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Abstract: Theresearchaimed todevelop software and hardwaecontrol

the water quality of hydroponiglants creat custom software for the
ESP8266, turning it into an loT client capable of seamless integration
AWS IoT cloudbased systeminitiate targets integrating and enhancil
AWS loT modules, facilitating automated water quality control funstimd
building intuitive dashboards for refine water quality monitoringThe

research started with the preparation of hardwaresaftd@arefocusingon

aspects of hydroponics, including monitoring water quality, plant respt
and the hydroponic systeas a whole. Apart from that, TCP/IP networ
were built by usingVi-Fi routers, LAN networks, and access to the inter

Then, System development invilg hardware modules, softwair
development, and user interface desigire conductedlhe finalresearch
result is the development of an integrated system to control and m
water quality which is vital for the growth of hydroponic plafsally, by
developing a hydroponic planting system supporting device that is intec
into a cloudbasedsystem, it is expected to create a digital system that
work automatically to regulate water quality in maintaining the growtl
hydroponic plants which is equipped with easy access at any time ren
and from anywhere.

Keywords: Remote Monitoring Automatic Remote Contrplinternet of
Things Cloud-Based SysterHydroponic Water Quality

In the research, the integration of an Amazon Web
) . ) ] Service (AWS) clousbased system revolves around

Imagine a lush garden that thrives without soil, where several pivotal hardware modules, each playing a strategic
plants thrive on water and nutrietsnodern agricultural  (gle. The core components include an Arduino open
marvel known as hydroponics. In the heart of a busy Cityhardware singkboard merocontroller, the versatile
or in a limited home garden, this innovative farming ESP8266, alongside specialized sendorswater pH,
method using wateas a medium has revolutionized Electrical Conductivity(EC), water temperature, and
traditional farming. Here, water enriched with essential environmental temperature. The Arduino microcontroller
minerals flows to fertilize plant roots, a 24/7 hydroponic serves as a foundational platform, equipped with a
system. However, in this complex ecosystem, there is anicrocontrollerenabling the development of application
critical need for precision monitoring of water programs crucial for data retrieval from sensors and
tempeature, nutrient balance, and pH levétsensure  overseeing pH/EC dosiqgump control. In parallel, the
hydroponics thrives to its full potentigl.oming intothe ESP8266 assumes the role of an 10T client, acting as the
Internet of Things (IoT), a world where clobdsed gateway linking the hydroponic system to AWS loT
systems are intertwined with sensor moduieshanges = CORE via the MQTT protocol.
the way people cultivatethe plants in gardens of the
future. In this digital world, water quality control and
continuous monitoring of hydroponic systems transcend Theaimsof the research includéhreeinterconnected
physical boundaries, offering not only nutrition but also a and important objectives for advancing hydroponic
seamless monitoring experience that can be accesseslstems and ultimately strengthening food security. First,
anytime, anywhergia the vast internet. theresearctocuses on pioneering software and hardware

Introduction

Objectives and Benefits
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developmentby utilizing Arduino open software and The following are some of the hydroponic system
hardware as the main module to control hardwaretechniques currently availabl¢Grigas et al, 2020;
functions and collect essential materials data regardingHydroPros, 2019) Deep water culture, nutrient film
the water quality of hydroponic plants from the Sensor technique Aeroponic EBB, andflow and drip system
module Second, taresearch creaseustom software for Farming using a hydroponic system will have many
the ESP8266, turning it into an loT client capable of aqyvantages. With good water management, the plants will
seamless integration with AWS |oT clobdsed systems. grow bigger and faster than the plagtisystem using soil
The ultimate goal here is seamless connectivity between oqia. “The utilization of water also becomes more

hydroponic systems and cloud infrasturet efficient by using a rotating system. Thus the hydroponic

. Addi_tionally, the re_search alsoinitiatives target system is more environmentally friendly, cleaner, and
integrating and enhancing AWS loT modules, facilitating healthier in an effort to increase food security.

automated water quality control functions, and building
intuitive dashboards for reéime water quality Arduino Minimum System
monitoring. By leveraging this integrah in a cloud L ) - .
based system, the goal is to create a digital framework Ardu]Lno Ihs djf'ned asa rfr:mm;rg §ysteg(1);fg)ab$ﬁ n
capable of autonomously managing water quality, thereby'\:'Aogr(.:e obr 8:; ware ordsg wa(fr uino, | d)] . T
maintaining optimal growing conditions for hydroponic rduino board can read input from analog aigita

plants. This digital infrastructure, which can be accessedeNSOrS: and press buttons, to receive information via a
remotely from ay location, embodies the essence of computemetwork, whichis then processed into an output
accessibility and convenience. with the support of a microprocessor on the board.

