Judul Karya IImiah
Penulis

Bentuk Karya
Jurnal

E-ISSN

Publisher
Terindeks

SJR

Link Scimagojr

Link Full Paper

Similarity

Automation System Hydroponic Using Smart Solar Power Plant Unit
Simon Siregar, Marlindia Ike Sari, Rakhmi Jauhari

Jurnal Internasional: Jurnal Teknologi 2016

Jurnal Teknologi Vol. 78, No 5-7, hal 55-60, 2016

2180-3722

Penerbit Universiti Teknologi Malaysia

Scopus Q3

0.18
https://www.scimagojr.com/journalsearch.php?9=21100220470&tip=
sid
https://jurnalteknologi.utm.my/index.php/jurnalteknologi/article/view
[8713/5177

15%

menu

Jurnal Teknologi (Sciences and Engineering) @

Country Malaysia - [[[] SIR Ranking of Malaysia 1 4

Subject Area and Category  Engineering

Quartiles

Engineering (miscellaneous) H Index

Publisher  Penerbit Universiti Teknologi Malaysia
Publication type  Journals
ISSN 21803722, 01279696

Coverage 2010-ongoing

®) Join the conversation about this journal

i Jurnal Teknologi (5ciences

and Engineering)
Engineering (miscellaneous)
Engineering

{miscellanecus)

2011 2012 2013 2014 2015 2016 2017

+ best quartile

SJR 2017
- 018 /_/_/

powerad by scimagor.com

20m 2012 2013 2014 2015 2016 2017


https://www.scimagojr.com/journalsearch.php?q=21100220470&tip=sid
https://www.scimagojr.com/journalsearch.php?q=21100220470&tip=sid
https://jurnalteknologi.utm.my/index.php/jurnalteknologi/article/view/8713/5177
https://jurnalteknologi.utm.my/index.php/jurnalteknologi/article/view/8713/5177

JURNAL TEKNOLOGI o)

EISSN 2180-3722

LNIIRSIT] FEKNOLOGE X

HOM

ABOUT LOGIN REGISTER SEARCH CURRENT ARCHIV

ANNOUNCEMENTS

SUBMISSIONS PUBLICATION ETHICS PEMERBIT UTM PRESS uTM™

Home > Vol 81, No 1

Jurnal Teknologi

SCOPE OF PUBLICATION

Jurnal Teknologi welcomes guality research in the area of Mathematics, Maturzl Sciences [Biclogical Sciences, Physical Sciences:
Physics, Chemistry, Astonomy, Earth Science) and Applied Mathematics and Natural Sciences (Building Physics, Mechanical Engineering.

Chemical Engineering, Civil Engineering, Material Science, Bicechnology, Medical Engineering).

Indexed by: SCOPUS, ESCI-WOS, ACI, MYCITE, MYJURNAL

HISTORY OF JURMAL TEKNOLOGI

Jurnzl Teknalogi was first published in April 1977, then known as Teknaologi. Its publications, however, only bagan to tzke off on regular
basis in 1932,

The publication of Jurnal Teknalogi aims o be the forum for academics and practitioners to write and publish their lztest wark,
Spacifically, the journal serves to disseminate to the public results of current and on-going ressarch projects conductad by UTH

academics in various fields.

&z thea journal continues to grow, starting from June 1999, with velume Mo. 30, Jurnzal Teknologi was revamped. The journal now comeas
in 2 set of six series (A - F}, published twice a year {June and December}. Each series specifically focuses on specialized fields: A
(Manufacturing, Advanced Materials, Energy, and Transport): B (Construction, Design, and Planning); C (Science and Mathematics); D
(Electronics, Caontrol, Communication, and Information Technology): E (Management, Education, and Socizl Sciences) and F

(Environment and Process Tachnolagy).

Starting from year 2010, six series of Jurnal Teknologi were merged into two series known 2s; Jurnal Teknologi (Science and
Engineering) 2nd Jurnal Tekneolegi (Social Sciences). Published online six time a year {January, March, May, July, September and
November), On 20168, Jurnal Teknologi {Sciences and Engineering) will be published every manth. However, under new management,
Jurnzl Teknologi (Science and Engineering) will be published anline zix time a year (January, March, May, July, September and
November) on 2017,

On 2014, Jurnal Teknologi (Sciences & Engineering) has been separated from Jurnal Teknologi {Social Sciences). Jurnal Teknologi

(Socizl Sciences) is now known as Sains Humanika.

