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Abstract—We are moving into a world where we will have 9.6
billion living people by the year 2050. The biggesthreat to
humankind will not be war or economic collapse buinstead will
be famine. We need to be able to have food securifigr 10 billion
people by 2050. Aquaponics is a new age method @irrhing
which uses fish waste as the input fertilizer for fants grown in a
non-soil based growing system. Using only food giveo the fish,
we can get two output products, fresh fish and frés vegetables.
This is an emulation of a natural pond ecosystem. Itequires
constant attention as there many variables that neemonitoring
to maintain the ecosystem. Monitoring on such a stais a
difficult task for any individual. Thus, we are desgning and
building a system for environmental parameter monibring and
data acquisition for Aquaponics. This system will moitor the
various parameters throughout the system that detemine the
health of the plants and the fish. The basic paramets that will
be monitored are pH, Lux, water temperature, air tenperature
and relative humidity.
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that provides a much higher output than eithetsindividual
environments. Aquaculture is a system where aqaaticals
(fish, snails, prawn etc.) are raised in controkeryironments
for various purposes. Hydroponics requires nutsiett be
mixed with a water solvent. Aquaculture is a perfaurce for
these nutrients (aquaponics).

The problem that arises with an Aquaponics systeithe
amount of data needs analysis and manipulationptomize
results. The waste that is obtained from the adtaeu
environment needs to primarily be broken down iitéobase
nutrients before it can be utilized by the hydrdpon
environment. Post this, the numerous environmefatetiors
such as air temperature, water temperature, humilit, light
intensity etc. and other variables such as wateel levater
flow etc. also need to be monitored and any chamgey of
these variables requires a change in the environnigns
becomes a massive task, and is quite difficulefoy person to
manage 24 hours a day, 7 days a week.

Proposed Solution

For the stated problem, we have the following sofutTo

Hydroponics is a type of Hydroculture, the methdd o handle the large data input that comes from an Popias

growing plants without soil and instead using muttisolutions
in a liquid solvent. The plants are grown by expgsinly their
roots to the solution. Their roots may be suppobigadn inert
medium such as gravel or perlite. The nutrient tgmiu
required to mix with the liquid solvent can be obéal from
various sources including fish waste, duck manuresxen
normal nutrients.

Aquaponics and the Problem

system, we have designed this project to autonhetes¢nsing
of the required factors and maintain the optimabwgh
conditions. The environmental factors are obserigdthe
means of various sensors such as temperature sefosair
and water, LUX sensors for light intensity and p#hsors for
water acidity. This sensor data is then moved éodhtabase
via telemetry. The telemetry channel is createdraathtained
by an Arduino Uno development board and a Raspbeiry
development board, both utilizing an NRF 24L01 niediihis

Aguaponics is a system of agriculture that combineslata is then logged and analyzed and any discrigsircthe

aquaculture and hydroponics to create a symbiatic@ment
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environment are identified. Once identified, a ficdiion is
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sent to the person responsible for the environmtmis 2
involving the human only in this last phase of sigetem.

. RELATEDWORKS
In this section, we will discuss various articlesl pieces
of literature that are relevant to the concept qtidponics.

A. Ipanera- anindustry 4.0 based architecture for

distributed soil-less food production system

An 10T based system, the design illustrated in traper
[3], revolves around a custom architecture based thten
Industry 4.0 standard. The multi-process systera asgetwork
of DAQ and MCU to collect sensor data and monitoe t
various soilless farms. This information is wiralgs
transferred to an 10T cluster and an OTA HTTP servéae
required calculations are done by the fuzzy logiotller on
the HTTP side.

B. Vegilab and Aquaponicsindoor growing system
Fabrication of an Indoor,

Sensor Node Side

‘ Water Tempetarure
‘ Air Temperature
‘ Air Humidity

Mcu [—————— Radio Module

‘ P

‘ LUX

Fig. 1. Sensor Block

1) Light Sensor (BH1750):The BH1750 is an ambient
light sensor IC. It uses I2C as it's communicafiwatocol and
has wide range and resolution (1-65536 LUX). & igery low
power IC running on 3.6VDC. In it's standard rurgnimode it
has a resolution of 1 LUX. It has other advantagesh as an
llluminance to Digital Converter, no external partad a
Light reject function of 50Hz/60Hz. The SDA pin usually

soil-less farm using theconnected to A4 on the Arduino, the SCL to A5, dhd

aquaponics method of farming has been researchéd apDDR pin to the A3 pin on the Arduino.

illustrated in this paper [1]. A small urban settlg farm has a
custom set of electronics to monitor the lightimgl ahe water
flow to the system. The application of a simple G&Jkontrol
the various parameters has also been shown.

