe
below:

LM35:

The LM35 series are precision integrated-circuit temperature devices with antowdfiage
linearly-proportional to the°C temperature. These devices do not require any external

calibration or trimming to provide typical accuracies@%Cat room temperature ancG—Z;C

over a full - 55°C to +150°C temperature range. Diagrams underneath will ISHGY
temperature sensor ifigure 18and the circuit diagram of LM35 figure 19.

Figure18 LM35 Temperature Sensor (Source: Figure19 LM35 Circuit Diagram (Source: Agarwal, T, n.d)
Agarwal, T, n.d)

Digital Temperature Sensor (ADT7301):

These sensors have a complete temperature monitoring system available in SOT-23 and
MSOP packages. It contains a band gap temperature sensor and 13-bit ABr€eto and
digitize the temperature perusing to a determination of 0.03f25they have a malleable
serial interface that allows easy interfacing to most microcontrollers. They haigeasupply
voltage range, low supply current, and SPI-compatible interface make it pedednf
assortment of uses including personal computers, office gear, automotive, and local
apparatuses. They are rated for operation ow0°Cto +150Ctemperature range.
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Figure20 Sensor's Pin Out (Source:

Figure21 Digital Temperature Digital temperature Sensor, n.d.)

Sensor(Source: Digital temperat
Sensor, n.d.)

Table underneatliable2shows the functional description of the Digital Temperature Sensor.

Table 2 Pin Functions Description (Source: Digital temperature Sensor, n.d.)

DHT11 and DHT22:

These DHT sensors is a basic, low cost digital temperature and hurselitsor. they use
capacitive humidity sensor and a thermistor to gauge the encompgssin and releases a
computerized motion on the information pin (no analogue inputspireeded). These sensors
are genuinely easy to utilize, but requires careful timing to grab daite only real flaw of
these sensors is it gets new data once every 2 seconds.

Figure22 dhtl1 and dht22 (Source:
Learn.adafruit.com, 2012)
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Humidity SensorsA humidity sensor senses, measures and reports the relative humidity in
the air. It therefore measures both moisture and temperature in the air. The hdtlterir
temperature is, the more moisture it can hold. Humidity/dew sensors eatitapacitive
estimation, which depends on electrical capacitance. Electrical limit isapacty of two
adjacent electrical transmitters to make an electric field between thene. Sénsor is made
from two metal plates and contains a non-conductive polymer filitwisen them. This film
gathers moisture from the air, which makes the voltage between the phates change.
These voltage changes are converted in to digital readings demonstratdetel of
moisture noticeable all aroundrrom(futureelectronics.com, n.d.)

Figure underneath will give the brief introduction how the humidity sensonka.

Figure23 Inside View of Humidity Sensor (Sourc

Rotronic.com) Figure24 How Humidity Sensor Reacts (Source: Apsite-globa

, n.d.)

Figure25 Working of Humidity Sensor (Source: EEE Projects, 2018)
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Soil Moisture SensorsThe soil moisture sensor uses capacitance to quantify the water
substance of soil (by estimating the dielectric permittivity of the sdilich is an element of

the water content). Simply insert the sensor into the soil to beddstand the volumetric

water content of the soil is reported in percent. These sensors consistitwgo electrodes

and probes for estimating the soil resistance are frequently utilizedesidential purposes.

Time Domain Reflectometry (TDR) and Time Domain Transmission (TDT) are also used for
measuring the soil moisture content. A higher average dielectric confstathe soil is caused

by a higher water concentration. These sensors give real-time informatioreianance the
irrigation efficiency. The sensors are easy to install and require very lestenaice.by
(Kalwinder, K, 2013)

Figure26 Basic Moisture Sensor Circuit (Source: Tsulo.com, n.d.)

figure above irfigure 26shows how the basic moisture sensor circuit reacts in dry and wet
conditions. During dry condition, when no moisture or water the probesdry. Circuit is
open, no current flows in to the base of the transistor, so the LED is Offifg et condition,
when there is moisture or water, the probes gets short circuit when dntact with
moisture/water. Circuit is closed, current will flow into the basfehe transistor, LED turns
ON.

Diagram underneatin figure 27shows how and where soil moisture sensor is utilized.

Figure27 Use of Moisture sensor (Source: Robotics, S, 2017)
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2.3. G3M Module:

GSM module is used to establish communication between a computdra GSM-GPRS
system. Global System for Mobile Communication GSM is a design ufdizedobile
communication in most of the countrie$5SM Module consist of a GSM modem assembled
together with power supply circuit and communication inteefadike RS-232, USB, etc C
(Nikhil, A, 2010).

Figure28 How GSM Works (Sourddikhil, A, 2010)

GSM/GPRS Modem is a class of wireless modem gadgets that are intended for ¢catiomun
of a computer with the GSM and GPRS network. It requires a SIM card kkaglgll phones

to activate communication with the network. Additionally, they have IMEI nuntikercell
phones for their recognizable proof. A GSM/GPRS Modem can perform the hgjlowi
operations:

X It can receive, send or delete SMS messages in a SIM.
x It can read, add, search phonebook entries of the SIM.
X Make, Receive or reject a voice call.

The modem needs AT commands, for interfacing with microcontroller, wiieh
communicated through serial communication. Microcontroller sent thesemands to the
modem. The modem sends back a result soon after it receives the comriaffierent
commands can be sent by the microcontroller to interface with GSM cellutarone The
figure infigure 29below shows basic concept of how GSM SMS alerts works.

Figure29 GSM SMS Alert (Source: )
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2.3.1. G Architecture:

A GSM network consist of the following components

A Mobile Station (MS)it is a cell phones which comprises of the transceiver, the display and
the processor and is controlled by a SIM card working over the system. (Agérwal.)

Base Station Subsystem (BSB)acts as an interface between the mobile station and the
network subsystem. It comprises of thmse transceiver statiowhich contains the radio
transceiver and handles the protocols for communication with cell phone$ikdtvise
comprises of thdase station controllewhich controls thébase transceiver statioand acts
as an interface between the mobile station ambile switching centrgAgarwal, T, n.d.)