The next phase of the research roadmap aims td\duino aiso provides supporting software to make
improve automated control systems by combining edgeSftware applications easier, neiy by providing the
computing and advanced analytics. This augmentatiorf\rduino programming IDE and the Arduinsoftware
aims to improve water quality mainterza for hydroponic  library (Arduino Project Hub, 2020)
planting, in order to increase precision and accuracy. In this study, the minimum system module "MEGA

Ultimately, by improving hydroponic systems through Wi-Fi R3 ATmega2560-ESP8266" is used, which is an
digitalization and automation, ehresearch benefit ~ Arduino Compatible Board with an ATmesE60
indicatesdemocratized access to sustainable food sourcegpicrocontroller  designed for ~ minimum  system
offering a pathwayto greater selsufficiency and  development purposes equipped with capabilities as a
resilience in local food productionEspecially, this WEB server(RobotDyn, 202Q)WEB client and Wireless
digitalized and automated hydroponic systems are able té\ccess. Point by usinthe ESP8266 modu(@®FRobot,
develop family food securityn which the harvested 2020; Espressif Systems, 2020)
vegetables can be both consumed and sold in the marke%ensor Module

Hydroponic Technology To measure water pH, a pH sensor is used which is

With a hydroponic system, plants can grow without @ low-cost probe with SKU: SENO0161, while
using soil media. Water that has been mixed with mineralmeasuring water conductivity using thBFRobot
nutrients needed by plants is placed in a reservoir, then thgravity analog electrical conductivity sende€ meter
water is drained to the plant roots with the help of a waterTheése two sensors are connected to the Analog input
pump By utilizing the force of gravity, this water will Pin on the microcontroller while measuring water
flow by itself to the water reservoir through a témperature using the DS18B20  waterproof
predetermined pipeline. In addition to maintaining the temperaturesensor, whichis connected to thdigital

height, flow, and temperature of water, pH and EC of Pin on the ATmega2560 microcontroller module.
water are very important to always be obsereext Measurement data from these three sensors will be sent

controlled, plants will lose the ability to absorb the t0 AWS loT CORE via the ESP8266 module using the

nutrients needed if the pH value of the water does notMQTT protocol(Espressif Systems, 2020) .
match the characteristics of the pléRajaseger, 2023) The DS18B20 waterproof temperature sensor is used
Hydroponic techno]ogy has been around for Centuriesyto measure the water temperature in the water reservoir in
but it has only recently become wiglebdopted in  the hydroponic system, as well as measure the
commercial agriculture. This is due in part to recentenvironmental temperature around the hydroponic
advancements in hydroponic technology, such as thesystemltis said thatThis sensor is capable of emting
development of new nutrient solutions and the use ofin a temperature range of up to 1@5Celsius and
automated systems. These advancements have madgwoduces digital output with a resolution ofl2 bits"
hydroponics a more viable and profita option for  (Espruino, 2@0; MaximIntegrated 2019)
growers(Rajaseger, 2023)
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The DS18B20 operates over a wide voltage range,Amazon Web Service (AWS) loT Events
typically 3.05.5V, and has a conversion time of 7&& _ . .
The DS18B20 features high and lemperature alarm Amazon Web Service (AWS) |oT Events is a service
outputs, which can be programmed by the user, igorovided by AWS to handle every event from an loT

compatible with various microcontrollers, and can bed €vi ce by providing rteeeponses

easily integrated into different digital systems. el seo event |l ogic and state.
) input froma variety of sensor device sources and services
Amazon Web Service (AWS) loT built into AWS loT. Each detected event will change the