Jurnal Teknologi {Sciences & Enginesring) is now indexed by SCOPUS,

Journal Help

USER

Username

Password

Remembsr me

Login I

NOTIFICATIONS
= Wigw
= Subscribe

JOURNAL CONTENT

Search

—

Sezrch Scope
lAII ¥
Search |

Browse

FONT SIZE

A A Al

INFORMATION

= For Readers
= For Authors
= For Librarians

CURRENT ISSUE




HOME ABOUT LOGIN REGISTER SEARCH CURRENT ARCHIVES ANNOUNCEMENTS

SUBMISSIONS PUBLICATION ETHICS PENEREIT UTM PRESS UTM

Home > About the Journal = Editorial Team

Editorial Team

Chief Editors

Jurnal Teknologi Editonal Team
Professor Dr. Rosli Md Illias, Universiti Teknologi Malaysia, Malaysia

Editors

Professor Datuk Dr, Abhmad Fauzi Ismail, Universiti Teknologi Malaysia, Malaysia

Professor Dr. Muhammad Hisyam Lee, Universiti Teknologl Malaysia, Malaysia, Malaysia

Professor D Ruzain Abdul Rahim, Universiti Tun Hussein Onn Malaysia, Malaysia

Professor Dr. Azman Hassan, Universiti Teknologi Malaysia, Malaysia

Professor Dr. Hadi MNur, Universiti Teknologi Malaysia, Malaysia

Professor Dr. Mohammad Mazr Mohd. Jaafar, Universiti Teknologi Malaysia, Malaysia

Professor Dr. Zainal Salam, Universiti Teknoloagil Malaysia, Malaysia

Professor Dr. Rosl Hussin, Universiti Teknologi Malaysia, Malaysia

Professor Dr. Mohd. Rosli Hainin, School of Civil Engineenng Universiti Teknologn Malaysia, Malaysia

Professor Dr. Mohd Shahir Shamsir Omar, Universiti Teknologi Malaysia, Malaysia

Professor Dr. Safian Sharif, Universiti Teknologi Malaysia, Malaysia

Professor Sr Dr. Mazlan Hashim, Universiti Teknologi Malaysia, Malaysia

Professor Dr. Mohd Saberi Mohamad, Universiti Malaysia Kelantan, Malaysia

Professor Dr. Hesham Ali El-Enshasy, Universiti Teknologi Malaysia, Malaysia

Aszoc. Prof, Dr. Norhazilan Md Moor, Universiti Telknologi Malaysia, Malaysia

Dr. Mohd Hafiz Dzarfan Othman, Universiti Teknologi Malaysia, Malaysia

Dr. Pei Sean Goh, Universiti Teknolog Malaysia, Malaysia
Dr. Syafigah Saidin, Universiti Teknologi Malaysia, Malaysia, Malaysia

Dr. Dalila Mat Said, Universiti Teknologi, Malaysia, Malaysia

Editorial Board

Professor 1. S, Jawahir, University of Kentucky, United States

Professor D Xianshe Fenag, University of Waterloo, Canada

Professor Dr. Mustafizur Rahman, Mational University of Singapore, Singapore
Professor Dr. William MeClusky, University of Ulster, United Kingdom
Professor Vijay K. Arora, Wilkes University, United States

Assoc. Prof, Dr, G. Arthanareeswaran, Mational Institute of Technology, Tiruchirapalli, INDIA
Aszoc. Professor D Arun M Isloor, Mational Institute of Technology Karnataka, INDIA
Professor Dr. Jamaliah Md Jahim, Universiti Kebangsaan Malaysia, Malaysia

Professor Dr. Che Hassan Che Haron, Universiti Kebangsaan Malaysia, Malaysia




Jurnal
Teknologi

Full Paper

Article history

Received

20 June 2015

Received in revised form
18 November 2015
Accepted

8 Jan 2016

AUTOMATION SYSTEM HYDROPONIC
USING SMART SOLAR POWER PLANT
UNIT

Simon Siregar’, Marlindia lke Sari, Rakhmi Jauhari

*Corresponding author
simon.siregar@tass.telkomuniversity
.ac.id

Faculty of Applied Science School, Telkom University
Bandung, Jawa Barat, Indonesia

Graphical abstract Abstract

Automation system hydroponic is one of the farming solution. There are several problems in
hydroponic that can be divided info two parts. First part is the hydroponic system. The
system needs to control and monitor temperature, pH and distribution of water. Second
part is the power supply, generally it run from conventional electrical energy and it should
continue to run all the time. Electrical energy needs is increasing from time to time. In this

Solar Panel Hydraponics research, there are two possible sclutions to solve the problem. The first possible solution is
SR B the automation for hydroponics system that would measure and control temperature, pH
and water level in water tank. The second possible solution is smart solar power plant unit

which function as primary power supply and will shift fo conventional electrical energy if

- there is no adequate energy to run the automation for hydroponics system. The smart solar

Sgg:"’j‘:f’ Ags:;:f:” power plant unit monitor the intensity of light, voltage and electrical current between
battery and DC to AC converter and the voltage that produced from solar panel. The value

/ of temperature, pH and water level in water tank, intensity of light, electrical current and

iy voltage will be sent to a server by wireless communication. The result of this research is a

prototype of automation system hydroponic using smart solar power plant that can monitor
and control pH, temperature, water level, intensity of light, electrical current and voltage.