C. An autonomous Aquaponic system using 6LoWPAN-based
WSN

In an attempt to design a Wireless Sensor Netwsikgu

the communication standard 6LoWPAN, this paper [2],

illustrates the research required to design an dgdtem for

Aquaponics. Various sensors such as Nitrate, pH] an

temperature sensors make the sensory network andata
acquired is uploaded to cloud for easy access amitoning.

. HARDWAREIMPLEMENTATIONS

A. Sensor Node Sde

Figure 1 illustrates the flow of information froimet sensors
to the Arduino. The various sensors are depictedblasks,
connected to the Arduino individually. The Arduin® the
controller that deciphers the information obtainkyg the
sensors and formats it into a bit stream. Thetb#am is then
transmitted via the NRF Module to the receiver NR&dule
on the receiver end.

30

Fig. 2. BH1750 — Light Sensor

2) Air Temperature and Humidity (DHT11): The DHT11 is
an air temperature and humidity sensor. It is & vefiable
sensor and has characteristics such as a temperataiution
of 16 bits and an accuracy of 0.2 degrees, a veldtiimidity
resolution of 16 bits and an accuracy of 1 perdéig.an ultra
low-cost digital sensor using a capacitive humidiyd a
thermistor to take measurements. Its main disadgenis that
it takes reading once every 2 seconds only. It am&VDC
and the data pin is connected to Digital pin 3fmArduino.



International Journal of Emerging Technology in Conputer Science & Electronics (IJETCSE)
ISSN: 0976-1353Volume 24 Issue 9 — JUNE 2017.

5) Arduino Nano: The Arduino Nano is a small, complete,
and bread-board friendly development board basedndrthe
ATmega328. Its functionality is similar to the Aida
Duemilanove. It doesn’'t have a DC power jack, asdsua
Mini USB type B port to for power and as a replaeatnfor
the usual USB type A port. It can be programmed and
deployed in different conditions without facing aisgues. It
has 14 digital pins and 8 analog pins for interfgciwith
different senors and modules as required.

Q2 @aes@Bdaedd e E@

D12'D11'Di0 D9 DS D7 D4 D3 D2 GND RST RXO XL
L -

O, N " ICSP

f» {

Fig. 3. DHT11 — Air Temperature and Humidity Sensor

; Ay
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3) Liquid Temperature Sensor (DS18B20): The DS18B20 Fig. 6. Arduino Nano
is a programmable-resolution one-wire digital Idjui
temperature sensor. It requires only one port folg, Server Node Side

communication and can measure temperatures from -55 Figure 7 illustrates the flow of information frorhet NRF
degrees celsius to 125 degrees 3 celsius. It hasfault  ,qyle to the server via the Raspberry Pi. As thetteam is
resolution of 12 bits but can also be programme€ tts. It recejved by the NRF, it is then moved to the Rasgbei,
has an accuracy of 0.5 degrees celsius. where it is converted to information that can kepliiyed. This
information is being displayed while simultaneoudiging
moved to cloud, where it is logged for future refeze.

SERVER SIDE

‘ Upload ‘ Graphing
to cloud software

Radi ‘ On Board

poe MPU —> Data

Module ‘ ) ‘
Logging

-

Fig. 4. DS18B20 - Liquid Temperature Sensor
.4) _pH Sensor: The pH sensor ponsists of 2 parts - the Fig. 7. Server Block
circuit board which consists of various Op-Amps a@dg to ) o o
calculate the pH, and the pH probe. The pH probe ggass 1) Raspberry Pi: The Raspberry Pi is a miniature
electrode a sand core. It requires an input volsigvVDC ~ computer. Itis a low cost and low power procesgith easy

and has a measuring range of 0-14. It has an ancofa0.1 controller interfacing capabilities. It is very gatile and can
pH. be used for different applications as required.uses a

Broadcom BCM2836 SoC with a 900 MHz 32-bit quadecor
ARM Cortex-A7 processor. | has 1 GB of RAM and 1PIQ
pins. It runs on 5VDC and can interface with almasty
peripheral.