Amazon Web Services {A'S) stands as a robust State which is the conditional logic model of the process
cloud computing platform renowned for its global Setstored in the detector modaWS, 2022e)
accessibility, stringent security protocols, uféndly Broadly speaking AWS loT Events can help with
interface, exceptional flexibility, reliability, scalability, several use cases related to remote monitoring and control
and costeffectiveness. As hydroponic technology for loT devices, automated systems, data telemetry, and
continually ewlves, recent advancements, such as thosenotification systems. Meanwhile, action responses that are
observed in, emphasize the imperative of integratingoften used in AWS loT Events are triggering functions
digital solutions for precision agriculture. Within this from AWS Lambda, saving data to AWS S3, writing
landscape, AWS serves as a pivotal tool offering anrecords to AWS DynamoDB, and republishing sssage
array of services, includingirtual servers, databas, via AWS loT COREAWS, 2022¢)
storage, analytics, machine learning, networkiagd )
the Internet of Things (I0TPAWS, 2022i) This study ~Amazon Web Service (AWS) S3
strategically positions itself withi the current
hydroponic technology landscape, leveraging
capabilities of AWS to foster innovation in monitori
and controlling hydroponic systems.

S3is a simple cloud object storage service provided by
theAmazon web servicewith guaranteed security, data
ng availability, scalability, and high performance. Eafgia

by AWS S3 will be stored as objects in resources called
Amazon Web Service (AWS) loT CORE "buckets". The largest size for an object that can be stored
in AWS S3 is 5 terabytd®AWS, 20229)
AWS S3 can als be used for static website services
by including static content. In simple terms, to activate a
static website service is to change the "Static website

connection of each registered 10T device to AWS serviceJmSt'ng" attribute in thepfopertiesmenu from one of the

through various protocols supported by AWS ORE.  Buckets” to "Enable”. HTTPS cannot be ifepented on
These protocols include MQTT, MQTT over WSS, Amazon S3 website endpoints. The solution provided by
HTTPS, and LORaWAN, enabling a variety of AWS is to use Amazon CloudFront and AmaZoute

connectivity options for 10T devices operating within the 53 for services with custom domains.

AWS framework(AWS, 2022kc). The choice of AWS S3 for static website services,
AWS loT also provides several interfaces, namely: coupled with CloudFront an®oute 53 for additional
AWS loT Device SDKs, AWS loT Core for LoRaWAN, functionalities, can be motivated by its scalability, ease of

AWS Command Line Interface (AWS CLIAWS loT use, integration capabilities, cea=ffectiveness, and
API, and AWS SDKs. In addition, the AWS loT console strong security and reliability features.

is also available which is equipped with a GUI to
configure and manage things, certificates, rules, jobs,

AWS loT provides cloud services that can be used to
connect Internebf Things (IoT) devices or modules to
other 10T devices and to AWS cloud servid@ans,
2022i) As depicted in Figl, AWS loT facilitates the

Results on Previous Research

policies, and other elements as part of an IoT solution In previous research, the pH sensor module can be
activated together with the conductivity sensor and runs

IOT devices AWS services automatically, but the measurement results are unstable
E] > ||| and sensitive to changes in voltage. This causes an error

in making the decision to run the motor from a dosing
(9% — m]; «—> N pump so that the process of m@ining water quality
|% @] o takes longer and occurs in several iterations.
{0} The ability to store data in an embedded system is very
limited, so additional memory modules are needed
I I Therefore, to avoid this constraiat,cloudbased system
[oT device network AWS Cloud will be implemented irthe researchwith more sample
data, it is hoped that decisionaking to maintain water
Fig. 1: AWS loT guality stability will be more stable and precise.
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dosing pump controllers, and microcontrollers connected
to Wi-Fi. On the software side, the Arduino IDE, various
HYDROPONIC HYDROPONIC Arduino libraries, and web programming languages such
as HTML and CSS are used. Research focuses on aspects
of hydroponics, including monitoring water quality, plant
e 2036C |2763C |mwas response and the hydroponic system as a whole. Apart
from that, TCP/IP networks are an important foundation,
T through the use of Wi routers, LAN networks, and
access to the interndthen,systemdewelopment involves
‘ - iy - hardware modules, software development, and user
———— interface design. Indicators of the success of this project
"E o nE o €3 include a stable TCP/IP connection, optimal water pH
control capabilities, and effective system observation
Fig. 2: Hydroponic web application functions. The finatesearchresult is the development of
an integrated system to control and monitor water quality
which is vital for the growth of hydroponic plants.