Network Subsystem (NSSj gives the basic network connection with the mobile stations.
The essential piece of the network subsystem is the mobile service swgtcknter which
gives access to various system like ISDN, PSTN and so on. It additionaliyesoaf thenome
location registerand thevisitor location registewhich gives the call routing and roaming
capabilities of GSM. It likewise contains tguipment identity registewhich keeps up a
record of all the mobile equipment wherein every mobile phone is recedriy its own IMEI
number. (Agarwal, T, n.d.)

Figure30 GSM Architecture (Source: Agarwal, S, 2014)
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Chapter 3: Project Design

This section is talk about any work finished in software design and laedeesign. It also
goes into insight about what the system includes and why differemtponents were chosen
to make a fully completed Automated Plant watering system.

Consider a diagram below figure 31shows the basic conceptual model of the system using
chosen components.

Figure31 Functionality of the System

The functionality of above block diagrdigure 31of the automated plant watering system is
illustrated belav:

X The system includes GSM module which sends SMS to the recipierdgcaness SMS
from the recipient.

X It uses soil moisture, temperature and humidity sensors.

x It also includes solenoid valves along with solenoid circuit which aigritne flow of
water through the solenoid valves.

X The moisture sensor is used to determine the moisture level of the particldat.p
This moisture level is read by the microcontroller, as it loops around andifstes
value from the sensor is above the threshold value or not. If the valabase the
predefine value than GSM module is ready to send a SMS to theearmici

X The temperature and humidity sensor is used to determine whethisrtwo hot for
the plant or the humidity is too high to handle. This isorég the ATmega328p chip
on Arduino Uno. these reading will be used to determine if adl $blenoid in the
system should be On or Off.
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3.1. Theory and Reasoning for the Choice:

This section of the report talks about why different components were chaseinhow they
interfaced with a microcontroller. The idea was to build a fullycfioming automated plant
watering systemTo do this, electronic components must be chosen very carefully and to
ensure that all the chosen components interfaced correctly withrtiierocontroller.

After the generous research on the components and their specificatvarsyus key parts
were chosen:

Arduino GMS ModuleArduino GMS shield is one of the vital components in the systein as
allows Arduino to make telephone calls, send SMS, interface with éiesites, and making
voice calls utilizing the GMS library. The shield utilizes a propartmatem M10 by Quectel
(that associates with the client application and air interface). It ixemable to speak with
the board utilizing AT commands. GSM library has many methods for conationiwith the
shield. GSM shield is open and advanced cellular technologedtibz transmitting mobile
voice and information administrations works at the 850MHz, 900MHz, 1800kt
1900MHz recurrence band

Shield utilizes digital pins 2 and 3 for software serial communicatitim M10 pin 2 is

e} 18 A]S3Z Dii[* dy %]v VvV %]v i 8} ][5« 2W %] v.X dW %EISE S
through a GPRS connection. To interface with the cellular network, thedlrequires a SIM
card provided by the network operator.

Digitals pins 2,3 and 7 are reserved for communication for Arduino and moddmaanot
be used for sketches. This communication between the modem anditheino is handled
by the Software Serial library on pins 2 and 3. Pin 7 used for the modem reset.

The shield contains the number of status light:
X On: Shows the Shield gets power

x Status: turns on to when the modem is powered, and data is being gamesfto/from
GSM/GPRS network

X Net: blinks when the modem is communicating with the radio reetwy

Figure32 Arduino GSM Shield (Arduino Corporation,1990)
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Arduino Uno:Arduino Uno contains Atmega328p chip which acts as a main microcontroller
of the system. As Arduino Uno has a number of facilities for communicaiiing personal
computer, another Arduino, or other microcontrollers. The atmega328p chipAuino
provides UART TTL 5V serial communication, which is available on digitalRX and digital

pin 1 TX.It also supports 12C and SPI communication. The biggest advantage of using a
Arduino Uno s its prepared to utilize structure. As Arduino arrives gnére bundle shape
which incorporates the 5V regulator, a burner, an oscillator, a microotety serial
communication interface and headers for connections. Another advantagesioy an
Arduino is its automatic unit conversion capability. Also, it veisyda interface different
sensors and get them working with the Arduino. By default, it uses 16Gi\didiz speed which
means microcontroller can execute 16 million instructions per second. It also poss&¥Ses
UART, and Timers.

Figure33 Arduino Uno (Arduino Uno, n.d.)

Further specification of Arduino Uno can be seetaliie 3below:

Table 3 Arduino Uno Specifications (Arduino Uno n.d.)
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DHT11 Temperature and Humidity Sensdihis sensor in the system is used to detect the
temperature and humidity readings from the surroundings. It is a compositeos@ontains

an adjusted digital signal output of the temperature and humidity. 3é@sor incorporates a
resistive feeling of wet segments and NTC temperature estimation devices andcteshne
with high performance 8t bit microcontroller. Its sampling rate is around 1Hz or 1 reading
every second. Operating voltage of the sensor is 3 to 5V while maximum currenivheed
measuring is 2.5mA. They basically consist of a humidity sensing component, NTC
temperature sensor and an IC on the back of the sensor. They are very easy tcmteith

the Arduino as they use single bus communication with theidwausing one of the analogue
pins. They have their own library called DHT which must be dodatband used as an
external library in Arduino software.

Figure34 Humidity and Temperature Sensor (Waveshare, n.d.)

Grove Soil Moisture Sensorhis sensor is used to detect the moisture in the soil and give the
readings back to the microcontroller. It is consisting of two probeshvare used to measure

the volumetric content of water around it. These two probes enabéedhrrent to go through

the soil and afterward it gets the resistance reading to measure thetonra value. Normally,

this sensor is consisting of three pins. RowV, Ground and analogue output pin which give

the reading back to the microcontroller. The advantage of this sensoriisgdan interface

Al§z 32z @& plv} ASE Z E A E ]+ v} E uypg]kEcan 82 &k AZC 3
with different architecture like raspberry pi etc.

Figure35 Grove Moisture Sensor (li, 2015).
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Some of the technical specification of the sensor is shown beldabla 4:

Table 4 Table for Specification of Moisture Sensor (li, 2015).