Fig. 5. pH Sensor
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port find | Processing 2.0b5

File Edit Sketch Tools Help

Serial ser_port; / Tor serial port
PFant fnt; ¢/ for Tont
nun_parts;

=an device_detected = false;

0O port_1ist;

ng detected_port = "

ontC'Arial®, 16, trued;

printingSerial. ist());

Fig. 8. Raspberry Pi 3

port_list = r Ta
Tor (int 1 = num_parts; i+ {
port_1ist(i] = Serial.list()[il:

IV. SOFTWAREUTILIZED

A. Arduino IDE

The software used to program an Arduino is an hateg
Development Environment. It is based off the Prsices
Language project. The syntax followed is a mix cdirgl C++.
The IDE makes coding the Arduino simple and manblgea
even for people with limited coding experience. Rreuino
has been used in this project to interface alvr@us sensors
with the microcontroller.

Fig. 10. Processing IDE

C. Raspbian

Raspbian is a fully customized Debain-based Lingfar
the Raspberry Pi. Not only is it an operating gystbut it also
has numerous packages which have all the toolsrestjio get
the Raspberry Pi working. We used Raspbian as pikeating
system for the Raspberry Pi.

[@ven | ) =

sketch_mar09a | Arduino 1.6.8 — ] >
File Edit Sketch Tools Help

sketch_mar09a

. (D W pigrespoenypi~] —
| 7 Mathematica
> @ python2

> @ python3

void setupt) 1 ~

// put wyour setup code herse, to run once:

}

void loop () {
// put wour main code here,

to run repeatedly:

5|88 Scrarch
>/ [9)] sonicri
> @ volfam

2D Help >
¥

5 preferences »

Hran
[ stutsoun
Fig. 11. Raspbian OS
Fig. 9. Arduino IDE
D. Python

B. Processing Python is another programming language for higkllend
Processing is an open source software that allaws fgeneral programming. It is very similar to C, C4ndalava but

programming of a visual interface. It is a uniguelylt IDE for  is easier to use. We used Python to run the codethe

electronic arts and visual design. In this projBchcessing was Raspberry Pi. It interfaces the NRF module with Respberry

used to make a real-time display, which can be tomed on  Piand uploads the data to the SQL server.

the Raspberry Pi.
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Fig. 12. Python IDE

E. Graphing and Database
We used multiple software to handle all the serside

communications and data handling. The data was firs

uploaded to an SQL database. This data is thenegushthe
cloud based graphing software, which is adept wingia
visual output to the data points provided to itisST$etup makes
it easy for us to track the environment from anyrehe

Dashboard statistics Overview

& Dashboard

Ll Area Chart

20170503 14:29:09

Fig. 13. Sample Graph

V. RESULTSAND DISCUSSION

A. Sensor Node Sde

The results of our project have been shown in &di#. As
can be observed from the image, various sensores heen
connected to the Arduino Nano, and have been pliscdukir
required environment (Eg: Water Temperature seimsarcup
of water). While this setup is only for show, thetuml setup
will involve sensors in the field, in the areasnfravhere we
require inputs.
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B. Server Node Sde

The results on the Server side have been displayed
Figure 15. The image shows us the electronics setuthe
server side, and Fig. 16 shows what the final dutpaks like
on the monitor. The GUI output is accompanied gy plotted
graph output, giving the user more information serve.

P,

Fig. 15. Server Setup
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Fig. 16. User Interface displayed via Raspberrg Pi

VI. CONCLUSIONAND FUTUREENHANCEMENTS

In conclusion, the setup performed as designedyvaheus
sensors gathered their respective parameters from
environment, which consisted of a small contairfewater to
simulate a fish tank for the water temperature piddand the
general climate conditions for the LUX, Air tempera and
humidity. These were successfully transmitted essly to the
server node where three processes took place dateewas
logged on the local data base, followed by whictdag was
also uploaded to the cloud for the graphing andalization
software, then the server displayed the live data alynamic
display attached to the Raspberry Pi 3. The exm#rirand its
results were verified by the required authorities.

A concept such as this always has room to advantieef.
Moving past wired communications, we have implerdnt
wireless transmission of data in this project. Bhepe of this
project is also still quite new as Aquaponics id get an
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emerging revolution in farming. The emergence ofidgpnics
in households will result in a boom of applicatiaf
technologies such as this, so that people nee#aspt an eye
on their farms 24x7. As technology develops furtlaed
newer, faster ways to transfer information are tged, this
system can further be improved. Eventually, a sthome, big
data, system can be created to implement this orerg
largescale farm environment. Recent development®using
technology and concept, has lead us to believefligtself-
sustained environments that develop verticallyheatthan
horizontally are the future. These constructs luiild upwards
to save floor space on the Earth. In such an emwiemnt,
systems like Aquaponics are crucial to provide esustce for
the Human race. Any future enhancements of thiggpravill
be useful in such a system.
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