Remote Control and Monitoring Systems Remote Control and Monitoring Systems
3081C 27.63C

32.00cm 6.68 1096.36 3200cm 6.69 1096.36

Making an embedded web application to monitor
water quality conditions and regulate the pH and
conductivity of water remotely via a TCP/IP network can System Design
be seen in Fig. In the hydroponic web application ] ) )

Monitoring modesis for observing water quality, \ilb To build a hydroponic plant observation and control
set water quality mod for changing the value of the pH System, several hardware and software modules are
content or nutrient content in water. When the OK button "€eded which are selected for specific reasons to support
is pressed, the dosing pump will turn on and pump thePverall system functions.

liquid from the pH or mineral nutrition tube to the water  1he water sensor hardware modules pH, water
in the hydroponic systemipe. conductivity, water level,water temperature, and air

Automatic mode will make the system always take temperature were selected because of their ability to
measurements. If the measurement results are less than tRE°vide important information regarding the environmental
lower limit or exceed the upper limit, then the dosing conditions necessary for optimal hydroponic plant growth.

pump will work to add nutrients or peldjusting fluids The pHup, pHdown, nutrient A, and nutrient B liquid
until it is in the desired range dosaye control hardware modules were chosen because of

their crucial role in regulating and maintaining the right
nutrient balance for hydroponic plants.

Materials and Methods Microcontroller hardware module with Wi

Materials used in this research: module and ESP8266 module as the galewaywere
selected bease of their ability to integrate data from

1 MEGA + Wi-Fi R3 ATmega2560+ ESP8266 sensors and controllers into the cloud, enabling remote

1 DS18B20 waterproof temperature sensor access and control.

HC-SRA40 ultrasonic distance sensor The existence of a Local Area Network (LAN),

f SENO0161 pH sensor internet router, and internet access provides the network

1  Electricconductivitysensor infrastructure needed to connéice system to the cloud

1 Dosing pump and access remotely.

The use of AWS loTdevice SDKs, Arduino open

The research applies axperimental method. Data software libraries, and Python and node JS software libraries
collection involves gathering information on water were chosero support integration between hardware and
quality, plant response, and overall hydroponic systemsoftware modules, ensuring compatibility, as well as the
performance. The experimental procedure follows asystem's ability to process, store, and manage data efficiently.
structured flow, starting with the preparation of hardware .ware  Hydroponicrarm  system bevelopment
components suchs water quality sensors, dosing pump
controllers, and WFi-connected microcontrollers. On
the software side, the research utilizes the Arduino IDE,
various Arduino libraries, and web programming
languages such as HTML and CSS. The research focuse
on hydroponics aspects, emphasizing the monitoring of
water quality and plant responses.

The flow of researchis conducted based on the
fishbonediagrampresented irFig. 3. It starts withthe
preparation ohardware such as water quality sensors, Fig. 3: Research flow based on fishbone diagram

Development of
a water quality
control and
ing system
for hydroponic

Hydroporic Plant

Hydroponic System

Water pH cbservation function  Plants with a

Water pH control function cloud-based system

TCP/IP network connection

Software TCP/IP Network Achievement Indicators

661



Cahya Lukiteet al./ Journal of ComputeBcience 202420(6). 658669
DOI: 10.3844/jcssp.202458.69

This combination of hardware and suéire modules | communication L5 00 =
was carefully selected to interact synergistically, provide [_ === ] | G55 ancii
. . . rocking

accurate information, and empower the hydroponic plant

observation and control system to achieve optimal
growing conditions. Fig. 4: Waterfall model

Research Stages

Construction f
ey loyment. |

test

7|2

After implementation, rigorous testing and evaluation
In the research, integratiors carried out to cloud  are carried out. This involves assessing the efficiency of
based systems, hardware development, and softwarWS loT Events for automated control functions, the
development which are refinements of the results ofaccuracy of data reported from water quality sensors, and
previous research, with the following research stages: ~overall system performance. Any deviations from the
initial design or implementation are documented,
1 Collection of data and information related to allowing for corrective action to be taken. _
hardware modules and supportsaftware libraries The find deployment and maintenance phase aims to
Develop software in a modular way for each hardwarer©ll out the system and ensure its continued functionality.
module that has been running well functionally Although thewaterfall modeltypically follows a linear