Solenoid ValveAs}o v}] A oA Jv 8Z +Ce3 u % E A v3e 3Z A § & (0}A /
It is an electromechanically operated valve. They can be normally closednoalhoopened.

It is a simple form of an electromagnet which consists of a coil ofateslicopper wire. It is

frequently used to control the flow of liquid or gas. They are foumehany applications and

commonly used in refrigerator and conditioning system. They offerdiadtsafe switching,

reliability, long life andompact design.

Figure36 Solenoid valve (Plast-O-Matlic Valves, 2008)

Some of the technical specification of the solenoid valve is shovantalthetable 5:

Table 5 Solenoid Valve Standard Specification table from (content.smcete@t0)
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RelaysRelays in the system control the voltage flow for solenoid valve. Basically, it psevent
the flow of voltage which is essential ftre solenoid valve to get magnetized and let the
water flow through it. They behave as electromechanical switches wipieh and close. They
usually operated by the magnetic coil, when the coil of the relay getsgezed it switches to
normally closed position and allows 24V for solenoid valve pass throuRelays are very
useful to interface with high voltage motors and solenoid valve &tcthey simply act like a
switch. In order to derive high voltage components such as motorspaidiestc relays are
very reliable and easy to use.

Figure37 Relay diagram (finder) Figure38 Relay circuit (Jayajant,2015)

Transistor:A transistor is a device that controls current and voltage stream and works as a
switch for electronic signals. It is consisting of three layers of a semictorduaterial, each

fit for conveying a current. They are fundamental components in IC, wuatprise of a
substantial number of transistor interconnected with circuitry and bak#d a single silicon
microchip. One of the most common uses of the transistor in an electricaitds that they

act as a simple switch. In short, a transistor conducts current across the eoksitter path

only when a voltage is applied to the base. When there isase lvoltage, transistor seems

to be in switch off mode. When there is base voltage present, transistortsisiton.

Figure39T0-220 Transistor (Vakits.com, 2012)
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Hitachi 16x2 LCDrhis 16x2 LCD screen displays a valuable information to the user about

AZ §[« 8Z HEE vS § U% E SUE v Zpu] ]13A Dwp]*Ev AZCS[s
the soil moisture sensor. It also displays when the GSM module sends 8M&aive SMS

from the recipient along with the mobile number.

Figure40 Hitachi 16x2 LCD Screen (Sumeeteshop)
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3.2. Hardware Design:

Once all the necessary components for the system had been chasgA, 13[* 3]Ju 3§} ul}A
on to the hardware design of the system and get it tested. The finsgttvhich must be done

is the schematic diagrams of the circuit. All the schematic diagram was damg Qad star

editor.

There are three different schematics drawing were made for the systemhvidias follows:

3.2.1 Sensor Sdematic:

figure 41 shows the schematic of the Sensor circuit. As all the sensor connectetheith
Arduino analogue pin A0-A3. Pin AO was reserved for the temperature anulityisensor
whereas pins A1-A3 were reserved for moisture sensors. All the sensors haveigom
power 5V and Ground as shown in the schematic.

Figure4l Sensor Schematics
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3.2.2 LCD Schematic

Figure 4Ghows the schematic of the LCD. Digital pirl® was reserved for the LCD as shown
in the Schematic. Pin 1 and Pin 3 are the power and ground whereasspine2contrast pin
on the LCD which controls the contrast and connected with the potentiemét must be
kept in mind while connecting LCD is that digital pins from Aadaimd data pins from LCD
has to be connected in correct order otherwise LCD will displayganbage on the screen

Figure42 LCD Schematic
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3.2.3. Dlenoid Stematic:

Diagram underneath ifigure 43 shows the circuit diagram of the solenoid circuit. Digital pin

4 t 7 was reserved for the Solenoids. As the circuit consists of relaysisti@s, resistors,

and LEDs instead of the}o v}] ~ "3 E } ev[8 Z A ~}o v}] +Cu }oeX
relays utilizes 5V. Whereas 5V also goes into NO channel of the aslaydl this is because

in the schematic LEDs replaces solenoid which works on (5V) followed by 22@sostor.

So, when the voltage is appli¢d the base of the transistors. Transistor switches to ground
allowing the coil of the relay to get magnetized and switches itself tondtly closed channel,
due to which LED connected to that particular relay comes On awed We voltage applied
on the transistor base is drops, transistor switches itself back to abamd the coil of the
relay get de-magnetized and relay switches to NO channel again, due to WX goes Off
again.

Figure43 Solenoid Schematic
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After finishing off all the Schematic of the circuit, next step isuitkddthem on the Veroboard.
It is important to design the circuit on stripboard layout planning sheetdvance because
there are certain principles for designing a circuit on Veroboard whia$ fisliows:

1.

3.

4.

Mark out the Vs and GND power line first on the top right of the stripthdayout
planning sheet.

. Remember to cut the track between the pins of an IC. Mark the cuth@diagram

with an X.

Try to make resistor and axial capacitors lay flat on the stripboard. Resist@tyusu
require a gap of 4 holes, capacitor a gap of 8 holes.

If possible numbers the pin of the ICs.

The bottom side of the Veroboard consist of tt@per tracks in which voltage flows works
horizontally. Different Veroboard design of the schematics above are showwbel

Veroboard Design for Sensors:

The design below ifigure 44 shows the Veroboard circuit for sensors schematic. On the top
right of the circuit power 5V and GND were marked out, 5V flows hda#lgron the board
and gives power to grove moisture and DHT11 (temperature and humidity se@sothe
bottom right there are analogue pins from the Arduino which taketadeading from each

of the sensors and sends it to the microcontroller.

Figure44 Veroboard Design for Sensor Circuit
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Veroboard Design for LCD:

The figure below ifigure 45 shows the planning sheet for LCD circuit on stripbo@mget

the LCD working properly it has be keep in mind that all the li@Dnpustbe connected in

order with the Arduino for instance; LCD pins such as RS, E, D4, D3,rést be connected

Al8Z @& plvi[* ]P]8 0 %]ve 06U BU iRid lidnd 4 fromitheECP%elatd }d o C X
power and GND whereas, pin 3 is a contrast pin which relateptientiometer as shown

below, pin 5 from the LCD is also connected to GND as the LCDadimgraode.