Wireless communication

Monitoring
System

Key words: Automation system; wireless monitoring system; hydroponic; solar panel
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Hydroponics is a technology for growing plants in
nutrient solutions (water and ferfilizers)with or without

1.0 INTRODUCTION

The current resurgence of interest in the use of
renewable energy is driven by the need to reduce the
high environmental impact of fossil-based energy
systemsand food safety in agricultural production
systems[1]. Monitoring and Control is a key enabling
technology for the deployment of renewable energy
systems in agricultural production system. One of
monitoring and controlling system in  agricultural
production system is greenhouse food production that
often termed controlled environment agriculture (CEA)
which usually accompanies hydroponics.[2]

the use of an artificial medium (for example: sand,
gravel, vermiculite, rock wool, peat moss, coir, sawdust)
to provide mechanical support.Several studies have
shown that hydroponics has basic requirements of
hydroponics, there aregrowing medium, mineradl
nutrients,nutrient solution, temperature, water, light and
air as shown in table 1[3].

Due to the high energy demands,improvedenergy
efficiency research forhydroponiccan be found on [4].
One possible way to make commercial hydroponics
amore sustainable and suitable alternative would be to
relocate the greenhouse to an area where there

78: 5-7 (2016) 55-60 | www.jurnalteknologi.utm.my | elSSN 2180-3722 |
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arecheap and renewable sources of energy, such as
solar, geothermal or wind power.

In this research,a prototype of automation for
hydroponics system using solar power as renewable
energy source is proposed. In this prototype, several
parameters are measured to confrol the hydroponics
system and solar power energy. The parameters that is
measured for control and monitoring the hydroponics
system are temperature, light intensity, nutrient solution.
For the solar power energy, the parameters that is
measured for control and monitoring are voltage and
current from the solar panel system.

Table1 Basic requirement of Hydroponics [3]

No. Parameter Common Value

1. Growing Coco coir fiber, Rockwool, Perlite,
Medium Vermiculite, LECA, Expanded clay,
Crushed granite, Sand, Scoria, Gravel
2. Mineral 17 Elements
Nutrients
3. Nutrient The E.C. (electrical conductivity)
Solution value 2.5, the pH value 5.5 - 6.5.

4.  Temperature High temparature tend to accelerate
the growth, generally the
temperature is 22°C-28°C

Wind Higher wind tend to evaporate water
Water Should have conductivity less than
500 uS/em, or a fotal salt
concentration less than 350 ppm.
Areas that already get sunlight will
need fewer hydroponic lights than a
hydroponic garden grown in a fully
enclosed room.

o~

7. Light

2.0 GENERAL CONCEPT OF THE SYSTEM

In this proposed system consists of 3 parts, namely:
Automation for Hydroponic System, Smart Solar Power
Plant Unit and Monitoring System. The general concept
of the system can be seenin figure 1.

Automation for Hydroponics
System B o
. Monitoring System

Smart Solar Plant Unit

Figure 1 General concept of the proposed system

2.1 Automationfor Hydroponic System

Automation for Hydroponic System, based on figure 2,
consists ofSensors, microcontroller, actuators and
communication module, which monitor and control
several parameters on  hydroponics  system

Temperatur, water pH, light intensity and water level on
water tank. The sensors that was used in this research
are LM35 (temparature sensor), pH meter (pH sensor),

LDR {light intensity sensor) and Ulfrasonic Sensor (water
level sensor). Microconfroller that was used in this
research is Atmega 328 with 32K Bytes In-System Self-
Programmable Flash progam memory [5]. This
microcontroler is programmed using Arduino IDE. On
the actuator, there are three relay, that activate Water
Pump, Peltier and Led Grow Light, Buzzer and LCD
Display. Peltier module, which known as thermoelectric
module, is an electrical module, which produces
atemperature difference with cument flow. The
emergence of thetemperature difference is based on
the Peltier effect designatedafter Jean Pelfier. The
thermoelectric module is a heat pump andhas the
same function as a refrigerator[6]. LED Grow Light,
which commonly used blue LED (with wavelength 380-
480 nm) and red LED (with wavelength 630-730 nm),
with could provide an alternative lighting source for
hydroponically grown miniature lettuce[7]. In
communication module, in this research used APC 220
433 MHz module. This module function as fransmitter an
recejver to send and receive information and control
signal.

This automation for hydroponics system function is to
detect parameters and perfom an action to control the
condition within specified parameter.