1

 Integration of hydroponic systems into clebdsed ~ S€duence, deviations occur primarily during the
systems via Internet access implementation and testing phases due to the faed

1

The results of the development of hardware anditerative adjustments inherent in 10T integration. This

software mdules are then applied to a hydroponic de}[/lanonf IIS Tnetcef]sarly to ac(:jcc;mmodate :L‘e evc;lvm'g
planting trial system in a network nature of 10T technology and to ensure the system's

adaptability and efficiency in reaborld applications.
System Development Achievement Indicators

The waterfall model (Pressman, 2014yas chosen The achievenm indicators outlined itheresearch are
because of its structured and systematic approach tan integral part of assessing the alignment between research
software development, allowing for distinct stages thatobjectives and the results achieved. The successful
ensure clarity in each phase of the projdtte waterfall integration of the hydroponic system into the AWS loT
model ischaracterized by a linear and sequential flow, cloud-based infrastructure is an important estone that
where each phase must be cortgalebefore moving onto  ensures the realization of the research objectives.
the next. This methodology is particularly suitable for  Additionally, regular monitoring and storage of water
projects with welldefined and stable requirements, as it pH and conductivity data in the AWS loT clebdsed
provides a clear framework for planning, execution, andsystem indicates the system's efficacy in capturing and
control. The application of the research can be seen idFig maintaining important water uality metrics. This

Figure 4 clarifies the initial stages, requirements achievement directly correlates with the research objective
gathering involves outlining the specific needs of the of improving control and monitoring capabilities.
hydroponic technology system, with a focus on water quality  The ability to maintain water quality, particularly in terms
measurement and control. This phase defines the scope of tiné pH levels and conductivity, according to predetermined
researctand lays the foundation for further development.  valuesvia the AWS loT clouebased system, underlines the

The design phase continues, where the systeneffectiveness of the system in maintaining optimal growing
architecture and functionality are carefully planned. This conditions for hydroponic plants, which is directly in line
involves envisioning the integration of water quality with targeted research results.
sensors into an lebased cloud system, ensuring In addition, the success of controlling andnitoring
seamless data communication and reporting. water quality remotely via the internet highlights the

The implementation phase looks at the practicalsystem's functionality beyond local boundaries, enabling
application of the planned design. Here, integration of theaccessibility and control from anywhere, which is the
water quality measurement system into AWS IoT, Staticmain goal in enabling remote monitoring.
web development on AWS for monitoring, and Lastly, the smooth operation of dashbids connected
incorpaation of AWS IoT Events for automated control to AWS 1oT indicates successful visualization and
functions are executed. Deviations from thaterfall representation of data, thereby facilitating informed
model occur during this phase to accommodate thedecisionmaking. Each of these indicators serves as a
dynamic nature of IoT technology. Adjustments are madetangible measure of how the research results align with
iteratively to improve integration and ensure the overall goal of improvig hydroponic technology
compdibility with evolving IoT protocols. through 10T integration.
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Results and Discussion Sensor Module

For measuring water pH and watédElectric
Conductivity (EC), two sensors are needed which are

In the research, ‘more relate(_JI software has beencgnnected to the Analog input pin, while the water
developed from previous reseatciimprove the overall  temperature measurement is connected to the Digital pin
system function. In order for lodlevices to connect to  f the ATmega2560 microcontroller module. The results
AWS loT CORE and other AWS services, itis necessaryyf the sensor measurements will be sent to the ESP8266
to add software modules related to MQTT and securitymogule via the internal serial interface to then be

access. Changes to the layout and arrangement of thgvarded to AWS loT CORE using the MQTT protocol
LED growing light along with the installation of power (Espressif Systems, 2020)

cables to the hydppnic system are also needed t0 = The DS18B20 waterproof temperature sensor is used
maximize lighting. to measure the temperature of the water in the water
reservoir of a hydroponic system. This sensor can be used
in environments up to a temperature of I2%nd has a
digital output (912bit) (Maxim Integrateg 2019)