Figure45 Veroboard Design for LCD

Veroboard Design for Solenoid:

Veroboard layout planning sheet for solenoid can be shown in the figeimbin figure 46
and the function/ description for this design has already been descrilveter solenoid
schematic section above.

Figure46 Veroboard Design for Solenoid Valve
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3.2.4. Additional Arcuitry:

This additional circuit is included in the system because due tor@&Mle which takes up 3
pins from the Arduino, digital pin 2 and 3 is used for commatioo between modem and
Arduino. Whereas, digital pin 7 is used to reset the modem. Digital pit88s-reserved for
LCD display. Pin 0 and pin 1 are TX and RX pin on Arduino itselraoaly be used for
communicating purpose. So, Arduino is left with only 3 digital pinS éhd 6). Instead of
using other board such as Arduino mega this additional circuit wasreztjto overcome this
problem, which takes up 3 pins from the Arduino and spits out 8 pinshadan be used to
control the solenoid valve. 74HCT595En$8-bit shifter register was used in this circuit which
basically expands the digital output from the microcontroller. It hasit®ut pins (Pin 15 and
Pin 1t Pin 7). Whenever the signal on the clock pin (Pin 11) goes HIGH, all tes gatu
shifted to the right and the new values get shifted in (whatever tha ¢én 14 is set to). After
the new values get shifted in and to see the changes made Latd2pirust also set to HIGH
in order to update the output-pins with the new data.

Figure47 74HCT595N Circuit

In addition, there is no as such circuit diagram for the GSM modulesds on top of the
Arduino and uses only 3 digital pins as described above. Veroboard designrabgueei 45
design in such a way that it can also sit on top of GSM so theeceadditional space required
for this. After getting all the Veroboard designs built. The g is to build the base of the
system using aluminium. On this aluminium base, all the Veroboard desidd bmuaituated.

It is important to decide the dimensiortd the base, so all other design can mount over it
without overlapping. After deliberating different ideas, a base of 440mm x 2OGmas
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chosen with a right-angled bend of 35mm followed by another rightehgend of 15mm in
from either end.

Figure48 hardware aluminium sheet base and design
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3.3. Sftware Design:

(8 E P 88]vP 8Z Z @ A E }v U ]8[* 8]Ju B} Swee. 3irthiz E A E

section, the implementation of the software design will be described iaitifgr each of the
different automation/ technologies used within the system. Thidudes the Arduino code
written and uploadedo the Arduino.

The first thing done was to get the solenoid circuit working and Heevsblenoid would act
from the microcontroller perspective. For this, a small flow chart was ddnehacan be seen
under software flow section ifigure 5Q

Arduino IDE was used to get the upload the software on the Ard&ioothe basic solenoid
circuit, a simple program was written which basically blinks the LED everydigtad.pin 4,
5, 6 and 7 was defined initially which test the program and theuit. So, when the program
runs it makes all basic initializations, defines all the outputipimeid setup (Jand then jumps
into the void loop ()where it constantly runs and blinks LEDs on every 1sec.

After that, a small program was written and uploadedhe Arduino which gets the readings
from the different sensor and prints them on the LCD. For thsmall flow chart was done
which can also be seen under software flow sectiofigare 51.When the program goes into
the void loop ()it gets the readings from the sensor and does all the basic catmulahd
prints them on LCD.

Next thing is to upload the software for GSM module to the Arduthrough which GSM
could communicate with the microcontroller. Modem test was done imjtimlhich does all
the basic initialization and libraries for the GSM and gets thd MiEhber and see if the
modem is functioning properly once start communicating with Arduifhe next step is
network connection test which basically initialized the GSMdisplays all the other network
which GSM module can support

Once the GSM module is tested and functioning propgrfime to use GSM module to
communicate with the recipient, which means sends SMS to the retipied receive SMS
from them. In order to do that, another simple Arduino wiring program waigten and
uploadedto the Arduino. The program initialized the GSM and send SMS to théergaip
contrast another Arduino program was written in which GSM receive thef&wtthe end
user.

Finally, once all the software design was doh&[¢ S$]u S} all tie Boftware design
together and build a final working software for the system. Differagorithm approaches
were applied which can be seen under software flow section to get ia¢ $oftware working

and does it what it supposed to dbigure49 below shows the working of the final software
where it takesareading, send SMS, receive SMS and start doing what it was doing previously

Note: All the software code can be seen in #ppendixbelow.
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Figure49 final Software tst

NOTEall the software code can be viewed in the appendix. The outputtrermodem test
and network connection test was not included in the report beeabe actual report was
done after the submission of hardware.
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3.4. Sftware How Diagram:

3.4.1. Basic Solenoid Flowchart:

Figure50 Solenoid Basic Flo

3.4.2. Sensor Flowchart:

Figure51 Sensors Flow
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3.4.3. Solenoid Circuit Complete Flowchart:

Figure52 flowchart for Solenoid
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3.4.4.Final Software Flowchart:

Figure53 Software Main flow
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Chapter 4: Project Gonstruction and Testing

After getting all the hardware and software design dong <+ (poo C ]Sthe Brpiect(} &
construction and testing. In this section of the report, details will beegion how the
different hardware design gets implemented and tested. This sectiortalsoabout if there
was any hidden problem within the software code that was importantroubleshoot and
evacuate and to builthe project successfully.