Automation for Hydroponic System

Temperature Relay to Peltier
Sensor — (Thermoelectric)
(LM35)

Microcontroler
— Buzzer
pH Sensor (pH Atmega 328
Meter)
1 LCD Display
Light intensity | | Tranceiver
sensor (LDR) Communication Relay to Water
(APC220 433MHz) Pump

Water Level
Sensor — Relay to

(Ultrasonik) LED Grow Light

Figure 2 Block diagram of the automation system

2.2 Smart Solar Power Plant Unit

Smart Solar Power Plant unit, based on figure 3, consists
ofSolar  Panel Setf, Sensor, actuators and
communication module, which monitor and control
two parameters on Smart Solar Power system : Current
and voltage between Battery and Inverfer DC to AC
and voltage between solar panel and solar charge
confroller.
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Solar Panel Tranceiver Coventional =
100Wx2 Communication Electrical Power S
} (APC220 433MHz) [ g <
[+]
Voltage 2 g
Sensor ® g
Microcontroler @3
I Atmega 328 &9
Solar Charge 3
Controller i —
_;_ s
| Data Stream
Battey | Vokageand | |\ e DC I AG | —— lOSteam
100Ah Current Sensor Electrical Stream

Figure 3 Block diagram of Smart Solar Power Plant Unit

The sensors that was used in this research are voltage
and current sensor. The type of voltage and current
sensor is voltage divider sensor and ACS712 current
sensor[8].The type of microcontroller is Atmega 328 with
32K Bytes In-System Self-Programmable Flash progam
memory and programmed using Arduino IDE. On the
actuator, there are two relay, that activate electrical
current fromConventional Electrical Power and
electrical current from inverter DC to AC. In
communication module, this system used APC 220 433
MHz module. This module function as transmitter an
receiver fo send and receive information and control
signal.

This Smart Solar Power Plant Unit function is to detect
voltage and current stfream and perfom an action to
switch power between solar panel and conventional
electrical power.

2.3 Monitoring System

Monitoring System, based on figure 4, consists
ofMonitor, which is used to display information from
Automation for Hydroponic System and Smart Solar
Power Unit, Raspberry Pi Server, that function as a server
that collect data and display data to monitor, and
communication module, which send control signal and
receive data from Smart Solar Power Unit and
Automation for Hydroponics System. Every data which
received from Hydroponics System and Power Unit is
then processed into graphical display using GAMBAS
application version 3.1.1.

Automation for Hydroponics System Monitoring System
' Tranceiver
ng:;g?ﬂmc EI T = Monitor
(APC220 433MHz) 5% = Water Level
[
2 o
'g g g g _uE Waler Temperature
3 o5
SEN 0]
Smart Solar Plant Unit F § § ] Water pH
- < - ity of
Tranceiver - Intensity of light
Snéarsl;nr:/er Communication 2
Y (APC220 433MHz)

Figure 4 Block diagram of the Monitoring System

2.4 Smart Solar Power Plant Unit Flow Chart

After the system is configured accordance to the
proposed concept figure 5 shows the flowchart used for
the software of Smart Solar Plant Unit. The state of using
conventional electrical power or solar power can be
varied depends on the condition of the battery.

Smart Solar Plant Unit

Start

Read data from
voltage and current
sensor

Process the data in
microcontroller

(ATmega 328)
,,,«”I'f’BatteEF*x\
_ Voltage >
S <12Volt Yes
No
Relay 2 (ON) Relay 2 (OFF)
Relay 1(OFF) Relay 1(ON)
Using Conventional | | Using Solar Panel
Electrical Power Power

Figure 5 Flow Chart of the Smart Solar Plant Unit System

2.5 Avutomation for Hidroponics System Flow Chart

Figure 6 shows the flowchart that used for the software
of Automation for Hydroponics System. The state of
peltier, water pumps, buzzer and LED grow light
depends on the condition of water and intensity of light.

2.6 Monitoring System Flow Chart

Figure 7 shows the flowchart that used for the software
of Monitoring System. The server send signal 1 or 2 then
in sequentially receive data from Hydroponics system
and power plant unit. The data that was received on
server are temperature, water level, pH water, light
intensity, current and voltage.
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T Read data from ‘ Process the data in o
Start b voltage and current microcontrofier Water Level
= sensor ‘ (ATmega 328) >45 cm
No
~ # Yes
Temparature " Tignt intensity
Water Yes (ps";:':';') Analog Value I
>28°C <900 Water Level
o No <0cm
No Yes Yes
No
i Relayto |
Relay to Relayto || Relayto ‘ Y
Yexz‘r:'we Now| Peltier B‘g:" E(‘;ZFZ:' LED Grow | | LED Grow | Yes Yt
ump
s oN Light OFF | LightON | i
Yes
Relay to ‘ LCDprint | | LCD print LCD print R;‘“ 15 LD print
Peltier thevalue | | the value the value s the value
OFF Peltier Peltier Peltier ump Peltier
L OFF
END

Figure 6 Flow Chart of Automation for Hydroponics System

Smart Solar Plant Unit

Read data from
voltage and current
sensor

Automation for Hydroponics

System

Start

Monitoring System

Read data from
Temperature, pH,
Ultrasonic and
Light Sensor

Process the data in
microcontroller
(ATmega 328)

Process the data in
microcontroller
(ATmega 328)

Read send signal 1
from Raspberry Pi
from Wireless
Modul 1 (APC 220)

Read send signal 2
from Raspberry Pi
from Wireless
Modul 2 (APC 220)