The water level sensor is needed to determine the water
reserves in the wat storage area of the hydroponic system.
The workings of the HESR40 ultrasonic distance sensor
minimum  system with a Wi connection that can by measuring the travel time required for sound to bounce
connect to arCP/IPbased network (RobotDyn, 2020). off objects in front of the sens(Elijah, 2014)

Web client and Wireless Access Point using the ESP8266 . .
module (DFRobot, 2020; Espressif Systems, 2020). The>ystem Architecture Design

following are the spefications of the main hardware  Figure 6clarifiesthe architecture of implementing loT

Hardware Development

Minimum Systems Module

The researchuses the minimum system module
"MEGA + Wi-Fi R3 ATmega2560ESP8266"Fig. 5. It
is an Arduinecompatible boardvith an ATmega2560
microcontroller designed for thpairposes of developing a

module used in the research:

devices in a hydroponic system using the minimum
system "MEGA + WiFi R3 ATmega2560ESP8266".

:\él:lci/r\z?'gptroller : é‘grgseggg%o Input data to determine the state of water quality can be
USB-TTL converter . CH340G obtained from tht_a temperature, pH, and EC sensor
Power Out 5V-800mMA modules. The et data are processed by the '
Power IN. USB . 5V (500mA max.) ATmeg|a25§Ci module qnd'forv_var?n:lq to the ESP8266 via
. 0. internal serial communication in tm@nimum systemas
ngz:gglﬁgjmﬁgn‘la(:k; gVZ g\(;Om A input data to be forvyarded to AWS loT CORE by Fhe
Wi-Fi - Wi-Fi 802.11 big/n 2.4GHz ESP8266 module using the_ MQTT protocol V|a'&IW|
Clock frequency . 16MHz network. connected ot the internet. The funct|0r!.of_
Digital /O . 54 automatic control over the pH value and water nutrition is
Analog 1/0 - 16 performed by the AWS IoT Events service. Responses
Memorysize - 256Kkb from each event received by AWS loT Events will be
Data RAMtype/size  : 8 kb forwarded (republished) to AWS lodore an order to
Data ROMtype/size  : 4 kb maintain waer quality. The command is received by the
Interfacetype - serialOTA ESP8266 using the MQTT protocol via the -Wi
Operating temperature : -40+125u network, then forwarded via internal serial

Length xwidth
Antenna

Fig. 5: MEGA + Wi-Fi
minimum system

: 53.361x101.86nm
. Build-in\external antenna

[}
33
5
a7
o9
#
a3
“s
“7
49
st
B3
@0

R3 ATmega2560+ ESP8266

communication to the ATmega2650 module to drive the
dosingpump pH-up, pH-down, A-mix nutrition, and B
mix nutrition motors via the digital interface I/O.

—
-
°

o})\

Wireless LAN/WAN Router

Ineemet
iMarm,
AWS 10T

Fig. 6: 10T hydroponic system architecture
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Hydroponic 10T devices are connected online to
AWS loT CORE where measurement results are stored
in AWS S3. Through the static web available on the
AWS S3 service, water quality monitoring can be done
using a web browser connected to the internet network.
Thus thehydroponicsystem can be accessed at angtim
by client computers from the TCP/IP network connected
to the internet.

Hardware Implementation

In previous research, the pH sensor module and
conductivity sensor (EC) worked well. Inetfesearchthe
water pH sensor module was replaceidh a newer
module in Fig. 7. By replacing the water pH sensor

WaterQualityCM w« et || Delete

Thing details

Certificates (1) s C

Q 1 @
Certificate ID a

- ©

Fig. 9: AWS loT CORE certificate

module, measurement results can be more accurate anc

faster. Automatic control to keep the water pH value more
stable and reduce the occurrence of oscillations.

Software Implementation

Following are some of the software configurations that
need to be prepared in AWS IoT CORE, namely: |oT device
registration, 10T device certificates, and policy settings.
Figure 8, after successfully registering an loT device, you can
see itin the AWS loT sersgé menu, then enter thmdnagé
menu and select théhings' menu. The IoT device in ¢h
researchstudy is named "WaterQualityCM".