4.1. Construction:
When the hardware design for all the schematics hasv  }u%.0 S X /S[e S]J]u S} pu]o
design on the Veroboard itself. The first thing done was to solder all the coenpoon the
Veroboard. It has to be done with great care, if the soldering goes widg Z E-sdder
the components because de-soldering could damage the componenthendapper tracks
of the Veroboard. When soldering it has to be in mind that copper srackthe Veroboard
work horizontally, so this means all the components have to be soldegzgdtally on the
board and if mistakenly two lines connect with each other then reisessary to break the
joint otherwise same voltage could flow on each line which endsittpa short circuit or the
components will be damaged. An aluminium sheet was taken from the roahmamnked out
according to the desired base calculations. Once the aluminium shasted out with all the
V ¢ EC }u%}v vSe }v ]8X /S[ §iju. 3din d )vas usedl todaunt the
Veroboard circuits on the aluminium base, 10 mm drill was used for power and dyroun
headers and 11mm drill was used for circuit wires which goes through theaeruhe
aluminium sheet and then connect with Arduino. The Arduino, GSMlatct circuit was
mounted on the bottom left side of the aluminium sheet, on the teft bf the sheet solenoid
circuit mounted there which controls the solenoid project box restingtsieft. On the top
right, there was sensor circuit was placed which takes moisture and/rempdity readings.
reason for placing sensor circuit on the top right because the sensor caneiadtimgs from
three different plants resting on top of the aluminium base. Andntffi@ally, the LCD was
placed on the bottom right of the base which displays the negslitaken by the sensors. The
last step in the base construction is to take the aluminium she¢he workshop and get it
right-angled bend of 35mm followed by another right-angled bend of 15mfrom either
end. Figure underneath ifigure 54shows the completed aluminium base.

Figure54 Aluminium base of the Circuit
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4.2. Testing Procedure:
Testing procedure acquires an important sectidrihe project report because it plays a vital
role in the development of the project. Testing of the hardware andvwa is important
because it founds any issues which can be present in the hardwaresoftware and can
damage the important components of the system. Once all the Verobdasdyn was built
with care itftime to test each individual Veroboard circuit. Testing of solenoid itiboard
was the first test which was conducted because in this Veroboard designt@4ard|5 volts
was going to be flow at one time because solenoid valve works on 2iiglly, circuit was
tested using LEDs instead of the solenoid valve. When the power is cednedhe circuit
and basic code was uploadémthe Arduino. The testing of this circuit was successfully done
as all the LEDs connected with the circuit blinks after every Téet1 LEDs was replaced with
the solenoid valve and 24 V introduced in the circuit, same code plaaded on the Arduino
again and this time instead of LEDs solenoid valve goes on after everfidusecunderneath
in figure 53 t 56 shows the testing of solenoid circuit on LEDs.

The sample code was uploaded, after uploading the sketch green [eSDHb

Figure55 solenoid testing

After 1 sec green LED goes OFF and next LED goes ON and so on.

Figure56 Solenoid Testing
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The second test conducted was with the sensor circuit. In this test, sarngéewas uploaded
on the Arduino which prints the reading on the serial printed@am LCD. This test included
making sure that all the sensor on board is working properly anddatorrect readings what
they supposed to get. In order to test the readings from the sensor, antéingperature and
humidity sensor was introduced just to compare the measurements tdikerboth the
sensors. readings from the sensor were close enough to say that the seasoworking
properly. For the moisture sensor, it was clearly seen that all the sevesoworking properly
because they are taking the readings from the same pot and the readikgs by the sensor
was close to each otheFigure57 shows the reading taken by the moisture sensor from the
same pot.

Figure57 sensor circuit testing

Note: E JVvPe Je%0 C }v > A ev[§ %3SuE completed aft@r]the@® %o} E
hardware submission.

Since there is no Veroboard circuit design for the GSM moduletatesting can be seen in
figure 49 final software testThe last test conducted was with the latch circuit, as it was the
additional circuitry in the system which was due to the shortingfdor solenoids. This circuit
was designed in such a way that it can sit on the top of the GSMilewoldl was easy to test

the circuit as it takes up 3 pins from the Arduino and spits out 8wimeh can be treated as
digital pins. Description of this circuitry has already been described iadtigional circuitry
section A code was uploadet the Arduino which simply blinks a LED using the 74HCT595N
shit register.

Figure58 testing of the latch circuit
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4.3. Software Testing:
Software testing phase is also an important aspafcthe project development. Software
testing is a procedure of executing a program or application with ted gf finding the
software bugs. It can likewise be expressed as the procegslidating and verifyinghat a
software program or application meet its technicatjuirement, works as accepted and can
be executed with a similar trademark. To do the software testing riffeapproaches were
adopted. A software requirement specification (SRS) document was written wihligh f
addressed the expected behaviour of a software system.

Requirement ID

SRS- Sensor010

Title Sensor
Description Sensors in the system take the readings and sends it back to thecaitmller.
Version V1.0

Requirement ID

SRS- Data 820

Title

Data Display

When the users try to get the reading from the system. Display should

Description displayed data to user for example: temperature and humidity value followe
moisture readings.
Version V1.0

Requirement ID

SRS- Microcontroller - 030

Title Microcontroller

Description Microcontroller in the system act as a brain of the system which man
everything in the system

Version V1.0

Requirement ID

SRS- Latch 040

Title

Latch
Description Latch in the system expands the digital pins for the microcontroller
Version V1.0
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Requirement ID

SRS- GSM50

Description System will react by sending a SMS alert to the recipient when
microcontroller tells it to do so.
Version V1.0

after writing the SRS document software design moved in to static testing phiash
includes reviewing of the document. This is where verification of the@irements occurs.
There are four diverse types of verification methods defined below:

¥ Inspection(l): control or visual verification.

¥ Analysis(A): verification based on analytical evidences.

¥ Demonstration(D): verification of operational characteristics, without quantieat
measurement.

¥, Test(T): verification of quantitative characteristics with quantitative measurement.

For each requirement of the SRS document, a verification method isedefiith abbreviation

of |, A,Dand T.

VEERIFICATION:

Requirement ID Requirement Title Method
RE®010 Verify that the sensors of the system get readings I
RE®020 Verify that the Data is Displayed on the screen D
RE®030 It is verified that the microcontroller of the system is D
managing or working properly as it gives 100% result for
every request.
REQ®040 Verify that latch circuit was doing what is supposed to do A
That take sin 3 input and spits out 8 pins
REQ®050 Verify that the SMS has been sent and received by GSM D

After the verification phase software testing moved in to the dynamic tggtimase where
unit testing and integration testing occurs. All these testing has alrea€lly tene in testing

procedure section.