No

If there send
signal 1

Yes

/l/fthere send ™
_ signal 2

Yes

Send Processed
data 1 to Wireless
Modul 1 (APC 220)

Send Processed
data 2 to Wireless
Modul 2 (APC 220)

Wireless Modul 1

Wireless Modul 2

(APC 220) send via (APC 220) send via
418 MHZ - 455 418 MHZ - 455
MHZ MHZ
END END

No

Send signal 1 or 2
to Wireless Modul 3
(APC 220)

No

" Ifthere 2
< Processed data 1 >
N or2
Yes

Wireless Modul
(APC 220) Receive
Processed data 1
or2

Server
(Raspberry Pi)
send Processed
data 1 or 2 to
monitor

Update Data
in Monitor

Figure 7 Blockdiagram of the Monitoring System

3.0 RESULTS AND DISCUSSION

3.1 Hardware Result

Figure 8 shows the hydroponic system with several type
of hydroponics plantation. Figure 9 shows hydroponics

system with Grow LED Light in On state. Figure 10 shows
the automation for hydroponics system with intensity of
light is been displayed in LCD Display. Figure 11 shows
the smart solar panel unit with 2 solar panel 100 Watt
with 100 Ah baterry. The last figure, figure12 shows water
level, temperature value, analog LDR value, pH sensor
value, current and voltage value to the monitor display
which was processed from Raspberry Pi.

Figure 10 The automation for hydroponic system

3.2 Experimental Result

After programming the prototype, the testis conducted
to test the function of the prototype. Testing parameter
that will be tested are, LDR value which affect the state
of Grow LED Light, LM35 value which affect the state of
peltier, Ping(ultrasonic sensor) which affect the state of
Pump and pH sensor that affect the state of Buzzer.
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Figure 11 Smart Power Plant Unit

= SISTEM OTOMAST - = PANEL SURYA -

High Level Current
173 17

peratur Voltage
1 17

LDR
17

17

Figure 12 Monitoring System which shown in monitor display

The duration for conducting the test is 15 minutes in
the morning, noon and afternoon. The data is taken
every 3 minutes. This test is done to check whether the
system is run according to design. The result of the test
can be seenin table 2, 3 and 4.

Table2 Testing System at 9:00 to 9:15 pm

LDR :
(Analog (ErEol\)N L(IZA(\;S)S Peltier E:Ir??) Pump pH Buzzer

Value)

267 Off 25.0 Off 15 Ooff 6.4 Off

357 Off 271 Off 26 off 6.4 Off

357 Off 29.6 On 32 On 64 Off

340 Off 31.0 On 42 off 7.1 Off

340 Off 25.1 On 49 On 64 Off

Table 3 Testing System at 12:48 to 13:03 pm

LDR

Grow LM35 Ping

Analo Peltier Pum H Buzzer
(Value;»’ LED (°C) (cm) p P

388 Ooff 273 Off 40 off 6.4 Off

439 Ooff 312 On 49 On 74 On
439 off 252 On 29 On 7.5 On
443 Ooff  22.0 On AT On 75 On
393 Ooff 215 Off 9 Ooff 6.4 Off

Table 4 Testing System at 4:30 to 4:45 pm

LDR .
Grow LM35 : Ping
(Analog o Peltier Pump pH  Buzzer
Value) LED (°C) (cm)
856 On 28.0 On 5 Off 6.4 Off

760 On 281 On 16 Off 6.4 Off
880 On 231 On 28 Off 6.4 Off
880 On 244 On 39 Off 6.4 Off
889 On 221 On 48 On 6.4 Off

3.3 Discussion and Analysis

From the testing table 2, 3 and 4, we give some
analysis:

1. For the light intensity, the average of light intensity
is 535.2. The system is ran accordance to the
design, where the Grow LED light will furn to ON
state if the analog value of the LDR is more than
900.

2. The average water temperature is 25.46°C. The
system ran accordance to the design, where the
Peltier will furn to ON state if the water temperature
more than 28°C and wiill still in ON state until the
water temperature below 22°C.

3. The water level sensor is ran accordance to the
design, which run the water pump when distance,
which measured by ping (ulirasonic) sensor, is
more than 45 cm. The water pump wiill still in ON
state until the distance is less than 10 cm.

4. The level of acidity (pH) in the water reservoir is on
level 6.43, which is in good pH value for plant
growth.

4.0 CONCLUSION

A prototype of automation for hydroponics system with
smart solar panel unit is proposed. In this prototype, the
system ran accordance the prototype design. The
communication module work as designed. The data
that send from the prototype can be received in the
Raspberry Pi Server which showed the information in to
display monitor. Currently, the prototype is being
improved to control pH nutrient mineral and nutrient
solution automatically.
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Graphical abstract Abstract