To get more detailed information about the configuration
that has been done, click "WaterQualityCM". It can be seen
in Fig. 9 that "WaterQualityCM" already has Amazon
Resource Names (ARN) as a unique identity for AWS
resources (AWS, 2022a) In addition, there is also

WaterQualityCM_Policy .«

Details

All versions (1) infe

c

@ Actve July 17, 2022, 18:1043 (UTC+0700]

CertificatelD information that is actively used to ensure

security in using AWS cloud servicésWsS, 2022h) Fig. 10: AWS loT CORE policy

Policy configurations that have been successfully
created can be seen in the AWS IoT CORE service by
selecting the security menu then selecting th@dlicy'
submenu and clicking one of thgolicy lists that have
been made. In the research a policy has been successfully
created with the name "WaterQualityCpblicy" for
several actions in Fig. 10, namely: IoT: Connect, loT:
Pubish, 10T: Subscribe, anthT: Receive AWS, 2022d)

On the ESP8266 hardwaikis necessary to add some
libraries and coding so that hydroponic 10T devices can
connect to AWS loT CORE properly. There are three
security certificates that need todmabedded in ESP8266,
namely private Certificate Authority (CA), AWS device
certificate, and AWS device private key. An example of
application in tle researclean be seen in Figl

Figure 12 shows a fragment of the program to connect
to AWS loT CORE. Theinitial step is to apply the
a certificate required during the authentication process to
build encrypted TLS communication channels between
IoT devices and AWS IoT CORE. To be able to connect
to AWS services, an endpoint is needed in the form of a
URL to pott 8883(AWS, 2022f)

Water Temperature
sensor

 Air Temperature sensor

S UE

Fig. 7: Hydroponic minimum system

Things (1) nfe

Name Thing type

Fig. 8 AWS loT CORE things
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PubSubClient

psClient (wifiClient);

Fig. 11 IoT device certificate

void ConnectAwWs ()

{
// Configure WiFiclient Secure to use the AWS IoT device credentials
wifiClient.setClientRSACert (sclient crt, &client privKey);

wifiClient.setTrustAnchors (scert_CA);

// Connect to the MQTT broker on the AWS endpoint
psClient.setServer (AWS_IOT ENDPOINT, 8883);

Fig. 12 AWS loT CORE client

input_Sensor_WaterQualiyCM1

The following is part of implementing AWS loT
events using JSON format as input. There are two
attributes that serve as input ftire automatic control
function of water quality: The pH value of the water and
the Nutrient concentration of the water (EC). Every event
data sent by the IoT device will be received by the loT
CORE AWScontrol servicgo be forwarded to the loT
event AWS dta service in the detector models section
which can be seen in Fig. 13.

State machinesfor automatic control of the water
quality of hydroponic plants are built intletector models
which are part of the AWS lo@ventddata services. Every
input data thattomes in is immediately processed and
analyzed automatically to determine decisioaking
regarding the water quality control function of hydroponic
plants. The output of this control function is an order to
drive thedosingpump to add pHiup, pH-down,or AB-mix
solutions as needed to maintain water quality. Overall the
state machine can be seen in. Eiy

The implementation of the monitoring function for
water quality is by usingtaticWEB which is part of loT
CORE S3. The index.html file is an HTMLdithat is the
main page. Meanwhile, the main.js file is a 3avipt
based support file that has a function to process incoming
data input in JSON format. The two files are placed into
the S3folderwhich hagublicmode. Figure 15, the public
addr estaticwefbo fhostingodo refers t
file which is the website endpoint bucket.

iotEventsDetector_WaterQualityCM1 £ BATCH Edit

nUéEI+III‘

™| phonTarget

lockPHMax

ValidatePHMax

TracePHMinValue <

ValidatePHMin

ValidateECMax

©2022, Amazon Web Services Inc. or s afilates.

Fig. 14: Detector models for water quality automatic control
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pmemst [l e i automatically provided in the AWS IoCORE service
= to view several attributes in Figl6. To enter the
e monitoring dashboard, you can select the "AWS loT"
e e menu then select thembnitor submenu. The test
- : results show that there are a maximum of six
,,,,, connection events with a maximum total of 650

outbound messages, 251 inbound messages, and 244
rulesexecuted. Overall 91.77% use the MQTT protocol
with 59.24% being Outbound messages and 40.76%
beinginboundmessages.