Pageb3 of 77



4.4. Results:

As all the testing done with satisfactory result. Since ther®iasisuch particular result that
has to be documented. As the system works with moisture and DHT11 (teraperand
humidity) sensor which takes reading according to the current room teaipeg and
humidity. Readings from the moisture sensor in the circuit also depamnhat the current

moisture level is for the plant. Otherwise, overall result coming out freendircuit in terms
of functionality was good for motivation.

Figure59 Final Circuit
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Chapter 5. Safety and Bhical Consideration

Safety and ethical consideration are one of the important aspectbefptoject. Because
engineers must keep this in mind that accidents can happen anydost with anyoneSq
there is always a danger while doing this kind of project whicludes heavy machinery. So,

it is important for every engineer to keep this safety and ethical conaiaer in mind while
working in the workshop or surrounddxy heavy machinery which can cause severe damage.
This chapter will go into the details about these safety considamnati

While doing such project safety is one of the important thing imt®f construction of the
project. For instance, when drilling, safety glasses must be put drsaiety guard must be
used. This is because driller can produce a dust particle whidodarthe eyes for this reason
safety glasses is important for drilling. When drilling always start fhensmall drills because
using bigger drills straightaway can damage the thing which needs tilband can also
cause lots of noise, the worst-case scenario is that drill can stick hetdaard and start
spinning it along with itself which can cause severe injury gopérson who is drilling. The
last thing which needs to be taken care of is to make sure ttevacuum is always on during
drilling if possible which can absorb the dust particle and prevér@m to get stuck in the
eyes.

Another most important safety consideration is extreme caution must be takbriew

soldering because sold& [vP JE&}v P S« Z}S v v o] MNQensdderidy o[ Z v
makes sure the vacuum is on which absorbs all the harmful gasses from soltiqgrosgible,

safety gloves must be always on when soldering. Make sure solder iron mirgtidbérom

the top which prevents hands from burning and provides excelleadity soldering on the

board.

While cutting a Veroboard it must also be kept in mind that allébges of the Veroboard
are smooth to touch. If possible filed the edges of the Veroboard ra#les it smooth. If
someone is making the PCB gloves must be worn which always protechmonful liquids
such as acid that ig1 the Etching process. While bending the aluminium sheet in the
workshop it is necessary to hold the aluminium sheet from the middle anttomtthe edges

as it could cause scrape to the skin. Safety shoes must be always onwehiang in the
workshop because there is always a chance of falling a sharp piece of matahormer on

to the shoes. Loose clothing must be avoided while working in thé&shop because in the
workshop one is surrounded by different heavy types of machineries vadaiclgrab a loose
cloth and cause severe damage to the worker.

When wire stripping makes sure it must be done gently and noatanhothers by throwing
the remains. When testing the LCD and PCB boards, make sure the agea isarh striped
wires that could cause short circuits.
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Chapter 6: Gonclusion and Recommendations

This section of the report highlights the conclusion of the sysaech any recommendations
that can make the system more efficient and useful for the end users. Or ddiyoaal
circuitry that can be added into the existing system.

In this section, all the problems which were occurred during the projedttae problem
which still exist in the system will also be reported. Starting ftheninitial problems which
were caused early in the project was choosing write componentshi®isystem, the most
important choice was to choose a microcontroller which can perform sevasébk at once

and keeps the entire system on track. For this reason, Arduino Uno was selecteld wh
basically works omarvard Architecturavhich means that it has separate buses for data
transfer and instruction fetches, therefore there is no delayfédching and executing within

the Arduino. It hasaan Atmega328p onboard chip which has 32kb of flash memory, 2 kb of
SRAM, 1lkb of EPROM and operates on 16Mhz clock speed. As Arduino fulfiss all th
requirements needed for the project. For this reason, Arduino wastldor this project.

Another problem rises soon after when all the components were choseroedeted. The
Arduino was going to be short of digitals pins as most of the digitamMmssoccupied by the
LCD screen and GSM which left Arduino with 3 usable digital pisgrdblem was removed
by using the latch circuitry which takes those 3 usable pins ohaino and gives out 8 pins
from its output these pins can treat exactly same as digital pins oniod

As the system uses the Arduino GSM shield as a mode of communication bébeeeduino

and the recipient. The problem arises when the SIM card on the i&8M of money and no

O}JVvP E e v+ "D" 0 ES 8} 8Z E ]%] v3 AZPZS UA §:@Z § w0 V!
system software design was written in such a way that plants do not get watémrecipient

sends SMS back to the GSM. This can be removed simply by changingetikee GSM sends

the SMS alert no matter if is short of money. Arduino still does itafabplants get the water.

But what if the water in the tank goes low and plants naeder because of hot temperature
GSMcanonlysendv. o E$ "D~X /8 } ev[§ Z A E o00C E2Z }us 8z
recommendation for this whole problem is to use a pressure sensor in the wat&rand

instead of using GSM get it replaced with any other board, for instaacejood
recommendation is a raspberry pi or a Sigfox but to choose one of board massivatarabu
research must be done and to see whether these architectures cae go$ problem with

ease. Another recommendation in terms of software is that software usksay ()function

at the moment which is not as efficient from the engineer point of view.djske interrupts

or timers is very crucial because it can save lots of the microcontroller work ancduihae st

supposed to do when the interrupt occurs or when the timer expired.
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APPENDIXA

Sample Code to test Solenoid Valve:
#define relayl 3
#define relay2 4
#define relay3 5
#define relay4 6

void setup()

{
// put your setup code here, to run once:
pinMode(relayl, OUTPUT);
pinMode(relay2, OUTPUT);
pinMode(relay3, OUTPUT);
pinMode(relay4, OUTPUT);
digitalWrite(relayl, LOW);
digitalWrite(relay2, LOW);
digitalWrite(relay3, LOW);

digitalWrite(relay4, LOW);
}

void loop()

{
digitalWrite(relayl1, HIGH);
delay(2000);

digitalWrite(relay2, HIGH);
delay(2000);
digitalWrite(relay2, LOW);
delay(2000);

digitalWrite(relay3, HIGH);

delay(2000);

digitalWrite(relay3, LOW);
delay(2000);

digitalWrite(relay4, HIGH);
delay(2000);
digitalWrite(relay4, LOW);
delay(2000);

digitalWrite(relayl, LOW);,
delay(2000);
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APPENDIXB