Automation system hydroponic is one of the farming solution. There are several problems
in hydroponic that can be divided into two parts. First part is the hydroponic system. The
system needs to control and monitor temperature, pH and distibution of water. Second
part is the power supply, generally it run from conventional electrical energy and it should
confinue to run all the fime. Electrical energy needs is increasing from time to time. In this
research, there are two possible solutions to solve the problem. The first possible solution is
the automation for hydroponics system that would measure and control temperature, pH
and water level in water tank. The second possible solution is smart solar power plant unit
which function as primary power supply and will shift to conventional electical energy if
there is no adequate energy to run the automation for hydroponics system. The smart solar

sgfﬂ':lplm“ pesloaiy power plant unit monitor the intensity of light, voltage and electrical current between
battery and DC to AC converter and the voltage that produced from solar panel. The

value of temperature, pH and water level in water tank, intensity of ight, electrical current

and voltage will be sent to a server by wireless communication. The result of this research

Wireless commuication is a prototype of automation system hydroponic using smart solar power plant that can

monitor and confrol pH, temperature, water level, intensity of light, electrical current and
voltage.

Monitoring
System
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1.&INTRODUCTION

The current resurgence of interest in the use of
renewable energy is driven by the need to reduce the
high e mental impact of fossil-based energy
systems and food safety griculturol production
systems[1]. Monitoring and Control is a key enabling
technology for the deployment of renewable energy
systems in agricultural production system. One of
monitoring and c ling system in agricultural
production system is greenhouse food production that
often termed controlled environment agriculture (CEA)
wigEh usually accompanies hydroponics. [2]

Hydroponics is a technology for growing plants in
nutrient solutions (water and fertilizers) with or without
the use of an artificial medium (for example: sand,
gravel, vermiculite, rock wool, peat moss, coir, sawdust)

to provide mechanical support. Several studies have
shown that hydroponics has basic requirements of
hydroponics, there are growing medium, mineral
nutrients, nutrient solution, temperature, water, light and
ilfB) shown in table 1(3].

Due to the high energy demands, improved energy

iciency research for hydroponic can be found on [4].
One possible way to make commercial hydroponics a
more sustainable and suitable alternative would be to
relocate the greenhouse to an area where there are
cheap and renewable sources of energy, such as solar,
geothermal or wind power.

In this research, a prototype of automation for
hydroponics system using solar power as renewable
energy source is proposed. In this prototype, several
parameters are measured to control the hydroponics
system and solar power energy. The parameters that is

XX:1(2015) 1-6 | www.jumnalteknologi.utm.my | elSSN 2180-3722 |
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measured for control and monitoring the hydroponics
system are temperature, light intensity, nutrient solution.
For the solar power energy, the parameters that is
measured for control and monitoring are voltage and
current from the solar panel system.

Table 1 Basic requirement of Hydroponics [3]
No. Parameter Common Value

1. | Growing Coco coir fiber, Rockwool, Perlite,
Medium Vermiculite, LECA, Expanded clay,
Crushed granite, Sand, Scoria, Gravel
2. | Mineral 17 Elements
Nufrients
3. | Nutient The E.C. (electical conductivity)
Solution value 2.5, the pH value 5.5 - 6.5.

4. | Temperature | High temparature tend to accelerate
the growth, generally the
temperature is 22°C-28°C

her wind tend to evaporate water
Should have conduclivity less than
500 uS/cm, or a tolal salt
concentration less than 350 ppm.
7. | light Areas that already get sunlight will
need fewer hydroponic lights than a
hydroponic garden grown in a fully

5. | Wind
6. | Water

enclosed room.

2.0 GENERAL CONCEPT OF THE SYSTEM
In this proposed system consists of 3 parts, namely:
Automation for Hydroponic System, Smart Solar Power
nt Unit and Monitoring System. The general concept
of the system can be seen in figure 1.

AL ion for Hydrop

which commonly used blue LED (with wavelength 380-
480 and red LED (with wavelength 630-730 nm),
with could provide an alternative lighting source for
hydroponically grown miniature lettuce[7]. In
communication module, in this research used APC 220
433 MHz module. This module function as transmitter an
receiver to send and receive information and control
signal.

This automation for hydroponics system function is to
detect parameters and perfom an action to control the
condition within specified parameter.

for Hydroponic System

Temperature Relay to Peltier
s:a;gv — (Thermoelectric)
( )
! o
pH Sensor (pH __. Atmega 328
Meter) }
4 — LCD Display
Lightintensity | | Trancei
sensor (LDR) Communication Relay to Water
(APC220 433MHz) . Pump
Water Level
Sensor — Relay to
(Uttrasonik) " LED Grow Light

Figure 2 Block diagram of the Automation System

2.2 Smart Solar Power Plant Unit

Smart Solar Power Plant unit, based on figure 3,
consists of Solar Panel Set, Sensor, actuators and
communication module, which monitor and control
two parameters on Smart Solar Power system : Current
and voltage between Battery and Inverter DC to AC
and voltage between solar panel and solar charge
controller.