Hydroponic IoT Device

e Before hydroponic loT devices can be accessed
through AWS 6T CORE on the internet, the Wi
module on the ESP8266 hardware module needs to be
activated first. After théootup process and access to
the WLAN network is successful, the ESP8266 will get
TestResuls a local IP address from thaireless routerthat has

Following, the results of the connectivity test, access d the internet via the WAN port. The next
observation, and control functions of pH and EC valuesprocess is to synchronize time to the internet NTP
between hydroponic 10T devices and AWS loT CORE Server which will be useful for the certificate
will be explained. Adjustment of the pH value and authentication process when hydroponic loT devices
nutrition of water can be determined bpving thedosing ~ access AWS IoT CORE. After all these processes are
pump for pHup, pHdown,and ABmix solutions. successful,ite next step is to detect all installed sensor

modulesFigurel?, it can be seen that the machine log

AWS loT CORE Dashboard out put reads AAWS | oT cohne:

When thehydroponicloT device is able to connect that the hydroponic IoT device is already connected to
to AWS loT CORE, a monitoring dashboard is the AWS loT CORE service

Fig. 15. AWS IoT staticweb

AWSloT > Monitor
Monitor info

loT metrics Job execution metrics

1h 3h 12h 1d 3d 1w Custom ‘ (&) | v ‘ ‘ Add to dashboard

Successful connections i Messages published i Rules executed
No unit No unit No unit

5 506 24

J\ ’ /Aﬁ u
o 0 0
17:00 2300 05:00 11:00 17:00 2300 05:00 11:00 17:00 2300 05:00 1100

@ ConnectSuccess @ inbound @ Outbound @ Rulesexecuted
Protocol rate(%) H Metric type rate(%) H Publish metric message rate(%)
@mMaTT HTTP @ publish Connec t @ Ping @ Subscribe @ Inbound Outbound

Fig. 16: AWS IoT CORE monitoring dashboard
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to AWS IOT COR

nnecte

WaterQualityCM1l/Suk

Autoscroll

Show timestamp

Fig. 17: 1oT device initiation

Fig. 18: Connectivity test

Connectivity Test

The quality of network connectivity that is not good

can

be oneof the causes of failure to display measurement
results. To see the performance of theRMnodule in the
minimum system "MEGA+ Wi-Fi R3 ATmega2560+
ESP8266" and internet connection to AWS loT CORE, a
connectivity test is carried out by creating a progta send
messages periodically every 1 sec to AWS loT CORE and o _
several times manually sending data from AWS loT COREFig- 19: Dashboard for monitoring water quality

to hydroponic loT devices. The implementation of

the

connectivity test can be seen in.FH§, where there are 1102
messages sent to AWST CORE continuously every
second. From the observations there are no failed messages

and all messages can be sent properly for ditteenplink
or downtlink directions

Water Quality Observation Function

Observations of pH, nutrition, water temperataued

performed from a remote location as long as there is
access to the internet network. Fréme test results, the
observation of water quality through a web browser can
run well, according to the results of the log machine from
the hydroponic 0T device. The latest data will be
displayed periodically every sec.

Automatic Control Function for Wer pH and
Water Nutrients

To keep hydroponic plants from absorbing nutrients
properly, the pH value of the water must be maintained at a
certain level according to the characteristics of the plants.
The amount of nutrients also needs to be maintained
according to their needs so that plants can grow properly.
Too high anutrientconcentratiorfPPM) can kill hydroponic
plants. Figure 20, it can be seen that the pH of the water will
be maintained at a value of 7, and water nutrition (EC) will
be maintaied at a value of 1200 ppm. Automatic settings to
change the pH value of the water are made by AWS loT
Events to the lohydroponicgdevice with the command to
move thedosingpump to add a pidp solution so that the
pH value of the water rises when the yaue of the water
drops from the lower limit of 3.7 or ptiownto lower the
pH water if the pH value of the water exceeds the upper limit
of 7.3. Whereas thdosingpump for water nutrition (EC)
will actively add ABmix solution if the EC value is below
1200. The unit for controlling the amount of solution pumped
is in multiples of ImL.

air temperature are carried out by opening a static web
page using a browser application in.FA§. By using the
AWS static web, the monitoring function can be Fig. 20: Control ofincreasing watepH
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