Code for testing System Sensors:
#include <LiquidCrystal.h>

LiquidCrystal Icd (8, 9, 10, 11, 12, 13);

#include <dht.h>
#define dht_dpin A0
dht DHT;

int plantPotMoisture[3] = {Al, A2, A3},

void setup()

{
// put your setup code here, to run once:
lcd.begin (16, 2);
lcd.setCursor(0,0);
lcd.print("Readings");
Hcd.print("Humidity and Temperature");
delay(2000);

void loop()
{

// put your main code here, to run repeatedly:

DHT.read11(dht_dpin);
Icd.setCursor(0, 0);

lcd. print("Humidity=");
lcd.print(DHT.humidity);
lcd.print("%");
Icd.setCursor(0, 1);
lcd.print("temp=");
Icd.print(DHT .temperature);
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lcd.print("C "),
delay(3000);

Icd.clear();

for(inti=0;1<3;i++)
{
Icd.clear();
plantPotMoistureli] = analogRead(i);
plantPotMoistureli] = map(plantPotMoisture[i], 550, 0, 0, 100);
Serial.print("Mositure" + i );
lcd.print("Mositure" + i);
Serial.print(plantPotMoistureli]);
Icd.print(plantPotMoistureli]);
Serial.printin("%");
lcd.print("%");
delay(1000);
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APPENDIXC

GSM Modem Test Code:
#include <GSM.h>

GSMModem modem;
String IMEI =",

void setup() {
Serial.begin(9600);

while (!Serial)

Serial.print("Starting modem test...");

if (modem.begin()) {
Serial.printin("modem.begin() succeeded");

} else {

Serial.printin("ERROR, no modem answer.");

}

void loop() {
Serial.printin("Checking IMEI...");
IMEI = modem.getIMEI();

if (IMEI '= NULL) {
Serial.printin("Modem's IMELI: " + IMEI);

Serial.print("Resetting modem...");

modem.begin();

if (modem.getIMEI() = NULL) {
Serial.printin("Modem is functoning properly");

}else {
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Serial.printin("Error: getIMEI() failed after
modem.begin()");

}
} else {

Serial.printin("Error: Could not get IMEI");
}

GSM Network Connection Code:
#include <GSM.h>

#define PINNUMBER ™

GSM gsmAccess(true);
GSMScanner scannerNetworks;
GSMModem modemTest;

String IMEI =",
String errortext = "ERROR";

void setup()
{
Serial.begin(9600);
Serial.printin("GSM networks scanner");

scannerNetworks.begin();

Serial.print("Modem IMEI: ");
IMEI = modemTest.getIMEI();
IMEL.replace(" \ n","™);
if(IMEI '= NULL)
Serial.printin(IMEI);

Serial.print("Current carrier: ");

Serial.printin(scannerNetworks.getCurrentCarrier());
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Serial.print("Signal Strength: ");
Serial.print(scannerNetworks.getSignalStrength());
Serial.printin(" [0 - 311");

}

void loop()
{

Serial.printin("Scanning available networks. May take some

seconds.");

Serial.printin(scannerNetworks.readNetworks());

Serial.print("Current carrier: "),

Serial.printin(scannerNetworks.getCurrentCarrier());

Serial.print("Signal Strength: ");
Serial.print(scannerNetworks.getSignalStrength());
Serial.printin(" [0 - 31]";

GSM sends SMS alert Code:
#include <GSM.h>

#define PINNUMBER ™

GSM gsmAccess;

GSM_SMS sms;

char remoteNumber[20]= "0899506304";
String txtmsg="Hi Uzair!";

void setup()
{
Serial.begin(9600);
Serial.printin("SMS Messages Sender"),

boolean notConnected = true;
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while(notConnected)

{

i f(gsmAccess.begin(PINNUMBER)==GSM_READY)

notConnected = false;
else
{
Serial.printin("Not connected");
delay(1000);
}

}
Serial.printin("GSM initialized");

sendSMS();

GSM Receive SMS code:
#include <GSM.h>

#define PINNUMBER ™"

GSM gsmAccess;
GSM_SMS sms;

String messageBuffer =",

char senderNumber[20];

void setup() {

pinMode(13, OUTPUT);
Serial.begin(9600);

Serial.printin("SMS Messages Receiver");

Serial.printin("GSM initialized");

Serial.printin("Waiting for messages");

void loop() {

}

recieveSMS();
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void recieveSMS()
{
char c;
if (sms.available()) {
Serial.printin("Message received from:");
sms.remoteNumber(senderNumber, 20);
Serial.printin(senderNumber);
while (c = sms.read()) {
Serial.printin(c);
messageBuffer += c;
}
Serial.printin(messageBuffer);
if (messageBuffer == "yes")
{
digitalWrite(13, HIGH);
delay(1000);
digitalWrite(13, LOW);
delay(1000);
}
messageBuffer = "";
Serial.printin(" \ nEND OF MESSAGE");
sms.flush();
Serial.printin("MESSAGE DELETED");

}
delay(1000);

}
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APPENDIXD

Final Software code:
#include <dht.h>

#define dht_dpin A0
dht DHT;

I
#include <LiquidCrystal.h>
LiquidCrystal Icd (8, 9, 10, 11, 12, 13);
I
int plantPotMoisture[3] = {Al, A2, A3},
I
#include <GSM.h>
#define PINNUMBER ™

GSM gsmAccess; // include a 'true' parameter for debug enabled
GSM_SMS sms;

char remoteNumber[] = "0899506304";

String moistureMessage = "Moisture is Low on sensor: ";
String SMS_Alert = "Sending SMS!";

String humidityMsg = "Humidity is High. Open All Solenoids";

String tempMsg = "Temperature is too HIGH!..Open ALl Solenoids ";

String messageBuffer =",

char senderNumber[20];

String stringOne = "Opens1";
String stringTwo = "Opens2";
String stringThree = "Opens3";
String stringFour = "OpenAll";

#define solenoidData 5
#define solenoidClockster 4

#define solenoidLatch 6
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const int master = O;
const int slavel = 1;
const int slave2 = 2;

const int slave3 = 3;

boolean takeReadings = true;

int serialSolenoidOutput = O;

void setup()