System

Monitoring System

B

Figure 1 General Concept of the proposed System

Smart Solar Plant Unit

2.1 Automation for Hydroponic System

Automation for Hydroponic System, based on figure
2, consists of Sensors, microcontroller, actuators and
communication module, which monitor and control
several parameters on hydroponics system
Temperatur, water pH, light intensity and water level on
water tank. The sensors that was used in this research
are LM35 (temparature sensor), pH meter (pH sensor),
LDR (light intensity sensor) and Ulirasonic Sensor (water
level sensor). Microcontrollel t was used in this
research is Atmega 328 with 32K Bytes In-System Self-
Programmable Flash progam memory [5]. This
microcontroler is programmed using Arduino IDE. On
the actuator, there are three relay, that activate Water
Pump, Peltier and Led Grow Light, B r and LCD
Display. Peltier module, which known as thermoelectric
module, is an electrical module, which produces a
temperature  difference with current flow. The
emergence of the temperature difference is based on
the Peltier effect designated after Jean Peltier. The
thermoelectic module is a heat pump and has the
same function as a refrigerator[6]. LED Grow Light,

Solar Panel Tranceiver Coventional
100Wx2 ’ Electrical Power {
(APC220 433MHz) AIC &
Voltage ¥ g
Sensor
Microcontroler Relay 1 .g 3
Atmega 328 29
Solar Charge Relay 2 E
Controlier [}
AC
| [~ Data Steam
Battery Voltage and | e 10 S0
Inverter DC to AC -
| s R | eecrcusvemn |

Figure 3 Block diagram of Smart Solar Power Plant Unit

The sensors that was used in this research are voltage
and current sensor. The type of voltage and current
sensor is voltage divider sensor and ACS712 current

sor[8]. The type of microcontrolleris Atmega 328 with

32K Bytes In-System Self-Programmable Flash progam
memory and programmed using Arduino IDE. On the
actuator, there are two relay, that activate electrical
current from Conventional Electrical Power and
electrical current from inverter DC to AC. In
communication module, this system used APC 220 433
MHz module. This module function as transmitter an
receiver to send and receive information and control
signal.

This Smart Solar Power Plant Unit function is to detect
voltage and current stream and perfom an action to
switch power between solar panel and conventional
electrical power.
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2.3 Monitoring System

Monitoring System, based on figure 4, consists of
Monitor, which is used to display information from
Automation for Hydroponic System and Smart Solar
Power Unit, Raspberry Pi Server, that function as a server
that collect data and display data to monitor, and
communication module, which send control signal and
receive data from Smart Solar Power Unit and
Automation for Hydroponics System. Every data which
received from Hydroponics System and Power Unit is
then processed into graphical display using GAMBAS
application version 3.1.1.

Automation for Hydroponics System Monitoring System
onic Monitor
"f;::m «+| Communication 1 |- n§ =
(APC220 433MHz) & Water Level
,,E . i; Lp{| Water Temperature
Smart Solar Plant Unit g < Water pH
o Intensity of light
sm" | Communication2 |-
(APC220 433MHz)

Figure 4 Block diagram of the Monitoring System

2.4 Smart Solar Power Plant Unit Flow Chart
After the system is configured accordance to the
proposed concept, figure 5 shows the flowchart used
for the software of Smart Solar Plant Unit. The state of
using conventional electrical power or solar power can
be varied depends on the condition of the battery.
Smart Solar Plant Unit

Y

Read data from
voltage and current
sensor

Y

Process the data in
microcontroller
(ATmega 328)

4

Yes
No
Y Y
Relay 2 (ON) Relay 2 (OFF)
Relay 1(OFF) Relay 1(ON)
Using Conventional | | Using Solar Panel
Electrical Power Power

Figure 5 Flow Chart of the Smart Solar Plant Unit System

2.5 Automation for Hidroponics System Flow Chart
Figure 6 shows the flowchart that used for the
software of Automation for Hydroponics System. The

state of peltier, water pumps, buzzer and LED grow light
depends on the condition of water and intensity of light.

2.6 Monitoring System Flow Chart

Figure 7 shows the flowchart that used for the
software of Monitoring System. The server send signal 1
or 2 then in sequentially receive data from Hydroponics
system and power plant unit. The data that was
received on server are temperature, water level, pH
water, light intensity, current and voltage

e Road data from Process the data in T BTN
Start ~ voltage and current  ~|  microcontolie < WaterLovel >
- sensor (ATmega 328) N24sem
i Ne.
N i AN 1 Yes
o~ Tempatahse ™ < o 5 < UgMintensty™
S Water 7 Yes  lietose | “AnsogVaiue -
2" Q> S0 | <
25 s ’ e
No Yes Yes
A | - - 2 a g . No'y
i Reiay 1o
- ~ Relay to Relayto | Relayto e
Craitar ™>-Now|  Polier Bupar || Butaar || LED Grow || LED Geow | Y% Water
I - oN OFF || LghtON Pump
"\q,c""‘“ oM OFF || Lght -
Yes
h ! ' t ‘
Relay to LCDpent | | LCODpent LED print R;:r LCDprmt
Peiter “| the value hevalue |« tevae |« the value
OFF Peiser Peiser P

END

Figure & Flow Chart of Automation for Hydroponics System

Smart Solar Plant Unit for Hydrop System
System
) ) +
Read data from T'::fd data from Send signal 1 or2
perature, pH,
voltage and current A | to Wireless Modul 3
sensor Utirasonic and (APC 220)
Light Sensor
' s No
Process the data in Process the data in i
microcontroller microcontroller I
(ATmega 328) (ATmega 328)
¥ v >
| Yes
Read send signal 1 Read send signal 2 -
from Raspberry Pi | from Raspberry Pi | _ Wireless Modul
from Wireless from Wireless (APC 220) Receive
Modul 1 (APC 220) Modul 2 (APC 220) P'°°°s°°g data 1
or
v No v No *
‘ ‘ Server
If there send | If there send (Raspberry Pi)
signal 1 signal 2 send Processed
data1or2to
i monitor
Yes Yes )
1 A 4
Send Processed Send Processed Update Data
data 1 to Wireless data 2 to Wireless in Monitor
Modul 1 (APC 220) Modul 2 (APC 220)

' [}
Wireless Modul 1 Wireless Modul 2
(APC 220) send via (APC 220) send via
418 MHZ - 455 418 MHZ - 455
MHZ MHZ

Figure 7 Block diagram of the Monitoring System
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3.0 RESULTS AND DISCUSSION
3.1 Hardware Result

Figure 8 shows the hydroponic system with several
type of hydroponics plantation. Figure 9 shows
hydroponics system with Grow LED Light in On state.
Figure 10 shows the automation for hydroponics system
with intensity of light is been displayed in LCD Display.
Figure 11 shows the smart solar panel unit with 2 solar
panel 100 Watt with 100 Ah baterry. The last figure,
figure12 shows water level, temperature value, analog
LDR value, pH sensor value, current and voltage value
to the monitor display which was processed from
Raspberry Pi.

Figure 9 Hydroponic with Grow LED Light

Figure 10 The automation for hydroponic system

3.2 Experimental Result

After programming the prototype, the test is
conducted to test the function of the prototype. Testing
parameter that will be tested are, LDR value which
affect the state of Grow LED Light, LM35 value which
affect the state of peltier, Ping(ultrasonic sensor) which

affect the state of Pump and pH sensor that affect the
state of Buzzer.

Figure 11 Smart Power Plant Unit

—

Figure 12 Monitoring System which shown in monitor display

The duration for conducting the test is 15 minutes in
the morning, noon and afternoon. The data is taken
every 3 minutes. This test is done to check whether the
system is run according to design. The result of the test
can be seen in table 2, 3 and 4.

Table 2 Testing System at 9:00 to 9:15 pm

(CL:%ZO)Q ?_'éog L(l%:-i)s Peltier mg) Pump | pH | Buzzer
267 Off 250 Ooff 15 off 64| Off
357 Off 271 off 26 off 6.4 | Off
357 oft 206 On 32 On 64| Off
340 Off 31.0 On 42 off 71| Off
340 Oft 251 On 49 On 6.4 Off

Table 3 Testing System atf 12:48 to 13:03 pm
LDR
(pnog TEo | toy | Pettier | fond | Pump | pH | Buzzer

388 off 273 off 40 off 6.4 oft
439 off 31.2 On 49 On 71 On
439 Off 25.2 On 29 On 7.5 On
443 Off 220 On 17 On 75 On
393 off 215 Off 9 Off 6.4 Off
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Table 4 Testing System at 4:30 fo 4:45 pm

856 On 28.0 On 5 of 6.4 Ooff
760 On 281 On 16 Off 6.4 Oft
880 On 231 On 28 Off 6.4 Off
880 On 24.4 On 39 Oft 6.4 Off
889 On 221 On 48 On 6.4 Oft

3.3 Discussion and Analysis
From the tesiting table 2, 3 and 4, we give some
analysis:

1. For the light intensity, the average of light intensity
is 535.2. The system is ran accordance to the
design, where the Grow LED light will turn to ON
state if the analog value of the LDR is more than
900.

2. The average water temperature is 25.46°C. The
system ran accordance fo the design, where the
Peltier will turn to ON state if the water temperature
more than 28°C and will still in ON state until the
water temperature below 22°C.

3. The water level sensor is ran accordance to the
design, which run the water purmp when distance,
which measured by ping (ultrasonic) sensor, is
more than 45 cm. The water pump will sfill in ON
state until the distance is less than 10 cm.

4. The level of acidity (pH) in the water reservoir is on
level 6.43, which is in good pH value for plant
growth.

4.0 CONCLUSION

A prototype of automation for hydroponics system
with smart solar panel unit is proposed. In this prototype,
the system ran accordance the prototype design. The
communication module work as designed. The data
that send from the prototype can be received in the
Raspberry Pi Server which showed the information in to
display monitor. Currently, the prototype is being
improved to control pH nutrient mineral and nutrient
solution automatically.
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