{
pinMode(solenoidData, OUTPUT);
pinMode(solenoidClockster, OUTPUT);
pinMode(solenoidLatch, OUTPUT);

digitalWrite(solenoidLatch, HIGH);

digitalWrite(solenoidLatch, LOW);
shiftOut(solenoidData, solenoidClockster, MSBFIRST, 0);
digitalWrite(solenoidLatch, HIGH);

Il
Serial.begin(9600);
Icd.begin (16, 2);

Icd.clear();

Icd.setCursor(0, 0);

lcd. print("Wait Until");
Icd.setCursor(0, 1);
lcd.print("GSM Initialized!");
boolean notConnected = true;
while (notConnected)

{
if (gsmAccess.begin(PINNUMBER) == GSM_READY)
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notConnected = false;

else

{

Serial.printin("Not connected");
delay(1000);
}

void loop()

{
if (takeReadings)
{
moistureSensor();

TempAndHumidity ();

if (DHT.humidity > 50 ||
{

takeReadings = false;

if (DHT.humidity > 50)
{
sendSMS(humidityMsg);

}
else if (DHT.temperature > 25)

{
sendSMS(tempMsg);

}

while ('takeReadings)

recieveSMS();
}

DHT.temperature > 25 && takeReadings )
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if (plantPotMoisture[0] > 30 || plantPotMoisture[1] > 30 ||
plantPotMoisture[2] > 30 && takeReadings)

{

takeReadings = false;

if (plantPotMoisture[0] > 30)
{

sendSMS(moistureMessage + "1") ;

}
else if (plantPotMoisture[1] > 30)

{

sendSMS(moistureMessage + "2");

}

else

{

sendSMS(moistureMessage + "3");

}

while ('takeReadings)
recieveSMS();
}

void moistureSensor()

{
for (inti=0;i<3;i++)
{
Icd.clear();

plantPotMoisture[i] = analogRead(i);
plantPotMoisture[i] = map(plantPotMoisture[i], 550, 0, 0, 100);

Serial.print("Mositure" + i );
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Icd.print("Mositure” + i);
Serial.print(plantPotMoistureli]);
Icd.print(plantPotMoistureli]);
Serial.printin("%");
lcd.print("%");

delay(1000);

}

void TempAndHumidity ()

{

void sendSMS(String messageToSend)

{

DHT.read11(dht_dpin);
Icd.setCursor(0, 0);
lcd.print("Humidity=");
Serial.print("Current humidity =");
Serial.print(DHT.humidity);
lcd.print(DHT.humidity);
lcd.print("%");
Serial.print("%");
Serial.print("temperature = ");
Serial.print(DHT .temperature);
Serial.printin("C");
lcd.setCursor(0, 1);

lcd. print("temp=");
lcd.print(DHT .temperature);
lcd.print("C ");

delay(1000);

Icd.clear();

Serial.print("Sending a message to mobile number: ");
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Serial.printin(remoteNumber);

Serial.printin("SENDING");
lcd.print(SMS_Alert);
Serial.printIn();

Serial.printin("Message:");

Serial.printin(messageToSend);

sms.beginSMS(remoteNumber);
sms.print(messageToSend);

sms.endSMS();

Serial.printin(" \ NnCOMPLETEY n");
Icd.clear();

lcd.print("Completed!!!");

void recieveSMS()

{

char C;

if (sms.available())
{
Icd.clear();
lcd.print("Message received from:");
delay(800);

Icd.clear();

sms.remoteNumber(senderNumber, 20);

Icd.print(senderNumber);
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while (c = sms.read())

{
Serial.printin(c);

messageBuffer += c;

}

Serial.printin(messageBuffer);

if (messageBuffer == stringOne)

{
toggleSolenoidl();

takeReadings = true;

}

else if (messageBuffer == stringTwo)

{
toggleSolenoid2();

takeReadings = true;

}

else if (messageBuffer == stringThree)

{
toggleSolenoid3();

takeReadings = true;

}

else if (messageBuffer == stringFour)

{
toggleAll();

takeReadings = true;

}

else

{

takeReadings

}

= true;

Pager4 of 77



messageBuffer = "";

Serial.printin(" \ nEND OF MESSAGE");

/| Delete message from modem memory
sms.flush();
Serial.printin("MESSAGE DELETED");

}
delay(1000);

}

void toggleSolenoidl()

{
solenoidWrite(master, HIGH);
delay(1000);
solenoidWrite(slavel, HIGH);
delay(1000);
solenoidWrite(slavel, LOW);
delay(1000);
solenoidWrite(master, LOW);
delay(1000);

void toggleSolenoid2()

{
solenoidWrite(master, HIGH);
delay(1000);
solenoidWrite(slave2, HIGH);
delay(1000);
solenoidWrite(slave2, LOW);
delay(1000);
solenoidWrite(master, LOW);
delay(1000);
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void toggleSolenoid3()

{

}

solenoidWrite(master, HIGH);
delay(1000);
solenoidWrite(slave3, HIGH);
delay(1000);
solenoidWrite(slave3, LOW);
delay(1000);
solenoidWrite(master, LOW);
delay(1000);

void toggleAll()

{

void solenoidWrite(int pin, bool state)

{

solenoidWrite(master, HIGH);
delay(1000);
solenoidWrite(slavel, HIGH);
delay(1000);
solenoidWrite(slave2, HIGH);
delay(1000);
solenoidWrite(slave3, HIGH);
delay(1000);
solenoidWrite(slavel, LOW);
delay(1000);
solenoidWrite(slave2, LOW);
delay(1000);
solenoidWrite(slave3, LOW);
delay(1000);
solenoidWrite(master, LOW);
delay(1000);

if (pin >=0 && pin < 8)
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{
if (state)

serialSolenoidOutput |= (1 << pin);
else

serialSolenoidOutput &= ~(1 << pin) ;
}

digitalWrite(solenoidLatch, LOW);

shiftOut(solenoidData, solenoidClockster, MSBFIRST,
serialSolenoidOutput);

digitalWrite(solenoidLatch, HIGH);
}

Timetable
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